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Photonuclear Data-Abstract Sheets
1955-1982

I. Introduction

As used in connection with this collection of data-abstract sheets, the tern
photonuclear data is taken to mean any data leading to information on the electro-
magnet!' c matrix element between the ground state and excited states of a given nuclide.
The most common types of reactions included in this compilation are: (e,e'), (y,y),
(y,y'), ( Y » n ) , (y,p) , etc. as well as ground-state particle capture reactions, e.g.

(a ,y o ) . Two reactions which fit the matrix element criterion are not included in

the compilation because of their rather special nature. These are heavy particle
Coulomb excitation and the thermal neutron capture reaction (n,y 0 ) . While the energy
region of particular interest extends from 0 to 150 MeV, papers are indexed which
report measurements in the region from 150 MeV to 4 GeV. Most of the experiments
listed are concerned with the excitation energy range from 8 to 30 MeV, the region
of the photonuclear giant resonance.

The hierarchical grouping of the photonuclear data-abstract sheets within the file
is by: 1. Target Element, 2. Target Isotope, and 3. by the Bibliographic
Reference Code assigned to the paper from which the data on the sheet were abstracted.
In this file, colored pages are used to mark the beginning and end of the sheets for
each chemi cal element. A brief historical sketch of the elementis given on the divider
sheet marking the start of each section; the information for this sketch was derived
from references such as the Encyclopaedia Bri tannica. In those cases where the sheets
for a given element make up a major part of a volume, colored pages are also used to

delineate sections pertaining to the individual isotopes of the element. Each of the

sections of the file, as delineated by two colored divider sheets, represents a 27 year
history of the study of electromagnetic interactions in either a specific nuclide or a

specifc element.

The data-abstract sheets are filed under the element and/or isotope in which the

ground-state electromagnetic transition takes place. For example, the abstract sheet
for a total neutron yield measurement for a naturally occurring copper sample would
appear in the elemental section of the copper file. On the other hand, a measurement
of the 62Cu 9.73 minute positron activity produced in the same sample by photons
with energies below the three-neutron separation energy for 65c u (28.68 MeV) would
be filed with the sheets for 63c u# Similarly a measurement of the ground-state
neutron capture cross section in ^ 2C would be filed under 1 2C while the correspond!' ng
ground-state alpha-particle capture cross section would be filed under 16q.

At the end of this volume there is a master list of the abbreviations that have
been used in the index section of the abstract sheets. The listings are those used
in the final published index, Photonuclear Data Index, 1973-1981

, NBSIR 82-2543,

i ssued in August 1982 by the U. S. Department of Commerce, National Bureau of Standards,
Washington, DC 20234. In some cases two notations are entered for the same quantity.
The second entry is the abbreviation that was used in one or more of the earlier
published editions of the index.
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Th

A=232

THORIUM

Z=90

J. Berzelius, in 1815, obtained a material which he regarded
as a new earth. He gave the oxide and metal names which
intended to honor Thor, the ancient Scandinavian god of

thunder. Seven years later he showed the "new earth" to be

yttrium phosphate. Four years later, the Rev. H. Esmark
discovered a black mineral on the island of Lovo in Norway;
he gave a sample of the material to his father. Professor J.

Esmark, a well known mineralogist. He in turn, not
- being

able to identify the material, sent a sample of it to

Berzelius. A chemical analysis by Berzelius showed it

contained 60% of a new earth. This discovery of the new
material called thorium, was announced by Berzelius in a T
publication in 1829. »H

A=232
Little interest was shown in thorium until Auer von Welsbach
patented the incandescent gaslight mantle in which thorium
oxide played an important role. The brilliant white light

from this mantle, when contrasted with the weak light from
the flickering gas or kerosene lamp, was considered a major
breakthrough in lighting technology. The mantle industry
grew to its peak in the 20th century but decreased due to

the advent of electricity and the electric lightbulb. A
more recent use of thorium has been for the production of
thorium-magnesium alloys for jet turbines and rockets. A few

percent of thoriian in such an alloy gives to the magnesium
an increased strength that remains effective above normal
temperatures.

Th

A=232

3
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REF.
L. E. Lazareva, B.S. Ratner and I.V. Shtranikh
J. Exper. Theoret. Phys. USSR 2^, 274 (1955)
Soviet Phys. JETP 2, 301 (1956)

EL EM. SYM.

Th 232 90

METHOO REF. NO.

55 La 2 EGF

reaction RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

RLY THR- IS.

5

C IS.

5

BF3-I 4PI

DELAYED NEUTRON
Delayed neutron 0.1S±0.01^ of total neutrons from bremsst rah lung absorption.

FORM HBS-41S
(MV. 7-1 *-«4>
USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 5

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



Hn. B. L. Gavrilov, L.E. La«...ir«vrt

Zhur. Eksp. i Teoret. iiz. JO, (1956);
Soviet. Phy*. JETP J, 871 ( 1957)

Elem. Sym.

Th 232 90

Method Y-Bremsstrahlung; synchrotron; BF, counter
3

Reaction E or AE <7d E J "

Ref. No.

56 Ga 1

Notes

EGF

(56^)

(Y,xn) 5-27 lM 5.6 6.33 MeV-b

Ta3L£ l. Fuadameiual .. -to.->s sections.

; £.
9

ft isax •' dJit 'a '•». dc, on =ta*

ir. .j.uv c

in rr.cv
in asms

Conner
[

O.idS .. .

./ S.t
L.c.z

;.o 0. 2"'i -.-i
h. *

iodine 7 "i OA’l I.S
r

S.6

G).. .1 0..771
1

7.t;

. Iiaillum 0 .
1 . 7 .rt

'J-
> 0 *77 .

1

.5 0 . 7-r»o s.o
L“- :" • » . j !.i* •- • t., .6

Figure 2; Photoneutron cross section
an,

computed from the yield curves by
the "photon difference method."
"•" -- cross sections obtained in

Ref. 9 [Nathans and Halpern, Phys.
Rev. 22, 14-37 (195*01.

FORM NBS-41S

USCOMM-OC t«SS«-P«S

PHOTONUCLEAR DATA SHEET 6

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



J.E. Gindler,- J.R. Huizenga
Phya. Rev. 104

, 425 ( 1956 )

Elem. Sym.

Th 252 90

RW. Dio.Method
Chemical activity

56 Gi 1 EGF

Reactioo E or AE
s

ffdE J ” Notes

(Y,a)

(7,0

Bremss.

8-20

I’:C. 1. ILUm * numovr oi -hotohaa;o.*. oer.u 'er
awnf .« ir.j number a* resiuuii iyjt) atoms n«r rr.o*m

c.cnu..-.: a* a ctu*r. oi -na-iraur.i L*;u:rcr. energy. C.\ir.;am

irm— ona o. »-oy. ... . argvk; o. proM (u^c, vorSti
'.-ray. •» . u^.uin .rraJiaiion*: x-ray, :hii vurk

;

— i<ruuc ur;.c, ; - -re. Thu oro^cr. circ.c* :eort»«n; uranium
-laU .--av»nu wrrur* u; .<rojumsu-iy -wwuw ct .oar U'M
Cwsaunt rxiK*. The -.ro-»cn mangle represent! a vc.,—r.-^ error

oi x25% ta i.u t.h-utfm-.naiwn or irw :nonum r.auoc yis^i.

F:gl f Photoneuiroa or.8 '.hocdt'iiuon cros* ur.icrj oi .

and l“— o. --.,.3 oi ihe corrcsoonc.ng activates
;uact:or.i *i rig. j by iiui paoioa duiercacs rcctaoc.

r.vnu. I. Chorectcnsucs ot pfaotflfiaBaa anti neutron cmimioo
cxoianon mnctiona lot thorium and uranium.

K«JAn« (burn.*
Sfe«aa)
llltvl

Half-
»ultM
vMev)

/W£»
(Alev buul

Kn-
rr-

met

U=*(-.rT 16* 5* •

u 3* h

14.6 6.3 1

V^'y.n 0.1S U 7.6 1.3(3-20) 1

U*(- ^1 0.1a 14 S.3 1. 1(0-21) i«

0C3z0.(U 14.0 6.7 i.*;*o.:uo-2S)
ni-(7.n 0.051*0 007 14.1 7.0 0.64*0.06.0-23; 1

0.13 11 3.6 2.6(0-20) •

„v> 11.3 7.1 *

L'=, '-.\T 1.8 13 (SI i:.;(o-2;.D
0.96 w 6.4 - 1.0-25) v

f=*(7.V) 14.9 6.3 12.9=1.0,0-131 1

TV=.r^V) 0^0*0.13 14J 1.6 6.61=0.00.0-25)

• «-./) .mueatej 3--JC>»»e« .nutated by a i>:iotc.» :n which ..••!.«

occur-.
» • ,.V1 ntiicuir* Uic t-'iai number ot neutrons -rrwiijced by tlw rvuU-.ir

aO-orrina vu a r'hoton. urcau»e ot tre low .-.rooabii.tv charcu»: .rv.cte

emi».on. 114 cr04J Kf.jn :o.* ux tv-V) process may be reprewnucu by

**v.-*. r2r,t4», MjetT * , -r
• •

• *./v

where 5 nm resents tw a'xrae* mmotr rmjtrana produced by a c^n.ntrv-

eee.tcU auciens er.io> eventually .vnons. Tlire neutrons nay be emitter*.

yto\- .i -.oa -ccur». nay be a result ot the ‘.iseioo proccw. ur may be a
comn.nauon m tue :wo.

• .uu^tn the autt.ars ot .*«erence l state that "no wzmAear.ee car. t.*

jive- :a t.-.e snacw ei the cure ot # ri the ciiaracter.stics wt :..e.r

e*o: ..-on tunctioo. ci'Tn above. coa:r>are lavomtdy with later aaa.; *e».

• liaifneuith a Ceftne*. as the tuti >»u.;h at l«aif

• Th.» value represents tae uJLJ-wuilii ot at >itfUi funct.on of

rerfe-mce 2.

• Int-rrat^m imits jx Alev are C'vn u» parentheses follow-.::g t^e
Icse.-r.te'* value.

• rrfr.-enee I. * See ftihtecr 3.

1 <~e rr-erehas 2. • See reference 6.

5ee re.crer.ee i. • ^ee rrcerence 7.

* see 4. • aoe roerer.cr t.

1
»s. C. Z aiu..;.: ar.J G. h. .l!-ubcr, Phyi. i<cv. 7i. i 1 i‘>47;.

: W. ::. Oy -• h.. . McM:r:mcv. I'hv». Rev. Hi. J44 H95i\.
i R. E. Ar.bc.'.^on ur.d lv. Z. Ju..:ekl. »<tr h5. ~1o i 1952 j

;

R. A ftr.w.*aar., 1». S. wiiivcrsiiy o; Illinuu, 1931 iun-

• R. 3. L)u:i;c.U ..r.ti /. U. lic^cnga. I*hyt. Rev. S9. t(M2

.<aix. lva\*ar-a,T., C-'r.wron, Hailey, and Sjudtu, Pays. Rev.
99. ud . 1935,.

• Ijza--ev-. Gavrilov, Valuev. Zaisqjuu. and SiAviftaity,

r >1; '.rente aj :..c •/ Sciences .»/ i'S.S.il. on . .e

• ‘o:cc:ii Use* »• .t.out.j
.'

'.mc/jv, July 1-5. 1955. Seisin 01 ;..c

Pr.v.iiun oi P*.:w.csJ and Mathwmaiifai iucncca vCunsulur.*.»

;
Bureau. N\nv \\- li. 1955), p. 217.

r

L. U . Jon»»»ar... lv M. Tcnvuli^cr, Phys. Rev 91. 600 (.1955,.

I

• R. Xaduasiiffli J. rlal^m, Phys. Rev. 93, -id* >i9J4i.

U.S. OCPARTMCMT OF COMMERCE
NATIONAL BUREAU 0«~ STANDARDS

room
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REF.

V. A. Korotkova, P. A. Cherenkov and I.

Dokl. Akad. Nauk SSSR .106 ,
633 (1956)

Soviet Phys. Doklady _l, 77 (1956)

METHOD

Vo Chuvilo

ELEM. SYM. A

Th

REF. NO.

232 90

56 Ko 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE PANGS

G,F ABX 8-24 C 8-24 ION-

1

Monitor- graphite Ion chamber

Figure 2.

foam N6S*418
(MV. 7«14m44)
USCOMMmOC 24010-P44 PHOTONUCLEAR DATA SHEET 3

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



EL EM. SYM. A L

V. A. Korotkova, P. A. Cherenkov, I. V.
Dokl. Akad. Nauk SSSR _106. 811 (1956)
Soviet Phy«. Doklady _l, 104 (1956)

METHOD

Chuvilo

Th

REF. NO.

232 90

56 Ko 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYRC RANGE TYRE RANG*

G,F SPC THR - 18 C 18 ION-D 50-100 4PI

E - 17.6 MeV
o

Th 2 U

Table 1

Mott Probable Energy Valuej(ln Mev)

Element h Eh ES

Uranium

Thorium

86.5 4

84.2 4

72.5 3

68.8 x 4

159

153

rORM MBJ-41*
(HEV. M4.M)
UfC OM^OC M010.M4 PHOTONUCLEAR DATA SHEET 9

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF ST AN OA ROS



L. Katz, K. G. McNeill, M. LeBlanc and F.

Can. J. Phys. if, 470 (1957)

METHOD

Brown
EL EM. SYM.

Th 232 90

REF. NO.

57 Ka 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
f
XN ABX 6 - 23 C 6-23 BF3-1 4PI

Fig. 1. Yield and cross section curves for the total

neutron emission (y,N), from Th232 under betatron

X-ray irradiation.

FIG. I

> on

FORM MBS-41S
(REV. 7° 1 4-44)
USCOMM-OC 2C010-P44 PHOTONUCLEAR DATA SHEET 10

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



ELEM. SYM. A Z

R. A. Schaitt and R. B. Duffield
Phy». Rev. 105, 1277 (1957) Th 232 90

METHOD REF. NO.

I

[Page l of 2]
57 Sc 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range

G,F RLY THR - 15 C 4-16 ACT-

1

4PI

Fie. 1. Semi logarithmic plot of the uymmetric photofi»ofo

natural uranium and natural thorium as a function of incrtar

betatron energy •, Ba" isolated from uranium probe tarjr

A. Sr" and . I
1" isolated from thorium probe target. Am'

indicate upper limits. Ordinates for Ba", Sr", and P* ate c

related. See footnote 22 for absolute values of the fission yw*.

obtained from thin-target bremsstrahlung spectrum.

Fto. 2. Semiloganthmic plots of the very-asymmetric and
uymraetrjc photohssions in natural uranium and natural thorium,
r^)ectlv«| y. « * function of increasing betatron energy. «, Br®

Br
*| 'sorted from uranium probe target; a, Br» and

a. Br- isolated from thorium probe target. Arrows indicate
upper limits. Uranium and thorium ordinates are unrelated.

(REV. 7-IA-MI
JICOUW-OC M0I0-M4 PHOTONUCLEAR DATA SHEET 11

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUS K A U OF STANOAROS



H*F.

R. A. Schmitt and R. B. Duffield

Phys. Rev. 105
,

1277 (1957)

EL EM. 5 fM.

Th 232 90

METHOO

[Page 2 of 2]

REF. NO.

57 Sc 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

relL?ve
4
'to

S^m^^ Pho‘°fissj°n yields of uranium and thorium
the 6 0% yields of the asymmetric mode of fission.

KL

,

'f
ernal “mP!es. Cd>“ and Ba‘» were separated byKatz el al. (reference 8) ; , uranium external samples, Cd1" andBa were separated; a, uranium probe targets, Cd 1" and Ba1*

w«es^m^
d:
An

n
rH?T’ ^

h
?i

iu
J
n probe targets

- Cd“ ? and Sr*
Cd117 yields have a normalization factor which

^d? r
,

t

,

h
a^ b^aMUm,n

I
l

-

at Cd"‘ y*'16 e1ual* th' Cd“7

form NBV41S
(Rev. 7-I4-S4)
USCOMM.OC 2S010-PS4

U.S. DEPARTMENT OF COMMERCE
NATIONAL, BUREAU OF STANDARDSPHOTONUCLEAR DATA SHEET 12



ref.

H. Falasner und F. Gonnenwein
Zi Phyaik 257 (1958)

METHOO

Th 232 90

REF. NO.

58 Fa 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PC RANGE TYPE RANGE

G,F N0X THR- 16 C 16 EMU-

1

DST

*. VtrtmUm* da »«hn« Winkti I. Gcitnchrlt nncrtocliMta HiUxnmm : UnmiliHbi/ brobachtM*
V«rimlun«. Auuottm Hatotnmtn: Conill (7) «om<irn« Vrneilimc Die Kurvm wurrVn nach da

MethrxJe da klriratnt QuadraU brrrchwt

I

rom MBS-4M
m CV. 7*1 4- *4)

UIC0040C 2«010*H4 PHOTONUCLEAR DATA SHEET 13

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STANOAROf



REF.
L. Katz, A. P. Baerg and F. Brown

Peaceful Usee' of Atomic Energy, Switzerland 1958

METHOD

EL EM. SYM.

Th

REF. NO.

232 90

Fission chamber [Page 1 of 2] 58 Ka 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.F ABX 5-18 C 5-18 ION-

1

DST

Fig. 5 - Photoiission cross sections versus photon energy

form MBS°41S
(RIV. 7-14*44)
USCOMMeOC 24010-P44 PHOTONUCLEAR DATA SHEET 14

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



»IF.

L. Katz, A. P. Baerg and F. Brown
Peaceful Uses of Atomic Energy, Switzerland 1958

EL EM. SVM.

Th 232 90

METHOO

Fission chamber [Page 2 of 2]

REF. NO.

58 Ka 2 EGF

ION
Y

SOURCE OETECTOR
ANGLE

TYPE RANGE

•2

Figure 9

Anisotropy versus maximum
brems3trahlung energy:

Th-232

The ordinate is a in the expres
sion W (0) = 1 + a sin^ 9.

The values are corrected for

re solution.

Fig. 7 - Low-energy-yield curves: fissions per roentgen-nucleus versus maximum bremsstrahlunc
energy. (The solid and dotted lines are samples of smoothed yield curves which fit the

experimental data.)

FORM NBV41S
(REV. I-lfcMI
UICWI'OC M010-PE4 PHOTONUCLEAR DATA SHEET 15

U.S. DEPARTMENT OF commerce
NATIONAL BUREAU OF ST*NOA*OS



A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and

S. B. Kowalski

Can. J. Phys.’J7, 1418 (1959) (A.E.C.L. No. 396)
Th 232 90

METHOO

Betatron with ionization chamber detector, enriched samples.

REF. NO.

59 Ba 4 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 20 C 6-20 ION-

I

DST

a'Anr it tt

Angular distributions

Relative fission fragment yields as a function of peak bremsstrahlung energy E» and angle 9

to X-ray beam

£«.
Mev

Angle 9

0 25 45 60 90

Th-232
6.5 1 .00±0.3 20±5
7.0 1.00±0.04 4 . 1 ±0 .

2

6.7 ±0.3 8.4±0.3
7.5 1.00±0.1 5. 1±0.4 6.0±0.4 7. 9 ±0.5
8.0 1.00±0.09 2.4±0.2 3.6±0.3 5. 1±0.3
9.0 1.00±0.1 3.4±0.3
10.0 1 .00±0.04 1 . 16±0.05 1.67±0.08 1.97±0.08 2.4±0.

1

14.0 1.00±0.05 1.43 ±0.08
20.0 1.00±0.05 1 . 13±0.06

U-238
6.0 1.00±0.3 6.0±1 .4

6.3 1.00±0.1 3.6±0.4 5. 9 ±0.6
6.5 1.00±0.2 4. 5=0.

7

7.0 1.00±0.08 1.5±0 1 2.0±0 2 2. 4 ±0.2 2.9±0.2
8.0 1.00±0.06 2. 1±0.

1

9.4 1.00±0.023 1.094 =0 029 1 224 ±0.029 1.274 ±0.034* 1 . 452±0.033
10.0 1.00±0.04 1.38±0.04
14.0 1.00±0.04 1.08=0.04
20.0 1.00±0.03 1 05±0.03

*9 " 65° in this case

U-236
6.0 1.00±0.25 4.6±0.8
6.5 1.00±0.1 2.06±0.2 2 55=0.25
7.0 1.00±0.06 l.G5±0. 10 2. 1 1 ±0 . 12
8.0 1.00±0.04 1.39±0.06 1.66±0.07
9.0 1 00±0.04 1 . 10±0.07 1 . 15±0.04 1.31±0.08* 1.46±0.05
10.0 1.00±0.03 i 07±0.03 1.28±0.04
14.0 1.00±0.02 1.03 ±0.02

*9 ” 65° in this case

U-234
6.5 1.00±0.1 1.41=0. 14 l .98±0.20
7.0 1.00±0.05 1 . 19=0.06 1 . 53±0 . 08
8.0 1.00±0 03 1.11±0 . 03 1.30±0 04
10.0 1.00±0.03 1.12=0 03
15.0 1.00±0.03 1.01=0.03

Pu-240
6.5 1.00±0. 10 1 49=0 15 1 5o±0. 16
7.0 1.00±0 06 1 03 ±0 06 1 35±0.08
8.0 1 00±0 03 1 .01 ±0 03 1 21=0.04
15.0 1.00±0 02 1 01±0.02

The values quoted are counts observed for unit X-r:iy <lf>se normalized to unit yield at
9 * 0°. No corrections have been applied.

roRM N3S-413
I B£V. M4>«4i

TABLE VI

Corrected values of a in W(9) = 1 +<* sin’ 9

£«. Th-232 U-238 U-236 U-234 Pu-240

6 0 6.6±2 6.0±2.3
6 3 6 7±1 1

6 5 >25 4.4±1 .0 2. 1±0.4 2. 3 ±0.6 0. 65±0. 20
7 0 11 0±0 8 2 . 05±0 . 24 1.33±0 17 0.90±0. 16 0.49±0. 12
7 5 10 3=1 6
8 0 4.9±0 6 1 . 3±0 .

1

0.79±0 09 0.44±0 08 0.29±0 07
9 0 2 8±0 4 0.51 ±0.07
9 4 0.44 ±0.04
10 0 1 61 ±0 12 0 41 ±0.05 0 32±0 06 0. 17±0 07
14 0 0 46±0 09 0 09 ±0.04 0 04 ±0.03
15 0 0.02±0 04* 0.01=0 03-

20 0 0 14±0 06 0 05±0 03
p — ,

•These values, which do not differ from zero, have not been corrected for isotopic com-
position.



L. I. Prokhorova, G. N. Smirenkin
Atom. Energiya 8, 457 (i960)

EL EM. SYM. A Z

Th 232 90

[See also AEC-tr-8966]
METMOO REF. NO.

F
l9

(p,oy) source 60 Pr 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPf RANGE TYPE RANGE

G,F NOX 6 D 6 BF3-I 4PI

Average number of neutrons per photofission.

t

i

I

i

I

worn* MSV4IS
(N (V. 7-1 *•«!
UICCMU.OC l# 0 IO"»«4 PHOTONUCLEAR DATA SHEET 17

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



u.
! 116. TO (I960)

Elem. Sytn.

Th 232

Ref. No.

60 Re 1

90

4echod

fm fmtimi late Graff; tel. JHH

Reaction E or AE (7d E J * Notes

(t#t) w7 7 <~> (*
f
- 2.05 M*f) - 0.86 ± 0.13 mb

FORM NBS-418

U5COMM-OC UB99-P93

PHOTONUCLEAR DATA SHEET 18

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 9TANOAROS



CL CM. SYM. I A

2.G. 3akar, K.G. McNeill
Can. J. Phys. jjg, 1158 (1961) Th 232 90

STMOO
Betatron; fast neutron yield, angular distribution; SI threshold

"iCrT NO.

detector; ion chamber 61 Ba 2 . SVB

REACTION RESUUT EXCITATION SOURCE OETECTOR
ANGUSEM CRAY TY^t RANOS TYU AAN 08

G, XN ABY THR-22 C 22 THR-I 5-+ DST

In Table k:

a » average cross section of detector
weighted with neutron spectrum

8 = neutrons/lOO roentgen/moia

m

W(e) *aJilTA
Q

P
a

(cos 0)]

. /

TABLE IV

1

Element
II

«»

III IV
at

V
(a*)X10»*

VI
uni(22 Mev)X10»

VII

Vanadium 2451[1±0.06) 0.01 ±0.08 -0.00±0.10 6.05 0.21 0.12
Chromium 1G4I 1±0.03) 0.04 ±0.04 -0.05 ±0.05 4.05 0.17 0.10
Manfaneaa 3081 1 ±0.02) 0.07 ±0.03 —0.09±0.04 7.61 0.25 0.12
Iron 2001(ldsO.03) 0.05±0.04 —0. 17 ±0.05 4.94 0.18 0.11

Cobalt 390i(1±0.02) 0.08 ±0.03 —0.22±0.04 9.03 0,20 0.15
Nickel M5l[l ±0.05) 0.07 ±0.07 -0.23 ±0.09 3.58 0.12 0.12
Copper 3471?1 ±0.02) 0.05±0.03 -0.29 ±0.04 8.57 0.30 0.12

Aries ic 4821 1±0.03) 0.11 ±0.04 —0.24 ±0.05 11.91 0.33- 0.15
Rubidium 6381;i±o.o5) 0. 13±0.0G —0. 14±0.08 15.76

Strontium 4001;i±o.o5) 0.10±0.0G —0. 17 ±0.08 10.10

Yttrium 2901 1±0.10) 0 08 ±0.12 —0. 12±0 . 15 7.16

Silver 6901 1±0.04) 0. 10±0.0G -0.22±0.08 14.57 0.87 0.07

Cadmium 9051 1 ±0.02) 0.02 ±0.02 —0.26 ±0.03 22.35

Iodine 11331 I ±0.03) 0.04 ±0.04 -0.29 ±0.05 27.99 1.42 0.08

Barium 10481 1 ±0 . 04

)

0.10±0.00 -0.38 ±0.08 25.89

Lanthanum 1595( 1±0.02) 0.02 ±0.03 -0.42 ±0.04 39.40 1.04 0.15

Cerium 1310 ( 1±0.05) 0.05 ±0.00 —0.39 ±0.08 32.50

Dysprosium 1052 {
1±O.OS) 0.04 ±0.10 -0.34 ±0.13 40.80

Tantalum 1558 t

1

1 ±0.02) 0.04±0.03 -0.22 ±0.04 38.48 2.50 0.00

Tungiten 1305 'l ±0.02) -0.07 ±0.03 —0.24 ±0.04 33.71

Mercury 1345 ( 1 ±0.02) 0.04 ±0.03 —0.31 ±0.04 33.22
2274 ( 1±0.01) 0.02±0.02 -0.42 ±0.03 56.17 2.72 0.08

Biimuth 2162 1±0.02) 0.05 ±0.03 -0.45 ±0.04 53.40 3.36 0.0G

Thorium 3031 1 ±0.04) 0.00±0.05 —0.32±0.07 74.87

Uranium 4630 {!l±0.02) 0.05±0.03 —0.17±0.04 114.36
-

•(») m i.47X10’ JtaiOitm-iiKM. Error* or* uatKlard error* dm to cauatiat Matlatks only.

r ) rv NCS»*i3
.uy. -i

_ CjMMiOC PHOTONUCLEAJt DATA SHEET 19
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mEr -

,

I B. A. Bochagov, A. P. Komar, G. E. Solyakin, V. I. Fadeev

Atom. Energiya JU, 540 (I96l)

ELEM. SYM.

Th

A

232

Z

90

! METHOD
NEP. NU.

6l Bo 2 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RAN SE

G,F SPC THR - 70 C • 70 EMU-D

"'r

Pnc. 1 . Koirrypiian jnarpaMMa oncprcTanccitoro^pac-

npcflenenHH ocicojikor <{>OTOflCJiciiuH flflep Th 23
*^ npw

^Y Maxc. = 70 A/j#.

N

Bi

Phc. 2 . Maccoooo pacnpefleJieiiHe ockoji-
kod <{)OTOAeJicuaH fiRep Th2**. •

FC
(s
UJ FORM NBS*41t

(REV. 7-14-04I
USCOMM-OC 20O1O.P04 PHOTONUCL EAR DATASHEET 20

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



R«<. H.G. DeCarvalho, A. Celano, G. Cortini, R. Rinzivillo, G. Ghigo
Nuovo Cimento 19, 187 (1961)

Elem. Sym.

Th 232 90

Memod
Synchrotron; emulsions

61 De 2
as

JHH

Reaction E or AE (7d E J " Notes

Th (7,0 300-1000
MeV

d F

Slope = — = 36x10 cm
2

± 10$

over range 300-1000 MeV

'i!u

! a

3 3 *
•50

f *
•

3 -

1

'i!s.

ty t.w

hi

F\a. I.

,ODu MBS-418

uicomm-oc is

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATASHEET 21



Ref. H.G. DeCarvalho, A. Manfredini, M. Muchnik, M. Sever!, H. Bosch,

J. Lang, R. MUller, W. Wolfli
Nuovo Cimento 25. 53^ (1962)

ERRATUM: Nuovo Cimento 22, ^75 (1963)ERRATUM: nuovo uimento

Method Reactor; monoenergetic y's from Ti(n,Y) reaction; emulsions;

Nal monitor

Elea. Sym.

Th

ReL'NoT

252 90

62 De 3 ^ JHH

Reaction E or AE ad E J rr Notes

Th
252

(y, f

)

+0.11
6.6l

0.2C

In Table III, <y
f (xh

)/a
f^ = 0.92

should be O. 85 .

MeV

*'*•
*;

' Sk"rh of PWM>lins experimental re*,lilt* mr ihe ph<>>r.ti»inn .tm-mcliiiii
[ Katz * a< - <*>: Schmitt el «/. <*,) ami ..f :,iTh ( K atz h at. ,»>).

SelimtH's. reenlte have been normalize.! to ilmm of Katz ,.t i .\,VV. shown in tlie
lilfnre aim I lie three mam line, of the Tiln. r) prnces. with their mrre.pon.lmc mten-

-•tie* in arbirrarv unit?*.

Present work

Katz et ai. (*).

Schmitt rt al. (*)

Tablk lit.

*Tk <mb) ftc (mb)

4 .73 T. 0..70 7 . aft— O.H.l

5.6 6.6

— 10.7

0.600 — 0.005

0.92 *

(

:
) R. A. Schmitt .-.ml R. B. DcrriF.i.D: Plnjs. Pec.. 105. 1:177 ; 1037).

(-) I.. KaTZ. A. I’. BAEltii itllil F. ISIIOWN: Second C.S. 1 nternalional Conjeieit-e

on the I’rcreful U*e* of Atomic I'.nerifij, vnl. 45 (ID'S), p. ISS.

i*) A. I. Uaz. X. M. Kcl.kova. I.. F.. I.a/.akeva. X. V. Nikitina and \'. A. Sememiv:

Second ('..V. International Conjerelire on the Peaceful Uses oj Atomic Energy, vol. 15

(193W>. p. la4.

form NBS.418
le-i-93)
use omm*oc tesse.Pes

PHOTONUCLEAR DATA SHEET 22

U.S. DEPARTMENT OF COMMERCE
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Ref. J.R. Huizenga, K.M. Clarke, J.E. Gindler, R. Vandenbosch
Nuclear Phys. 54. 439 (1962)

Elem. Sym.

Th 232

Ref. No.

62 Hu 1

90

Method Monoerglc Y's from Fl9(p,cry)0^° reaction; fission fragment
ionization chamber. JHH

Reaction E or AE
s
ad E J n Notes

Th
252

(y,f) 6.14

7.0

Photulission cn«M» <cCtiiifU 0 bta 1 m.1 l with mono -energetic gamma rav* from the F l, (p. ryiO 1

reactmn

Target Oy • <T*_ ,

,

0TV(mb| <r, l4(mb) h.(M.V) »| £|(McV| •)

Tl,»« 1 On n 13 9- 3 9- 3 0 34 3.3

L *• 1 13 -0 15 13 — 3 13 ± 4 • 04 33
l** ft mt jt |o 3* = 9 33 — 11 6 40 3.3

L«* 3 Utf -0 33 13 = lo 16? 3 3.34 3.3

l*4 10 0 -3.0 33-10 *:r •.77 3 1

L
444 3 34 -.0 79 44 -14 13-4 3.90 3 4

1.43 0 31 45 - 14 31-10 6 TO 3 3

•) Krw« the cwmp«l.uion •»! ref m
)

•) From the '.••mpiLatu.n of r«-f. *)

R0 f 2d

Ref 26

Ever ling, Konig, Mattauch 4
Wapstra - Nuclear Phys. _l8, 529
(I960)

Vandenbasch & Seaborg - Phys. Rev.

no . 507 (1958)

ROMM MBS-411
(••1-OS)
UICOMM'OC !•••••»«•

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 23



r

Ref. jJ.Miahil, L?.M, V.lister, ft*J*tela

Vbya.lar. ISA, 8717 ( 15tt)

Method A
"

" " " Ref. No.

U(»,«r m *(,,) • M(T1
)

,

6MU

Reaction E or AE E
o

r S^E J n Notes

(•T) V
.OJO-A.O

/

*

Obainai MtlvitlM wmrtW to

ilalatagratlaa rttta, tmRil ataf

la tlaa to aai af Irrailotloa aai

Mrmtai far tear telag

batetei. idtelai «mc
—tlaa oalaalaesi* (tea glass la

artlala)*

* D
J u •**#la*

bat—A Isoala af a— «fi* aai

parltT*

w«. 10 « ps - «J>» a(M) l/*7,

C# oalaaa abtalaai tea fit af

—tlaa abofs 1 Hof (llatai la

artlala)*

Etem. Sym.

Th 232 90

FORM NB$°418
(8*1-63)
U3COMM-OC 18886-P63

PHOTONUCLEAR DATA SHEET 24

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.

G. Moacati, J. Goldemberg
Phys. Rev. 126, 1098 (1962)

EL CM. SYM. A

Th 232 90

METHOO Betatron; fission, delayed neutron yield; BF^ counters REF. NO.

62 Mo 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPI RAN OC TYPf RANGE

G,F ABY THR-20 C 12. 20 BF3-I i+PI

Delayed means > JOOO p, sec.

DELAYED N YIELDS

Table 1^ Experimental result. Tlic errors in columns 3 ar.d 4 are
statistics... . .to errors in co.umn 5 represent extreme values using
plausible estimates tor <r{y,n) and «(•/, In'), and v from Gir.cier
ei al.1 and Leschman.*

(Relative counts/puise)/
Energy monitor unit Delayed

Element (Mcv; Prompt Delayed neutrons/r.ssioa

u» 12 620=25 3.2 =0.2 °^ifl.007
20 2545=100 13.6 =0.5 0.035“^^

Th= 12 225=12 °-0;r
-0.C07

20 995=40 2.2 ±0.1 °-™i
0
q
0
ooI

104 , 425 (1956 ).
“ 1 ^cv -

‘ R. B. LeacWn, Proceeding of Ike Second United NationsInUrnoiu»ud Cnjereneejn Ik* Pucefui Uses of Atomic Energy

vST5 ^229
^ *°°aa' G*aeVm’ l9S*>' Paper P/2^:

form MBS-41S
(REV. 7.I4.MI
uic omm-oc aaoio-R«4 PHOTONUCLEAR DATA SHEET 25
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REF. CCdM. STM. A

M.V. Ballariny
Notas de Fisica 10 ‘(No. 12), 205 (1963)

j

METHOO
i

Betatron; fission fragment angular distribution; nuclear
ion chamber

Th

REF. NO.

emulsion;
63 Ba 3

232 90

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOK TYPE RAN6E

G,F RLY 0-12 C 12 EMU-I DST

In Figure 1, W(9) = a + b
• 2nsin 9

In Figure 2, W(0) = 1 +0.73 sin^S

/

e

Mml
u*-V
»S*-»S0*

JO* -*J*
1

issVuJ*

'
4J* +.40*

»S*-U0*

40*. T5*

U0*-X0J*

TJ*-«*
101** so*

i

(»—*0 SW* jw* «.!* »T,J* •SA*

McUw
|KU MV

IAS 1J0 MS 1.S4

«tl*7 a* 1 t £ £ £
•ad§ *A0 •«0* «.0* 0,0*

FORM NBS-41S
WIV. 7*1 4*44)
USCOMM.OC 2001 0>P04 PH0T0NUCLEAR DATA SHEET 26

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



H.G. DeCarvalho, A. Manfredini, M. Muchnik, M. Sever!, R. Bosch,

W. Wolfli
Nuovo Cimento 2^> ^63 (1963)

Elem. Sym.

Th 232 90

Method
Reactor; monoenergetic 7 's from Ti(n,7 )

reaction; emulsions;

Nal monitor

Ref. No.

63 Be 1 JHH

Reaction E or AE s
(Td E J " Notes

Th
232

(7,f)

+oT

n

6.61
-0.20

MeV

Parameters for angular distribution
function,

w(0) = a + b sin
2
6 + c sin

2
9 cos

2
9

are given in Table II.

Fig. 3. - Angular distribution \V(<x,fi9=
»» 15°) of nssion fragments from ,,*Th.

Ey= 8.81 MeV.

Table II.

eyn
MbV

r-»y
soorce

b/a c,a c. 0

6.3 hreraja. (*) > 23 - —

Th 6.61 (“1 Tiln. r) 11 - 3 1 = 1 U.l = ".l

7.00 brain**. (•) 10.6 - 2.1 -3.1 - 1.6 — 0.3*1— “• 16

6.1 E(p. T> (’>

1
7i- 31 —31 1.4 -*).3

6.3 branuM. (•)

brdmnd. <*)

4.4 - 1.0

4.2 ± 1.S 3.1 - 3.3 u.T." -<• :

L

C 6.61 <••) Ti(n. rl 0II0 0.6 — 0.3 •».:* -".3

. 6.9 F(p. r) (
7

)

brrmdd. (*)

0.7 = 0.3

3.30 — U.44

•».3 - U.3

<>.34— <».s3 *».13 1 •».;;»)

7.0O hrrtn**. (*) 3.1 1 = 1.34 i». 4”* _z" VJ

>*i At iQjuoatAAi • ikUcr th* ru*uuiouui breiusatra&iuuii wncnfy <<r the e nervy o* tin:

•earrsuc wn. too casu may l**i. '*uly those i«oiat* of other anti.ore oru iiuotiu whom
•miFT uo» -ntrun 0.*. MuV from our cocitt irt.iil MuV).

!*•) NV* give um n4ucs oOts6tn*d by moan* of tho Courier inaly-us m tnu data i*vi T*obu l .

For purtM*r* of companion ae <1110161 the values fivvii in tn*- Pafxsr of II.vI-.UaS el at. . * .

lanj*ai*« th* oo*tAct*ot e. aiUvoucn to* autuor* undu jx tuvu usmuoion c - •».

Table III C).

XucIbub Of (mb)

(from part I) (

„ at, (mb) a, (mb| d
f
\mbi

,,rTh .1.3

-

0.6 0.7= 0.3 4.3— 0.6 0.1 -0.1

'“C 9.2-0.0 3.7— 0.4 . 1 . 1 = 0.« rt.:1-0.2

(•) Th* valor* «f «. and •, bav* bcon computed osinf tho Fourier analyas* rcoulu
for «. a and e ire* Table f).

• An error on the <io*e m—urvmcnt ha* brvn detected since Clio pufmeaunn <»f l\irt [

of this p*o*r. fortead of ri.it H'1 - l<» u.iuntacm* the don wu ( » . 7 * »•*•* s lu -
. , •|MMiit*.< m*

i

iircorrtiomr tho e rn—•ection* reported in l ’art I should ho chandtai to the value* .umvn in

th* peeacot TaM* Iff.

(*) A. Boiir: International Conference on the Peaceful Uxe» of Atomic, Lni-njij, v«l. »

p. 911. (1956).

u.s. department of commerce
NATIONAL BUREAU OF STANOAROS

form NBS-413
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A.P. Komar, B.A. Bochagov, V.I. Fadeev

Dokl. Akad. Nau4c SSSR 152 . 858 (1963); Soviet Phys,

Doklady 8, 978 (1964)

c.4»cjm. a i

Th 232 90

NSTHOO

Synchrotron; Fission; ion chamber

REF. NO.

63 Ko 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

G,F SPC THR - 90 C 90 ION - D DST

E = total energy of fragment pair

m /m = mass ratio of fragments
H L

2122H20 f3 fd >7 r.B 1.5 t.« (3 r.2

Fig. 2. Contour diagram for the fission of Th2*2

by photons with Eymax = 90 MeV.

FORM N8S-41S
(REV. 7-I4-S4I
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U.S. DEPARTMENT OF COMMERCE
NATIONAL BURKAl/OP STANDARDS



RCF.

M. Langevin, J. M. Loiseaux et J. M. Maison
Nucl. Ph?a. 114-124 (1964)

ELEM. SYM. A

Th 232 90

MCTHOO

Bremastrahlung acattering

REF. NO.

64 La 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPI RANGE TYPE RANGE

G.r, ABX 10-25 c NAI-D DST

Fig. 7. Section* dBcoc— difKraaueile* obtcnum pour le thorium.

! foam MBS-41S
IMV. 7-I4.MI
UICOMM-OC 2«010.p«4 PHOTONUCLEAR DATA SHEET 29
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Fig. 1. Angular distributions from pure 6.1 MeV and 7.0 MeV photon excitation and from 6.5 MeV
bremsstrahlung excitation in the present work and in ref. ').

Coefficients in the angular distribution

Table 2
fV(6) “ a+b sin*

and uranium
0+c sin* 26 in photofission of thorium

Element Photon

energy

(MeV)

a b c

Thn*
6.1

7.0

6.5

(bremsstr.)

0.12±0.03

0.25 ±0.04
0±0.05

0.89±0.05

0.78±0.06
1.27±0.07

0.14±0.06

U*» 6.1*)

7.0 •)

6.5

(bremsstr.)

0.07±0.08
1.00±0.22

0.17±0.03

1.00±0.10

0.70±0.22

0.93±0.05

0.50±0.12-

0.05 ±0.20

•) Ref. •).

foum NBS-418
INIV. 7.1 4.441
USe OMM.DC 2401 0.P44 PHOTONUCLEAR DATA SHEET 30
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REF.

E. Albertsson and B. Forkman
Nuclear Phys. 70, 209 (1965)

CL EM. $ f M. A

Th 232 90

METHOD

^F(p,ay)^0 radiation [Page 2 of 2]

REF. NO.

65 A1 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 3. Increase of the isotropic term a in n^(6) with photon energy. The curve is the function
“ Z/n(l+exp ([B— E)lE^))~ x with B “ 7.4 for thorium and B « 6.3 MeV for uranium and

£, — 0.3 MeV for both. The experimental points are from the following papers: OfTh) present work;
• (U) Forkman el aJ.'y, (U) Takekoshi •); AA (Th. U) Carvalho el al. xt

).

form MBS-41S
(REV. 7-1 4-641
uscomm-oc aeoio-p«4 PHOTONUCLEAR DATA SHEET 31
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REF.

F. Carbonara, H.G. DeCarvalho, R. Rinzivillo,

G.P. Murtat
Nucl. Phys. 72, 385 (1965)

METHOD

E. Sassi and

ELEM. SYM. A Z

Th

REF. NO.

232 90

65 Ca 3 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABY 300- 1000 C 1 BEV EMU-

1

4PI

Fig. 5. The experimental data for the Th fusion cross-section per equivalent quantum oa are plotted

against the maximum energy of the y beam. The solid line is the result of a least-squares calculation.

Tadle l

Some fissility values

Particle Energy Nucleus

(MeV) ««U "Th "•Bi

Photons

Protons

Protons

300 -r 1000

600 •)

200 »)

0.84i0.13

0.65

0.80

0.47±0.10

0.40

0.47

0.12±0.02

0.13

0.09

») Ref. *•). *>) Ref.").

form NBS-418
(RCV. 7-14.841
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C. P. Sargent, W. Bertozzi, P. T. Demos, J.

and W. Turchinetz
Phys. Rev. JJ7, B89 (1965)

METHOD

L. Matthews
EL EM. STM. A

Th 232 90

REF. NO.

MIT Linac

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F SPC THR - 3.0 C 7.8 T0F 1-8 77,157

Measured neutron spectra at two angles.
Analyzes data in terms of neutron distribution from recoiling fission fragments.
Concludes that fraction of neutrons not emitted from fully accelerated fragments

is 0.07 ± 0.09.

“i i i i

• •34
(>«• (U.V)

Iut
• ••

7SO

ISO

• e fS •

••

300

*•

^oo 300 too
-

Tl-» ft M«*l (UNI

4
-

l
,
|‘,
olo«wjtron time-of-flight spectrum observed

11 n wut» 7.75-Mev bremsstrahiung. The points labeled "back-
ground are the normalized result of a run with a bismuth target.
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REF.

A.S. Soldatov, Z.A. Aleksandrova, L.O. Gordeeva, and G.N. Smirenkln
Sov. J. of Nuclear Phys. JL, 335 (1965)

ELEM. SYM.

Th 232 90

MeTHOO

F
19

(p,aY)0
16

E = 6.1, 6.9, 7.1 MeV

REF. NO.

65 So 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLX 6-7 D 6-7 DST

TRACKS IN GLASS

<J (9) = (0.07 ± 0.01) + (0.93 ± 0.03) sin
2
0 + (0.12 ± 0.04) sin

2
29.

1(6.1 MeV): 1(6.9 MeV) : 1(7.1 MeV) = 1.00:0.15:0.17.

Gf/9)

Grim

Fig. 3. Angular distribution of fragments from ^hotofissioa

of Th-1
-'. The solid and broken curves describe the results of analy-

sis of the experimental data by the methoo of least squares with

the respective assumptions c P 0, and c = o, where c is ihe coef-

ficient of sin2 20.

form NBS-418
(REV. 7-1 4*641
(JSC OMM-OC 2.01 O- P.4 PHOTONUCLEAR DATA SHEET 34
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mtr '

0. P. Nikotin and K. A. Petrzhak
Atomnaya Energiya 20

,
268 ( 1966 )

UDC 539 . 173 .84 , p. 300

EL CM. SYM.

Th

METHOD REF. NO.

A I z

232 90

66 Ni 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.F RLY THR-15 c 10- 15 TRK-D 0-1 4PI

(.1-1.0)

Delayed Neutrons from Photoflsdon (Ey max * 15 MeV)

Total yield of delayed

neutrons. neucronsAOO

fissions

Neutron group r‘/». >ec
Relative yield

of group, *!•

Absolute yield of

group, neutrons

per 100 fissions

1 55,6*1,5 4/i0±0.2Q 0, 17*0,03
O 20.3*0.8 1(5.3- 1.0 0.62*0.10
ii 3,45*0,50 15,9±1.5 0,60 s-0, 10

3.3*0. 0(T1i*M) ( 4 1.0XxO,20 37, r. *3.0 1.4:5*0,30
• 5 0.43x0.10 17.2±2.0 • o.f«;x0.io

0 0,18*0,03 8
7't'- , 0

8
* —4,0

0 3i*r°.10U,J -0,20

1 54.7-2.5 5.4 h0,

5

0,052^0.010
2 20,3x1.0 20.0*2.0 . 0,193x0.040

0.96*0,13 (U»*)
3 5, 45-0, GO 15.2±2.0 0.146-0.030
V 2.0t±0.25 36.9x4,0 0,354*0.070
5 0.30x0.10 13,9*2,0 o.i;j4*o.(fj)

6 0,10x0,04 8 ,6+rJJ— *>,0
0 u8.j

+rt -025

1 58.2*0.8 1.98*0,08 0,0(»l±O.0tp
2 21.3x0.3 15<’±0,5 0.489*0,070

3.1±0.4(U»W) •

3 5.50-0.20 17,5*0.7 0,345-0,070
4
5

2.15^,10
0,70x0,00

31,1x0.8
17.7x0.9

0,070-0.150

0.552x0,080
6 0,19*0.02 lfl

1+2.0
10 ,1 -5

t O
0 502U(JU ‘4 -0.200

1 54.04-3.0 0. or. *0.60 0,022x0.004
2 20 ,0x1.0 20.0x2.0 0,075 *-0,018

o.aaiO.ocdMM*)
3 5. 7-0,

7

18.3x3.0 <),(X>6 -O.OI5
4 1 ,94*0.30 20.5X4,0 0.103 -0.020
5 •'.58x0,10 14.9x3.0 0.054-0,012

6 0.20x0,04 •"•“is:!!
0,aj8- 0.025

DELAYED N YIELDS

1
O
>*
K
o 2
” o

W <y\

X **

o ^
J 5
0 2
S 3

< g

&

W-

i

'

i
!

if*
* r.lil i 1

1 I

1

ip*

:
\ Uus

7ir

-Pu
{t7r

<

Pun

JS Ji *0
9

4/ //-/V

FOAM M8S-4U
IK CV. 7*1 <-UI
use OMM. o C JSOIO-OS*

3. Absolute yields of delayed neutrons
from fission of nuclei:

) [7]; • ) present
sutbors.

PHOTONUCLEAR DATA SHEET 35



ref. N. S. Rabotnov, G. N. Smirenkin, A. S. Soldatov,
S. P. Kapitza and Yu. M. Tsipeniuk
Phys. Letters 26B . 218 (1968)

j

METHOD

L. N. Ysachev, EL EM. SYM.

Th 232 90

REF. NO.

68 Ra 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

NOX . THR-8 C 5-8 FRG-I DST

Fig. 1. The measured value of b/a as a function of en-
ergy. Photofission cross sections taken from ref. 1

are also shown for 232xh and 238u. £ is the average '

excitation energy of the fissioning nuclei and ?f the ob-
servable fission threshold.

form NBS»41t
(REV. 7.I4.A4)
USCOMM.OC 2S0I0.PS4 PHOTONUCLEAR DATA SHEET 36
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S. P. Kapitza, N. S. Rabotnov, G. N. Smirenkin, A.

L. N. Usachev, Yu. M. Ysipenyuk
ZhETF Pis. Red. 2, 128 (1969)
JETP Letters 9. 73 (1969)

method

S. Soldatov,

Th 232 90

REF. NO.

69 Ka 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPl RANGE TYPE RANGE

G,F ABX THR-8 C 5-8 TRK-I DST

Pig. 2. Re«ult« of measurements of the fragment yields corresponding to
different components of the angular distribution, as functions of the end-
point energy of the breasetrehlung spectrum (upper plots) and fission cross
section and values of the ratios b/a and c/b as functions of the energy
of the r quanta, obtained as a result of the reduction of the experimental
data (lower plots).

form HSS-41S
(A CV. 7-1 4- *41
uicomm-oc atoio-P«4 PHOTONUCLEAR DATA SHEET 37
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CL£M. SYM.REF.

A. Manfredini, L. Fiore, C. Ramorino, H. G. De Carvalho and
W. Wolf li

Nncl. Phvs. A127 . 687 (1969)
Th 232 90

METHOD REF. NO.

1 69 Ma 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE KANGC TV PC «ance

G,F ABX 5-9 D 5-9 EMU-

1

4PI

Source n- capture gamma rays.

[over]
FORM NBS-41S
IREV. 7* I 4.441
UICSMM.OC 2aOIO>P««

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



Tabu 1

Experimental data

Target ^7 iV
f/(0«Th) ff,(Th) o,(U)

(MeV) (I0‘» cm' !
) (mb) (mb) (mb)

S 5.43 3.32 0.59=0.16 0.1 6 ±0.1

6

0.08 ±0.20

Dy 5.58 2.62 0.79 ±0.07 0.73=0.07 3.73=0.70

Y 6.07 2.18 1.90=0.15 1.60=0.16 5.99 ±1.05

Ca 6.42 2.16 5.13=0.44 4.73 ±0.44 5.88 = 1.06

Ti 6.75
1 9.21

l 1.16
I2.20±0.82 7.94 ±0.89 12.5 ±1.1

Be 6.80
I 1.01

| 0.96
2.40 ±0.25 2.40 ±0.25 2.73 ±0.32

Mn 7.16 2.39 7.14±1.1

1

3.67 ±0.74 7. 1 7 ± 1 .50

Pb 7.38 0.65 3.81 ±0.56 3.25 ±0.56 12.6 ±1.6

Fe 7.64 1.40 6.38=0.51 4.86±0.53 12.1 ±3.1

A1 7.72 |

5.11

l 3.14
5.45 ±0.34 4.47 ±0.34 7.15=0.56

Cu 7.91 0.71 12.31 ±2.53 6.89±2.55 18.9 ±6.7

Ni 8.36 1.29 12.05 ±1.03 5.79 ±0.91 29.0 ±1.8

39



REF.

Y. Wakuta, M. Sonoda, A. Katase, H.

J. Phys. Soc. Japan 26, 851 (1969)

METMOO

Tawara, M. Hyakutake
Th 232

REF. NO.

69 Wa 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLX 0-999 C 200-999 SCD-D DST

. 999=1.2 GEV

jnst*Tf

C'Jt

'T'

4
® %
7 |

400 6CO SCO t.C
P**OR L-t^i I

Fig. 1. Relative photofission cross section per
equivalent quantum as a function of maximum
photon energy for U*“ and Th«*-.

Fig. 2. Relative photofission cross section for two
values of bin width as a function of photon energy,
(a) for U*“ and (b) for Th*“ respectively.

FORM NBS-418
lll(V. 7.1 4. Ml
use omm-oc 2«oio>p«« PH0T0NUCLEAR DATA SHEET 40
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ref.

D. C. Aumann and J. E. Glndler
J. inorg. nucl. Chem. 32, 731 (1970)

METHOD

EL EM. SYM. A

Th

REF. NO.

232 90

I

70 Au 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P RLY THR-17 C 14-17 ACT-I 4 PI

Data ratio of isomer to ground state yields. ISOMER YIELDS

i
-?

(

J

i

\

C,-C, lM*y|

Fit 3- Cumulative (a) and independent (b) yield "'Pd ivomcnc ratio* as a function of

excitation energy above the fission banter for several compound nuclei. The solid curves

in 3b represent the root-mean-square average angular momenta of the compound nuclei

indicated. The dashed curves are the solid curves displaced to pass approximately through

the respective isomenc ratio data.

Table 3. Cumulative yield isomeric ratios ot' '"Pd formed m photo*

fission

Target

“Th
“U
°*U
“U
***VJ

|“U

13-H

fcalMcV)

!6-*-l7-0

o mvat * o-ouu onov. - o-otx v.

\ - OtXSU

0-UW5 - 0-0007

0-01:5 = 0-0009

0-02M *0-0019

0-0304 * 0-0022

0-0054 x 0-0003

0-0130*0-0013

0-03M* 0-0038

17-

1

rt-tv vvi x o-ots)7

0-0119*0-0012

0-0233 x 0-0024

0-0454 * 0-0043

Fig. 5. Cumulative (a) and independent (b) yield '"Pd isomeric ratios as a function of
ZV/4 for the compound nucleus.

FORM NSS-41S
I* (V. 7*1 4-641
USC OMM-OC 2601O*P«4 PH0T0NUCLEAR DATA SHEET 41
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REF. I EL EM. SYM. A

T. Methasiri
Nucl. Phys. A158 , 433 (1970)

\

METHOO REF. NO.

i 70 Me 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABY THR-900 C 200-900 TRK 4PI

150 -

6

6
a

100

i

50

-i 1 1 1 r

Th

5 » 5i
« a 2

a#* i

5

5 aa* I
5

*
a 5 £ 5 I M 5 J

• P'e***t work

O Kyushu Uni»tftily group

Q Car6on#r« ft «i

A Jungrrmon onk Stcinar

200 1000 1200400 600 800

Sremsstrahlung Energy (M*V)

Fig. 3. Cross sections per equivalent quantum <rq(£) of thorium as a function of bremsstrahlung

maximum energy (£).

Fig. 4. Photofission cross sections of uranium and thorium as a function of photon energy.

form NB&-418
(REV. 7-1 A.«4)
USC OMM.OC 24010.044 PHOTONUCLEAR DATA SHEET 42
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ree. N.S. Rabotnov, G.N. Smirenkin, A.S. Soldatov, L.N. Usachev,
S.P. Kapitza, and Yu. M. Tslpenyuk

Yad. Flz. 11, 508 (1970)
Sov. J. Nucl. Phys. U, 285 (1970)

ELEM. SVM.

Th 232 90

mETmOO REF. NO.

!
70 Ra 1 hmg

REACTION RESULT
EXCITATION SOURCE oetector

ENERGY type range TYPE RANGE
ANGLE

G.F ABX THR-9 C 5-10 TRK-D
-
~i

DST

J

IL Parameters of angular distributions

^•mu' Y. (,.uon
• t • —

"Ili-PC

3.2
s.i
3.m
5.73
5.9
s.95
s.:
8.

5

8.7
8.9
7.0
7.9
7.7
S.U
8.)
tu.u

5.0
3.2
3.3
5 .4

5.43
5.83
3.95
8.4
8.93
7.3
8.0
9.25

3.23 I

3.3
5. 73
5.0
8.23!
4.5
7.0
7.5
5.0
8.3

3.0*
|

5.2 I

o.ajo±o.une
u.uii-o.oir
0.015*0.1)10
0.oioto. (jui

0.014*0.001
0.012*0.003
0.022 *0.005
0.023*0.002
0.032*O.ir>7
o.a«*o.»>4
0.038 *0.00
O.(08*0.OS
O.IUO*O.UU8
0.184 *0.004
0. 301*0. UU)

0.052*0.100
0.1111*0.033
0 . 020 *0 .ins
0.007 *0.021
O.U38*l).(j£
0.014*0. 1«R
0.078*0.OR
0.127*0.014
ll.2l3-kii.0O4

O.. 81*0. ITS
0. 401-0.OR
0.570*0.0*

0.408 *0.103
0.330*0.1*3
0.114*0.0.17
0.326 -0.011
0.'iOG-0.003
0.733*0.012
0.772*0 »| I

0.7X3*0.012
0.813*0.013
0.428*0.015

0.'fl0*0.2m
0.115*0 097

Th*

0.991*0.027
0. 089-0. 0U7
o. 985* 0. U.I1

0.990* 0.018
0.9*8*0.009
0.988— 0 .O 1O
0.978*0.015
0.977 *0.009
0.968 -0.024
0.961*0.013
0.944*0.021)
0.912*0.015
0.891*0.013
0.8.18*0. UTB
0.896 *0.011

0.918 -0.181
0.9U)*O.iR|
0.9M)*O.iR1
0.09.1-0.030
o.?62*o.0l 7

0.966 -0.011
0.922* 0.014
O.»7.l*0.'»)9
0.787 *o.irn
0.6 6 -0.010
0.599 -0.0*
0. i3O*O.007

?u"
0.392*0. 1 .7)

0.670—o.Oil
0. 386 -0.016
0.471-0.016
0.334*0.011
0 287*0. uiS
O.23I-0.OIS
0.213-0.017
0. 187-0.017
0.172*0.020

Pu“»
0 UU0-0.2UU
0.845 *0. Ill

0.0311 *0.02*1
_J).'«R*o.i>6

0.013-0.HU
0.081-0.011
O.i/71*0.0|0
0.079—0.010
0.022-0. Oil
0. n*
0.0211-0.1)22
0.0**0.012
0.an -0.017
0.028*0.013
0.'C6*O.OI2
0 .017 *0 .or*
-0.031*0.011

1.296 *0.2>R
0.910-0.11811

0.364 —0.076
0 . 112 *0.066
0.133*0.021
0.040 -O .010
0.1(19*0.014
O.ai4-o.m«
0.017-0.008
0.024 -O.'Ol
0.014*0.0)7
0.013*0.007

1.112 -0.1.21

1.513*0.112
0. 631*0.>R3
0.370 *0.018
0.18)1*0.013
0.080-0.018
0.068 -0.017
0 0 .2 -" .019
0.029*0.018
0.023-O.O22

I 0.011
0.11
0.47

’ 1.7
3.9

|

II

I

*
8)1

1160
270

1*0.200
;

o.a>,t
2.36*0.15

|
O.047

•In ihu cue W(t) „ deicnbed by a pure quadmpole distribution,
-nn -0. aad therefore the coeificiem c is mcanirt|len in Ok employed
normiiaaiaoa and a assumed equal to unity.

SEE 68RA1, 69KA1

Table n (cont.)

0.0124
0.h'.9

<>.'62

1 0,20
0.32
0.79
3.4

w
M«V

• . *

r.

Y. fUoon

mrv-~c

5.13 0.102*0.014
Pn«

0.996*0.056 1.147 *0.070 0.15
!>.8 3.7 0.222 •-AMJJ4 l>. 773-0. 012 0.710*0.052 0.19
7.7 5.95 0. 533 -0.010 0. 487*0.Ott 0.33t *0.01.1 2.3
n,s 4.4 0.870—0.012 0.1i)*0.0l2 0.098 * 0.013 11.5
to.

5

8.93 0.839 -0.03 O.llll -0 U27 0.U87 — 0.029 U)
Ki.s 7.7 0.718-0.012 0.234*0.018 0.055 * 0.017 1 15
VS 7.9 0.73-0.012 0.275—0. 016 0.1)71*0.018 145
7| 8.2 0.782-0.010 0.236*0.014 0.016-0. UIS 180— 8.3 0.779—0.'/.') 0.221*0.027 0.057 - 0.029 210

8.7 0.791 —O.OuO 0.209 -0.012 0.012*0.011 210
9 5 0.822 *0.011 0.178-0.011 0.019*0.016 690

o.irwn S.O 0.532—0..1'li 0. 168*0. 372 3.702 *0.424 0.0035
0.'M2 3.3 O.ttH^O. M.7.1 0.32-0.068 0.965 -0,082 0.US8
0.0120 5.3 0.118*0.0,6 0.582-0.039 1.018-0.069
O.Oi) 5.5 0. 310*0. *)22 0. 090 *0. 029 0.7.11-0.031 0.26
0.014 5.73 0. JIWaO.ihi 0.512*0.010 0. '.22-*U.U12 1 .0
0 27 s.o 0.598 *0.011 0.102*0.016 0.207*0.018 2.7
1.7 8.3 0.609*0.012 0.:UI *0.017 0.M6-0.0I9 M.8
c.u 8.5 o.7no*0.u/9 0. *00 -*0.013 0.122 *o.or* 17
24.0 7.0 0 .:;0 - 0 . ons «». 20n± o. or r7 O.»f73-O.OOH 3Q
47.0 7.5 0 . 754 *0.005 0.216-0.007 0.0 <1*0.004 tos
74.0 M.O 0.766*0.01)6 0.331 -tO.OUH 0.017-0.11)9 173— 8.5 0.814*0.003 0.138*0.007 0.012 -0.1XJB •J*rt

W(0) a+b sin2 © + c sin2 29

[ over

]

ro«i NBS-414
IMV. 7-1 4-44)
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3 17 1 fit

FIG. 3. Energy dependence of the total yield Y(Emax ) (O) and its

angular components Ya(Emax ) (•), Yt,(Emax )(A). and Yc(Emax )(X>.

Below-plots of the total cross section «
7 f(E) (solid curve) and its .insu-

lar components oa (E) (long dashes). <n>(E) (short dashes), and c c
i F i

(dash-dot), obtained by solving Eq. (5). vs. the 7-quantum energy. The

points for for U 13* were taken from (

10
1 . The vertical dashed line

denotes the binding energies of the neutron in the corresponding

nucleus.

Angular components of the yield . Knowledge of the

coefficients a, b, and c makes it possible to determine

the contribution of the individual components of the yield

Ya , Yb, and Yc , the angular dependence of which corre-

sponds to three components in the expression (2): iso-

tropic, dipole, and quadrupole. Their meaning can be

understood from the following definitions:'

y=y. Y„ + Y<, —
dil 7-YW(*)-.

Y.=— K; = Y
' = <4 >

v J v 15 v

Plots of Yi and Emax are shown in Fig. 3 together

with the data on the total yield. The experimental points

Yi(Emax ) were determined by means of formulas (4)

from the coefficients W(i?) listed In Table II and from
the total yield. The error of Yi indicated in Fig. 3 does

not include the error in the measurement of Y(Emax )

(- 10%).
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B. Schrader, G. Nydahl and B.

Nucl. Phys. AU3 . 449 (1970)

MtTHOO

Forkman

ELEM. SYM.

Th 232 90

REP. NO.

70 Sc 1 egf

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLETYPI RANGE type RANGE

C»F RLY THR-999 C 300-999 ACT-

I

4PI

FT*. 4. Pubtithed data on peak-to-valley ratio of M,U and ,,»Th. ref. a, see red *); ref. b, tee rat *);

ref. c, see this work; ref. d, see ref. *); ref. e, see ref.
T
).

999 = 1100 MEV

Fig. 5 . Symmetric high-energy mass distributions from 1J,U and *“Th. The data at 100 MeV are

those reported by Schmitt and Sugarman *).

[over]

.

roMM NBS-419
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I

Fig. 6. Relative fission yields of 1J2Th at different irradiation energies. All yields normalized to

Yu — 5.5 % (O). The curve shows the average values.

Table 3

Measured cumulative fission yields relative to A 91 (***Th) and A » 105(2#*Bi)

Mass
number 300

(MeV)

Thorium fission yield (%)

500 700 900

(MeV) (MeV) (MeV)
1100

(MeV)

Average Bismuth fission

yield (%)
700 MeV

83 1.3 0.98 0.70 \A 1.4 i.i 0.46

91 5.5 5.5 5.5 5.5 5.5 5J 2.1

92 5.3 5.2 6.0 55 52.

95 4.8

97 4.4 6.2 5.2 52 5.1

99 3.1 4.0 4.5 5.5 5.1 4.9

103 3.1 5.2 5.8 5.1

105 3.5 4.5 5.4 6.0 6.0 5.0

112 4.6 6.2 6.8 7.5 8.3 4.0

131 1.3 2.7 3.5 2.5

132 1.9 3.5 3.0 22 2.6

133 4.0 4.1 5.5 5.0 4.7

140 4.9 6.0 6.2 5.7

141 4.5 5.6 5.1

143 2.9 4.6 3.5 4.5 5.3 4.2

detector 30 cm* 7 mm 7 mm 7 mm 30 cm* 30 cm*
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M. Ham, R, Moreh, and D. Sal mann
Phjm. Lectera 36B . 68 (1971)

£CCM. STM. «,

Th 232 90

mcthoo REF. NO.

71 Ha 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE Ran gc TYPE RANGE

G,G ABX 8-9 D 8-9 SCD-D 7-9 90

Table 1

Measured differential cross sections (jib/sr) for elastic

sad Raman scattering from U and Th targets at an angle

of 140°. The calculated values for using the GDR
parameters of ref. (8) and a set of tentative parameters

are shown.

Experiment Calculated (
238U)

_ M2Th 23

8

U Ref. [6| Tentative

flteV) Elastic Raman Elastic Raman
Uc maa Uc man

9503 7a 3 7a 3 3a 3 8a 3 17 IS 11 10

8998 24a 7 15a 5 27a 6 18a 4 38 28 27 18

•298 37*10 25a 8 42a 9 27a 7 62 43 44 28

»o»m M8S-418
IRCV. 7-14-MI
UtC OMM.QC 2#010-P«4 PHOTONUCLEAR DATA SHEET 47
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REF.

A.V. Xgnatyuk ,
N. S. Rabotnov, G. N. Smirenkin, A. S.

and Yu. M. Tsipenyuk
a. Eksp. Teor. Piz. 61, 1284 (1971)
Sov. Phya. JETP 34, 6tt (1972)

METHOO

Soldatov,
EL EM. SYM.

Th 232 90

REF. NO.

71 Ig 1 egf

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G,F ABX 5-7 C 5-7 TRK-I DST

Table L Angular- distribution parameters af and Cf and

yield of the photofission reaction, obtained in

measurements with metallic foils. The isotropic

component W(fl), obtained with layers (a^), is

compared with the value of a obtained from (13)

Em**.

McV
•t 4 •t *r

Y, fMo/ac-fiA"

MC

3.34 0.0424 0.0l» a.oi»*o.oi*

TV"
0.022*4.044 1.43-iO-*

5 43 0.041 0.014 0.017-^0.014 0
.
010*4 .

00* 0.03^-0.023 3.1-I0-*

3.73 0.031 —0 002 0.010*0.003 0.013*4 010 0.002-0.007 0.2.1O-*
S.S) 0 U0-1 O.UOfi+O.OU* 0.013*4 010 0.013 H7.O20 0.3-H***
4.00 0 024*0 004 —O.OIH -0.003 0 ou±« oua 0.0*H*0.01I 0.31

« .-o O.toi A 0 004 0,«U«-Q.0Ui 0,012—0.009 O.OoC -0.01

1

0.79
4 40 0.044-0. OIK! o.cn-*-o.«-o3 0.a=±0 0D5 C.02**0. UG0 4.0
4.70 0.0411-0.003 0.02**0.004 0.«3 *4.002 -0.004 -0.010 ¥.0
: oo H'HfO ou 0.030O 005 0.O34-O.UO4 0.027 x0.012 14.3

7.20 oot'.-o oca 0.054-O.U04 -4J.UC520.OI1 17. *
7.9 0.070*0.003 0.047 *-0.004 0.0%T« 004 0.031-r«.U04 i*.3

7.70 0.111-20.005 0.0*1-0.004 O.OM-O UU3 0.027-20.013 40.3
>00 0.135*0 004 0. 113-0. tttt 0.1O“-0 U4 0.007—O.Ot 1 30

*.30 0.»l±o.0Q3 0.101*0.000 G. 144-^0.004 0.0l3r0.0l3 40

4.<3 0.333*0. !»* o.:i5*o.ro 1.457*4.39 i.s-io-*
4." o.***t*o.o77 0.740-0.07* 0.07120. 1 10 2 • 10—*

0.351-0.07* O.Sii-pO.CT* |.3^J*0.1S4 3.10-*

4.*-J 0.171 40.0*-3 I.X4-0M 4.7. 10—
3.0 0.241*0.017 0.135 -*-0 020 •.0t£*0.tt« l.l3>**0.ttU 0.4-1O-*

3.13 0,254—4J. ¥31 0.142- 0.C33 1.024-0.034 2.7-IO-*
3.2 O.lTs-O.HJ 0.0«*0.024 0.W3O-O.QJ3 O.:u720.O43 4.3-14-*

5.4 O.ffUO OH o ao-ro 012 4.43*20.000 0.304-0.020 2.4-IO-*

3.3 4.0“ -0 003 0.040*0.004 O.vftl-0.007 7.4-10-*

3.4 0.00—0.003 O.OH-O.tCS 0.074-0 012 0.14

3.43 0 1*2*0 003 O.W*9.«A •.09±0.000 o.ov— 0 on 0.27
3.7 0.077o un O.U'At^J.CXU 0,041*0. UOO 0.34

3 a O.¥M2*0.«* 0,Uk4*0.007 0.052-0 014 0 to
3.V 0.07^-Mj.aaa 0. 0:4 H). 004 0.09*4.000 O.OMt-O 007 o.ot

4.4 e.ir:*o.ui5 O.l^-MJ.OM mm 0.04M—0.0|2 1.*

4.2 0. 14?* * O.Ot* 0,fT*--0 1U1« mm 0 .tfu-o.ua* 3.0

7.3 0.3J1 -MJ.I8I4 0..T*fi*0 <V5 0.013*0 U07 34

7.4 o,.t.i »o.uo; 0. nr. »o.u/7 O.UM t 0.010 49

7.3 0.334 *0.UM «..T*» tO.®«0 0.3*4-t4.0H 0.027*0.013 47

FIG. 4. Top- Energy dependences of the total yield Y(Eraax)-0,
• and its components Y10 (Emax)-A, A. Yu (Emax)-D, ) and
Yc(Emax)~0 ' The light circles represent the results of measurements
with thin layers of Th J3J and U 23

®, and the dark ones correspond to

metallic foils. Bottom— plots of the photofission total cross section

(7(<E)and of its components®,o(E),a,,(E), and oc(E). The points X
and ® represent respectively the results of (

,0
] and l

11
1 . The thin solid

line shows plots of the total cross section ®f(E) obtained in [

a
]

.
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ref.
A. Manfredlni, L. Flore, C. Ramorlno , and W. Wolf11
Nuovo Clmento 4A, 421 (1971)

EL EM. SYM.

Th 232 90

METHOO REF. NO.

71 Ma 3 hmg

REACTION
1

EXCITATION
ENERGY

SOURCE OETECTOR
RESULT

TYPE RANGE TYPE RANGE
ANGLE

G.F NOX 5-9 D 5-9 EMU-

1

DST
1

1

1

|

W(9) a + b aln
2
9

2
e ain 9

tt/2

W(9)sln9d9 = 1

1. — Experimental ratio u a function of Ey. Black point* are oar experi-
mentaJ data; whit* pointa are Rabotxot h <U. (•) reaolta and are plotted aa a function
of Ewm of the brem•trahlung »poetrum.

Tablf I. - I'oJmet of the tt.b, ansi « pnramrUn of the nrupdar tii*trihulvm.

Tar-

in*t

a b C Tar-

JfCt

Ey a 6 c

Dy 5.01 0.10 l 11.07 1.12* 0.0.1 1.15*0.44 8 5.43 0.48*0.03 0.(81*0.54 3.47* 2.00

Y 0.14 0. 10 l0.03 1.22 *0.02 0.01 ±0.23 »y 5.58 0.10*0.07 1.11*0.00 1.19*0.47

Ta 8.42 n. 119^ 0.112 1.10*0.02 1.03*0.18 Y 0.07 0.10*0.04 1.21*0.03 0.72*0.28

Ti AM o 12 i o.o2 l. 20±o.o| 0.20*0.15 I’d 0.42 0.07*0.0.7 1.18 *0.02 1.0.3 L0.20

Be H Nil 0.29
!
o.o7 o.or*

|
o.io 0.50 1-0.40 TI 0.75 0.13 L 0.0.3 1.30 |

0.03 0.20 1.0.20

rt» 7.3* 0.20 * o.o7 0.92 *0.00 0.03*0.01 Bo 0.82 0.20*0.07 0.95*0.10 0.50* 0.49

8 ;u 0.59*0.17 0.39*0.15 1.13*0.09 Pb 7.38 0.29*0.09 0.84*0.07 1.I4*±0.72

Ca 7.*i 0.50 +.0,0.1 0.00*0.02 0.40*0.23 Fo 7.63 0.51*0.04 0.08*0.03 0.23*0.27

Fa 7. S3 0.50*0.03 0.09*0.02 0.29*0.20 Ca 7.91 0.02*0.00 0.50*0.04 ‘
ft.54*0.45

Ni *.27 0.74*0.03 0.38*0.02 0.03*0.24 Ni 8.88 0.89*0.06 0.22*0.03 — 0.24*0.30

wohm M8S-41B
(R av. 7.1 «-«4>
U1C OMM-OC 2*010* P*4 PHOTONUCLEAR DATA SHEET 49



REF. EL EM. SYM.

|
METHOO

A

0. ?. Mafra and S. Kuniyoshi
An. Acad. Braail. Cienc. 43, 571 (1971) Th

REF. NO.

Z

232 90

71 Ma 6 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 5- 10 D 5- 10 ION-I *PT
*

Fig. 2 — Experimental pboto£i*»ioa croc* section for

Thorium.

form N8S-418
(REV. 7-14.041
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REF.
G.A. Vartapecyan, N.A. Demekhina, V. I. Kaailov, Yu. N. Ranyuk,

P.V. Sorokin and A. G. Khudaverdyan
Yad. Pi*. 14, 65 (1971)

ELEM. SYM.

Th 232 90

METHOD REF. NO.

71 Va 4 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE type range

G.F ABX 100-999 C 100-999 TRK-I 4 PI

999 = 5 GEV

1

PtoioiiuM* iwi4a pm am* A» i.iwIai A".
S PM- **

U—
1

TL-
!

*.• T»~

100 (22**20). io-- (120x12) 10 “ (SOxS) io-» iu70xk05| ia-“ (10X0 4) I0--
IJO ll.Sxll.2)- 10-* (1 4 TK2I • IO--
f 40 1 2/1 *02) IO-- i2UxO 2) I0--
ISO (140* JBIO-* (63 e 7) 10 »
160 (3.1 *0.3) I0-- 1)7x0 4) 10-
190 (4 6-OSilO-- il S -*I6| I0--

(265x30) • I0-- (ISO* IS) IO-- (72x7) I0-- It. 1 0.6) i«2t03i| I0-" (4J*0lS) IO--
2JU i»3*0si lit

--
(I I -.O.H I0-- (62*02) I0-—

:*o (12x0.1) I0'» (1 SxK.2: 10-

•

(12x0.1)10--
Hi (lUtlil I0--
.60 ((•5*02)10-- (1 «x0.2) 10-“ (12x02)10--
2*1 (160-16) I0-- i»Si9) 10-*
•JO (22x02) I0-- (2 -i 1K2| IO--

(3 3-1141 10* (4 4 toil I0--
i.i» (4.2 -.K4) III - *V*0J) IU »
Nil (315 £ 30) • 10** (175x201 Hi -
4.1‘ 1 106 X It) 10 - (70x07)10--
4.B* (S 4 «

n
'.) In - Ih 1

* • '• 7) 10 P
4*1 io.7 xu/| Ik ”

l*» 1 • MK> III -
?••• (IP. * _i>, ii. I- (list 12) 10 * (t •• • i» 7) Hi **

f '• 1, • I) IU •
j/'l (7.D.-KAI I'J

»
1 1 ! '» 1 » *0 r

(J**x35l I0 -
I^O 1 7 T ••**! lu a

( 1 2 - •* 1 . .0 - (1.7x02) I0-—
MS i r a - 3.0) • io -

1
1.' •« I lu n

roi l2tf)x*i) lu J IIS.- 12) • IK-— 1 8.S * K ») •*) * (I.3.-0.II o-*
So IK2XOKI HI- (12x0..) ,ir-

.1.1* (2.4 *0l2) I0--
*ru (104*1) 10- i!

• - uj* ••• p
• 41 (•£?»- -VI 10 " (1-lS* 141 IO--
/So to-’

I224S2J) - 10 - (IA.XI4I I0--
|4Mi» (2.9*02) 10-
•ii (112*1.1) 10- (1.9x02) •<»-—

1 IS** , Ail I All IV "
1114* I3»r*i| • 10* — 1217-231 IK " (IjAtlil K*- *'

IIAI 1122 - 12} -IU - |l.u tH2l IK-
(13x02) <2 *

••• > (13.5*1.4) 10- i2.l X0.71- 10 -
i.*' {.Cl. * Al) 10- |IK3x20| IK <*

i iS. / IS) iu n

.4«4J (14.3x1.4). 10 - I2J)*02) IO--
liiS-4.il 10 -

i J-WJr J4) i0 *
1 1 S3 x ISl 10-

-

(13.0*1 .4. -
10- — (2.1 *0.2) • IV —

.u.U • iJl 1.6) • 147"

•

(22*02) *10- —
'•-a/ liAlx iSl 10-° I2u;*2ll 10 r

1 ! Al - I4|.|0 ”

.4.0 (4lS*43)-Hr" 1242x241 nr* i iSS* l6| IO-"
I IKKxSO) lu-- (24S = ;t,( iu - •IS2.-I3) I0-” ((E(XIJ)IO-- l2.3xOJi io-i-'

Jiltt (ilSsiillO-" i2ju r 23) 10 * (146x11) I0-
lii'sSO) 10-- (2SI*23i Ik -

1 1 4A X IS) I0-- (10x0.3) I0-" (64*06)10--
4j£. (IS.6*I.6| IU-» 1 3.0x'J. 3) 10-

-

(6jix'a7) IO-—
• r*e ii76 = SO)IO-- 1 264x2*1 10 * ll«-'XI«) IO-"
*‘%AJ (477x301 • IU-» 120 2 x 2) 10 - (2 3x02) 1K-- 6.3 = 17)10--
&M> |4KS* 50IIU-- l.-4r.»» * *

2>». r2 i I0-- .20 2 - 2IIO-- 2.3x021 )<r“ 16.3*0.6) I0--

roau NaS-418
(MV. 7-1 4-641
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REF.
1

j

' METHOO

ELEM. SYM. A z

Yoshihiaa Wakuta .

J. Phys. Soc. Japan 31, 12 (1971)
Th 232 90

REF. NO.

71 Wa 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F ABX THR-999 C 200-999 SCD-I DST

Emulsion for angular distribution measurements. 999=1150 MEV 460

Fig. 4. Photofission cross section per equivalent

quanta of Th as a function of maximum brems-
strahiung energy.

“Tt.

Fig. 10. Angular distribution of fragment in photo*

fission of Th.

Fig. 8. Fhotoflsslon cross section of Th
as a function of photon energies up to
800 MeV.

Fig. 13. Photofission cross sections for several

nuclei os a function of photon energy. A theo-

retical curve obtained for rp—**n reaction is aiso

shown for comparison.

FORM N3S-418
<R KV. 7-1 4-04)
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REF. R. Bergere, H. Beil, P. Carlos, A. Veyssiere, A. Lepretre
PICNS-72, p. 273 Sendai

EL EM. SYM.

Th 232 90

METMOO REF. NO.

72 Be 15 hvm

SOURCE DETECTOR
REACTION RESULT ENERGY TV PC PAN Gf TV PC RANO*

ANGL e

G,N ABX 9- 16 D 9- 16 MOD-

1

4 PI

G,2N ABX 9- 16 D 9- 16 MOD-

1

4PI

G,P ABX 9- 16 D 9- 16 MOD-

1

4PI

TABLE 1

LORENTZ LINE PARAMETRS AND INTRINSIC QUADRUPOLE MOMENTS

Target

auclama MeV
n

mb
n

54.V

E
4

MeV
si

ml
5
MeV

**V2 $2 *2
• -i ^

"'“'i
fj

°0
.

barn*
°°

b

“

1 1.00
0.12

260
?

3. 37
0.22

14.07
0. 14

149

9

4. 62

0. 1ft

l.t
0. IS

10.2
1

9. eft

0.1

“*
a

»i
u

10.9ft

0.09
301

ft

2.

0. M
14. 04

«ft, l 3

3ft9

1

4. 33
•0.* 1 J

1.9
0.1

11

1

11. 3

0.

1

11.0ft

0. 12

231
7

1. 1ft

0. 27
14.21

•0. 14

100
* 9

3. 12

-0. 3

2.4
0.3

11.3
1— 10. 9

0. 7

Xy lines parameters

* Uue «>p«um«u

“ .. lx.a. iro, «. firm, t. bsu. - mm uua, ux. 7. s Os70).

>OKu H8J.41I
in «». Mt-ui
UICOMM-NIVOC PHOTOHUCLEAR DATA SHEET 53
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REF. EL EM. SYM. A

R.t. Bramblett, T. Gozani, R.O. Ginaven, D. E. Rundquist

Nucl. Technology 13, 33 (1972) Th 232 90

METHOO REF. NO.

72 Br 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR.-11 G 5-11 TRK-I 4PI

G ,XN RLY THR-11 C 5-11 BF3-I 4PI

FORM NSS-418
(REV* 7«14-64>
USC OMMoQC 2601 0* PS

4
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REF. EL EM. SYM. A Z

METMOO

H. S. Jackson and K. J. Wetzel
Phys. Rev. Letters 28, 513 (1972) Th 232 90

REF. NO.

72 Ja 1 tong

REACTION
*

RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G OJC 10 D 10 SCD-D 90

(10.83) (10.83)

RATIO: RAMAN/ELASTIC

W# have measured the differential cross sections for the elastic scattering of 10.n3-
MeV photons by U, Th, and B1 targets and for Inelastic scattering to the first excited
states of the residual nuclei over a range of scattering angles. The inelastic scattering
is found to be significantly weaker than predicted by currently accepted models of the
giant dipole resonance.

To establish that the anomaly we observe was
not limited to uranium, we repeated the measure-
ments on a second deformed actinide target

(
a3aTh) and also on a spherical nucleus (“^Bi) for

which no observable Raman component was ex-
pected. For ,s*Th at 90° the observed ratio is

0.7 *0.1, while for J0*Bi no inelastic scattering
to the first excited state was observed; L.e., the

experimental ratio is <0.1. Thus the evidence
suggests that the Raman to elastic ratio we find

may be characteristic of the deformed actinide

nuclei.

roam M8S-41S
IR IV. 7-1 4-44)
USCOMIA-OC 24010-P44 PHOTONUCLEAR DATA SHEET 55

U-S. DEPARTMENT OF COMMERCE
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REF.

A. M. Khan and J. W. Knowles
Nucl. Phys. A179 . 333 (1972)

elem. svm.

Th 232 90

METHOD REF. NO.

72 Kh 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPE RANGE TYPE RANGE

G,F ABX THR-9 D 5-9 ION-

1

4PI

Fi*. 9. Absolute photorissioo cross-section measurements a, of
333Th as a (unction of 7-radiation energy

The error ban, estimated from the statistical count, indicate relative precision only. The photo-
neutron separation energy is indicated by (y, n| The broken line is the corresponding photofission crow
section spectrum of Rabotnov et aL *); the points and A are measurements of Manfredini et aL

1
) and

Huizenga ft aL '*) respectively.

A. Manfredini, L. Flore, C. Ramorino, H.G. DeCarvalho & W. Wolf 11,
Nucl. Phys. A127 (1969) 637.

g
N. S. Rabotnov, G.N. Smlrenkln & A. S. Soldatov et al. , Proc. Symp.
on phys. and chem. of fission, SM 60/81, Vienna, 1965, p. 135.

14
A.S. Soldatov, Z.A. Aleksandrova, L. D. Gordeeva & G.N. Smlrenkln,
Sov. J. Nucl. Phys. 1_ (1965) 335.
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i

i

NIP. ELEM. SYM. A z

0.7. Mafra, S. Kuniyoshi and J. Goldemberg
IHicl. Fhys. A186 . 110 (1972) Th 232 90

MeTHOO REF. NO.

72 Ma 1 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 5-9 D 5-9 ION-I 4PI

G.N ABX 5-9 D 5-9 BF3-I 4 PI

Table 4

i

i

j

I

b
18'

15-

12

232 jh (T,f)

£ PRESENT WORK

£
MANFREDINI- 69

Co

Ti

T

i

Cu

I

Ft

01
Y
9.

,1

8*

ft

Mn

I*
• Pb

1
i
x

Z"

5

a
i

i

ii

j
8 E { MaV) 9

Principal -/-ray energies and uranium and thorium FjT, ratios

£<MeV) Uranium
rjr,

Thorium
rjr,

6.07 1.3 —0.4

6.42 l.l = 0.J 2.0— 0.8

6.73 2.1 r 0.6 3.2— 0.6

6.83 1.9 ±0.6
7.23 1.7-1.

1

2.1- 1.4

7.38 2.1 = 0.5 5.3— 1.0

7.64 2.2 -0.8 3.8 ±0.9
7.72 2.1 -0.4 5.1 = 1.0

7.88 2.3 -0.7 5.1 = 1.0

9.00 2.3 ±0.7 8.3 -2.0

Fit 7. PbotoAsston crosa section* of ,J,Th compared with Vtanfredim's results. Element symbols indi-

cate Use sources of neutron capture y-rays whose energies arc listed in table I.

form N3S-41I
in tv. 7-i «-«4i
UICOUU.OC 2601 0-P64

30-

40-

30-

20 -

10 -

232 Th

TOTAL NEUTRON PROOuCT'CN cross section

Co
Un

ukS
1

)}

r
o

t r 9 EtMaV) 9

Fig. 4 Total neutron production cross section for ,,JTh. Element

>wnbots indicate the sources of neutron capture y-rays whose energies are

listed in table I. . department of commerce

PHOTOMUCLEAR DATA SHEET 57
- -w-s.onau bureau of standards



J.T. Caldwell, G.M. Worth, and B. J. Dowdy
REF

' PICNS-73, Vol.I, p.651 Aallomar
EL EM. SYM.

Th 232 90

METHOO RE f. NO.

73 Ca 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

r,
,

tj NOX THR- 12 C 8- 12 BF3-I »PI

G.F NOX THR- 12 C 8- 12 BF3-I ii.PT

'

TABLE 1

Low Energy Photonwutron and Photoflsslon

Parnsotors Deduced Iron this Enperlnent

Isotope E
c
CSUsV) Pronpt

~
rn /r

t
Delayed Kcu irons fcr

Photof is* ton

238
u 8 2.6831.031 1.7651.136 0.03551. 0015

238
u 10 2.3611.037 2. 3131.161 0.0358±.0023

236,. 12 3 . 087t .079 3.2501.150 0.03191.0023

23»U 8 2 . G75±. 09

3

1.0611.103 0. 01011.0011
235

u 10 2. 93G±.035 1.1611.087 0.01211.0017
233

u 12 3 . 08G±. 079 1.2241.079 0.01101.0020

232Th 8 2.0911. 112 1.0851.147 0.0321±.00l7
232

ti, 10 1 .9801. 115 4.0171.206 0. 0309 ±. 0019
232

71, 12 2.2251.113 6. 7811. 577 0 .0292^.0038

233
PU 10 3.6051.033

239
PU 12 3.7331.075 0.710.4

rosM M8S-4IS
IREV. 7-1 4»«4!
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ref. Gozaad, R.L. Braablett,. 4.0, Glnaveo., and D. S. Rundqulat
PICNS-73; Vol.I, p. 649 Aalloaar

EL EM. SYM.

Th

A

232

Z

90

metmoo REP. NO.

73 Go 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY TER- 7 C 5-7 BF3-I 4 PI

RT-03333 E.IM.V)

PIC. 1. Prompt neutron yields induced
by low-energy electron bremsstrahlung in

and 232xh (the statistical errors
are shown when larger than the drawn
points)

FIG. 2. Bremsstrahlung-averaged
delayed neutron fraction

(over)
roam M8S-41E
<• CV.
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Sines 196S effort has been devoted at Radiation Technology to measurements of some
basic Integral quantities related to the low-energy photofission phenomena. The inter-
est in this domain evolves from the application of photoinduced reactions to the non-
destructive assay of nuclear materials. The most sensitive energy region for the identi-

fication of the various isotopes is around and below the photofission barrier (about 6

MeV). In this region, slight differences in the barrier height or width will cause large
differences in the photofission cross sections. The only practical Intense source of

low-energy photons is bremsstrahlung from low-energy electron accelerators. With such
devices the measured quantities are yields. However, in the energy region of importance,
especially below the fission barrier, the fission cross section is a very steep function
of energy; its integrated product with the bremsstrahlung spectrum, d>

B
(E, E^) , rather

closely resembles the fission cross section itself with an effective resolution which
broadens as the energy Increases. The fission yields were measured^- simultaneously with
the prompt (YQ) and delayed (Y^) neutron yields in a moderated neutron detector:

Y
a 'L

8

['

,(E) 5
Y,£

(E) + Vn (E)

]

$
B
(E,E

e
)dE

and

I.

0(E)v(E)a^
f
(E)$

B
(E,E

e
)dE

where 0 is the fractional yield of delayed neutrons per prompt neutrons, while the other
symbols are the usual ones. The delayed neutron yield, as well as the prompt neutron
yield (Fig. 1), indicates the existence of a structure in the subthreshold region of
232yh. This agrees well with Rabotnov et al .2 measurement and our previous fission yield
measurement . 1 A plausible explanation^ for this structure is the existence of a vibra-
tional resonance in this region creating a shallow double hump potential barrier. Ratios
of the various yields furnish important integral quantities such as the bremsstrahlung-
averaged, effective delayed neutron yield, 3(E), and averaged number of prompt neutrons,
v(E), per fission. The former is shown in Fig. 2, which shows a substantial increase
toward low excitation energies. Similarly, a certain amount of structure in v(E) has
been observed in 232^ an<j 238u £n the sub threshold region. This paper presents the
techniques used and the complete results obtained, as well as an intercomparison to the
small amount of available previous data.
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Devld S, Rundquist
PICNS-73, Vol. I, p. 619 Aallomar

METHOD

CL EM. SYM.

Th 232 90

REF. NO.

73 Ru 1 hmg

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYRE RANGE TYPE RANGE

G.JXN RT.y THR- 10 C 5- 10 BF3-I 4PI

Fig. 1. Prompt and delayed neutron yields
in fissile and fertile material
produced by bremsstrahlung from
electrons of energy E

e

»OMM MBS-41S
miy. 7-14.441
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A. Veyaalere, H, Bell, R. Bergere, P.

and K. Kernbath
Nucl. Phya. A199 . 45 (1973)

METHOD

Carloa, A. Leprecre
EL EM. SYM.

Th 232 90

REF. NO.

73 Ve 1 egf

RESULT EXCITATION SOURCE DETECTOR
ANGLEREACTION ENERGY TYPE RANGE TYPE RANGE

6.N ABX 9- 17 D 9- 17 MOD-

1

4PI

G.2N ABA 9- 17 D 9- 17 MOD-

1

4PI

G.P ABX 9- 17 D 9- 17 MOD-

1

4PI

(y,n) 503*

(Y ,2n) 504+

(Yt f) 505+
(y,tot) 506

Fig. 6. Partial and total photonuclear cross sections a(y, n), a(y, 2n), a(y, F) and
- o(y, n)+«x(y, ln)+a(y, F) of 2

i5Th-

Table 3

Lorenuline parameters and quadrupole moments for J31Th, 13,U and 137Np

(MeV)
o,

(mb)

r ,

(MeV)
Ex

(MeV) (mb)
A
(MeV) g »2 A Go

in a, r, a
)

6
)

'llTh 1 1.08 ±0.1

2

268 ±7 3.37 ±0.22 14.07 ±0.14 349±9 4.62±0.16 1 .8 ±0. 1

5

1 0.2 ± 1 9.66 ±0.1

“•u 10.96 ±0.09 301 ±6 2.90 ±0.1

4

14.04 ±0.1

3

36S±6 4.53 ±0.1

3

l.9±0.l II ±1 11.3 ±0.1
J
JJNp 1 1.06 ±0.12 251 ±7 3. 16 ±0.27 14.21 ±0.14 380 ±9 5. 12 ±0.3 2.4±0.3 11.3 ±1 10.9 ±0.7

*) This experiment
*)Ref J,)

- 21
R.K.G. Lobner et al. , Nucl. Data Tablea T_t 5 (1970).

Table 4

Integrated cross sections of J3JTh, J3,U and ,37Np

<T0*)

(MeV • b)

<7-1 ‘)

(mb)
<*-i ') o’o =* i»(«riA+«*A)*)

(mb -MeV- 1

) (MeV • b)

0.06 NZ/A <7« o'0
(MeV • b) 0.006 NZ/A 0.006 NZ/A

'llTh 2.50 ±0.25 198 ±20 I6±2 3.95 ±0.3 3.31 0.76 ±0.07 1.1 9 ±0.08

*JSU 2.98 ±0.1

5

235 ±15 19± 1.5 3.99 ±0.1

5

3.39 0.88 ±0.05 1.18±0.04

”JNp 2.60±0.35 204 ±30 I6± 3 4.30 ±0.4 3.39 0.77 ±0.1

2

1.27 ±0.1

*) Values obtained by integrating a(y, total) from 8 to IS MeV for 33*U and from 9 to- 16 MeV for 333Th and ,3,Np.
*) Surface under the two Lorcntz lines.

rouM NBS-41B
IMV. 7.1A-S4I

USCOMM-NBS-OC
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ref. V. Tester, R.A. Anderl, R. C. Morrison
Nucl. Phys. A206. 593 (1973)

EL EM. SYM.

Th

A

232 oOn

N

METHOD REF. NO.

73 Ye 2 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE MANGE TYPE MANGE

G,F AfiX 5- 8 D 5-8 SCD-

1

4PI

'

Incident spectrum is result of Compton scattering of Ni COMPTON SCD G - SOURCE

n-capture gansnas. Spectrum is flat with peak at high
energy end. Cross section obtained by unfolding yield
curve.

Fig. 10. The photoAuion cross section of JJ,Th. The results of the present measurement (smooth
curve) are shown along with the data of Khan and Knowles.

10
A.M. Khan. and J.W. Knowles, Nucl. Phys. A179 (1972) 333.

(over)

FORM MSS-41S
l*(v. 7-1 *-«ai
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Tauie I

Photofission cross sections of i3JTh and 1J<*U

Energy

(MeV)

ii2Tf>

cross section (mb)

“*U
cross section (mb)

5.0 — 0.6±0.6 *) -2.6±1.3 *)

5.1 -0.6±0.5 —2.0±l.l

5.2 -0.7±0.3 -1.1 ±0.8
5.3 -0.3 ±0.3 -0.1 ±0.7
5.4 —0.9±0.4 0.2±0.7
5.5 —0.6±0.4 0.7 ±0.8 .

5.6 0.1 ±0.5 1.3 ±0.9
5.7 0.9±0.5 2.1 ±1.0
5.8 1.7 ±0.5 3.2 ±1.0
5.9 2.9 ±0.5 4.2 ±1.0
6.0 4.5 ±0.5 4.7±1.0

6.1 6.2±0.5 4.9 ±1.0
6.2 7.6±0.5 4.9±1.0
6.3 8.3 ±0.5 5.0± 1.0

6.4 8.2 ±0.5 5.3 ±1.0
6.5 7.5±0.5 5.711.1

6.6 6.4±0.5 5.711.1

6.7 • 5.2 ±0.5 5.5±l.l

6.8 4.2±0.5 5.3±1.1

6.9 3.6±0.5 5.0±l.l

7.0 3.4±0.5 5.4±l.l

7.1 3.5 ±0.5 6.4±1.1

7.2 3.9±0.5 8.0±1.1

7.3 4.3 ±0.5 10.1 ±1-1

7.4 4.7±0.5 ll.9±l.l

7.5 5.1 ±0.5 I2.6±I.I

7.6 5.1 ±0.5 I2.6± 1.1

7.7 4.7±0.5 12.1 ±1.1
7.8 3.9±0.5 11.511.1

7.9 3.1 ±0.5 I0.7±l.l

8.0 2.4±0.6 9.8±1.3

*) These are the relative errors only. The ± J0% error in the absolute scale has not been included.
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T. Bar-Noy and R. Moreh
Nucl. Phys. A229, 417 (1974)mr. CLEM. SYM. A Z

mctmoo

Th 232 90

REE. NO.

74 Ba 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANG!

G % G ABX 8- 11 D 8-11 SCD-D DST

j

9 ’0 II 12

RAMAN SCTNG

ENERGY (MeV)

Fig. 4. Differential elastic and Raman photon scattering cross sections lor 2J2Th. The solid curve*

represent the results of the SRM and the dashed curses the results of the DCM. See caption to fig. 3.

ENERGY (MeV)

Fig. 3. Differential elastic and Raman photon scattering cross sections for :j *U. For the elastic

cross section, the solid curve represents the values obtained by inciudinc the amplitudes of Thomsen,
nuclear resonance (according to the SRM) and the imaginary part only of Dclbruck scattering

(the contribution of the real Dclbruck amplitudes was excluded). Dashed curves arc similar results

with the nuclear resonance amplitudes calculated by the DCM. For Ramar. scattering, the solid

curve represents the results of both the SRM and the DCM.

roDM NSS-41S
;<• cv. MfcMI
USCOMM-OC J»OIO-P««

SCATTERING ANGLE (deg)

Fig. 3. Angular distributions of elastic and Raman scattered lines from 2S2Th. The solid curves of“• e
‘,
ast'c

J
lnd Raman “*»*» have the forms: fV(6) = 1 -fcos 29 and fV(0)- l -j-J-cos20 respectively,

e dashed curves include contributions of nuclear resonance, nuclear Thomson and the imaginary
part of Delbruclc scattering and are normalised to a value 1.00 at 90’.
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REF.

METHOD

G.M. Gurevich, L.E. Lazareva, V.M.

ZhETF Pis. Red. 20 , 741 (1974)

JETP Lett. 2£, 343 (1974)

Mazur, and G.V. Solodukhov EL EM. SYM. A

Th

REF. NO.

Z

232 90

74 Gu 11 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MU-T ABX 7- 19 C 35 NAI-D 4PI

FIG. i.

TABLE. Parameters for the approximation of the cross sec-
tion by Lorentz lines.

“* i r, E
t «r, r, e, g

deus mb MeV MeV mb MeV MeV
9

ThF* 247 3.90 10.99362 4.67
u“* 283 3-23 10.74 354 4.92

288 2* 99 10*97351 5.10
Pu°» 227 3.47 11.05362 5.23

13.9 1.75 0.28 10.0
13.77 1.91 0.30 11.0
14.25 2.09 0.31 11.7
14.01 2.40 0.29 11.0

'ohm NSS-418
iR«w. 7.i4.e«i
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ref.

E. Hayward, W.C. Barber, and J.J. McCarthy
Phys. Rev. CIO , 2652 (1974)

EL EM. SVM. A

Th 232 90

METHOD REF. NO.

74 Ha 4 hmg

i

REACTION
i

RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,G ABX 15 D 15 NAI-D 90

(15.1) (15.1)

TABLE L Results.

Target

ia*/dQ, doVda,
(Arbitrary units) V 1 JJ(DCM)

Cd 0.042*0.028 0.39*0.05 0.11*0.07 0.09*0.07 0.19

to* 0.026*0.020 0.54*0.04 0.05*0.04 0.03*0.04 0.19

SB 0.084*0.036 0.65*0.06 0.13*0.06 0.11*0.06 0.07

Sb* 0.14 *0.030 0.77*0.05 0.18*0.05 0.16*0.05
Nd* 0.14 *0.07 1.03*0.10 0.14*0.07 0.12*0.07
Ta 0.24 *0.10 1.47*0.14 0.16*0.07 0.14*0.07 0.20
w 0.52 *0.10 1.66*0.12 0.31*0.07 0.29*0.07 0.20
Pt 0.23 *0.08 1.94*0.13 0.12*0.04 0.10*0.04 0.08

Au 0.39 *0.11 2.08*0.15 0.19*0.06 0.17*0.06 0.07

Hg* 0.33 *0.09 2.16*0.15 0.15*0.04 0.13*0.04 0.03

Pb* 0.19 *0.14 2.42*0.19 0.08*0.06 0.06*0.06 0
Bl 0.10 *0.15 2.85*0.26 0.04*0.06 0.02*0.06 0
Th* 0.31 *0.12 2.26*0.19 0.14*0.05 0.12*0.05 0.07

U* 0.21 *0.11 2.38*0.19 0.09*0.05 0.07*0.05 0.08

* Data not previously reported.

POL PHOTONS

TABLE IL Comparison with Sac Lay data.

Target

V
This experiment

(Arbitrary units)

IV
Sac lay

(mb) Ratio

Cd 0.337*0.058 0.508 0.663*0.114

In* 0.507*0.046 0.591 0.859*0.078

Sn 0.550*0.072 0.822 0.669*0.096

Sb* 0.590*0.061 0.794 0.743*0.077

Nd* 0.837*0.100 1.170 0.715*0.086

Ta 1.19 *0.18 1.88 0.633*0.096

W 1.05 *0.17 2.05 0.512*0.083

Pt 1.67 *0.16 2.70 0.619*0.059

Au 1.62 *0.20 2.92 0.555*0.068

Hg 1 2.16 *0.20 3.29 0.540*0.060

Pb* 2.20 *0.27 3.43 0.641 *0.078

Bl 2.53 *0.31 3.43 0.737*0.090

Th* 1.89 *0.22 2.73 0.692*0.080

U* 2.13 *0.22 2.83 0.754*0.077

0.656*0.021

* Data not previously reported.

form N3S-418
(RCV. 7-14-Ml
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K.N. Ivanov and K.A. Petrzhak

At. Energ. 36 , 404 (1974)

Sov. J. At. Energy 36, 515 (1974)

EL EM. SYM.

Th 232 90

methoo REF. NO.

74 Iv 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ELY 5- 12 C 5- 12 TRK-I 4PI

Fig. 1. Relative photofissility of 232Th: C) present work; , A,
) data from [3-7J, respectively.

3. A. V. Ignatyuk et al., Yad. Fiz., 11, No. 5, 992 (1970).
4. J. McElhinney and W. Ogle, Phys. Rev., 81, 342 (1951).
5. J. Huizenga et al., Phys. Rev., 95, 1009 (1934).
6. A. Manfredini, Nuovo Cimento, 4A, No. 2, 421 (1971).
7. T. Gozani, Atomkemenergie, 197*63 (1972).

YIELD REL U-238

Nucleus

232Th
235U
232Np
7J9pu

The curves for the relative photofission yield functions

^i^ym)/^ 233U^ym) "'ere obtained from experimental ratios
by least-square analysis. This method of analysis smooths
out observed structure but maxima are seen in the curves (with
an accuracy of ±0.16 MeV) at the following values of maximum
bremsstrahlung energy:

Position of Maximum, MeV

5.3; 6.3; 6.6; 7.5; 10.8.

5.1; 6.6; 8.4.

5.5; 6.0; 7.1; 8.35; 9.8.

6.5.

form N8S-418
IRSW. 7.14. ,4)
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REF.

H.E. Jackson, G.E. Thomas, and K.J. Wetzel
Phys. Rev. C£, 1153 (197M

ELEM. SYM. A

Th 232 90

MKTHOO REF. NO.

7^ Ja 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPI RANG! TYPE RANGE

G|G ABX 10 D 10 SCD-D 90

(10.83) (10.83)

TABLE I. Differential cross sections measured for

aiairHr and Inelastic scattering of 10.83-MeV photons.

State or states populated by Inelastic scattering are

Indicated In parentheses below the target. The errors

given result from the statistical error in the measure-
ment of the cross section relative to the calibration

value, the 90* uranium Inelastic cross section.

9 da/dut (elastic) da/dui (inelastic)

Nucleus (deg) (mb/sr) (mb/sr)
i

°*u
(2* .43 keV) 20 1.72 ±0.17

30 0.97 ± 0.12
1

30 0.334 ±0.039

60 0.23 ±0.04
> 70 0.245 ±0.024 0.136 ±0.015
1

90 0.182 ±0.017 0.154 ±0.012

120 0.189 ±0.017 0.160 ±0.013

ISO 0.303 ±0.018 0.160 ±0.015

“Th
tr .45 keV) 90 0.129 ±0.015 0.103 ±0.007

Pb 20 1.28 ± 0.12

1
30 O.SS ±0.07

50

60

0.289

0.20

±0.051

±0.04
J 70 0.087 ±0.014

90 0.079 ±0.005
J 120 0.060 ±0.004

j ISO 0.127 ±0.008

*»B1

<$", 910 keV) 90 0.101 ±0.0062 ~0

"'Th

(| . 136 keV) 90 0.0370a 0.003 0.006 56 ±0.0015

ll*Tb

<j*,S8 keV)

J\l38 keV)

90 0.0314 ±0.003
0.0110 ±0.0016

0.005 11 ±0.0011

TABLE m. Comparison of calculated and observed

values of the 90* cross sections for elastic scattering

and of the ratio at 90* of Raman to elastic scattering by

various nuclei for 10.83-MeV photons. The parameters

used In the calculations are given In Thble EL

(90*)/dO

(mb/sr)

Target Calc Exp Calc Exp

Tb 0.036 0.031 ±0.003 0.80 0.51 ±0.06

Th 0.055 0.037 ±0.003 0.28 0.18 ±0.04

Pb 0.076 0.079± 0.005 0

B1 0.101 ±0.006 0 -0

Th 0.128 0.129± 0.015 0.91 0.80 ±0.08

U 0.157* 0.182 ±0.017 1.03 0.85 ±0.08

* If the Livermore parameters (Ref. 33) for 23iU are

used then this calculated value would be 0.210 mb/sr.

33

C.D. Bowman, G.F. Auchampaugh , and

S.C. Fultz, Phys. Rev. 133 , B676 (1964).

{
FOAM N8S-419

|
mcv. 7-1 4-54)
use OMM-OC 26 010- PS

4
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ref. O.Y. Mafra, M.F. Cesar, C. Renner, and J. Goldemberg

Nucl. Phys. A236 , 1 (1974)
EL EM. SYM.

Th 232 90

METHOO REF. NO.

74 Ma 9 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 6- 11 D 6- 11 ACT-I 4PI

CAPTURE GAMMAS

U-238 re-analysis of data in 72Mal (O.Y. Mafra, S. Kuniyoshi,

J. Goldemberg, Nucl. Phys. A186 , 110 (1972).

Fig. 4. Comparison of the photofission and photoneutron cross sections of ,i2Th.

form NSS*418
(REV. 7.1 4. 641

USCOMM-NBS-OC

(over)
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Tabu 3

Principal y-ray energies and thorium and uranium photoneutron cross section measured by activation

E (MeV) <ry>> (mb)

aj»U ,JiTh

6.07 18.0 ±4.8 3.4 ± 0.9

6.42 2.4 ±0.8 1.4 ± 0.4

6.73 22.7 ±1.4 27.8 ± 1.7

6.83 2.35 ±0.09 1 .38± 0.05

7.23 1.3 ±0.7 0 ±4
7.38 14.5 ±0.2 16.1 ± 0.2

7.64 13.3 ±4.4 10.4 ± 3.4

7.73 15.3 ±2.8 13.0 ± 2.4

7.88 23.6 ±5.0 18.0 ± 3.8

7.91 18.0 ± 3.9

9.00 28.6 ± 8.5

9.72 53.4 ±14.8

10.83 158.3 ±78.8

Tabu 4

Photoneutron cross section of ;J,U and 13iTh recalculated using Caldwell’s results for r.

£ (MeV) <r7.m (mb)

u«U J,1Th

6.07

6.42

10.6± 3.2

2.4± 1.2 6.7± 2.6

6.73 23.2± 6.4 30.5± 4.8

6.83 3.8± 1.2

.7.23 6.3± 3.9 6.3 ± 3.0

7.38 21.9= 5.4 17.7± 2.9

7.64 21.9± 6.9 24.8± 6.1

7.73 18.8-J- 4.1 2 1 .4± 4.3

7.83 25.4± 6.4 25.9± 4.6

7.91

9.00 85.1 ±23.2 73.8= 17.4

9.72

10.83
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REF.

P. Rasch, G. Fiedler, and E. Konecny

1

Nucl. Phy«. A219. 397 (1974)

EL EM. SYM.

Th

A

232

z

90

1 METHOO REF. NO.

74 Ra 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PAN GC TYPE PANGS

E,F NOX 0- 30 D 8- 30 TRK-I DST

1 8 T—i—
• O

16

1 .4

1

-

12

LO A

form N3S*418
IB CV. 7.1 4-941
(JSC OMM.OC 20010* P64

Fig. 3. Top: Anisotropies A = IF (90
s
)/ W'(O') corresponding to the fitted curves in fig. 2, as a

function of electron energy. The bumps in the anisotropy at about £, = 15.2, 21.5, and 27 MeV
correspond to the onset of second*, third* and fourth*chance fission, respectively. Bottom: Relative

contribution C of the sin 2
(20) term in the angular distribution (integrated over 0 and rp) as a

function of electron energy.

Fig. 2. Fragment angular distributions in fission induced by electrons of different energies between
72 PI 8.7 and 29.2 MeV. The solid lines correspond to least squares fits to

W'(O) «* a+b sin* 0+e sin2
(20).
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J.T. Caldwell and E.J. Dowdy
Nucl . Scl . & Eng. 56, 179 (1975)

el cm. JVM. A

Th 232 90

MCTNOO REV. NO.

75 Ca 5 eof

REACTION RESULT EXCITATION
ENEROV

SOURCE OETECTOR
ancle

TYff RANG!

G.F NOX 6- 13 C 8- 13 MOD-

1

APT

The prompt- and delayed-neutron multiplicities for photofission of the eight

isotopes, mTh, mV. 234U, *>U, utU, otU, arNp. and a3Pu, have been measured
using bremsstrahtung with end-point energies ranging from 8 to 13 MeV. The
measured multiplicities are compared with those from the same compound nucleus
formed in neutron-induced fission where such data exist.

NEUTRON MULTIPLICITIES

:6y> (M«V)

Fig. 5. 7. versui excitation energy for the eight iso-

topes studied in this experiment. The full curves shown
are from the evaluations of Davey* with the excitation

energy determined as described in the text. For the

lower three Isotopes shown, no previous experimental
values for vf exist.

Least

Fig. 6. Delayed neutrons per fission versus the

parameter 3Z-A of the compound nucleus. The full

curve shown is the least-squares fit to the data shown
with In Yo = 10.61, K 3 -0.372. The dashed curve is the

least-squares fit to the data provided by Tomlinson6
with

In Y0 * 11.35, K= -0.39.

TABLE IV

•Squares Linear Fit Expressions for Up((Ey ))

^W.G. Davey, Nucl. Scl. Eng., 44, 345 (1971)

L. Tomlinson, "Delayed Neutrons from Fission:
A Compilation and Evaluation of Experimental
Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

VO KM NIV41I
IREV. 7.1 4-Ml
use OIM« MIMIC 73 PHOTONU

Isotope Vp((Ey >)
- d7p/dE (Ey)

Correlation

Coefficient

“Th !>(<Ey )) - 1.310 + 0.090 <Ey) 0.675

“u Vp((£y)) - 1.200 + 0.1709 (Ey> 0.947

: Up ((&,)) - 2.222 0.0399 (Ey) 0.741

“u Vp ((Ey>) - 0.9034 + 0.2292 (Ey> 0.967

“u Vp((Ey)) - 1.140 + 0.1788 (Er) 0.986

“u Vp((Ey)) - 1.502 0.1458 (Ey

)

0.984

mNP Vp((Ey)) - 0.4027 + 0.2505 (Ey) 0.967

“Pu vp((JEy >)
* 2.526 + 0.0930 (Ey) 0.777

«NTOr COMMERCE
IKAUOV STANOAROS



TABLE HI

Prompt- and Delayed-Neutron Yields

Ei, MeV <Ey>, MeV
Delayed Neutrons
per 100 Fissions

“TO 8 6.44 1.96 ± 0.11 3.10 * 0.28

(<r - 1.15 ± 0.05) 10 7.02 1.89 * 0.11 3.06 ^ 0.31

10.2 7.10 1.89 * 0.11 2.67 ± 0.21

12 8.06 2.08 * 0.11 2.59 ± 0.31

av - 2.80 ± 0.28

“U 8 6.68 2.350 * 0.112 0.455 ± 0.040
(<r - 1.25 ± 0.05) 10 7.90 2.498 ± 0.108 0.518 ± 0.040

12 9.55 2.960 ± 0.096 0.640 ± 0.044
13 10.27

•

2.870 ± 0.099 0.598 ± 0.051

av « 0.553 ± 0.044

“U 8 (6.67)* 2.536 ± 0.112 —
(a - 1.13 ± 0.05) 10 8.69 2.499 * 0.107 0.92 ± 0.06

12 9.54 2.623 ± 0.105 0.97 ± 0.12
av * 0.94 * 0.094

“u 8 6.67 2.456 ± 0.086 0.90 ± 0.08

(<r - 1.20 ± 0.05) 10 7.70 2.697 ± 0.081 0.88 ± 0.08

10.2 7.81 2.612 ± 0.079 1.13 * 0.07

12 .8.86 2.963 ± 0.072 1.12 * 0.08

av » 1.02 ± 0.08

“u 8 6.66 2.357 * 0.111 1.43 ± 0.14

(<r » 1.20 ± 0.05) 10 7.63 2.470 * 0.105 1.73 * 0.12

12 8.86 2.744 * 0.095 1.64 * 0.10

av - 1.60 * 0.13

“D 8 6.53 2.457 * 0.088 3.06 * 0.24
(<r « 1.22 ± 0.05) 10 7.54 2.628 ± 0.083 2.76 ± 0.17

10.2 7.66 2.585 ± 0.082 3.06 * 0.14

12 8.88 2.802 ± 0.078 2.75 * 0.19

av a 2.91 ± 0.20

“Np 10 7.68 2.35 ± 0.11 0.38 it 0.04

(<r = 1.20 ± 0.05) 12 9.31 2.65 ± 0.10 0.50 a 0.04

13 9.92 2.95 ± 0.10 0.54 it 0.04

av * 0.47 ± 0.04

“Pu 10 7.69 3.32 1 0.08

(<r - 1.18 ± 0.10) 10.2 7.84 3.17 * 0.14 0.37 ± 0.04

12 9.65 3.43 1 0.10 0.37 ± 0.04

av a 0.37 a 0.04

‘Estimated value.

74



Rrr - - P. A. Dickey and P. Axel
Phys. Rev. Lett. 35 , 501 (1975)

metmoo

EL EM. SYM.

Th 232 90

REF. NO.

75 Di 2 hmg

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR- 8 C 8, 10 TOF-D 135

Variable-energy photons defined to 100 keV were used to study U*U and mTh.from 5 to

8 MeV. The Inferred fission transmission Indicates (a) that the lowest 1" ftwslon barrier

Is about 8.5 MeV In
atU and 8J3 MeV In

,s*Th, and (b) that there Is an energy gap before 1 066
the rapid opening of additional fission channels above 7 MeV In U*U.

801- (b) 1

toJ- r -j

| «* ni
= JO- ,

*
!

201-

!

. 1 .
:

SO 5.3 60 6.3 70 7.3 80

FIG. 2. Photon- Induced cross sections for mTh. All

of the points come from this experiment. In (b), (c),

»ad the high-energy portion of (a) . the different sym-

bols Identify different runs. The spacing of the points

In s single run Is equal to the photon-energy resolution,

(a) Photofission cross sections. The curves correspond

to measurements with poorer resolution; the solid

curve Is from Ref. 12 and the dashed curve Is from Ref.

13. (b) Photoneutron cross sections Inferred by mea-
mHnff only neutrons with energy above 300 keV. (c) Be-

low 6 J> MeV the points represent oy/ only. Above 6.3

MeV, the points are the sum, > with statistical

errors shown. The line la the extrapolation of the Lo-

rentxlan curves which have been fitted to the giant di-

pole resonance as reported In Ref. 19.

form N8S-41S
( (v. 7-1 4. #41

UJC OUM-N ts-oc

FIG. 3. Fission transmissions: (a)
J3
*U. The upper

solid curve Is the sum of the A * 0 and A = 1 transmis-

sions calculated with the parameters In Table I. The

dashed curve shows the K m 0-barrler contribution when

It Is noticeably lower than the sum. (b)
J,lTh. The

curves are calculated transmissions for A = 0 and A= 1

n«<ng the barrier parameters listed In Table I.

(over)

PHOTONUCLEAR DATA SHEET 75

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



TABLE I. Fisaloo-barrier parameters (energies

given In MeV).

K *A Eb **»A form

a*U 0* 0 5.9* 2.0 6.1* 1.0* 0.9 0.6*

1* 0 6.5 2.35 6.1 1.0 0.9 0.6

r 1 6.7 2.55 6.6 1.0 0.9 0.6

***Th 0* 0 < 5.5* 3.0 6.1* 0.9* 1.5 0.5*

i* 0 6.3 3.1 6.3 0.9 1.0 0.45

i“ 1 6.5 3.3 6.9 0.9 1.0 0.5

•Values taken from Ref. 4.

4
B.B. Back et al., Phys. Rev. C9, 1924 (1974)

12
A.M. Khan et al., Nucl. Phys. A179 , 333 (1972)

^•V. Tester et al., Nucl. Phys. A206 , 593 (1973)

Veyssiere et al., Nucl. Phys. A199 , 45 (1973)
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REACTION result EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE PANG* TYPE RANGE

G/N SPC 6- 31 C 31 SCI-D 140

'

Neutron energy spectre have been measured in the energy range 2 £ E, £ 3 MeV for photoexcitation of

the nude Ta. Pb, Bt, and Th by bremsstrahiung with maximum energy 31 MeV. From (be neutron spectra

we have determined values of the nuclear temperature T alter emission of the first neutron: 1.01 ±0.04,

1.1 2 £0.04, 1.11 £0.04, and 1.23 £0.03 MeV respectively for Ta, Pb. Bi, and Th. Comparison of the values

obtained for the nuclear level-density parameter wtth the predictions of the statistical theory of nuclear

reactions shows that this theory does not describe the decay of collective nuclear stales of the giant dipole

resonance type.

roau N8S-41I
IMV. 7.1 4. S4I

USCOMM-NSS-OC PH0T0NUCLEAR DATA SHEET 77

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOAROS



ref. H. Eo Jackson, G. E. Thomas, R. J. Wetzel
Phys. Rev. Cll , 1664 (1975)

EL EM. SYM.

Th 232 90

method REF. NO.

75 Ja 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G ABX 11 D 11 SCD-D 150

(11.387) (11.387)

TABLE L Differential cross sections measured for

elastic and Inelastic scattering of 11.39-MeV photons.

&atm or states populated by inelastic scattering are in-

dicated In parentheses beside the target. The errors

given result from die statistical error in the measure-

ment of die cross section relative to the calibration

value, the 90* uranium elastic cross section.

9
(deg)

dtr/du (elastic)

(mb/sr)

ehx/du (inelastic)

(mb/sr)

“*U (2*. 45 keV)

90

150

0.169* 0.011

0.355* 0.041

0.173*0.016

0.236 * 0.24

J32Th (2*, 45 keV)

ISO 0.331* 0.035 0.210* 0.022

‘“Ta if. 136 keV) Of , 301 keV)

90 0.073* 0.008
0.020* 0.004

0.009*0.004

150 0.145* 0.015
0.017* 0.004

0.017*0.004

‘“Ho (4*. 95 keV) Of, 210 keV)

150 0.141* 0.014
0.022 * 0.004

0.013* 0.004

15STb if, 58 keV) if. 138 keV)

90 0.062*0.006
0.024*0.003

0.013*0.003

ISO 0.134* 0.012
0.042 * 0.004

0.019* 0.004

ttipr

150 0.030*0.008 • • •

RATIO RAMAN/ ELASTIC

TABLE UL Comparison of calculated and observed

values of the cross sections for elastic scattering and of

the ratio of Raman to elastic scattering by various nuclei

for 11.387-MeV photons at 90 and ISO*. The parameters

used in the calculations for column 5 are given in Table

Q. Column 4 describes results obtained by perturbing

those parameter to meet the constraint of Eq. (3) (see

text).

daieidQ

(mb/sr)

Target Calc. Exp. )/d^tUltk(8)

8-150*

Pr 0.025 0.030* 0.008 0.0 0.0

Tb 0.094 0.134* 0.012 0.53 0.57 0.46*0.04

Ho 0.170 0.141* 0.0i4 0.28 0.28 0.25*0.04

Ta 0.160 0.145*0.015 0.23 0.22 0.23*0.04

Th 0.253 0.331*0.035 0.59 0.63 0.64* 0.08

U 0.289 0.355*0.041 0.78 0.73 0.67*0.07

8 = 90*

Tb 0.062 0.062*0.006 0.76 0.82 0.60* 0.07

Ta 0.109 0.074*0.008 0.32 0.30 0.38*0.07

U 0.172 0.169*0.008 1.29 1.15 1.03*0.10

form N3S»418
(R EV. 7-1 4°04)

USC OMM-N 65*0 C

U.S. DEPARTMENT OP COMMERCE
NATIONAL 0UREAUOF STANOAROSPHOTONUCLEaR DATA SHEET 73



ref. H. Jungclas, R. Brandt, and G. Stark
Phys. Rev. C12, 1834 (1975)

EL EM. SYM.

Th 232 90

METMOO REF. NO.

75 Ju 3 hmg

REACTION EXCI TATION SOURCE detector
ANGLEresult energy TYPE range TYPE RANGE

G.4N NOX 23- 55 C 55 ACT-

1

4PI

G.SN NOX 30- 55 C 55 ACT-I 4PI

G.6N NOX 36- 55 c 55 ACT-I 4PI

Photonucicar rwwl itudua with thick ThF. targets and thick catcher foils for the emitted products after

oeutro* evaporation were earned out with bremsatrahlung of t 55 MeV electron beam. The hypothetical range
(R*) of the

3Thfy > xnr11
'Th reaction recoils (a » 5,6) in the target material was found to be about 12

(in the frame of the moving compound nucleus). The effective ranges in beam and in the opposite
direction (R. and R.) lead to forward-backward recoil ratios (R./R.) of 2-4, increasing with the number
of evaporated neutrons (a — 4,5.6). The reaction kinematics are discussed in the compound nucleus fim
by a step-by-step Monte Carlo calculation, then by a mean value analysis. The ralrul.i^i memn ranges and
forward-backward recoil ratios agree satisfactorily with the experimental results for moat residual nuclei
studied.

ALPHA SPECTROSCOPY

o

o
cr

o
u
4l

cr

TJw

1
Jk
u
O
CD

I

T3
v.

O

w
£

5 -

• EVA Calculation

a Experiment

3 -

2 -

1-

232
Th( y.*n)

TABLE TV. Summary of results for the range calculations: (1) Step-by-step Monte Carle

calculation; (2) mean-value analysis: (3) corresponding experimental values.

n,Th
Residual nucleusmTh 221Th

Most probable momentum tt> 31.0 36.7 46.3

of compound nucleus

Un MeV/o
12) 34 43 52

Standard deviation of U> 68.

5

80.1 83.2

momentum distribution

<\ On MeV/c
(2) 71.2 79.7 87.3

Mean forward range a> 4.6 5.8 6.6

In target material (2) 5.7 7.0 8.3

(R.) (in ng/ctn 2
)

respectively effective

range

(3) 4.2* 1.0 5.4* 0.5

Mean backward range in (1) 2.4 2.3 2.9

target material (ft.) 12) 3.1 3.5 3.9

Un Mg/cm 2
) respectively

effective range
13)

e a • 1.7 * 0.4 1.1* 0.2

Forward-backward recoil ai 1.9 2.1 2.3

ratio <ft*)/(ft.) (2) 1.8 2.0 2.1

respectively Ac^/Ac_ (3) 2. 0*0.5 2.7* 0.3 3.8*0.5

Number of Evaporated Neutrons

FIG. 8. Forward-backward recoil ratio In the mTh-

fy, x*)n3
~, Th reactions tor x-4, 5, and 8; comparison

ol {F/B)np with (F/B)^.

fokm M8S-41I
(A IV. 7- 1 4-64)

USC OMM-NBS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3TANOARDSPHOTONUCLEAR DATA SHEET 79



V.E. Zhuchko, A.V. Ignatyuk, Yu. B. Ostapenko,

G.N. Smirenkin, A.S. Soldatov, Yu.M. Tsipenyuk

ZhETF Pis. Red. 22, 255 (1975)

JETP Lett. 22, 118 (1975)

METHOD

EL EM. SYM.

Th 232 90

REF. NO.

75 Zh 1 hmg

result excitation
ENERGY

SOURCE oetector
ANGLEREACTION

TYPE RANGE TYPE RANGE

G,F NOX THR- 6 C 3-6 TRK-I 4PI

(Thr-5.5) (3. 8-5. 5)

For the isotopes
:J:

Th,
j:7Np, and JJ

'U, in the deep subbarrier region, v/e observed an ?.trup* decrease of the

slope of the energy dependence of the photofission cross section, called the isomer shelf. An investigation of

this phenomenon uncovers a number of new possibilities for the refinement of our concepts concerning the

structure of the fission barrier of heavy nuclei.

r
k

div./iiij-juA^cc

form N3S-418
(REV. 7. t 4°64)

use QMM-NBS-OC
U.S. DEPARTMENT OF COMMERCE

NATION*!. BUREAU OF STANOAROSPHOTONUCLEAR DATA SHEET 80



*ef.

METHOD

J. Aschenbach, G. Fiedler, E. Konecny ELEM. SYM. A z

Nucl. Phys. A260, 287 (1976)

Th 232 90

REF. NO.

76 As 1 egf

REACTION RESULT excitation
energy

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E,F NOX TOR- 66 D 7- 66 TRK-I DST

Abstract: We have measured fragment kinetic energies in electron induced fission of J>,Th for electro®

energies in the range 7 MeV £ E, S 66 MeV. The relative contribution of the distribution peak as-

sociated with high fragment kinetic energies decreases continuously with electron energy. This is

interpreted as a relative increase of the symmetric fission yield as compared to the asymmetric fission

yield; this fact in turn indicates a non-negligible increase in the average excitation of the fiidi iiiiug

nucleus, with the energy of the bombarding electrons, even above the giant dipole resonance.

FISSION K.E.

Fig. I • Fission fragment etch pit diameters for electron energies E, - 1 3 and 60 MeV for the 90° detector

(open and full circles, respectively).

x
£ E,. ELECTRON ENERGY (MeV)

d
Fig. 2. Symmetric to asymmetric fission yield ratio as a function of electron energy.

form N3S-418
I* IV. 7.1 4-.4I

use OMM-N BS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROSPHOTONUCLEAR DATA SHEET 81



ref.

METHOD

T. Coopar, W. Bertozzi, J. Heisenberg, S. Kowalski,

W. Turchinetz, C. Williamson, L. Cardman, S. Fivozinsky

J. Lightbody, Jr., and S. Penner

Phys. Rev. C13 , 1083 (1976)

EL EM. SYM. A

Th

REF. NO.

Z

232 90

76 Co 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 1, 1 D 44-101 MAG-D DST

LEVELS .048,, 157

TABLE VL Cross sections of 2S2Th.

Energy

(MeV)

Angle

(deg) (fm* 1
)

do
dfiap

(mb)

Elastic

do

b,,tr,i Ratio

(mb) o^/o elastic

4+

do

<02 up
(mb)

44.61 92.42 0.546 0.138 x 102 ±3% 0.141 xio2 0.013 23 0.615 xio* 2±40%
53.31 92.39 0.609 0.518x10 ±4% 0.489x10 0.024 32 0.389 xio* 2± 42%
64.99 92.39 0.695 0.151X10 ±3% 0.146x10 0.033 77 0.471 xio* 2 x 14.4%
7?.37 145.28 0.990 0.198X10* ‘±4% 0.203 xio* 1 0.083 67 0.150 xio* 3 ± 14.4%
75.09> 92.42 0.769 0.637 * 4% 0.662 0.02911 0.414 xio**± 9.9%
84.92 92.39 0.841 0.364 * 6% 0.347 0.02945 0.340 xio* 2 * 7%
95.33 92.42 0.917 0.164 ±3% 0.163 0.053 11 0.199 xio* 2 * 5.7%

100.45 145.28 1.262 0.107 xi0* 2± 4% 0.105 X10* 2 0.098 66 0.281 xio* 4 * 9.1%

TABLE Vm. Deformed Fermi best fit parameters.

Units ,52Sm ,HSm 2I2Th

c
o fm 5.8044 5.9387 6.7915 6.8054

t fm 0.5314 0.5223 0.5713 0.6049

h 0.237*0.003 0.311*0.003 0.233*0.002 0.261*0.002
Pa 0.070*0.003 0.037*0.002 0.101*0.003 0.087*0.003
fit

eV
-0.0120 -0.180 0.0 0.0

B(E2) 3.38 ±0.07 4.40 ±0.09 9.21 *0.09 11.70 ±0.15
B(E4) elbl 0.136*0.013 0.221*0.010 1.16 =0.05 1.20 ±0.06
rms radius fm 5.0922 5.126 5.7723 5.842
P 2 Transition

radius

fm 6.937 6.950 7.895 7.979

P« Transition

radius

fm 7.757 7.704 8.540 8.748

— .. =»

foam N3S-418
(REV. 7«I4»6AI

USCOMM»NBS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL aUREAUOF STANOAROSPHOTONUCLEAR DATA SHEET 82



"EF.
G. M. Gurevich, L. E. Lazareva, V. M. Mazur,

G. V. Solodukhov, B. A. Tulupov
Nucl. Phys. A273, 326 (1976)

ELEM. SYM.

Th 232 90

metmoo REF. NO.

76 Gu 2 egf

REACTION result excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MUT ABX 7- 19 C UKN NAI-D 4PI

Fig. L Toul photoabsorption cross section* for
J,1Th, M*- U,U and l,’Pu and their respective best

two Lorentz line fits.

Table 1

Lorentz line parameters for
IJ,Th. and ,J*Pu

Nucleus £, (MeV) «, (mb) T, (MeV) £i (MeV) <Tj (mb) T, (MeV)

:j2Th 10.S9±0.16 247 ±26 3.90 ±0.4 13.9 ±0.13 362 ±26 4.67 + 0.38
l,5U 10.74 + 0.18 283 r 39 3.23 ±0.55 13.77+0.23 354±33 4.92 ±0.58

10.97 ±0. 1

3

286 ±30 2.99 ±0.48 1 4.25 ± 0. 1

8

351 ±25 5. 10 ± 0.63

i-’«Pu U.05±0.13 227 ±39 3.47 ±0.57 14 01 ±0.21 362 + 31 5.23 ±0.59

Tabu 2

Deformation parameters and quadrupole moments for llITh, »»Pu

Nudeus P
this work

OoO»

reft. »••) ref.'*)

0.23 ± 0.03 0.274 10.0 ± 0.8 10.2 ±1 9 .66 ± 0.1HSy
0.30 ± 0.03 0.285 11.0 ± 0.9 12.8 ± I _3 1 1.1

2

± 0.2IJ*y
0JI ± 0.03 0.300 1 1.7 ± 0.9 11 ±1 1 1.3 ± 0.1

"*Pu 0-29± 0.03 0.302 1 1.0 ± 0.9 11 .02±0J

FORH4 NSS-4II
IR CV. 7-1 4. Ml
USCOMM-N8S-OC PH0T0NUCLEAR DATA SHEET 83
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Tabls 3

Integrated cross sections and mean energies of the dipole absorption

Nucleus
*0

(MeV • b) (mb) (mb - MeV-*)
E

(MeV) (MeV)
£m

(MeV)

£*

(MeV)

”*Th 2.92 ±0.32 231 ±24 I9±2 13.03 1164 1140 1116

«»u 2.99 ±0.39 238±31 20±2J 12.91 1156 1123 11.90

jj*U 2.95 ±0.29 229±22 1S± 1.8 13.34 1133 1180 12.72

M«Pu 2.97 ±0.34 232±26 19±2 13.23 1180 12JO 12.21

In table 3 various integrated cross sections are defined by the relations

r»» i ri# i

*0=1 o^(E)dE, <x_t = -c^EftE, a. z » p^ZJdE.

Tabu 4

Comparison of various integrated cross sections for J3JTh. I35 ‘ 23,U and 23*Pu

332Th »»u «»u »»Pu

<x0L (MeV • b) 4.17 4.17 4.16 4.21

0.06 NZIA (MeV • b) 3.31 3.36 3.39 3.42

cj(0.06 XZIA) 0.88 ±0.1 0.89±0.12 0.87 ±0.09 0.87 ±0.1

e0J(0.06 AZ;A) 1.26 1.24 1.23 113

Ja\f\ 1.75 1.91 2.09 2.40

o_ IL (mb) 294 298 288 289

4- ItJA*'* 0.21 0.21 0.20 010
«.a (mb' MeV” 1

) 26.3 26.9 25.0 25.3

n.^xlO3
/^

3 '3 3.00 3.01 174 176

6
C . D . Bowman et al - , Phys

.

14
A. Veyssiere et al. , Nucl.
K.E.G. Lobner et al. , Nucl

Rev. 133 (1964) B676
Phys. A199 (1973) 45
Data Tables 7 (1970)495
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REF.

METHOD

U. Kneissl, G. Kuhl, K. H. Leister, A.

Nucl. Phys. A256 , 11 (1976)

Weller
EL EM. SVM.

Th 232

REF. NO.

90

76 Kn 1 egf

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

E,F RLX THR- 40 D 10- 40 TRK-I 2PI

SIGMA (E-) /SIGMA (E+)

Fit- 2. Experimental resulu for o~lo~. Full lines: OW calculations for pure El excitation according
to ref. '). Dashed lines are to guide the eye. The upper part shows the results for uranium (detectors

at 90*) with crosses and triangles representing earlier results T
) with glass detectors and surface

barrier detectors, and circles representing new results with glass detectors. The middle and lower

parts show the results for uranium and thorium with the 2st arrangement and Macrofo! detectors.
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A. Weller;
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0
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PEP. J.C. Hogan, A.E. Richardson, J.L. Meason and H.L. Wright
Phys. Rev. C 16,, 2296 (1977)

elem. sym.

Th 232 90

METMOO REP. NO.

77 Ho 3

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TVPf RANGE TYPE RANGE

G,F RLY 5- 38 C 9- 38 ACT-

1

UKN

(5.4-38)

The mass-yield distribution of fission products following photofission of :,:Th using peak bremsstrahlung
energies of 9. IS, and 38 MeV were measured by y spectrometry for 25 mass chains in the light and heavy
mass wings. Fission yields for mass chains 85, 87, 88, 133. and 146 were measured for the first time for the

;
.hotofission of i3:Th in this work. Several fractional chain yields were measured and various postulates of
barge distribution were tested to correlate the experimental data. Tne Nethaway modified empirical Coryell

method showed the best correlation with the observed charge distributions. Evidence for fine structure was
observed from the 9 and 15 MeV- irradiations in both the heavy and light mass wings w ;h peaks occurring at

= 134 and 93, respectively. The inner porticos cf the mass wings both exhibited increasing splay as the

..-radiation energy was increased, indicating that symmetric fission was enhanced with increased enemy.

MASS YLD DISTRIB

MASS NUMBER
FIG. 1. Photaflasicn of ^Th with 9 MeV bremsstrab-

lurg.
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FIG. 2. Photofission of ^Th with 15 MeV bremsstrah-
lung.
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FIG. 3. Pbotoflaalon of “Th with 38 MeV bremsstrah- FIG. 4. Photolls* Ion of “Th with 9, 15, and 38 MeV

bremsstrahlung (heavy mass wing).

i ' 1
1

: i i i i
' i i i i r •

| |

35 90 95 100

MASS NUMBER
FIG. 5. PhotoflsslCE of ^Th with 9, 15, and 38 MeV
rerasetrahl-mg (Ligat mass wing).-

TABLE V. Photofission yields of JIZTa determined in

present work normalized to !,1Ba.

Mass no. 9 MeV 15 MeV 38 MeV

83 1.52 * 0.16 2.15*0.13 2.24 = 0.16

85 6.75*0.75 5.75*0.53 5.50 *0.50

37 7.87*0.05 7.43 * 0.53 7.20 = 0.53

88 6.09*0.55 6.00*0.49 6.16*0.43

89 7.81*0.71 3.25 * 0.S5 7.92*0.30

91 6.75*0.32 6.61*0.31 8.37*0.40

92 5.99*0.39 5.83*0.43 7.33*0.50

93 7.21*0.65 7.03*0.60 8.02*0.53

94 5.42*0.54 6.10*0.33

95 5.39 = 0.60

97 2.90*0.14 3.26*0.13 3.88*0.21

99 1.09*0.10 1.73 = 0.09 2.40*0.13

129 1.04*0.16

131 0.95 = 0.03 2.20*0.20 2.74*0.13

132 1.69*0.10 3.20 = 0.13 3.71*0.21

133 3.22*0.13 4.53 = 0.23 5.61 = 0.37

134 7.90*0.72 6.75 = 0.61 6.46 = 0.33

135 5.43*0.49 5.93 = 0.55 6.70 * 0.55

135 6.09*0.50 6.00 = 0.54 7.16 = 0.75

139 6.62*0.71 6.70 = 0.77 6.75 = 0.70

140 7.31 7.31 7.31

141 8.06 = 0.51 3.26 = 0.61 3.40*0.62

142 7.37 = 0.71 7.20 = 0.71 6.36*0.57

143 3.53 = 0.41 7.39 = 0.37 7.30 = 0.42

145 3.57*0.41 2.50 = 0.40
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REF. A.C. Shotter, D. Branford, J.C. McGeorge and J.M. Reid

Nucl. Phys. A290 , 55 (1977)
ELEM. SVM.

Th 232 90

METHOO

77 Sh 9

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

E.F ABX C-120 D 20-120 SCD-I DST

Abstract: Measurements of the electrofission cross section for 333Th, 33*U and J37Np have been
made for an electron energy range from 20 to 120 MeV. A comparison is made between the

electrofission and photofission cross sections using the concept of virtual photons. It is deduced
that the electrofission reaction for these elements proceeds through a significant E2 contribution

as well as an El transition mode.

Fig. 1. Total electrofission cross sections versus electron energy. The solid circles are from the present

work. Data on 13*U from ref.
l
) (open circles) and ref.

3
) (crosses) are also shown. The curves are

the best fit to the data as described in the text. The errors shown for the present data are relative

only.

\.G. Morretto, R.C. Gattl , S.G. THompson, J.T. Routti

,

j.H. Heisenberg, L.M. Middleman, M.R. Yearian and

R. Hofstadter, Phys. Rev. 179 (1969) 1176

Table 1

J.D.T. Arruda Neto, S.B. Herdade,

B.S. Bhandari and I.C. Nlscimento,

Universidade de Sao Paulo, report

no. IFUSP/P-76 (1976);

J.C. Nascimento, S.B. Herdade and

J.D.T. Arruda Neto, Proc. Int. Conf.

on Photonuclear reactions and

applications, Asilomar, 1973, ed.

B.L. Berman (Lawrence Livermore

Laboratory , Li vermore , Cali forni a
) _ From table 1 it is observed that the normalisation factors for = 22 MeV are

paper, 5D10 higher than would be expected from the absolute experimental errors (± 20%).
PHO Th,s may indicate a preferential concentration of E2 strength at 9 MeV. 88

Nucleus Normalisation

9 MeV 22 MeV 9 MeV 22 MeV

,3iTh t.17 1.81 2.3 mb • MeV 12.8 mb • MeV
1.00 1.30 6.4 mb • MeV 38.8 mb • MeV

337Np 1.12 1.34 7.9 mb • MeV 52J mb • MeV

contributed
USC OMM*N 65*0 C



*(, V.E. Zhuchko, S.P. Kapitza, Yu.B. Ostapenko, G.N.
A.S. Soldatov, Yu.M. Tsipenyuk
JETP Lett. 26, 553 (1977)

metnoo

Smirenkin,
CL CM. SYM. A Z

Th 232

ref. no.

90

77 Zh 3 hg

REACTION RESULT EXCITATION
ENEROY

SOURCE OETECTOA
ANCLE

TVPI RANOK TYPE RANGE

G,F ABY THR-7 C 5-7 TRK-D DST

An increase in the quadrupole component of the angular distribution of the

fragments was observed deep below the photofission barrier of UJTh. We
the influence of the symmetry of the saddle configurations in the double-hump-
bamer model on the spectrum of the fission channels of even-even nuclei and the

resonant structure of the cross section.

PACS numbers: 25.85Jg. 27.90. +b

£r ,
MeV

SO 80 70

FIG. I. Bottom: dependence of the rela-

tive contribution YJY of the quadrupole

component to the total yield; for “Th:
(•)—data of present paper, (®)—data

ofi1Jh for U,U and '“Pu—dependence in

accordance with the data of2-51
. Top: de-

pendence of the yield of the reaction
uTh(tf-/) on the end-point energy of the

bremmstrahlung spectrum: (°)—data

ofi4) ,
(•)—data of present paper; the

dashed curve shows the dependence of the

photofission cross section ofi,Er ) obtained

by te method of151 . Insert: schematic repre-

sentation of the structure of the “Th and

‘•“Pu fission barriers.
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ReF
- C.D. Bowman, I.G. Schroder, K.C. Duvall and C.E. Dick

Phys. Rev. C 17, 1086 (1978)

EL EM. SYM. A Z

METHOO

Th

REF. NO.

232 90

78 Bo 8 hg

RESULT EXCITATION SOURCE DETECTOR
ANGLEREACTION ENERGY TYPE RANGE TYPE RANGE

G,F ABX THR- 6 C 3-6 TRK-I 4PI

(THR-5.75) (3.2-5.75)

Photofusion cross sections for
:nTh, and :MU have been measured in the energy range from 3.23 to 3.73

MeV and for
WU and J3*U at 3.5 MeV. The cross sections change by over seven orders of magnitude for

this energy range. Cross section shapes are significantly different for different isotopes indicating a strong

sensitivity to fission barrier parameters.

FIG. 1. The photofission cross sections ofa*Th, B*U,
and mU. The uncertainty shown includes only track
counting statistics propagated through the unfolding

process. A systematic uncertainty in the cross section
scale might be as large as a factor of 2. The lines

through the data are included to guide the eye.

TABLE m. Photofission cross sections for 232Th and
23SU.

Photon Cross section Cross section

energy (MeV) 23SU (b) 232Th (b)

3.25 6.3 ± 2.6 X10*U 7.4 ±129 xlO" 13

3.75 170 ± 47 *io-“ 3.3 ± 2.2 xlO* 10

4.25 4.9 ± 248 x 10-“ 4.4 ± 10.7 x lO" 10

4.75 6.3 * 1.9 xlO*9 1.6 ± 1.4 x 10*8

5.25 1.1 ± 0.08 xlO*5 4.2 ± 1.1 xl0" ?

5.75 5.6 ± 0.11 x 10*4 8.6 ± 0.25 xlO"4

\
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wcr. V.E. Zhuchko, Yu.B. Ostapenko, G.N. Sm.ireak.in,

Yu.M. Tsipenyuk
Yad. Fiz. 28, 1185 (1978)
Sov. J. NucT. Phys. 28, 611 (1978)

METHOO

A.S. Soldatov, CLEM. STM. A

Th 232 90

REP. NO.

78 Zh 6 hg

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLEENEROV TYPE MANGE

G,F RLY THR-5 C 3-5 TRK-D 4PI

(THR-4.6) (3. 5-4. 6!

Yield measurements ire reported for photofisiAon of
iJ1Th. :J

*U,
13,
U, and U7Np in the deep sub-barrier

energy region 3.3—4 6 MeV where anomalies in the cross section—isomeric shelf!—were previously

observed [Phys. Rev. C L2. 863 <1975)1; Pis’ma. Zh. Eksp. Teor. Fiz. 22. 255 (1975), [JETP Lett. 22.

1 18 (1975)]. The various sources of background arising in this energy region, which is only with difficulty

accessible for measurements, are analyzed in detail. Analysis of the anomalies in the behavior of the

integrated photofission yields in the case of the two nuclei
L“U and most favorable for study indicates

a resonance nature of the cross sections for delayed fusion and a substantially more complicated physics of

the phenomenon than the simplified interpretation of Bowman [Phys. Rev. C 12. 363 (1975)].

4 *

FIG. 2. The round points are the results of measurement of

the yields T[Ewm ) in flssioos/mg-vC of the photoflsslon

reaction: present work and Ref. 7; C— Ref. 9. 7 and

dashed lines— respectively the experimental and theoretical

estimates of the background due to fissions by neutrons from

the reaction Beiy.a); C and dot-dash lines— the same for the

reaction. The shaded sections show the level of back-

ground from spontaneous fission and fission induced bv

cosmic rays.
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ref. V.E. Zhuchko, Yu.B. Ostapenko, G.N

Yu.M. Tsipenyuk
Yad. Flz. 28, 1170 (1978)

Sov. J. Nucl . Phys. 2B, 602 (1978)

method

Smirenkin, A.S. Soldatov, CLEM. SYM. A Z

Th 232

REF. NO.

90

78 Zh 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the raicrotron at our Institute has been used to measure photofission yields of
nine nuclei

—

2WTh. :JUJ5-“J3,U. ‘ 2,Np. ;2924
'Pu, and 24'Am in the energy region 4.4-7.0 MeV. The method

of minimization of the directed deviation was used to reproduce the photofission cross sections from the •

integrated yields. The following problems are discussed in terms of the experimental data: resonance
structure of the cross sections, effects of a two-humped shape of the fission barrier, and comparison of the
fissility in the (y/) and (it/) reactions and in direct reactions.

PACS numbers: 23.85.Jg

-5

5 7 5 6 7 5 S
7

5 6 T
e, .

m,v

FIG. 4. Fissility P, in

the reactions (y,/)—•,
(«./)—& (Ref. 14). and
in direct reactions—0. 1

The dashed curve shows
the results of evaluation

of Pf In accordance,with
Eq. (9).
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1
j

£.. MeV
.«? /J *.J .'.J ,\J 'I it It 't

FIG. 2. Yield* Y(E^), fl**lon*/mg-uC (lower curve), tad

Croat section* <j-^(£ r ), mb (upper curve). of the photofl**ion

reaction (or even-even taotopea—•: companion of the func-

tion* Oyf ( Ey ) obtained in the preaent work for 2nTh and n*U
with data obtained tn qua* lmonochromatic y rays—b. Curves:

aolid tinea (and point*)—result* of the present work, 1

—

data of Ref. 5, 2—data of Ref. 6, 3—data of Ref. 7, 4—data
of Ref. 3.

FIG. 6. Set of data on dipole photoabsorption cross sections

o,*. The solid line (1)—the present work— is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Er
= 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit from
Ref. 1ft (2) and Ref. 17 (3) for 23

®U: curve 4 is an estimate by

means of Axel's formula. 15 Points: 2, •—232Th; A, a

—

235U:—23,U; C, !3IU: 7. v—Z3TMp; O— 23,Pu. The hollow

points are from Refs. 16 and 17: the solid points are from
Ref. ft.
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MP. J. Aschenbach, R. Haag, H. Krieger
Z. Phys. A292 , 285 (1979)

CLEM. SYM.

TH 232 90

METHOD ref. no.

79As4 hg

REACTION

liL

RESULT

ABX

EXCITATION
ENERGY

THR-65

source

7-65

OETECTON
ANGLE

TRK-D DST

Absolute electrofission cross sections for
238U and 232Th in the energy region £, = 7

—65 MeV and fission fragment angular distributions for £
t = 7-30MeV have been

measured. The angular distributions show strong anisotropies for low energies. The
relative dipole and quadrupole contributions as a function of excitation energy are
discussed in terms of the low lying fission transition states above the fission barriers. The
cross sections show significant deviations from the results of some earlier measurements,
in particular in the energy region above the giant dipole resonance. From the difficulties
of absolute electrofission cross section measurements and the ambiguities in their
interpretation it is concluded that by this time the quantitative analysis of electrofission
cross sections with respect to the contributions of the giant quadrupole resonances to the
fission decay channel should be regarded as rather tentative.

A
i ' i

1

I 'i—|—i

—

r—.—j—I

—

i—i—i—i—I

—

W (90°)
;—!

1 1 1

1
1 1

!
1

1

1 1
!

1 r

M - W10°) • ft _

2.2 238 (J 232Th

ft

1.8

L '<
!

i

\

1.4 _ XT

t.0

i i 1 1 1 t i : i 1 t t i t—1

—

' ' . 1 : . 1 ' ' ' ' 1

0 to 20 30 0 to 20 30

ELECTION ENERGY (MeV)

Fig. 2. Top: Anisotropies /t — W(90°)/W(0°) corresponding to the leuit squares tit results from Fig. 1 in the electrofission of
23,U and 232Th.

Bottom: Relative quadrupole contributions C as described m the :cu Circles this work, squares [8], crosses [6]

C=(8c/15)/(a+2b/3 + 8c/l5)
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(quJ)|,e'eg

Fig. 4. Absolute electrofission cross sections of
n,U and 2JJTh from this work in comparison with the data of Shotter et al. [10] and

Armda Neto et aL [7]

>
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ref.

METHOO

CL CM. SYM. A

Th

ref. no.

79Mc2

232 90

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE HANGS

E, F. N0X THR-110 d no SCD-D 115-190 90

Abstract: Fission of J3zTh, 237Np, 20,
BL.

2J5U and 22,U induced by 1 10 MeV electrons has been studied «Nn rpv nTCTDTR
by means of surface barrier detectors. The resulting mass and kinetic energy distributions are

Injj MrtU CUT UISIKID
presented. Comparison with the liquid drop model predictions shows reasonable agreement in the
case of 10,

Bi. The data are analysed in terms of a two component model of fission and the mean
total kinetic energies of the components are shown to depend linearly on Z^^A'i'1 + A\ii

).

Interesting differences are found when the present results are compared with the recent photo-
fission experiments of Areskoug et al. and features in both sets of data correlate with changes of
fragment deformation implied by the calculations of Wilkins et al.

E
NUCLEAR REACTIONS 2,7Np, 2J2Th, 20,

Bi. »*U. 235 U(e, f), £ = 110 MeV; mea-
sured fission fragment E. deduced mass.

t-€AVY FRAGMENT HASS

Fig. 1. The HFM yield distributions for electrofission of 20,
Bi.

:j:Th and iJ'Np and spontaneous

fission of J52
Cf. Statistical uncertainties are shown where larger than the size of the points in this and

succeeding diagrams. The solid line in the
!,2Cf case represents the experimental results of Schmidt

et al. *
2

). In the
204

Bi case the solid line represents a Gaussian fit to the data while the solid lines in the

other two cases are the result of a two component analysis (see text).

Table 2

Mean total KE (MeV)

Target

present work

scmi-emptricul [ref.
1 *)]

Width

present

work

“»U !71.8±3.4 168.5 169.4 ! I.6 + 0.I

2JSU 171.3 + 3.4 169.1 170.1 10.8+0.1
212Th 167.0 + 3.3 163.4 163.5 9.6 + 0.

1

2,7Np 174.3 + 3.0 171.9 173.3 11.5+0.1
20*Bi 140 ±4 146.5 143.9 11.5 + 0.4

•) 0.1071 Z :
iA

lli + 222.

») 0.1240Z ,M , \
IRIV. 7.1 44

1

uscoMM-Nis-oe

over
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Fig. 2. Total fragment kinetic energy distributions in the electrofission of
* 0,

Bi.
J1,Np and Th.

The solid lines result from fitting a single Gaussian to the data in the ‘°*Bi case and a double Gaussian

in the other cases.

«AVT fdactent piass a.i-i.u.

200

< 160

o

z
* t 4Q
*

120
i£a

3 u-»
0 No'”
4 u'”
. rh«»
a B.*»

/ o •:
'« o.-'

* 5

ii

170 190 210
Z14 22AAI 1* .a2'* )

233

Fig. 3 Total fragment kinetic energy data from electrofivsion of 2,, U. 2,, U. lJ, Np. 2J2Th. Z0,
Bi and

for spontaneous fission of 252
Cf. (A) Mean TKE versus HFM. The lines represent the LDM calculations

of Nix and Swiatecki ,2)- solid
22*U. short dash 2,, U. long dash :o

"Bi. dot “ rNp and dot dash 232
Th.

(Bi Width of the TKE distribution versus heavy fragment mass. (C) Mean total fragment kinetic energy g7
versus Z

t
ZtHA[

!> + A \ °). (D) Mean total fragment kinetic energy of the symmetric (enclosed by the

dashed line) and asymmetric components versus Z,7.
; H| '-P/lJ

J
). In (AXC) and (D) the relative

uncertainties between targets are ± 3 MeV and the absolute uncertainties are ±4 MeV.



ref. J. Visser, G.A. Brinkman, Cees N.M. Bakker

Int. J. Appl . Rad. Isotopes 30, 745 (1979)
EL EM. SYM.

Th 232 90

methoo REF. NO.

79 Vi 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,SPL ABY THR-350 C 250-350 ACT-

1

4PI

G,F RLY THR-350 C 250,350 ACT-

1

4PI

Yield (cross section per equivalent quantum) for
A=1 35 (presumably photofission): at

Photospallation cross sections of 232Th with bremsstrahlu.ig beams of 0.25, 0.30 and 0.35 GeV maxi-,
mum energies have been determined for

2nQ
At (66. 87 and 230 jib),

:,0At (74, 98 and 230 /zb) and : “Rn
(28. 40 and 130 pb). These yields are an order of magnitude lower than predicted by the Rudstam
CDMD formula, possibly as a consequence of the rather thick Cu converter that was used. Irradiation
of UOj at 0.3 GeV resulted in cross sections for

20,
At: 15.8 ^b and for

2,0
At: 17.9 jib. Cumulative

photofission cross sections have been determined for A = 135 at 0.25 GeV (1.96 mb) and at 0.35 GeV
(2_53 mb). Half-lives were measured for

J07Po (6.7 h) and J1, Rn (14 6 h).

.25

,35

GeV
GeV

1 .96±0.18mb
2.53 mb

Fig. 1 . Spallation cross sections for
212Th. Protons:

(Ref. 14). V (Ref. 15). A (Ref. 121 • (Ref. 2); Photons: O
•this worki multiplied by 0.49 £,,<7,

'

: calculated from

proton Rudstam formula,' ' multiplied by 0.49.

Table 1 Experimental and calculated* a, values (mb) for the photospallation of 2J2Th

E0

0.25 GeV
Exp.t Calc

0.3 GeV
Exp.t Calc.

0.35 GeV
Exp.J Calc.

20*At
,l0At
lll Rn

0.066 ± 0.003

0.074 ± 0.003

0.028 ± 0.001

0.50

0.60

0.37

0.037 ± 0.003

0.098 ± 0.006

0.040 ± 0.005

0.69

0.84

0.52

0.28

0.23

0.13

0.90

1.06

066

*

J

Re! -rences (l0) and <")• To correct for the nuclear fissility. the a, values were multiplied by

+ Average of three experiments.

J One experiment.

Fig. 2. Cumulative 4 = 135 chain yield for photofission:
O (Ref. 9). (this work).
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"**• V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin, A.S.
Yu.M. Tsipenyuk
Yad. Fiz. 30, 634, (1979)

Sov. J. NucT. Phys. 30, 326 (1979)

METHOO ~

Soldatov, EL EM. SYM.

Th 232

REF. NO.

90

79 Zh 3 hg

reaction result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F YLD THR-7 T 5^7“ TRK-D OST

(5. 2-6. 4)

We report themetbod and result! of measurements of angular dtsrnbuuoni of fragments in the (yf)racoon for
2Th, {J t tad carried out in connection with the investigation of the properties of deep

S

'j*j^
mer P*10*0^***00-' ^ ao<nenc phenomenon, disappearance of the angular- anisotropy

^^ ^ ttu* effect “d t** wb-bamer enhancement of qoadrupole photofisnon in"IV The expenmen Lai data presented permit an undemanding of the nature and relation Sf these
properties in terms of the concept of s taro-humped Gmoo-barner structure.

PACS numbers: 23.83Jg

TABLE I. Parameters of the angular distributions of photo-

fission fragments.

kteV
ft. M. Jit,

mC
IsM CM

"n (4-200mt/ca 1
)

so SS2 8.9- 10* 0000*0.04 (.000x0.04 0 250*0.080
52 758 1.0^10* 0 0u»*0 08 i.ono*ii.us 0225*11100

44 940 SI0 U.06*0 03 0.94x0.03 0.08*004
li* 79 340 10000 0.0.4*0 002 0 954x0.000 0.028*0.008

“•U (4-1.7 ma/ca
1

)

o iaa 9.4-10* 0.7210.25 028x024 171*0215
4.75 zm 2.0 Id* 0.17 *u.20 013x020 0.18x0.15

SO SMI lOi-ue 0.10*0 to OOOx.MO 0.20*0.15
SI* 452 ODUI* H.OixOOt 0.94x0 03 0.187 x0.043
525 23 830 0.1 Id* 0 0b*Ou3 0.94x0.03 0.12*0.04
Si 15 530 li 10* 0 UxO.uS 0 89x0 08 0.42*1108
so* 4623 0.17 - 10* 0.040*0.012 0 960*0104 0503x0.028

<4-0.4 xu/ca
1

)

id 812 4 9 I0« i oor>*oj 0 000*02 2i00*035
so 3917 • 10- 10* 02l» .*0.1 0 80O*u t 0250*0.15
Si i:bi» 2.0 IU* •» i3'/*imi7 0 07 0.5*0*0.13

Si* 12 Tut 1.8 li* 0 048x0 .08 0 902*0 ul

4

0.479*0015
STS’ lias 2.0 tu* o ' r:7 ni m :i 0 973*0.013 0.4^2*0.015
80* 7581 4 Q IU* 0«>;2*«)uu5 0 9*8*0 013 0. 168*0.013

6i‘ 9K1I 2.0- I'P 0.>i09*0i«l6 o93l*OOI3 0.1 IOXOUI3
S3’ 10 I.Sl 1 1) til* o H2xOuu8 > 36d*" dIJ 0.080*0.014
6.;: • \UO%) Jfti o ijoxu'.«j6 0b0t*out; O.uS 1*0 015
7.0 • 7782 0 357 x0.'«R 0 721x0014 0071*0015
7.25 • 4700 1000 0 32i)*0»a/) OODOxiVOU 0.038*0 0(5

“U (4-MO mt/arn
1

)

4. IS 130 12 8 lu» 1 000*02 0 000*0 2 0 230*(VX
4.4 434 'i 5 1«R 0.940 *0 35 ii.i««'*i# is isaixo V)
48 7252 10 o ;>«oih • > S 1 4A 2 .8><)xil.03

54 449 U70 0.4- lt^ O.OSUxO'd o oaixiift?

51* 5741 U-l 10* II If34xu.ul 1 ». vp4x<'uI*S 0.3*41x0.024

Soft. S Is the total number of tracks recorded by the detec -

tors; ./At Is the integral of the current of accelerated electrons

at tha bremsatrahlung target; 4 is the (hicknesa of the fisatle

target. Tha results marked by an asterisk were obtained by
the circular glass plate technique 2

; the remaining results are

In the 4 t geometry.

FIG. 3. In the upper and central parts we have shown the
parameters of the angular distributions af fragments from
photofission of a*Th, a*U, and a*U as a ’function of
Points: —results of the present work, •—results of Refs.
2 and 15, O—-results of Ref. 13. In the lower part: the
hollow circles and their connecting solid lines are the total
yield of photofissions of the corresponding nuclei,*’ 1 ' the solid
circles are the isotropic component of the yield— F,, aal the
dashed line Is the component F, which has been normalized to

la ln tie region of maximum anisotropy. The dashed line in
the upper part of the figure shows the asymptotic value of the
coefficient c* c/6* 0.05 for energies above the barrier [see
Eq. (3)1.

form NSS-418
IRCV. 7-I4-44)
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ref. J. T. Caldwell, E.J. Dowdy, B. L. Berman, R. A. Alvarez, P. Meyer
Phys. Rev. C21_, 1215 (1980)

METHOO

CL EM. SYM.

Th

ref. no.

80Cal

232 90

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OCTECTOR
ANGLE

6, IN ABX 6-18 5-18 BF3 -I 4PI

G,2N ABX 10-18 5-18 BF3-X 4PI

G,F ABX 5-18 5-18 BF3-

'

4PI

The photoneutron cross sections aiy,n) and viy,ln\ and total photofission cross sections aiyj) have
been measured for

U5U, JMU. ”'U. and 2,3Th from threshold to 18.3 MeV using monoenergetic photons from
the annihilation in flight of fast positrons and neutron-multiplicity detection in an efficient 4w neutron
detector. Use of the ring-ratio technique allowed both the average photofission neutron energy for each
nucleus to be obtained as a function of photon energy and, for

lMU and JM
U, the determination of the

partial cross sections for first-chance oiyf) and second-chance cr(y,nf) photofission as well. Information •

extracted from the data includes integrated cross sections and their moments, giant-resonance parameters,
deformation and radius parameters, and relative and absolute neutron and fission probabilities.

'NUCLEAR REACTIONS and :»Th (y,n,2*,F), Er * 5—18.3 MeV;
measured 4r neutron yield, neutron multiplicities, and average energies for
monoenergetic photons; o(Er , In), <x(Fy .2n), <7(Fy ,F), integrated cross sec-
tions and moments, GDR parameters, nuclear shape parameters, neutron and

fission probabilities.

TABLE n. Parameters of Lorentz-curve fits to the giant dipole resonance.*

:
NUC1CU9 EJI) (MeV) <rm(l) (mb) 1*

T(l) (MeV) £„<2) (MeV) »,<2) (mb)* T(2) (MeV)

j

:au
!

:3*u

]

*“u
< JnTh

10.90 * 0.05
10.92 ± 0.04

10.77 A 0.04

11.03 *0.04

328*19
271* 16

311*20
302*19

2.30*0.15

2.55*0.17

2.37*0.13

2.71*0.13

13.96*0.09

13.78*0.08

13.80*0.09

13.87*0.08

459*10
415*10
459 * 9

449* 9

4.75*0.32

4.88*0.24

5.13*0.35

4.77*0.28

* Lorentx parameters defined by Eq. (1); the fitting interval for ail cases Is 9 to 13 MeV
Uncertainties for crm given here are relative. The absolute uncertainties are 7'i.

TABLE IV. Nuclear shape parameters.

Nucleus
<?o (b)* V, <b)

f

<?„ (b)?

0.35 1.308 0.595 0.315 12.0 10.6 *0.2 11.0*0.5
• 3,u 0.34 1.287 0.556 0.295 11.2 10.75*0.7 10.3*0.4

0.31 1.309 0.596 0.31G 12.1 11.3 ±0.1 11.1*0.5:nTh 0.38 1.283 0.547 0.290 10.7 9.8 *0.1 9.8*0.

4

*Area ratio, defined by Eq. (6).
6 Deformation parameter, computed from Eq. (3).

'Nuclear eccentricity, computed from Eq. (4).
d Deformation parameter, computed from Eq. (7).
* Intrinsic quad rupole moment, computed from Eq. (8), with K, taken to be 1.20 fm.
Intrinsic quadrupole moment, taken from Ref. 47.

8 ’"Best value" for <?„, computed from Eq. (8), with R, taken to be 1.15 fm (see text).

TABLE V. Integrated cross sections.*

Nucleus (MeV b)

<7
iat

(y.2n)

(MeV b)

»ta.(y.-f)

(MeV b)

ir|<Ml)m> + a^m)]*
0.06NZ/A

!=U 1.14 0.20 2.16 1.37
:mu 1.26 0.45 1.45 1.26
:j*U 1.36 1.13 1.09 1.43
:aTh 1.66 1.45 0.37 1.41

®im integrated from threshold to the maximum experimental energy
£*«=* 18.3 MeV.

"Uncertainties given here are relative. The absolute uncertainties are 7%.

PHOTONUCLEAR DATA SHEET

SEE ALSO 80CA2

USCOMM-NSS-OC

FIG. 5. Photonuclear cross sections for J52Th: (a)

_ o(Y,tot), with a Lorentz-curve fit; (b) o(y.s); (c) cr (

y

*,>:«>. ,r.n. over
too



TABLE VI. Integrated cross-section moments.

Nucleus
»-i

(mb) (mb)

ff
-t

(mb MeV* 1
)

a.?

0.00225 A V1
<T.,K

0.051751 ' 1

0.05175 A 3^3

(MeV)

toy 279 0.191 23.1 1.15 1.36 20.1
I5*U 252 0.173 21.0 1.04 1.21 22.2
:*u 289 0.194 24.0 1.17 1.38 19.7:=Th 276 0.194 22.8 1.16 1.35 19.9

1*2* V*'**
Ey ' ^ “d 9"

1
*^ ^(T.tot>£

r

*
1 d£

r, integrated from threshold to Eyw

*

a.'

100

90

SO

40

20

0

100

90

60

40

20

0

100

90

SO

40

20

0

100

90

so

40

20

0

4 s a io 12

4 6 9 10 12

Wioton Energy (MeV)

FIG. 15. Fission probability P
f
from the ratio of

<r(Y J) to the value at each energy of the two-compon-
ent Lorentz-curve (its to the GDR shown in Furs 5;

(a) for :JSU, (b) for*3*U, (c) for :3,
U. (d> for -"TV
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J. T. Caldwell, E. J. Dowdy, R. A. Alvarez, B. L." Berman, P. Meyer
Nucl. Sci. Eng. 73, 153 (1980)

|L|M. |VW. * ?

METHOD

Th

81*7*87

232 90

80Ca2 egf

reaction IECIT4TIOK SOUBCE DETECTOR
ANCLEBiiykT

TYPE BAN4K TTPE RAN6S

G,F 5-18
~

D 5-18 BF3-JT D 4PI

G,F /VAX 1117
J

D 5-18 BF3-T D 4PI

'

238
T*1* pr?£pt neutron Multiplicities for photofission of the four isotopes

235
U.

236
U,

U, and ~Th have been measured with monoenergetic photons over the energy range
from 5.5 to 18 Me V using the annihilation in flight offast positrons. The delayed neutron
yield has been measured for all four isotopes at 10.9- and 16.8-MeV photon energies.
The ratio of first- to second-chance fission has been measured as a function of energy up
to 17-MeV excitation energy for and 238Uphotofission.

PROMPT N MULT

DELAYED N YLD

PHOTON ENERGY (MeV)

Fig. 6. Prompt neutron multiplicity width parameter data

as a function of excitation energy. Solid circles are experimen-

tal data, and straight lines are the least-squares fits to these

data (see Table II).

8 9 10 11 12 13 14 15 16 17 18
PHOTON ENERGY (MeV)

Fig. 7. Prompt neutron v
p data as a function of excitation

energy. Solid circles are experimental data, and the straight
lines are the least-squares fits (see Table IV) to these data. A
single straight line fit was not obtainable for

233
Th.

ro*M MM.41I
(NCV. 7.1 4.Ml
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- Isotope Least-Squares Fit

- usu <7= 1.009 + 0.0110 £
o = 0.840 + 0.02S3 E

Say o = 1.003 +0.0227 £
.

aiTh a - 1.183

o PRESENT RESULTS, 10.9 MeV

• PRESENT RESULTS, 16.8 MeV

* LASL RESULTS, 7 to 1 1 MeV
(Ref. 15)

-EVALUATION OF PREVIOUS
DATA (Ref. 18)

-L

TABLE II

Multiplicity Width Parameter

TABLE IV

Prompt Neutrons per Photofission. vp(E)

Isotope Least-Squares Fit

Correlation

Coefficient

235u vp
= 1.610 + 0.133 £

(all data)

0.965

“•u vp = 1.881 +0.1 16 £
(all data)

0.906

nay
vp = 1.862 +0.123 £

(all data)

0.969

13JTh

(
vp = 2.826- 0.143 £

1 (6.0 <£<8.2 MeV)
0.819

)
Up =0.453 +0.175 £

( (£>8.5 MeV)
0.927

TABLE V

37 38 39 40

(3Z-A)

41 42

Fig. 9. Yield of delayed neutron from photofission as a

function of 3Z-A. Solid line is an evaluated least -squares fit to

existing data as of 1975 (Ref. 18). Solid circles are the present

results. Solid squares are from Ref. 15.

Isotope From Ref. 15 Present Data

M5u 2.85 ±0.09 2.74 ±0.10
2.66 ±0.11 2.71 ±0.10
2.74 ±0.09 29 1 ±0.10a*Th 2.07 ±0.11 1.94 ±0.08
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W. Gunther, K. Huber, U. Kneissl, H. Krieger, H.J. Maier
Z.iBbysi ^ 295, 333 (1980)

EL EM. SYM.

Th

A

232

z

90

METHOD REP. NO.

80 Gu 4 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPI RANGE

G,F RLY THR-55 C 15-55 SCD-D 90

Measurements are presented for the mas.s and energy distributions of fragments from the

photofission of
232Th. 233 U,

238U and 239
Pu. The experiments were performed for M»E DST, SYM/ASYM YLD

bremsstrahlung endpoint energies between 15 and 55 MeV, using silicon surface barrier

detectors. The results are discussed with respect to the competition between the sym-

metric and asymmetric fission modes.

Tabic 2. Most probable heavy masses, most probable total kinetic energies and their variances (The variances have
been corrected tor the detector resolution and for y- and electron pile upi

Nucleus
»£.

a) bl

:j:Th

:j,U
:j,

*Pu

1 I4I.7±2) amu
( 1 5S.5 ± Z) amu
(140.3 ±2) amu
i 1 37.2:; 2) amu

163.3 MeV
169.1 MeV
168.5 MeV
174.7 MeV

163.5 MeV
170.1 MeV
169.4 MeV
176.6 MeV

(159.5 ±4) MeV
(168 ; 3) MeV
( 164.5 — 4) MeV
(174 -3) MeV

(9.0 -0.8) MeV
(11.1 ±ll MeV
(1 1.7± 1 ) MeV
(1 1.9* 1) MeV

5:
Cf' 185.5 MeV 11.6 MeV

* [£,] =10.1071 , -t-212l MeV
" [EJ=(0.I240 Z J 4 1 J

) MeV
' Calibration measurement

Fig. 5. Saturation parameter c as a function of the fission probabil-
«y rr rm

oio -

f

0 WA
235 240

Mass number A

Fig. 6. Ty Ya at EB

s

— 55 MeV as a function of the mass number .4

foku NSS.41S
IREV. 7 . 14.441
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YIELD

YIELO

YIELO

YIELD

TH

t \
.1 ^ •»

* 3 * , *;5iss*s*

FRAGMENT nass iflnU)

Kif. I. Mas* di\tributions lor the photoli'sion ol
;,; Th :j

*l
;>'L

and • >Tu i Urem>iirahl endpoint energy t„ N 45 MeV i

05 - ENOfO 1 NT ENERGY (nEV)

Ft*. 4. Symmetric to asymmetric fission

yield ratio os a function of £ SJ . The lines

are fits with an empirical function Tj, V, =u
is. test)
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*c, w. Gunther, Ko Huber, U. Kneissl, H. Krieger, H. Ries, H

W. Wilke, H.J. Maier

Nucl . Phys. A35Q , 1 (1980)

METHOO

Stroher, EL EM. SYM. A Z

Th

REX. NO.

232 90

80 Gu 5 hg

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TVS! RANGE TYRE RANGE

G,XN RLY THR- c SPK-Z 90

'

Abstract: Half-lives and yields in photonudear reactions have been measured for shape isomers in U and

Pu isotopes by pulsed-beam techniques bombarding
233 '23*U and

:3, '240 242
Pu targets with brems-

strahlung. Isomeric fission cross sections have been deduced from the measured isomeric to prompt

yield ratios within an evaporation model using absolute prompt fission data.- The results are

compared with data from particle-induced reactions.

YLD FISSION ISOMERS

E
NUCLEAR REACTIONS l40PuM3

U(y, xn),
23
*U,

23,
Pu(y,2n).

242
Pu(y.n); brerns-

strahlung; measured T1/2, isomeric to prompt yield ratios,
234

U,
237

Pu,
23,

Pu,
24,

Pu levels,

deduced <r for isomeric fission. Natural and enriched targets.

Table 2

Results of isomeric fission experiments performed at Giessen

Reaction Isomer Half-life Yvo/Y,* Detector

23a
Th(y,xn) < 10"4 PPADM5
U(y,xn) < 10^ PPADM
*U(y.2n)

2“u I1S±S ns (2.02 ±0.16) xlO
’ 5

Si

118 ±7 ns (2.10±0.16)x 10*5 PPAD
M,

Pu (y. 2n)
»7

»-Pu 77 ± 16 ns (6.4± 1.7) x 10~* Si

87 ± 1 1 ns (4.9±0.7)x 10
*6 PPAD

U7
"»pu 1050 ±400 ns (0.83 ±0.22) xlO

'4
Si

240
Pu(y,n) 239m

, Pu 6.5 ±0.4 ias (7.9±0.4) x 10
-5 PPAD

240
Pu(y, xn) 7 4.5 ±1.5 ns <1.1 xlO

'4 PPAD
,4l

Pu(y,n)
24ln,

>Pu 20.5 ±2.5 us (9.2±0.8)xt0
‘ 5 PPAD

24,,n
:pu 34 ± 7 ns (3.7 ±0.7)x 10

‘ 5 PPAD

porm M8S-41S
miv. 7-14°«4l
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mtf G. Bellia, L. Calabretta, A. Del Zoppo, E. Migneco, G. Russo,
R.C. Bama, D. De Pasquale
Phys. Rev. C24, 2762 (1981)

CLEM. SYM.

Th

A

232

z

90

NfTNOO REF. NO.

81 Be 12 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE

G,F ABX THR-7 C 5-7 TRK-I DST

(THR-6.4) (5. 4-6. 4)

Angular diatnbubona of pbotofbtsion of UJTh have been measured usiitg bremsstrahlung y
beams in the (S.4-6.4) MeV range. With decreasing energy below 6 MeV the angular anisotro-

py decreases strongly and, moreover, a shelf appears in the isotropic component of the yield.

These effects are interpreted in terms of a competition between prompt and delayed fission. Vi-

brational resonances in the ID and 2*0 channels are detected.

NUCLEAR REACTIONS, FISSION Angular distributions and yields of
subthreshotd pbotofisaion of U2Th in the (5.4—6.4) MeV range.

• • • • • v»r *r ir lenw m luiivtiuu wt uibwiiutt tii«i .

(A) present work. (4) from Ref. 13 . and (7) from Ref. 14.

I (b) b/a ratio as a function of electron energy. ($> present

work, (0) from Ref. 13 (target thickness 1.33 mg/ era*),

and (<J» ) from Ref. 14 (target thickness 200 mg/cra 1
).

2 2
w(9)=a+bsin 9+csin 29

,JN. S. Rabtnov, G. N. Smirenkin. A. S. Soldatov. L N
Usachev, S. P. Kapuza, and Yu. M. Tsipenyuk. Yad. Fix.

n, 50S (1970) [Sov. J. NucL Phys. U. 2S5 U970H Ha I

|

,4A. V. Ignaryuk, N. S. Rabotnov, G N Smirenkin. A S

Soldatov, and Yu. M. Tsipenyuk. Zh. Eksp Teor Fiz. 6J_.

1284 (1971) (Sov. Phys. JETP 34, 684 (1972)1, v £ *7/ X j
Zhucho, Yu. B. Ostapenko, g. N. Smirenkin. A. S. Sotde-

tov. and Yu. M. Tsipenyuk, Sov. ). NucL Phya. &
i 326 ( 1975).

FIG. 2. The figure shows the experimental yields (•) Y,,

() Y,. and ( 4) Yf as functions of electron energy. The

upper solid curve is our unfolded total photofission cross*

section. Yields are normalized to the solid angle f)
y
sub-

tended from the target to the bremsstrahlung converter.

row N»V41g
isiv. 7 -

1

*-*4i
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N.V.

Yad.

Sov.

MCTHOO

Voronin, I.S. Koretskaya, V.L. Kuznestsov, V.G. Nedorezov,

Nikitina, V.I. Noga, S.A. Pashchuk, Yu.N. Ranyuk, S.M. Solov'ev

Fiz. 34, 1439 (1981)

J. NucT. Phys. 34, 797 (1981)

CL CM. STM.

Th

A

REF. NO.

z

232 90

81 Vo 3 egf

REACTION RESULT
EXCITATION
ENEROV

SOURCE
ANGLE

TYPf RANGE

E,F ABX 4-275 D 97-275 TRK-I 45

Results are presented of cross-section measurements for the fission of !UTh, !J1U, 3”U, J“U, 1M
U,

J1TNp, and
,wPu by electrons with energies between 100 and 275 MeV

: photofission and electrofission cross-section ranos

for the same nuclei are given as well.

PACS number* 25.85Jg, 27.901 + b. 25.J5.Ge

TABLE II. Electrofission cross sections (mb) for nuclei with

Z? 90 measured for electron energies between 100 and 275

MeV.

Nucleus

MeV mTh uju !»U n*U i" Pu

97 t.2; 3.12 5.60 155 3.23 6.22 7.26

134 1.47 9.17 6.03 4.7'. 3.42 6.63 7.98

149 1.42 9.75 6.17 3.50 3,39 7.16 3.39

166 1.63 UU6 7.01 3.29 4.15 7 70 9.18

184 1.73 9.61 7.13 5.64 4.17 7.92 8.92

201 9.84 6.53 u 10 . 1,36 7.49 9 31

217 1.73 10.91 7.73 6.14 4 77 7.99 9.56

240 1.91 10.25 7.30 3.92 4 49 7.S4 9. .3

253 1.85 9.89 7.00 6.17 4.76 7.SO 9.78

:?«
•» no 10-50 S.15 6.66 5.36 9.63 10.50

FIG. 2. Electrofission cross section for 333Th (a),
3,U (b), and

33TNp (c). The points represent data as follows: Ref. 3,

—present work, O— Ref. 1, x— Ref. 2, and —Ref. 4.

foam M9S-4I8
(REV. 7. 1 4. #41
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«tr. T.R. Yeh,.H. Lancman
IEEE lrans. Nucl. Sci. NS-28, 1289 ( 1 98

1

)

CL CM. SYM.

Tn 232 9(J

mctmoo REF. NO.

81 Ye 1 egf

reaction RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TVPf RANGE

S.F ABX 5-11 D 5-11 4PI

Summary

Hi«h Intensity proton beams from the Dynaaitron at
Brooklyn College are used to generate monochromatic
ganana rays from known (p,y) resonances in various
nuclei. The gamma rays, whose energy varies continu-
ously as a function of the angle with the proton beam,-
ar* in turn to measure photofission cross sections
in * U and ‘ 22Th. The number of suitable (p,y) reso-
nances is sufficient to cover the 5-13 MeV range of
excitation energy with an average step of 100 keV.
Foj’ a resonance of average strength the yield is 10 3

photons per of protons on target. The energy
*P re*d is typically 20- - 40 kcV and a gamma ray energy
resolution of 200 eV can easily be reached. This reso-
lution is adequate for investigating structure in the
photofission cross sections resulting from class II
states in the second well of the fission barrier.

PHOTONS FROM P,G

Fig. 4 Averaged photofission cross section S’.i(Er )

for 232 1h. The results of Caldwell et al i0 ,

Dickey and Axel 4 and Veyssiere et al. 32 are
shown for comparison.
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Fig. 5

model calculations.

110



w O.D.T. Arruda-Neto, M.F.B.M. Vannucci, S.B. Herdade, A. Vanucci

I.C. Nascimento
Phys. Rev. C25, 1689 (1982)

metmoo

CL CM. SYM. A

Th

ftcr. no.

82 Ar 2

232 90

egf

reaction RESULT
EXCITATION
ENEROV

SOURCE OETECTOR
ANGLE

E.F ABX 5-7 5-7 TRK-I DST

Th* electrofmon angular distribution of u*Th. in the energy interval S.5—7 MeV, was mea-

sured. The analysts of the E 2 coefficient of the insular distribution revealed that a substantial

amount of E2 fission strength is concentrated near the fission barrier, corresponding to

(8 ±2)% of one energy-weighted sum-rule unity.

NUCLEAR REACTIONS ^hfe^-

), £-5_5-7 MeV. w«h electrons;

measured funon-fragment angular distributions; deduced E2 fission

strength. Natural target

FIG. I. Electrofission-fragments angular distributions for
UJTh, l\lA(E,)\(d<rtJdClf)(E,.9f). The curves are

least-squares fils of the funcuon defined in Eq. (3) to the

experimental points.

FIG. 2. Absolute values for the coefficient of the sin-2©

^

term in the electrofission differential cross section C(Er )

[Eq. (3)). obtained from the measured angular distributions

for
:jJTh. The dashed curve is the fold-back of <r /(2~. 0 )

in Eq. (6).

GO (MeV)

FIG. 3. E2 fission strength function deduced from the

experimentally determined photofission cross section

<ryj( 2*0) (obtained by solving the integral equation (6). as

explained in the textl. Both systematic and statistical uncer-

tainties are included in the error band.

d<7.

(3 )
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L. Watt, T.E. Drake, L.S. Cardman, R.L. Gulbranson
Phys. Lett. 116B, 315 (1982)

EL EM. SVM.

Th

A

232

z

90

METHOO REF. NO.

82 Kn 3 egf

REACTION RESULT EXCITATION
ENSROV

SOURCE OETECTOR
ancle

TYPE RAN6C

G,F ABX 5-7 D 5-7 ION* I 4PI

The Chalk River bremsstrahlung monochromator at the University of Illinois Microtron Laboratory has been used with
a multiwire fission chamber to measure the photofission cross section of 232Th between 4.95 and 6.76 MeV with a resolu-

tion of 12-14 keV. This cross section, which on the average increases exponentially with photon energy, shows three

plateaus 5.20 to 5.80, 5.90 to 6.15, and above 6.30 MeV respectively. Structure is observed on eached plateau. In particu-

lar there appear to be well-resolved peaks, separated by * 100 keV, at 5.50 and 5.60 MeV on the lowest plateau and other
prominent peaks are observed at 5.92, 6.03 and 6.1 1 MeV on the middle plateau. The closely spaced structure in each re-

gion might be interpreted as evidence for the excitation of vibrational states in shallow outer wells of a rauitiweil potential

FISSION CHAMBER
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u

uranium

Z=02

A richly colored glass mosaic mural was excavated from the

Bay of Naples by R. T. Gunther of Oxford University.
Archaeological and historical reasons indicate that the

glass dates from approximately 79 A. D. Analysis of the

glass in 1912 showed that it contained more than IX of an

oxide of uranium. A careful study of the evidence indicates

that the addition of the uranium mineral to the glass was

probably intentional. This is the first known use of

uranium in a man-made product.

The element was discovered in 1789 by the German chemist M.

S. Klaproth from the pitchblende ores; he named it uranium
in honor of the planet Uranus which had been discovered just
eight years earlier.

The following paragraph, written in 1940, gives some idea of

the excitement of the period when it was first realized that
nuclear energy could possibly be of great importance to man:

"The release of the tremendous storehouse of energy which
large atoms represent has long been an intriguing field of

speculation. At a conference in February 1939 at Washington
a report was given of the work of Drs. Hahn, Meitner and

Strassman in Berlin in which neutrons have been used to

liberate energy from the nuclei of uranium atoms. The
amount of energy liberated is stated to be 175,000,000
electron volts for each atom of uranium which is split.
There is also a delayed reaction resulting in the emission
of other neutrons which are believed to be capable of
producing a chain reaction upon other atoms, thus
liberating atomic energy equal to twice that already
reported. So important is this accomplishment that its
comfirmation was hastily sought in several directions.
These results are said to have been confirmed in Niels
Bohr's laboratory in Copenhagen; by Professor Enrico Fermi
and a group of associates at Columbia University; by Or.
John A. Fleming and associates at the Carnegie Institution
at Washington; and by Or. R. D. Fowler of Johns Hopkins
University. Slow neutrons have been found to be highly
efficient in splitting uranium. The method is not efficient
as yet, but these experiments may lead to developments of
great importance." 1

Chapters in the Chemistry of the Less Familiar Elements,
Chapter 18, Uranium, B. S. Hopkins, Copyright 1940, Stipes
Publishing Co., Champaign, Illinois.
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I I. Klmura, S.A. Hayashi, K. Kobayashi, S. Yamamoto & T. Shibata

]

J. Nucl. Sci. & Tech. 8, 173 (1971)

EL EM. SYM.

u

A z

92

1 MCTHOO

3
i

REF. NO.

71 Ki 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN SPC 5-23 C 15-23 TOP-D 90

Table I Comparison of nuclear temperatures of neutrons from natural

uranium target bombarded with high energy electrons

Electron energy
£.(MeV)

|

18.5

20

Nuclear temperature
(MeV)

r, =0.88 to ol (£<3.5 MeV)

7,= 1.50±0.02 (£>3.5 MeV)

T, = 0.92±0.0l (£<3.2 MeV)

T, = 1.51 ±0.01 (£>3.2 MeV)

Reference

Present work

Present work

23
r, = 1.08±0.01 (£<3.0 MeV)

r,= 1.63±0.0l (£>3.0 MeV)

T
! Present work

16

30

55

r =0.33±0.03

T, = l.05±0.04

T =1.5

T =1.53^

i Glazunov et al.*
1*

KramerAgeev &
Troshin®'*

Augustson et at."

t Neairow gprrtrqm t« iiiunH to ihp •••«! of himi in4 mprtlilkW
^ The iMumpfiofl that th«» nor!**** lemsrroTtir* of mreatom ia 1 5 MeV h

thrmhoM <Vtortor«

Calrulatofi from the given hy Augtnrson h

with nurlesr ?empere»or» T
shown *o he valid foe mew

pi*, a Fast neutron spectra from natural
uranium target, plotted in log ^(E)/
E ct. E representation
(Annotations represent the nuclear

temperatures determined from the

gradients.)

(9)

a«

ao

Glaznov. Yu. Ya.. Savin. M.V.. Safina, I.N..

et al. Soviet Phys. JETP. If. 1284 (1964).

Kramer-Ageev. E.A.. Troshin. V.S.: Vop.
Doztmetr Zaihch. Izluch.. Mosktrv Insh. Fiz.

Inu.. Sb. St. 3, 12 (1964).

Augustson. R.H.. Gaerttner. E.R.. Gozani.
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J. Maly
Phys. Letters

, 148 (1971)

EL EM. SYM.

u 92

METHOO REF. MO.

71 Ma 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E,F SPC THR-999 D 500
r
999 FRG-I £PT

999 = 1.3 GEV

Table 1
Estimated ervsrgloa and croea-eoctions of fission fragment formations produced by 1300 MeV electrons

(detected on (D) (oils)

•* Ranp? In mylar L'aUmated onergy of fragment la MoV
Crons section la jtb(jtmj A - 23 A • 50 Am 79 A m 190

(pass Inc foil Me.) 2 - 10 2 m 30 Z - 30 2rn 40 U pb W
(O.foil)

3 x 10* ft x 10
3

400
S3 jim

(4. foil)
79 189 294 301 1.7 2.2 4.1

$7 jim

(5. foil)
89 222 362 484 1.8 1.0 1.2

79 yin
(ft. foil)

10S 260 422 976 3.ft 1.2 1.9

23. ft 60.1
Kiaetio energy from fission oft

OloV) 60.0 49.8 18G\y

22.4 61. ft 80.0 66.9 208pb
49.2 92.0 111.0 111.3 23»U

B. . for fusion wlib:

*tab 92.4 192 302 433
1#c\v

(MoV) 99.7 203.9 319 442 *>»Pb
107 209 334 462 23®^

i
over

rom NBS-418
mav. 7-i a.*4>
uacoMM-oe a«oio>n«4 PHOTONUCLEAR DATA SHEET 117
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Fig. 1. Penetration of fission fragments through mylar
foils.from fission induced in U, Pb and W by electrons
and bremsstrahlung. Explanation of symbols:
Cf spontaneous fissionO; U fission front foils A and
back foils A; Pb fission front foils and back foils S;

'W fusion front foils O and back foils O .

Symbols with arrows (e.g, £) dsnots background level.
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MCTHOO

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G.G ABX 1 5 D L5 MAT-n on

(15.1) (15.1)

POL PHOTONS

EL EM. SYM. A

U

REF. NO.

74 Ha 4

92

hmg

TABLE L Results.

Target
doVdO, da±/otar

(Arbitrary units) > V t/(DCM)

Cd 0.042 ±0.028 0.39 ±0.05 0.11 ± 0.07 0.09 ± 0.07 0.19

fa* 0.026 ±0.020 0.54 ±0.04 0.05± 0.04 0.03 ±0.04 0.19

Sn 0.084 ±0.036 0.65 ±0.06 0.13 ±0.06 0.11 ±0.06 0.07

3b* 0.14 ±0.030 0.77 ±0.05 0.18±0.05 0. 16 ±0.05

Nd* 0.14 ±0.07 1.03 ±0.10 0.14±0.07 0.12 ±0.07

Ta 0.24 ±0.10 1.47±0.14 0.16 ±0.07 0.14±0.07 0.20

W 0.52 ±0.10 1.66 ± 0.12 0.31 ±0.07 0.29 ±0.07 0.20

Pt 0.23 ±0.08 1.94±0.13 0.12 ±0.04 0.10 ±0.04 0.08

Au 0.39 ±0.11 2.08±0.15 0.19±0.06 0. 17 ±0.06 0.07

Hg* 0.33 ±0.09 2.16 ± 0.15 0.15±0.04 0.13 ±0.04 0.03

Pb* 0.19 ±0.14 2.42±0.19 0.08 ±0.06 0.06 ±0.06 0

Bl 0.10 ±0.15 2.65 ±0.26 0.04 ±0.06 0.02 ±0.06 0

Th * 0.31 ±0.12 2.26±0.19 0.14± 0.05 0. 12±0.05 0.07

U* 0.21 ±0.11 2.38 ±0.19 0.09±0.05 0.07 ±0.05 0.08

* Data not previously reported.

TABLE IL Comparison with Saclay data.

Target

IV
This experiment

(Arbitrary units)

V
Sac lay

(mb) Ratio

Cd 0.337 ± 0.058 0.508 0.663 ±0.114

In* 0.507 ±0.046 0.591 0.859 ±0.078
Sn 0.550 ±0.072 0.822 0.669±0.096
Sb* 0.590 ±0.061 0.794 0.743 ±0.077
Nd* 0.837±0.100 1.170 0.715±0.086
Ta 1.19 ±0.18 1.88 0.633 ±0.096
W 1.05 ±0.17 2.05 0.512 ±0.083
Pt 1.67 ±0.16 2.70 0.619 ±0.059
Au 1.62 ±0.20 2.92 0.555±0.068
Hg* 2.16 ±0.20 3.29 0.540 ±0.060
Pb* 2.20 ±0.27 3.43 0.641 ±0.078
Bl 2.53 ±0.31 3.43 0.737 ±0.090
Th * 1.89 ±0.22 2.73 0.692 ±0.080
U* $.13 ±0.22 2.83 0.754 ±0.077

0.656±0.021

.* Data not previously reported.
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METHOD

Brown
ELEM. SYM. A

REF. NO.

Z

233 92

57 Ka 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN ABX 6 - 23 • C 6-23 BF3-I 4PI

Fig. 2. (y,N) yield and cross section
curves for U233 .
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REACTION RESULT
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D Pnotoci s s icr. cross sections versus photon energy
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METHOD

Fission chamber [Page 2 of 2]

REF. NO.

58 Ka 2 EGF

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 7 - Low-ene rgy-yield curves: fissions per roentgen-nucleus versus maximum bremsstrahlung
energy. (The solid and dotted lines are samples of smoothed yield curves which fit the

experimental data.)
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METHOO

and
EL EM. S iM.

233 92

REF. NO.

Betatron with Ionization chamber detector, enriched samples. 59 Ba 4 EGF

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 20 C 6-20 ION-

I

DST

TABLE I

Angular distributions

Ratio, counts at 90°/counts at 0°*

Nuclide o*6n £« =• 6.5 £« - S.O £o =• 10.0 £o =• 20.0

U-233
U-235
Xp-237

1 . 04S±0 . 07
1.024±0.05
1 .024±0. 10

1.032±0.04 0.994±0.03

Pu-239{
Am-241

1.034 ±0.26 0.927 ±0.12 1 . 002±0 . 06
0.958±0.07

1 ,013±0.05 0.952±0.03

•The ratio is the number of counts observed at 90° per unit X-ray dose divided by the
number observed at 0° for the same dose.

f\£o is the maximum energy in million electron volts of the bremsstrahlung spectrum.
JThe 45V0° ratio at £o = 6.5 Mev was 1.09±0.23.
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233

Ref. No.

62 Hu 1

Notes

92

Method

Monoergic y's from F^(p,a7) reaction; fission fragment ionization
chamber

.

Reaction

tr^(Y,0

E or A E

6.14

7.0

crd E J n

JHH

T.fii i

Isotopic content «•» uranium target* in mail per cent

Tantct^'*''
.’33 234 235 236 23h

l m On 33 o o|© ••0127 i *.:i
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.
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Ref 23: Everling, Konig, Mattauch, &
Wapstra - Nuclear Phys. 16 ,

529 (i960)

Ref 2 d: Vandenbosch & Seaborg
110, 507 (1958)
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REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE
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Data ratio of isomer to ground state yields. ISOMER YIELDS
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Fig. 3. Cumulative (a) and independent (b) yield m Pd isomeric ratios as a function of
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CLEM. SYM. A

U 233 92
MCTMOO REE. NO.

75 Ca 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OCTECTOR
ANGLE

TYPI AANQC

G,F NOX 6- 13 C 8- 13 MOD-I 4PI

The prompt- ami delayed-neutron multiplicities for photofission of the sight

isotopes, 233Th, 231U, 234U, ^U, a,U, OTNp, and 03Pu , have been measured
using bremsstrahlung with end-point energies ranging from 8 to 13 MeV. The
measured multiplicities are compared with those from the same compound nucleus

formed in neutron-induced fission where such data exist.

NEUTRON MULTIPLICITIES

Fig. 5. v. versus excitation energy for the eight iso-
topes studied In this experiment. The full curves shown
are from the evaluations of Davey2

with the excitation

energy determined as described in the text. For the
lower three isotopes shown, no previous experimental
values for ~vp exist.

;W.G. Davey, Nucl. Scl. Eng., 44, 345 (1971)
5
L. Tomlinson, "Delayed Neutrons from Fission:
A Compilation and Evaluation of Experimental
Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

Fig. 6. Delayed neutrons per fission versus the
parameter 3Z-A of the compound nucleus. The full

curve shown is the least-squares fit to the data shown
with In Yo B 10.61, K - -0.372. The dashed curve is the
least-squares fit to the data provided by Tomlinson® with
In F0 - 11.35, K= -0J9.

TABLE IV

Least-Squares Linear Fit Expressions for vp((fiY ))

WOKU NSV41S
l*(V. 7*1 4.44)

use OHM HIMC 129 PHOTONUCLE

Isotope V<£y )) - Vo * dvp/dE CEy )

Correlation

Coefficient

“Th i>(<Ey )) - 1.310 + 0.090 (Ey> 0.675

“u T>((Er))
- 1.200 + 0.1709 <Ey> 0.947

“u “vp ((Ey )) - 2.222 + 0.0399 (Ey) 0.741

“u vp((EY)) - 0.9034 + 0.2292 (Ey) 0.967

“u Vp((Ey)) - 1.140 + 0.1788 (Ey) 0.986

“u Tfp ((Ey)) - 1.502 + 0.1458 (Ey) 0.984

WNP T7,((Ey)) - 0.4027 + 0.2505 (Ey) 0.967

“Pu l>((Ey)) - 2.526 + 0.0930 (Ey) 0.777 *

over



TABLE m
Prompt- and Delayed-Neutron Yields

E,, MeV (Ey), MeV TV

Delayed Neutrons
per 100 Fissions

“TO 8 6.44 1.96 ± 0.11 3.10 ± 0.28

(o = 1.15 ± 0.05) 10 7.02 1.89 ± 0.11 3.06 * 0.31

10.2 7.10 1.89 ± 0.11 2.67 * 0.21

12 8.06 2.08 ± 0.11 2.59 ± 0.31

av a 2.80 ± 0.28

“u 8 6.68 2.350 ± 0.112 0.455 ± 0.040

(o « 1.25 * 0.05) 10 7.90 2.498 ± 0.108 0.518 ± 0.040

12 9.55 2.960 ± 0.096 0.640 ± 0.044
13 10.27 2.870 ± 0.099 0.598 ± 0.051

av « 0.553 ± 0.044

*U 8 (6.67)* 2.536 ± 0.112 —
(o = 1.13 ± 0.05) 10 8.69 2.499 ± 0.107 0.92 4 0.06

12 9.54 2.623 ± 0.105 0.97 ± 0.12
av a 0.94 ± 0.094

"U 8 6.67 2.456 * 0.086 0.90 ± 0.08

(o » 1.20 ± 0.05) 10 7.70 2.697 ± 0.081 0.88 ± 0.08

10.2 7.81 2.612 ± 0.079 1.13 ± 0.07
12 8.86 2.963 ± 0.072 1.12 ± 0.08

av a 1.02 ± 0.08

“u 8 6.66 2.357 ± 0.111 1.43 ±0.14
(<r a 1.20 ± 0.05) 10 7.63 2.470 ± 0.105 L73 ± 0.12

12 8.86 2.744 ± 0.095 1.64 * 0.10

av a 1.60 * 0.13

"u 8 6.53 2.457 * 0.088 3.06 * 0.24
(<r a 1.22 ± 0.05) 10 7.54 2.628 ± 0.083 2.76 * 0.17

10.2 7.66 2.585 ± 0.082 3.06 * 0.14
12 8.88 2.802 ± 0.078 2.75 * 0.19

av a 2.91 ± 0.20 i

“Np 10 7.68 2.35 ± 0.11 0.38 ± 0.04
(cr a 1.20 ± 0.05) 12 9.31 2.65 ± 0.10 0.50 * 0.04

13 9.92 2.95 ± 0.10 0.54 * 0.04

av a o.47 ± 0.04

“PU 10 7.69 3.32 * 0.08 __
(<r = 1.18 ± 0.10) 10.2 7.84 3.17 ± 0.14 0.37 ± 0.04

12 9.65 3.43 ± 0.10 J0.37 ± 0.04

av a 0.37 ± 0.04

“Estimated value.
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METMOO

M. Ya. Kondrat'ko, V. N. Korinets,

Sov. Atomic Energy 40, 83 (1976)
Atomnaya Energlya 4157 72 (1976)

and K. A. Petrzhak EL CM. SYM. A Z

u

rep. no.

233 92

76 Ko 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TVPf RANGE TYPE RANGE

G,F RLY THR- 24 C 10- 24 ACT-

1

4PI

Fig. 1. Yield ratios "peak to trough" for
*

phatofisslon. Data of present paper for the

reaction MU (y , f): O) YllaBa/YmCd; •)

YuoBa/YujAg; for the reaction a#Pu (y, f) :

A) YyoBa/YurCd* Data in [1] for the reac-
tion a5U <y, f) : > Yl4aBa/YmCd; in

[6 J for the reaction S8U (y, f): .

*) YuoBa/Yuscd.

TABLE 1. Relative Yields of Photo-

fission Products

*».

MeV
Tu,Af/T i Tu7C4/Timb»

to 0,0031 ±0,0008 0,0078±0,0010 0,005±0,001
t2 0,022±0,005 0,034±0,002 0,032±0,002
14 0,037 0,060 0,060
18 0,053 0,068 0,061

20 0,068 0,095 0,088

24 0.100 0,128 0,128

PORM HSS-411
IMV. ?• I 4» #41

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 131
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REF
- V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin, A.S. Soldatov,
Yu.M. Tsipenyuk
Yad. Fiz. 28, 1170 (1978)
Sov. J. NucT. Phys. 28, 602 (1978)

EL EM. SYM.

233 92

METHOD

78 Zh 7 hg

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photofission yields of
nine nuclei—232

Th. 23,
Np. 23,24

'Pu, and ;,1Am in the energy region 4.4-7 0 MeV. The method
of minimization of the directed deviation was used to reproduce the photofission cross sections from the
integrated yields. The following problems are discussed in terms of the experimental data: resonance
structure of the cross sections, effects of a two-humped shape of the fission barrier, and comparison of the
fissility in the (yf) and (nf) reactions and in direct reactions.

PACS numbers: 25.83Jg

5 7 S 6 7 5 6 7 S
~

6 . .
M«v

FIG. 8. Comparison of

energy dependences of the

Qasilitles of 233U and

In the insert is a com-
parison of the effective

curvature parameters
(10) (points) with calcula-

tions according to the

liquid-drop model23

(dot-dash curve).

FIG. 4. Fissility P, In

the reactions (y,f)~•,
<»./)—A (Ref. 14), and
in direct reactions—0. 2

The dashed curve shows
the results of evaluation

of Pf in accordance with
Eq. (9).

(over)

FORM H3S-418
IRCV. 7-1 4- Ml
USCOMM-NSS-OC
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national, bureauof standardsPHOTONUCLCaR data sheet 132



FTC. 3. Yields 7 (E^J . fissions/mg -uC , and cross sections

9yf(

E

r ), mb, for odd isotopes. The designations are the same
as in Fig. 2.

FIG. 6. Set of data on dipole photoabsorption cross sections

The solid line (1)—the present work—is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Er
= 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for 33SU; curve 4 is an estimate by

means of Axel’s formula. 15 Points: Z, ‘
!33Th: Z, a

—

23’U:—33,U; C, !3,U; 7,
!3TNp: O—33,Pu. The hollow

points are from Refs. 16 and 17: the solid points are from
Ref. 6.

133



A S Voronin, I.S. Koretskaya, V.L. Kuznetsov, V.G. Nedorezov,
" nV Nikitina, V.I. Noga, S.A. Pashchuk, Yu.N. Ranyuk, S.M. Solov'ev

Yad! Fiz. 34, 1439 (1981)

Sov. J. NucT. Phys. 34, 797 (1981)

EL EM. SYM.

233 92

MCTHOO
REP. NO.

81 Vo 3 egf

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPC RAN4C

E,F ABX 4-275 D 97-275 TRK-I 45

Results are presented of cross-section measurements for the fission of ulTh. U1U. JMU, J“U. “*17. ilTNp, and
!J*Pu by electrons with energies between 100 and 273 MeV; photofission and electrofission cross-section ratios

for the same nuclei are given as welL

PACS numbers 23 MJg. 27.9a + b, 23.t3.Ce

TABLE n. Electroflsnlon cross sections (mb) for nuclei with

90 measured for electron energies between 100 and 275

MeV.

Nucleus

e
a . M«v

»»Th w*U *“U mu *»u »’N*p m Pu

97 \2\ 8.12 5.66 'u55 323 6222 7.26

134 1.47 9.17 6.08 4.74 3.42 6.63 7.98

149 1.42 9.73 6.17 5.50 3.39 7.16 329
166 1.63 10.36 7.01 5.29 4.15 7 70 9.18

184 1.73 9.61 7.13 5.64 4.17 7.92 8.92

Ml 1.54 9.34 6.53 6 10 4-76 7.49 931
217 1.73 10.91 7.73 6.14 4 77 7.99 9.36

240 1.91 10.23 7.30 3.92 449 7.S4 9.43

S3 1.3.1 9.89 7.01) 6.17 4.76 7.30 9.78

27* 2.22 10.30 S.13 6.66 5.36 9.63 10.50

FOAM N8S-41S
(REV. 7.I4.«4>
USC OMM-OC 2S010-PS4 PHOTONUCLEAR DATA SHEET 134
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A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. B. Kowalski

Can. J. Phys. £7
,

1418 (1959) (A.E.C.L. No. 896)
234 i 92

MCTMOO [Page 1 of 2]
Betatron with ionization chamber detector, enriched samples.

REF. NO.

59 Ba 4 ZGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPt PANGS TYP* PANGS

G,F RLY THR - 20 C 6-20 I0N-1 DST

TABLE II

Angular distribution*

Relative fission fragment yields as a function of peak bremsstrahlung energy £« and angle 8

to X-ray beam

Angle 8

Et,
Mev 0 25 45 60 90

Th-232
6.5 1.00*0 3 20*5
7.0 i i*)xu iw 4.1*02 6. 7*0.

3

8. 4*0.3
7.5 1 00=0 l 5. 1*0.4 6.0*0 4 7.9*0 5
8.0 1 00=0 09 2. 4*0.

2

3. 6*0.

3

a. 1*0.3
1 9.0 1 1X1=0 l 3. 4*0.

3

1

l
10 0 1 00=0 m 1 16=0 1)5 1 67*0.08 1.97*0.08 2.4*0.

1

14.0 1 00 = 0 05 1.43*0.08
20.0 1 00=0 OO 1.13*0.06

U-238
6.0 l oo=o :» 6. 0*1.

4

i

l
6.3 l 00=0 1 3.6*0 4 5.9*0 6

• 6.5 l iU=o 2 4. 5*0.

7

7.0 1 00=0 IM 1 5*0 1 2. 0*0.

2

2. 4*0.

2

2. 9*0.

2

i 8.0 1 00=0 <a> 2. 1*0.1
9.4 l 1*1=0 023 1 094 *0 029 1 224 *0 029 1.274*0.034* l 452*0.033

i 10.0 1 1*1=0 04 1.38*0.04

1
14.0 1 1*1=0 <H 1.08*0.04

1 20 0 1 1*1 =0 IKI 1 .05*0.03

1

*• ™ 65* in this case

U-236
6.0 1 III rO 25 4.6*0 8
6 5 1 «• =o l 2.06*0.2 2.55*0.25
7.0 1 ill t<l ui 1 65=0 . 10 2.11*0.12

i 8 0 | III T O 04 1.39*0.06 1.66*0.07
i 9 0 1 ill * o o4 1 10*0 07 1 15=0 04 1.31*0.08* 1.46*0.05

10.0 1 ill c O itl 1.07*0.03 1.28=0 04
14 0 1 1*1 tO ><7 1.03*0.02

i
*• • ii5* in this case

U-234
6.5 1 i*t *u 1 1 41 =0 14 1.98*0.20
7.0 1 'Si *u i*5 1 . 19=0 06 1 53=0.08
8 0
10 0
15 0

1 HI *i« -ct

1 IS! t •' lit

1 1*1 t II lit

1 11*0.03 1.30*0.04
1. 12*0.03
1.01*0.03

Pu-240
« 5 1 49=0 15 1 55*0 16
7 0 . «• t •» •••

1 03*0 06 1.35*0.08
8 0
15 0

, ••» t «• .4.1

i t «• <3

1.01*0.03 1.21*0.04
1 01*0.02

The values .,.****• .r* •<«•(« nltMirved for unit X-ray dose normalized to unit yield at
8 “ 0*. No nrm '<o. Iwrn applied.

:oau S3$-*',3

• w • w< >wU» w — I ft.

o.S. 0. r PAR:;..£NT c.
N A riON Al. --til. a j • ;
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A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. B. Kowalski

• Can. J. Phys. J7, 1418 (1959) (A.E.C.L. No. 596)
U 234 92

METHO° [Page 2 of 2]

Betatron with ionization chamber detector, enriched samples.

REP. NO.

59 Ba 4 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE HANGS TYHS HANGS

TABLE IV

Relative fisaionabilities, U-238 — 100 at 20 Mev

£• U-234 U-235 U-230 U-238 Pu-239 Pu-240

0.0 0.45±0.05 0.303±0.013 0.387±0.040

0.5 1.165±0.033 1.134±0.025 1.159±0.026 1.08±0.07 0.239±0.024 1 . 145±0.051

7.0 2.51S±0.053 2. 282±0.038 2 . 358±0 . 037 2. 14±0. 14 4 50±0.22 2.528±0.075

8.0 0.285±0.085 5.519±0.067 5.285±0.05fl 4. 87±0.24 11. 35±0.34 0.09±0.12
9.0 11. 00±0.33 8. 94±0.13 8.65±0.26

10.0 17. 36±0.53 18.75±0.30 14. 29 ±0.20 14. 4l±0. 28 45. 1±2.2

14.0 88 . 0±4 .

5

43. 11 ±0.53 57.7±1 .4

15.0 84.3±1 .9 119-0±0.9 73.58±0.78 70.5±1 .8 255.0±7.6 82.3±1 .8

20.0 127.5±2.5 180.8±2.2 109. 4±1 .0 100±2 5 352±10 120.8±2.3

TABLE VI

Corrected values of a in W(9) — 1 +a sin* 9

£« Th-232 U-238 U-236 U-234 Pu-240

6.0 6.6±2 6 0±2.3
6.3 6 . 7± 1 .

1

6.5 >25 4.4±1 .0 2. 1±0.4 2.3±0.6 0. 65±0. 20
7.0 11.0±0.8 2.05±0 24 1.83 ±0.17 0.90±0. 16 0.49±0. 12

i O 10 3±1.6
8 0 4. 9 ±0.6 1 . 3±0 1 0 79 ±0.09 0.44±0.08 0 29=0 1)7

1) 0 2 S±0.

4

0 51±0.07
11.4 0.4 l±() HI

II) 1) 1 01±0 12 0 4 1 ±0 (!.-> 0 :;2±0 06 0 . 17±0 . 07
14 0 0.40±0.09 0 . 09 ±0 HI 0 04 ±0.03
15.0 0.02±0.04* 0 . 01 ±1.) 1):;*

20 0 0 14±0 06 0.05±0 o:>

“These values, which do not differ from zero, have not been corrected for isotopic com-
position.

eons N3S-418
• a tV 7-14.S.I

z.'-m.r.o

U.S. DEPARTMENT OP COMMERCE
NATIONAL aoneAUOP ST.MO.ROS
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><«--<• J.R. Huizenga, K.M. Clarke, J.E. Gindler, R. Vandenboach
Nuclear Phys. k}9 (1962)

Elem. Sym.

j

A

i

u
234

92

Method

Monoergic Y's from F^(p,cTY) reaction; fission fragment ionization
chamber,

Ref. No.

62 Hu 1 JHH

Reaction E or AE ad E J * Notes

U^(7, f

)

6.14

7.0

Isotopic content ol uranium targets in maa» per cent
1

Target

4
233 234 233 236 23"

1'"“ 94.33 0.010 0.0127 1.33

l **• 93 44 4.37 1 «i9

0 023 99.04 II il3M

0 07 4 «2 94 77 i» 34

0m *9 '»0

' L
Table •»

PhiKuliRMon cr« -^cn..n a nbtAinol with reowo-encntvt ic gaum r.«\'H (nun tlie

reaction

Target H.(MeV) *| /:, (MvV'j u

Th*** 1.00 -0 13 9± 3 9- 3 6.34 3.5

(J* 1. 12-0.13 13- 3 13— 4 6 04 53
0 HO -0 10 23 — » 33-11 6.40 5.2

L-» 2.UH-0 33 33-10 16- .*» 3 24

L«* 10.0 - 5.0 32 — 10 5!i*
6 77 5 l

3.21 • 0 70 44-14 13 • 4 3.00 3 4

Np*» 1 43 0 21 43-14 31 |o 6 76 *.
:i

•J From the * um|Nl.UM>n ut .il »)

•) Kn.ni ilir CMlIipiLllHHl ol rcl.

Ref 2D

Ref 2 5

Everling, Konig, Mattauclr, &
Wapstra - Nuclear Phys. 18 ,

529 (I960)

Vandenbosch & Seaborg - Phys. Rev.
no, 307 (1958)

U.S. DEPARTMENT Of COMMERCE
NATION AC IUMAU Of IT ANOAROS

form NBV41S
<»• !•«»)
UICOMM-OC tllM'FU

PHOTONUCLEAR DATA SHEET 139



Pig. 3. Cumulative (a) and independent (b) yield '"Pd isomeric ratio* as a function of

excitation energy above the fission barrier for several compound nuclei. The solid curves

in 3b. represent the root-mcan-square average angular momenta of the compound nuclei

indicated. The dashed curves are the solid curves displaced to pass approximately through

the respective isomeric ratio data.

Table 3. Cumulative yield isomeric ratios of

fission

Pd formed in photo- o*

a

-

£,,<McV) b Ml -

Target 13-8 16*6-17-0 17*1
5 I

“Th ooooo£ 0-0004 0*0056 £0-0006 » .

"U 0-U»5.»£ 0-0004 0-0054£ 0-0005 0-0066£ 0-0007 o
*

j
“U o-otrtj* o-ooo7 0-01 19 £0-001

2

3
f

.

; *“U 0-01 25 ± 0-0009 0*01 30 £0*001

3

u
! “*U 0-0261 £0*0019 0-0235 £ 0-0024

*

“U 0*0304£ 0-0022 0-0380 £0*0038 0-0454 £0-0045
1

Fig. 5. Cumulative (a) and independent (b) yield »'Pd isomeric ratios as a function of
af/zf for the compound nucleus.

FORM N3S-418
(REV. 7.14.841
USC OMM.OC 2801 0.P84
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MF.
J.T. Caldwell and E.J. Dowdy
Nucl . Scl. & Eng. 56, 179 (1975)

EL CM. SYM. A

234 92

MCTHOO NEE. NO.

75 Ca 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPC NAN 4C TV PC PAN G C

G.-F NOX 6- 13 C 8- 13 MOD-I 4PI

Tkt prompt- and delayed-neutron multiplicities for photofission of the eight

isotopes. mTh, 133V, »17. mNp. and 233P*. have been measured

using brentsstrahlung with end-point energies ranging from 8 to 13 MeV. The

measured multiplicities are compared with those from the same compound nucleus

formed in neutron-induced fission where such data exist.

NEUTRON MULTIPLICITIES

Fig. 5. v. versus excitation energy for the eight iso-
topes studied in this experiment. The full curves shown
are from the evaluations of Davey2 with the excitation
energy determined as described in the text. For the
lower three Isotopes shown, no previous experimental
values for exist.

".G. Davey, Nucl. Scl. Eng., 44, 345 (1971)

^L. Tomlinson, "Delayed Neutrons from Fission
A Compilation and Evaluation of Experimental
Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

Least-

Fig. 6. Delayed neutrons per fission versus the
parameter 3Z-A of the compound nucleus. The full
curve shown is the least-squares fit to the data shown
with In Fo = 10.61, /C — -0.372. The dashed curve is the
least-squares fit to the data provided by Tomlinson® with
In F0 = 11.35, K = -0.39.

TABLE IV

Squares Linear Fit Expressions tor vp ((Ey ))

roMM MtS>41E
IRIV. 7-1 A-A4 I

uscoini mss-oc 1 41 PHOTONU

Isotope Vp«jBy ))-*>+ dvp/dE (jEy)

Correlation

Coefficient

“Th Vp((£y)) - 1.310 + 0.090 <Ey) 0.675

“u Vp((jSy)) - 1.200 + 0.1709 (Ey> 0.947

3 °*u 17,(<Ey >) * 2.222 + 0.0399 <Ey) 0.741

“u ?p((Er)) - 0.9034 + 0.2292 (Ey) 0.967

“u Vp((Ey)) - 1.140 + 0.1788 (Ey) 0.986

**u Vp((Ey)) - 1.502 + 0.1458 (Ey) 0.984

"Np VptfjEy)) - 0.4027 0.2505 (Ey) 0.967

"Ptt vp((Ey)) - 2.526 + 0.0930 (Ey) 0.777

over
MENTOF COMMERCE
IKAUOF STANDARDS



TABLE m
Prompt* and Delayed-Neutron Yields

E,. MeV <Ey>, MeV TV

Delayed Neutrons
per 100 Fissions

“Th 8 6.44 1.96 * 0.11 3.10 a 0.28

(a - 1.15 a 0.05) 10 7.02 1.89 a 0.11 3.06 a 0.31

10.2 7.10 1.89 a 0.11 2.67 a 0.21

12 8.06 2.08 a 0.11 2.59 a 0.31

av » 2.80 a 0.28

“U 8 6.68 2.350 a 0.112 0.455 a 0.040
(9 - 1.25 a 0.05) 10 7.90 2.498 a 0.108 0.518 a 0.040

12 9.55 2.960 a 0.096 0.640 a 0.044
13 10.27 2.870 ± 0.099 0.598 a 0.051

av - 0.553 a 0.044

*0 8 (8.67)* 2.536 a 0.112 __
(9 - 1.13 a 0.05) 10 8.69 2.499 a 0.107 0.92 a 0.06

12 9.54 2.623 ± 0.105 0.97 a 0.12
av - 0.94 a 0.094

•u 8 6.67 2.456 a 0.086 0.90 a 0.08 ;

(9 = 1.20 a 0.05) 10 7.70 2.697 a 0.081 0.88 a 0.08
10.2 7.81 2.612 a 0.079 1.13 * 0.07
12 8.86 2.963 a 0.072 1.12 a 0.08

av 3 1.02 a 0.08
;

8 6.66 2.357 a 0.111 1.43 a 0.14 i

(9 » 1.20 a 0.05) 10 7.63 2.470 a 0.105 1.73 a 0.12
12 8.86 2.744 a 0.095 1.64 a 0.10

av * 1.60 a 0.13

“u 8 6.S3 2.457 a 0.088 3.06 a 0.24
(9 * 1.22 a 0.05) 10 7.54 2.628 ± 0.083 2.76 a 0.17

10.2 7.66 2.585 a 0.082 3.06 a 0.14
12 8.88 2.802 a 0.078 2.75 a 0.19

av « 2.91 a 0.20

"Np 10 7.68 2.35 a 0.11 0.38 a 0.04
(9 - 1.20 a 0.05) 12 9.31 2.65 a 0.10 0.50 a 0.04

13 til 2.95 a 0.10 0.54 aa 0.04

av 3 0.47 a 0.04

“PH 10 7.69 3.32 a 0.08 —
(9 = 1.18 * 0.10) 10.2 7K 3.17 a 0.14 0.37 a 0.04

12 9.88 3.43 a 0.10 0.37 a 0.04

av 3 0.37 ± 0.04

'Estimated value.



C.D. Bowman, I.G. Schroder, K.C. Duvall and C.E. Dick

Phys. Rev. C 17, 1086 (1978)

I EL EM. SYM.

234 92

|

REF. NO.

Upper limit of a at 3.5 MeV is 0.3 ± 2.5 x 10*io 5

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLEENERGY TYPE RAN GE TYPE RANGE

G,F ABX THR- 4 C 4 TRK-I 4PI

(THR-3.5) (3.5)

Upper limit for SIGMA

. . , nli ij*it have been measured in the energy range from 3.25 to 5.75

MV andlbr ^iTand ,J*U at 3 5 MeV. The cross sections change by over seven orders of magnitude for

£» JL ro, indie.™. .

sensitivity to fission barrier parameters.

'o«m N3S-418
Cv. 7-1 4-04)

use OMM-N 85-OC PHOTONUCLEAR DATA SHEET 143
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REF
- L.J. Lindgren, A. Aim and A. Sandell

Nucl. Phys. A298, 43 (1978)

ELEM. SYM.

u 234 92
METHOD REF. NO.

78 Li 1 rs

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLX 5- 6 C 0-6 TRK-D DST

Abstract: A measurement of the angular distributions and yields of fusion fragments in the photofission

of
:J4U has been performed between 5.2 and 6.4 MeV As -/-source, ihc bremsstrahlung from a

microtron was used. For the detection of the fission fragments, solid- state track detectors were used.

The present data for have been analysed together with earlier obt.ur 1 data for and
' '

' L

.

The values of the fission barrier parameters obtained are compared ’>• r.M;lt> in theoretical macro-

scopic and microscopic fission potential energy calculation].

See figure on other side

FORM N3S-418
IR EV. 7.1 4>«4I

USCOMM-NBS-OC
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Fig. I. L pper Icrt ij
io1

. "experimental" (solid curve) and node! calculated (dashed curse) to'al cross

sections experimental >;eid points (C) with the >ielJ curse assumed (solid cursei L'ppr' right:

<r,. "experimental ' (solid curse) and model calculated idushed curse) cross sections, and mean cross

section (shaded band) >, experimental weld points (C> w:t*v the weld curse assumed (solid curve).

Dashed lines correspond to the mean cross section hand abose. /.finer h’Jt r "mean experimental"

(shaded band) and model calculated (solid curse) cross sections. ),. experiment-! veld points (Q) swth

the yield assumed tsolul curse). The dashed lines correspond to the mean cross-section band abose

Lower right ff,. “experimental" i solid curve and fine dashed lines) and model calculated cross sections

(dashed curve) K, cxpei.mental points (Q) with three different vielJ curves (solid and dashed curves).
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w
- L.J.

Sov.

Yad.

method

Lindgren, A.S. Soldatov, Yu.M. Tsipenyuk
J. Nucl . PhySo 32, 173 (1980)
Fiz. 32, 335 (1980)

ELEM. SYM. A

u

REF. NO.

92

80 Li 5 hg

REACTION result EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANG! T Y PC RANGE

G,F ABX THR-6.5 C 4-6 TRK-I DST

(4-5.7)

2 2
W(e) = a+b sin 8 + c sin 28

Measurements of the integrated yield of
2MU photofission are reported in the range of bremsstrahlung

maximum energies £„. = 4-5.7 MeV, and also angular distributions of fragments for £„„ = 5.1 and 5.6

MeV. On the basis of these data, total and partial cross sections for fission of
IU

\J have been obtained. The
qualitative differences of

1MU from the heavier isotopes of uranium 236 and 238 are discussed.

PACS numbers: 25.85Jg. 27.90. + b

TABLE I. Coefficients of the angular distri-

bution of fragments from photofission of 234 U.

f^.MeY a b e

5.1 •1.023^1.036 0.977=0.06 1.146=0.079

5.6 0.032-O.UuS 0.968=0.016 O.l'JjiO.UlS

i

[i

! '

.

m
\

l

fa.1 8 i

JO J.J 6.0 6.J
M«V

FIG. 1. Dependence of the coefficient a and c of the angular

distribution WO) on the energy obtained in the present work
(•) and in Ref. 5 (c).

FIG. 2. Integrated yield Y in photofission of ,,4U and its

angular components r
a <C). F# (A), ami Ye <+): •—results of

the present work, o—Ref. 5, c—data on M:Np.10

foam NSS-41E
IMV. 7.1 4. Ml
USCOMM-NSS-OC PHOTONUCLEAR DATA SHEET 146

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



*er. J.D.T. Arruda-Neto, B.L. Berman, S.B.
Phys. Rev. C23, 2595 (1981)

Herdade, I.C. Nascimento EL EM. SYM. z

234 92

metmoo REP. NO.

81 Ar 4 egf

REACTION excitation
ENERGY

SOURCE oetector
angleRESULT

TYPE PANGS TYPE PANGS

E,F ABX 5-25 D 5-25 TRK-I 4PI

The electrofission cross section for
;J4U from 5.5 to 25.4 MeV has been measured. From a combined analysis of it

and the previously measured photofission cross section, using virtual-photon spectra calculated in the distorted-

wave Born approximation, the £2 photofission cross section has been determined. Parameters of the fission-decay

branch of the giant quadrupole resonance for this nucleus have been obtained. A comparison of the £2 and £1

integrated phototissfon cross sections for the even uranium isotopes shows that the £ 1 fission channel increases in

strength more rapidly with fissility than does the £2 channel.

jNUCLEAR REACTIONS Measured <r(e,f) for
21
*U; deduced ff^(y,/)j

G,F VIA VIRTUAL PHOT

FIG. 3. The upper curve is <r*
dd from Fig. 2. Sub-

traction of the A/l contribution, represented by the

shaded region (see text) yields the lower curve below
— 3 MeV. Subtraction of the second-chance photofission

cross section ety,nf) from the total photofission cross
section cty.F) yields the first-chance photofission cross
section uly,/) which is the lower curve above the (y,nf)
threshold 0, f

”12.3 MeV. Thus, the lower curve re-
presents the fission-decay branch of the G<^R.

1 1 1 1 l__| |

0.70 0.71 0.72 0.73

Z 2/50.1 A

FIG. 4. The data points are the integrated photofission
cross sections for the £1 and £2 multipolarities for the
even uranium isotopes, as labeled. The lines illustrate
the steeper dependence of the £1 strength of the fissility
Z l/A than that of the £2 strength.

to-* -

to' ;

10° L *-<r
-

-Sr*

to-J—

5 7 9 It 13 15 17 19 21 23 25 27

Electron energy (MeVt

FIG. 1. (a) The data points are the present measured
electrofission cross section (7, (£0 ) for :34

U. Except for

the point at 5.3 MeV, the statistical uncertainties are
smaller than the plotted symbols . The solid curve is

<7;(£n ). which was obtained by integrating the measured
photofission cross section of Ref. 9 with the £1 virtual-

photon spectrum of Ref. 3; it represents mainly the £1
component, (b) The data points (with error flags) are the

electrofission cross-section differences (£0 ) be-
tween the data points and the curve of part (a). The
dashed curve is the foldback of (shown in Fig. 2) in

Eq. (3).

form M3S-41E
IRCV. 7-IA.«4>
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„eF J.D. T. Arruda-Neto, S.B. Herdade, I.C. Nascimento, B.L
‘

Nucl . Phys. A389, 378 (1982)

Berman, EL EM. SVM. A

234 92

method REF. NO.

Page 1 of 4
82 Ar 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

rv»6 RANGE TYPE RANGE

E,F
*

ABX 5-25 D 5-25 TRK-I DST

Reanalysis of data from ref. 2-5 also given

Abstract: The electrofission angular distributions for
:34U in the energy range 5.5 to 25 MeV were

measured and are analyzed together with those obtained previously for
' 3ISU and

'
"U. The

competition between the K =0 and K = 1 fission channels following E2 excitation is established,

showing a dominance of the K =0 channel for near-barrter fission. The E2 fission strength functions

for
'34

U.
" 3,,U and

"38U are deduced as well, and the E2 fission probabilities < at energies below
the pairing gap) are estimated. A substantial concentration of E2 strength near the fission barrier

is found, in good agreement with earlier photofission angular-distribution studies.

Table 1

First-chance fission-decay parameters of the GQR strength function*

Nucleus Reaction
Peak energy

(MeV)

FWHM
(MeV)

EWSR
(%)

Pf(E2)

(%)
Ref.

234u (e.f) 8.2£0.4 4.8 ±1.0 87 ±14 70± 15 *) this work
:36u (e, f) 8.9±0.4 4.7 ±1.0 72± 10 60± 10 *) this work
238u (e. f) 8.3±0.4 5.0± 1.0 55 ± 10 40± 10

a

) this work
23Su (e. e’f) 8.8±0.2 —3/4.5 ±0.5

h
)

c
)

c
)

6
)

238u (a.a’f) ~ll d
) 4.0±0.5

d
) <10 7

>

238u (a, a'f) 10.6 2.2±0.2
e

) 25 ±10
K

)

238U (

6
Li.

s
Li'f) -10.5 —7 d

) a20 9
)

* In our early work we published
2-4 ' 5

) results derived sijnply from the cross sections and not the

parameters of the strength functions obtained therefrom.

*) As determined at the peak energy.
b
) Without and with the inclusion of the peak at -6 MeV. respectively.

c
) No definitive figures at the present stage of the data analvsis can be given but they are at least

equivalent to the (y, f) results
"3

) for GDR fission decay at -9 MeV. and larger near -6 MeV.
**) From the published singles spectrum.

') For the K = 0 component only [see ref. *)].

d<7 t

~(E',d,)= V f ~(J’T K F a
K .odn,

J
’ K ' E~ 9 '

- A t(Ee ) + Bc(Er ) sin
2

i9 f + Ce|£e ) sin
:

2rt,

.

(13)

2) J.D.T. Arruda-Neto. S.B.. Herdade. B.S. Bhandari and I.C. Nascimento, Phys. Rev. C18 ( 1978) 863
3) J.D.T. Arruda-Neto and B.L. Berman. Nucl. Phys. A349 1 1980) 483
4) J.D.T. Arruda-Neto. B.L. Berman, S.B. Herdade and I.C. Nascimento. Phys. Rev. C22 ( 1980) 1996
5) J.D.T. Arruda-Neto. B.L. Berman. S.B. Herdade and I.C. Nascimento, Phys. Rev. C23 1 1981) 2595
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Hgp J.D.T. Arruda-Neto, S.B. Herdade, I.C.

Nucl . Phys. A389, 378 (1982)

METHOD

Nascimento, B.L. Berman,

Page 3 of 4

EL EM. SYM.

U 234 92

rer. no.

82 Ar 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE PANGC TYPE MANGE

E,F ABX 5-25 D 5-25 TRK-I DST

ELECTRON ENERGY (Mev)

Fig. 5. la) Coefficient A of the angular-distribution function icq. 1 1 3 1] divided bv the quantity [2A -tfl 1

i sC] (which is proportional to the total electrotission cross section i. as a function oi the incident electron
energy, ibt Same as in tig. 5a. for the cuolficient ft. ici Same as in ng. 5a. for the coefficient C.

ROAM NSS-411
(REV. 7.14-aai

USC OMM-N BS-O C PHOTONUCLEAR DATA SHEET 50

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OR ST AN OA R 03
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ELECTRON ENERGY (M«V)

Fig. 5c.
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A=235

.





*SF.
i EL EM. SYM. A Z

A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and j

S. 3. Kowalski
1

Can. J. Phys. J7, 1418 (1959) (A.E.C.L. No. 396) U 1 235

1

92

METHOD
|

REF. NO.

Betatron with ionization chamber detector, enriched sampLes. 59 3a 4 EG?

reaction RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 20 C 6-20 ION-

1

DST

TABLE I

Angular distributions

Ratio, counts at 90*/counts at 0°*

Nuclide 01o £, - 6.5 £. - 8.0 £« - 10.0 £. - 20.0

U-233
U-235
Np-237
Pu-2391
Ara-241

1.034 ±0.26 0.927±0.12

1.048±0.07
1.024±0.05
1.024±0.10
1.002 ±0.06
0.958±0.07

1.032±0.04 0.994±0.03

1.013±0.05 0.952±0.03

•The ratio is the number of counts observed at 90° per unit X-ray dose divided by the

number observed at 0* for tie same dose.

t£o is the maximum energy in million electron volts of the bremsstrahlung spectrum.

JThe 45*/0# ratio at E» — 6.5 Mev was 1.09±0.23.

TABLE IV

Relative fissionabilities, U-238 « 100 at 20 Mev

£. U-234 U-233 U-230 l"-238 Pu-239 Pu-240

no 0 45*0 03 0.3033:0 013 0 387*0 040
n.s
7.0

8.0

8 0

1.103*0. 0.13

2.313*0 053

0.283*0 085

1 . 134*0 025

2 282*0 038

3 310*0 007

11 00*0.33

1 139*0 020

2 3.58*0 037

5.283=0 ".511

8 94=0 ::t

l .08*0.07
2. 1 l=c0 1 \

\ 57*0 >1

8 »i»*0 20

0 239*0.024
4 30*0.22
11 35*0.34

I. 145*0 051

2 528*0 075
6 09=0 12

10.0 17.30*0 S3 18 75*0 30 14 . 29sO JO 14.11 3:0 28 45. 1*2.2
14 0 88.0*4.5 43 ll*o .*» 57.7*1 4

15 0

20 0

84 3*1 9

127 3*2 3

119 C-^O 9

180 8*2 2

73 38*0 78

109 1*1 0

70 5 a: l 8

100*2 5

2.53.0*7.6

352*10
82 3*1.8
120.8*2.3

W.S. DO
NA f I ON A t
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Ref. J.R. Huizenga, K.M. Clarke, J.E. Gindler, R. Vandenboach

Nuclear Phys. ^4, 439 ( 1962)

Etem. Sym.
|

A

u 235

Ref. No.

92

Method IQ
Monoergic 7's from F 7

(p,<yy) reaction; fission fragment ionization
chamber,

62 Hu 1 JHH

Reaction E or A E a d E J " Notes

6.14

7.0

Table 1

Isotopic content of uranium targets in muss per cent

A

Target
233 234 235 230 23m

98.33 0010 0.0127 1 53

l**4 93.44 4 87 1 1*9

l** 0 022 99.94 • » "3*

u«* 0 07 4.02 94 77 • I 54

l-tm 0.04 9

L

Tabu 5

Ph<»toliuu«*n crow NTtiiin* >»bt»imil with mono^nereetic gum HU raVR from the F ,*(p. *-•!<>**

reaction

Target /f.(MeV) •) /iffMvV)

Tli®* 1.00 -0.13 9± 3 9± 3 0 34 5.5

U*“ 112-0 15 I5± 5 13± 4 0.04 3 3
l*m 0 MO i0 10 28 ± 9 35-11 0 40 5 2

L*«* 2. Oft = 0 33 33-10 16 + 5 5.24 5 5

U®* too -3.0 •2-16 »:;• 0.77 5 1

1“ 3.24 - o.:» 44-14 13-4 3 90 . » *

Np- 1 43 0 21 45-14 31 T l» 0 70 5 :»

•) l
;r«»iu the c«» n|MUtM»n uf ref. "1

•) From the co upil.itton of ref. ")

Ref 2>.

Ref 2 5

Everling, Konig, Mattauch, St

Wapstra - Nuclear Phys. 18 ,

529 (I960)

Vandenbosch & Seaborg - Phys. Rev.
110, 507 (1958)

form NBS-41*
(••1-931
U3COMM-OC Illlt'Pt]
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REF.
C.D. Bowman, G.F. Auchampaugh, S. C. Fultz
Phys. Rev.-J^, B676-83 (1964)

EL CM. SYM.

235 92

method

Positron annihilation, linac; ion chamber monitor

REF. NO.

64 Bo 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PE RANGE TYPE RANGE

G.F ABX 6 - 19 D 6 - 19 ION-

1

4PI

G,N ABX 8 - 21 D 8 - 21 BF3-I 4PI

G ,2N ABX 8 - 21 D 8 - 21 BF3-I 4PI

280
r 1

: : : ' :
1

;

235
Target enriched to 93^ U

18 .

5

MeV

j
d(y,f )dE = 1.07 MeV-barns

18.5

MeV

J
d(y,n)dE = 1.00 MeV-barns

18.5

MeV

J
d(y,2n)dE = 1.49 MeV-barns

9

422 +

9 II |J ,3

photon enerotiw.vi

Fic. 2. Photofission cross section <r(y,F) of U235
. The data de-

noted by dots represent the fission cross section as measured with
the annihilation photons. Error bars give standard deviation in the
positron data. The crosses represent normalized bremsstrahlung
data obtained with the spark chamber. The solid line through the
data represents the photofission cross section used in the analysis
for the formation cross section.

On Danos' theory, find quadrupole moment = 12.8 ± 1.3 barns.

£u *k- 'V./

vn

r

Fio. 5. Total neutron-emission cross section <r(y,X) for U33*.

These data were obtained by taking the difference between the

neutron-yield curves of Fig. 4. The statistical errors on the points

represent the standard deviation of the measurements with
positrons. The thresholds for various reactions which emit neu-

trons are also shown.

1' ic. 8 . The compound-nucleus-formation cross section o-

(

7 ,
total)

and its components. The formation cross section was obtained by
dividing <r (7 ,.V) by*.. The (7,«) and (7 ,2») cross sections computed
from Eqs. (14) are also shown. The (7,F) cross section of Fig. 2
is included for comparison. The negative cross sections arise mainly
from inaccuracies in the determination of *. and <r(y,F).

form NBS-4U
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EL EM. SYM.

U 235 92

REF. NO.

66 Ko 3 JDM

REF.
M. Ya. Kondrat'ko and K. A. Petrzhak
Atomnaya Energiya 20, 514 (1966)

Atomic Energy 20, 594 (1966)

method

Betatron

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, F RLY THR-25 C 10-25 ACT-

I

4PI

Maximum energy

of Bremsstrahlung

E,. MeV

Ratios of yields for U 73S
(y, /)

Ratios of yields
for Ul3f

(y, /)

yBa»*»

l'cdus

yBan»
yCdii»"»

YBaH«
yCdiiMR

r3r«
^Cdiu

[*]

10,0 131±28 124±22 134±25 ir/±t8 150
12,0 52,2±8,3 50,8±8,1 60,1±8,0 58,S±7,9 — —
H,0 30,8±3,4 28,5x3,2 35,6±2,1 33,1±1,8 — '

16,0 21,6±2,4 20 , 4 1 .

0

26.4±2,0 25,0±1,1 — 25
18,0 20,3±2,8 16,5x1,7 22,7±2,4 18,5±0,9 — —

j

20,0 13.7± 1,1 13,0x1.0 17,0i;0,9 16,9±0,8 20 _
22,0 13,2±1,7 11 ,9x1 ,3 16,7±1,4 15,0x0,7 — 14
25,2 ll,3±l,6 10, 3*0,1) 15,6±1,9 14.2±0,7

photofission of uranium isotopes:

^ Y
Ba ,3»^ YCd ,ls’ ** Y

Ba IJ,^YCd117m *

Or
Ba'»

/Y
Ag»

|Cf0r U,” (^ ) daU

of the present investigation]: x)

Y
Sr»‘

/Y
Cd‘»

forUl“
( >'/) M )

Y
Ba‘»

/Y
Cd‘‘*

f0rU," ( r /> Pi-

Fig. 2. "Peak-to-trough* ratio for

the photofission of isotope UIJS

(data of present investigation): O)

Y
aa l4*^YCdus

’ Y
Ba 14*^YCdUTm*

Q Y
BaM#/YAg‘“*

form NBS-41S
(REV. 7-1 4-«4l
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„ cr .
0. P. Nikotin and K. A. Petrzhak
Atomnaya Energiya 20, 263 (1966)

UDC 539.173.84, P. 300

MflMOO
|

REF. NO.

I ELEM. SVM.

235 92

i
66 Nl 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR- 15 c 10- 15 TRK-D 0-1 4PI

(.1-1.0)

Delayed Neutrons from Photoflssion 3 15 MeV)

Total yield of delayed

neutrons, neutrons /100

fissions

Neutron group

1

!

T»/„ «C Relative yield

of group,
|

Absolute yield of

group, neutrons

per 100 fissions

1 55,6-1.5 4.40-0.20 0.17—O.O3
O 20. 3-U. S 16.3-1.0 0.62—0,10

a 5 . 45—0,50 15.9-1.5 0,60 -0.10

3,S±0.G(Th*«) 1,98—0,20 37, fi 4-3,0 1.43x0.30
5

G •

0,43-0.10

0.18x0,03

17.2±2.0

8 7T ”'®
°* —4,0

0,66x0. 10

u <*>,*_0.20

1 54.7-2,5 5.4 -0.5 0,052 -‘*0.010

20.3-1.0 20.0-2,0 0.193-0,040
3 5.45-0.60 15,2—2.0 0.146x0.030

o.MiO.iao;1") V 2.0! —0.23 9x*.o 0,354—0.070
5 0.50-0,10 13,9 -2,0 0.134 -0,030

• 0,10x0,04 , ,.-r2.0
3, ° — 5,0

0 oit -r* 0,025
-0,050

1 56 , 2 -j-0 .8 1.98-0,08 0.061—0,0 ip

2 21.3-0,3 l5,"x0,5 0.489x0.070

3.1±0,4(U»») •

3
4

5,50-0.20
2.15-0.10

17,5-0,7
31 , 1x0.8

0.545—0,070
0.070-O.15O

5 0,70x0,00 17.7x0.9 0,552—0,080

6 0,19-0,02 10,1 -5,0
0 502

* 0 - 1-”
U,JU — 0,200

o.asiO.ceuM*3*)

1

2
3
4
5

6

54,0-3,0
20.0x1.0
5 .7—0,7

1 ,94-0.30

<>.58x0.10

0.20 -0.W

G.05-0, GO
20,G—2,0

18,3x3.0
20,5x4.0
14,9x3,0

i,,GI3!«
1

i

0,022 -0,004
0,075 -0,018
0,066 -0,015
0.105-0,020
0,054 -0,012

0 O'lS
- 0,012

i

°' 0''5 -O,025

DELAYED N YIELDS

rorm M6S»4li
IRCV. 7-14-A4J
USC OMM. O C 2«010-p«4

Fig. 3. Absolute yields of delayed neutrons

from fission of nuclei: ) [7]; •) present
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ref. K. A. Petrzhak and G. A. Tutin
Yad. Fiz. 7, 970 (1968)
Sov. J. Nucl. Phys. 7, 584 (1968)

EL EM. SYM. A

u

METHOD REF. NO.

Z

235 92

68 Pe 2 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR-25 C 25 ION- D 4PI

FIG. 1. Contour diagram of the distribution of the kinetic energy
of the paired photofission fragments of U 235

at E^n,^ = 25 MeV (E|,

Eh - kinetic energy of the light and heavy fragments, respectively;

Ek * Ej + Eh - summary kinetic energy of the fragments; M|, M|, -
mass of heavy and light fragments).

mo '3

FIG. 2. Distribution

of the total kinetic energy
of the fragments of photo-
fission of U 235

FIG. 4. Spectra of total fragment kinetic energy for different mass
ratios.
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REF.

K. A. Petrzhak and G. A. Tutin

Yad. Fiz. 2, 949 (1969)

Sov. J. Nucl. Phys. 2, 556 (1969)

c.u cm. jrM. A

u 235 92

METHOD REF. NO.

69 Pe 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F SPC THR- 12 C 12 ION-D 50-110 4PI

J .n 7} it !i_ i± £1 totV T Hi Hi Hi Hi Hi Hi Hi

i MtH

h /m y v 'V a •> v!
*»/*T /W Hi Hi ’Si hj Hi w

FIC. t. Contour diagram of fragment kinetic energy distribution in

the photofission of U ,:M atEymax* 12.1 MeV. The contour 1.0 corre-

sponds to an event probability density 2.72 X 10*’ |fission-MeV J
J*' -a;

b-Emax 25 MeV (corrected data of l

1

J )•

MASS, ENERGY SPC

FIC. 2. Dependence of the width of the distribution of a summary
kinetic energy of the fragments i at half the height (a), of the most pro-
bable summary kinetic energy of the fragments Eq (b), and of the frag-

ment yield Y (c) on the mass of the heavy fragment in the fission of U,M
by bremsstrahlung with maximum energy 12.1 MeV (O) and 25 MeV (©).
Only the statistical errors are indicated.
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FIG. 3. Corrected distribution

of the summary kinetic energy

of U1M photofission fragments

for a selected heavy-fragment

mass interval: a- 1 17.5-123 at
un., b— 1 23— 1 27 at. un. Points:

O—Eymax - 12.1 McV, 0-25
MeV. Statistical errors are indi-

cated.

FIG. 4. Difference distributions of the summary kinetic energy of the

U”‘ photofission fragments for selected heavy-fragment mass intervals:

117.5-123 at. un. (O) and 123-127 at un, (). The statistical errors are

indicated.
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D.

J.

METHOD

ELEM. SYM. A

C. Aumann and J. E. Glndler
lnorg. nucl. Chem. 3_2, 731 (1970)

U

REF. NO.

235 92

70 Au 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-17 C 14-17 ACT-I 4PI
•

Data ratio of isomer to ground state yields. ISOMER YIELDS

3

£

2

Fig. 3. Cumulative (a) and independent (bl yield "‘Pd isomeric ratios as a function of

excitation energy above the fission bamcr for several compound nuclei. The solid curves

in 3b represent the root-mean-square average angular momenta of the compound nuclei

indicated. The dashed curves are the solid curves displaced to pass approximately through,

the respective isomeric ratio data.

Table 3 . Cumulative yield isomeric ratios ».i '"Pd Ionian .11 pliolo-

fission

Target S3-X

fat VleV )

16-6-170 17-1

:srTh D OOM) - 0-0004 0-0056 ±0-0006

*U O-IIOVl — 0 0004 0-0054 ± 0-IKM5 11-0066 ± IMMI07

=“U 0IXW5 ± 0-0007 0-01 l>> ±0-O0l 2

“U o-oi25±o ooov 0-01 30 ±0-001

3

*"U 0 0261 ±000 19 0-0235 ± 0-0024

“U 0 0304 ± 0 0022 0-0380 ± 0-0038 0-0454 r 0-0045

I
-
£1

*

t
t

,
' !

r ij-8 wtv « »

ll7M«V «

2J~6 M«v *H« •

i

u
i

_t_
34

Z*/A

T T j
i-O

C| fOOOO 09937
i>e m«v • •

|7M«V * .

3 3 3 3 3
S S2SS

lO' I

1 5
' 90

Li
37

JOOt

Fig. 5. Cumulative (a) and independent (b) yield "'Pd isomeric ratio* as a function of
ZV/4 for the compound nucleus.
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L. A
Nuc 1

1
REF.

MFTHOO

. Kull, R. L. BrambLett, T. Gozani

. Sci. & Eng. 22 ?
163 ( 1970 )

D. E. Rundquist
ELEM. SVM.

235 92

REF. NO.

70 Ku 2 egf

EXCITATION
ENERGY

SOURCE detector
REACTION RESULT

TYPE RANGE TYPE RANGE
ANGLE

G
T
F NOX 5-10 c s

T
io BF3-I 4PI

Fig. 7. Relative abundances of the delayed neutron
groups (/if) for '*U (xy.f) at E, = 8 and 10 MeV together
with the data of Ref. 3 at E, = 15 MeV.

DELAYED NEUT YLDS

TABLE I

Relative Abundance* for the Photoflaaton of "*U and “*U with
Bremaatrahlung at Endpoint Energies of 8 and 10 MeV

Actual Half- Lives Used In the Analyses
were Taken from Ref. 4

Half-Ufa
(sec)

Relative Abundance (percent)

“*U
(8 MeV) (10 MeV)

"*U
(8 MeV)

••u
(10 MeV)

55 2.5 * 0.1 2.1 * 0.1 5.2 * O.S
,

5.6 . 0.2
20 17.3 t 0.4 16.3 < 0.1 25.3 . 0.3 24.5 * O.S
5 17.0 * 1.1 18.7 * 0.3 21.3 * 1.3 24.4 * 0.9
2 36.1 * 0.9 36.4 * 0.4 35.0 * 1.2 33.7 * O.S
O.S 17.9 a 1.1 18.1 ± 1.0 4.4 » 2.2 9.1 * 1.0
0.2 9.2 * 1.4 10.5* 1.1 8.3 * 3.2 2.8 * 1.1

J

it l MAK . UThNKO. J. Exptl. Thxaret. Phyi.
(Uh-.K). 135. -IG (19Gb).

*<>. i\ N1KOTIN, K. A. PETRZHAK. Atommaya
Energiya, 20. 268 11966).
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REF.

METHOD

G.A. Vartapetyan, N. A. Demekhina, V. I. Kasilov, Yu.
P. V. Sorokin and A. G. Khudaverdyan

Yad. Fix. 14, 65 (1971)
Sov. J. Nucl. Phys. 14, 37 (1972)

N. Ranyuk,
ELEM. SYM. A Z

U 235 92

REF. NO.

71 Va 4 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F ABX 100-999 C 100-999 TRK-I 4 PI

999= 5GEV

r-
7 m v

\Jf n.-
!

A.- T.-
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I RCF -

R. l. Bramblett, T. Gozani, R. 0. Ginaven,
Nucl. Technology 13 » 33 0-972)

METHOO

D. E. Rundquist
ELEM. SYM. A

U

REF. NO.

235

z

92

72 Br 8 egf

REACTION result
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE range TYPE RANGE

G,F RLY THR-11 G 5-11 TRK-I 4PI

G,XN RLY THR-11 C 5-11 BF3-I 4 PI

Fig. 7. Bremsstrahlung photofission yields from 233
Th,MS

U, and obtained using solid-state track
detectors (from Gozani et al.

is
).

Fig. 8. Prompt- and delayed-

form N3S*418
(REV. 7®1 4» 04)
USC OMM-OC 20010-P64

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDSPHOTONUCLEAR DATA SHEET 166



CLEM. 5YM.

u 235 92

REF. NO.

72 Kh 1 egf

REF.

A. M. Khan and J. W. Knowles
Nucl. Phys. A179 . 333 (1972)

METHOD

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-9 D 5-9 ION-

1

4 PI

Fig. 10. Absolute photofissicin cross-section measurements a, of l,,U as a function of The broken
line represents measurements of Rabotnov n u/.

a
); the points and A are measurements of Manfredini

ei at. ') and Ifuuenga ft al. '*) respectively.

Fig. 1 1. Absolute photofission cross-section measurements e, of ,MU as • function of £,.. The porati A
are measurements of Bo*man ft el '*!
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M.Ya. Kondrat'ko, V.N. Korinets, and K.A. Petrzhak

ref. At. Energ. 15, 214 (1972)

Sov. J. At. Energy 15, 866 (1973)

METHOO

U 235

REF. NO.

92

72 Ko 10 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANSC TYPE MANGE

G,F RLY THR- 14 C 14 ACT-I 4PI

Fig. 1. Distribution of

masses of fragments in the

region of symmetric photo-

fission; •
) data of

the present study: *
)

data of [9] for U23S
;

O ) data of fl| for Np237
.

FISSION PROD YIELD

TABLE i. Yields of Fragments for Photo-

fission of U23
;' (Ey 0

= 14 MeV)

Mass

number
Isotope Present study Dafa from [91

100 0. 292 •-‘-0. 0.ii)

1U Asui 0,lS9-=0.02O o, lt.o-0.o2o

112 PJUi o.ri2 ~o,oi:: —
110 A3iu 0,170-0, "20 o. n;o— o."i.)

115 Oiu* 0. 22 i—0,020 0.21 i—0,o2O

U7 f ,» 117 0 . 2 ia±0 ,u21 0.200—0.020 *

121 Sn 1 - 1 — 0. 109-0. 020

127 Sb 127 0 , L> I JT °

•Value reduced to total yield of chain.

a b

Fig. 2. Distribution curves for the yields of photofis-

l sion fragments: a) U23
* (the present study, [9|); b)

M. Ya. Kondrat'ko et al., this issue, p.862. Np237
[lj.

^M. Ya. Kondrat'ko and K.A. Petrzhak, At. Energ., 23 , 559 (1967).
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REF. tu. &M. jfM.

R.A. Anderl, M.V. Tester, and R. C.

Nucl. Phys. A212 . 221 (1973)

METHOD

Morrison

235 92

REF. NO.

73 An 13 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 001IT* D 5-8 SGD-I 4PI

834

Fig. 7. The 131U pliotolission cross section. Vertical error bars indicate uncertainty in the relative

cross section. Vertical arrows near the abscissa indicate the threshold for competing reactions.
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r

Table 1

Photofission cross sections of 13,U and 335U

Energy

(MeV) cross section (mb) cross section (mb)

5.0 -0.8 ±0.6 -0.4 ±1.9
5.1 -0.9 ±0.5 0.3 ±1.6
5.2 -0.9 ±0.4 1.4±l.3
5.3 -0.5 ±0.4 2.5 ±1.0
5.4 0.2 ±0.5 3.2 ±0.9
5.5 0.9 ±0.5 3.6±1.0
5.6 !.2±0.6 3.9±1.1
5.7 I.4±0.6 4.6±1.3
5.8 2.1 ±0.5 6.0 ±1.3
5.9 3.2 ±0.5 7.3 ±1.3
6.0 4.6 ±0.5 6.9 ±1.3
6.1 5.4 ±0.6 5.1 ±1.3
6.2 5.2 ±0.6 3.4± 1.3

6.3 4.5 ±0.6 3.4 ±1.3
6.4 3.6 ±0.6 5.4 ±1.4
6.5 3.1 ±0.6 8.1 ±1.4
6.6 3.2 ±0.6 9.5 ±1.5
6.7 3.7 ±0.6 9.4±1.5
6.8 4.3 ±0.6 8.6±1.5
6.9 4.9±0.6 8.1 ±1.5
7.0 5.3 ±0.5 9.5 ±1.5
7.1 5.9±0.6 12.7±1.5
7.2 6.6±0.6 17.2±1.5
7.3 7.7±0.6 22.6 ±1.5
7.4 8.9 ±0.6 26.9 ±1.5
7.5 9.5 ±0.6 28.4 ±1.5
7.6 9.6±0.6 27.0 ±1.5
7.7 9.5±0.6 23.3 ±1.4
7.8 9.0 ±0.5 18.4±1.5
7.9 8.2 ±0.5 1 3.6± 1 .6

8.0 7.2 ±0.6 10.0±I,8

The relative errors only are given. The =30% error in the absolute scale has not been included.
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J. T. C41 dwell, G. M. Worth, and E. J. Dowdy
PICNS-73, Vol. I, p. o51 Asilomar

EL EM. SYM. A 2

METMOP

U

REF. NO.

235 92

73 Ca 2 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX THR- 12 C 8- 12 BP 3-1 4PI

G
r
F NOX THR- 12 G 8- 12 BF3-I 4 PI

'

TABLE L

Lot Enersy Pfcptonautron xr.d Photolisslon

Psrsrstars Deduced £ro.n this Expsrlncnt

Isotope E
c
(JteV) Pronpt v rn /r

f
Delayed Neutrons Per

Photol iss ion

“By
23s

u
236,.

a

10

12

2.6331.094

2.SG1S.037

3 . 0S7± .079

1.7G3S. 136

2. 813S. 161

3. 250s. 150

0. 0355S. G01S

0.0358s. 0023

0. 0319S. 0G28

233„

235.,
3 2.673S. 095 1 . 061s. 103 0 .OiOli.0311

vJ

235_.
10 2.935s. 035 1. 161s. 087 0. 0121s. 00t7AJjy
12 3. 03CS. 979 1.224 s. 079 0. OllOs. 0020

23I
Th

232—
3 2. 091s. 112 1 .086 s . 147 0.0324s. 0017J

Th 10 1.9S0S.115 4.017S.2G6 0. 0309s. comZ- Z
TU 12 2 .22GS. 113 S.78tt.S77 0.0292s. 0033

10 3. GOBI. 033

12 3.738S.G73 0.7S0.4
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K. N. Ivanov, Yu. A„ Solov'ev and K. A.

ZhBIF Pis. Red. 17, 610 (1973)
JETP Letters (USSR) 17., 429 (1973)

METHOO

Petrzhak

ELEM. SYM.

u

REF. NO.

73 Iv 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLX THR- 15 D THR- 15 TRK-I DST
*

f

i

ssio* , ,

7*nuc.un.iJos»^' TSl.un.

F|S* 2 * Angular distributions of the
U235 fission fragments and of the
values of b/a. The mmbers on the
plots show the maximal bremsstrahlung
energy. The squares and triangles
denote the data of [ 8 ] and [9 ], re-
spectively.

Fig. 1 . Circles - energy dependence of total
photofission yield of U23S ; dashed - energy
dependence Oi. photofission cross section cr f

;

the crosses and triangles shov the results of
13] and [ 2 ], respectively; the arrow denotes
“ths neutron detachment energy
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A.M. Khan et al. , Nucl.Phys. A119 . 333 (1972).

3
^C. D. Bowman et al. , Phys. Rev. B133 , 676 (1964).

8
\.P. Baerg et al.

, Can. J. Phys. 37, 1418 (1959).
9)
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*

Fig. 1. Prompt and delayed neuCron yields
In fissile and fertile material
produced by brensstrahlung from
electrons of energy
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TABLE. Parameters for the approximation of the
tion by Lorentz lines.

cross sec-

r, s
t o, r, Et

alj
cleus mb MeV MeV mb MeV MeV °»r‘

<?

Tha* 247 3. 90
U«» 283 3.23

288 2. 99
Pua* 227 3.47

10.99 362 4.67
10.74 354 4.92
10.97351 5.10
11. OS 362 5.23

13.9 1.75 0.28 10.0
13.77 1.91 0.30 11.0
14.25 2.09 0.31 11.7
14.01 2.40 0.29 11.0

porm N3S-418
IR6W. 7.I4.«4I
USC OMM-N BS-OC PHOTONUCLEAR 0ATA SHEET 174
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u
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K.N. Ivanov and K.A. Petrzhak

At. Energ. 36, 404 (1974)

Sov. J. At. Energy 36, 515 (1974)

ELEM. SYM. A

u

REF. NO.

Z

235 92

74 Iv 2 egf

REACTION result excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY 5- 12 C 5- 12 TRK-I 4PI

YIELD REL U-238

Fig. 2. Relative photofissility of 235
U: •) present work; O.C, ) data from (4, 5, 7], re-

spectively.

4. J. McElhinney and W. Ogle, Phys. Rev., 81, 342 (1951).
5. J. Huizer.ga et al., Phys. Rev., 95, 1009 (1954).

6. A. Manfredini, Nuovo Cimeuto, 4A, No. 2, 421 (1971).
7. T. Gozani, Atomkernenergie, 197~63 (1972).

N ucleus

z33Th
235 U
237Np
239pu

Tlic curves for the relative phoiofission j-ield functions

YifEyj^J/Y 23su(Eym) were obtained from experimental ratios
by least-square analysis. This method of analysis smooths
out observed structure but maxima are seer, in the curves (with
an accuracy of ±.0.16 MeY) at the following values of maximum
bremsstrahlung energy.

Position of Maximum, MeY

5.3; 6.3; 6.6; 7.5; 10.8.

5.1; 6.6; S.4.

5.5; 6.0; j.l; o.35; 9.3.

6.5.

'OHM N3S-418
<R C V . 7-1 4- 04)

use OMM-N BS*OC
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REF.
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METHOD ner. no.

75 Ca 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Type RANGE TYRE RANGE

G,F NOX 6- 13 C 8- 13 MOD-I 4PI

The prompt- and delayed-neutron multiplicities for photofission of the eight

isotopes, mTh, ^U, nsU, 23SU, nlU, nrNp, and a9Pu, have been measured
using bremsstrahlung with end-point energies ranging from 8 to 13 MeV. The
measured multiplicities are compared with those from the same compound nucleus

formed in neutron-induced fission where such data exist.

NEUTRON MULTIPLICITIES

Fig. S. versus excitation energy for the eight iso-

topes studied in this experiment. The full curves shown
are from the evaluations of Davey2 with the excitation

energy determined as described in the text. For the

lower three isotopes shown, no previous experimental
values for Vp exist.

'W.G. Davey, Nucl. Sci. Eng., 44, 345 (1971)

Tomlinson, "Delayed Neutrons from Fission:

A Compilation and Evaluation of Experimental

Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

FONM NBS-41S
IR IV, 7«1 4*141

U3C OMM-N BS-OC

Least-;

Fig. 6. Delayed neutrons per fission versus the
parameter 3Z-A of the compound nucleus. The full
curve shown is the least-squares fit to the data shown
with In To = 10.61, K- -0.372. The dashed curve is the
least-squares fit to the data provided by Tomlinson® with
In lo = 11.35, K= -0.39.

TABLE IV

Squares Linear Fit Expressions for Up ((Ey ))

PHOTONUCL

Isotope . Up((£y » = Vo + dvp/dE (Ey)

Correlation

Coefficient

«Th Vp{(fiy)) - 1.310 + 0.090 (Ey) 0.675

“u Up ((Ey)) = 1.200 + 0.1709 (Ey) 0.947

Upi(£y)) = 2.222 + 0.0399 (Ey> 0.741

"*11 Up((Ey)) = 0.9034 + 0.2292 (Ey ) 0.967

“u vp((Ey >) » 1.140 + 0.1788 (Ey) 0.986

“u Vp((jEY)) = 1.502 + 0.1458 (Ey) 0.964mNp Up((Ey)) » 0.4027 + 0.2505 (Ey) 0.967

“•Pu Up((Ey )) =* 2.528 + 0.0930 (Ey) 0.777
over

OF COMMERCE
OF STANDARDS



TABLE m
Prompt- and Delayed-Neutron Yields

MeV <Ey>, MeV T>
Delayed Neutrons
per 100 Fissions

“Th 8 6.44 1.96 * 0.11 3.10 ± 0.28

(<7 - 1.15 ± 0.05) 10 7.02 1.89 ± 0.11 3.06 ± 0.31

10.2 7.10 1.89 * 0.11 2.67 ± 0.21

12 8.06 2.08 ± 0.11 2.59 ± 0.31

av = 2.80 ± 0.28

«U 8 6.68 2.350 ± 0.112 0.455 * 0.040

(<r - 1.25 ± 0.05) 10 7.90 2.498 a 0.108 0.518 ± 0.040

12 9.55 2.960 ± 0.096 0.640 ± 0.044
13 10.27 2.870 ± 0.099 0.598 ± 0.051

av » 0.553 ± 0.044

~U 8 (6.67)* 2.536 ± 0.112 —
(o- - l.’.S * 0.05) 10 8.69 2.499 * 0.107 0.92 ± 0.06

12 9.54 2.623 ± 0.105 0.97 ± 0.12
av a 0.94 ± 0.094

«U 8 6.67 2.456 ± 0.086 0.90 ± 0.08

(<r a 1.20 * 0.05) 10 7.70 2.697 ± 0.081 0.88 ± 0.08

10.2 7.81 2.612 ± 0.079 1.13 ± 0.07

12 8.86 2.963 ± _0.072 1.12 ± 0.08

av * 1.02 ± 0.08

'“u 8 6.66 2.357 ± 0.111 1.43 ± 0.14

(<r - 1.20 ± 0.05) 10 7.63 2.470 ± 0.105 1.73 * 0.12

12 8.86 2.744 ± 0.095 1.64 ± 0.10

av « 1.60 * 0.13

“u 8 6.53 2.457 ± 0.088 3.06 * 0.24
(o' - 1.22 4 0.05) 10 7.54 2.628 ± 0.083 2.76 ± 0.17

10.2 7.66 2.585 ± 0.082 3.06 * 0.14

12 8.88 2.802 ± 0.078 2.75 * 0.19

av a 2.91 ± 0.20

"Np 10 7.68 2.35 ± 0.11 0.38 ± 0.04

(o- - 1.20 ± 0.05) 12 9.31 2.65 ± 0.10 0.50 * 0.04

13 9.92 2.95 ± 0.10 0.54 ± 0.04

av a 0)47 ± 0.04

“Pu 10 7.69 3.32 * 0.08

(ff = 1.18 ± 0.10) 10.2 7.84 3.17 ± 0.14 0.37 ± 0.04

12 9.65 3.43 ± 0.10 0.37 ± 0.04

av = 0.37 ± 0.04

"Estimated value.
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METHOD
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G. V. Solodukhov, B. A. Tulupov
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Mazur

,

EL EM. SYM.

235

REF. NO.

92

76 Gu 2 egf

REACTION RESULT EXCtTATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,MUT ABX 7- 24 C UKN NAI-D 4PI

0
'

Fig- 2. Total photoabsorption cross sections for J32Th, 2,s -M*U and 2,,Pu and their respective best

two Lorentz line fits.

Table 1

Lorentz line parameters for
232Th, J35 ' 23,U and l3’Pu

Nucleus £, (MeV) <j
,
(mb) f, (MeV) E2 (MeV) (mb) i~a

(MeV)

532Th 10.S9±0.16 247±26 3.90 ±0.4 13.9 ±0.13 362 ±26 4.67+0.38
2JSU 10.74+0.18 283 ±39 3.23 ±0.55 13.77 ±0.23 354±33 4.92 + 0.58

»»U 10.97±0.13 286±30 2.99 ±0.48 14.25+0.18 351 ±25 5.10±0.63

»’Pu 11.05 ±0.13 227±39 3.47+0.57 14.01+0 21 362 ±31 5.23 ±0.59

Table 2

Deformation parameters and quadrupole moments for 23JTh. 33J - 2,,U and 2,*Pu

Nucleus A.» J
Go0>)

this work refs. *••) ref. **)

222Th 0.28 ±0.03 0.274 10.0±0.8 10.2 ±1 9.66±0.1
»»u 0.30 ±0.03 0 285 U.0±0.9 12.8 ±1.3 U.12±0.2
*«u 0.31 +0.03 0.300 ll.7±0.9 H ±1 11.3 ±0.1
2MPu 0.29 ±0.03 0.302 U.0±0.9 !1.02±0.3

FORM N3S-418
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Table 3

Integrated cross sections and mean energies of the dipole absorption

Nucleus
*0

(MeV • b)

*-
(mb) (mb - MeV‘)

E
(MeV)

Eh
(MeV)

Em
(MeV)

r
(MeV)

1,JTh 2.92 ±0.32 231 ±24 19 ±2 13.08 12.64 12.40 1116
2.99 ±0.39 238 ±31 20±23 12.91 1156 1123 11.90

»»u 2.92 ±0.29 229 ±22 18 ± 1.8 13.34 1183 12.80 12.72
5J,Pu 2.97 ±0.34 232 ±26 19±2 13.28 1180 1230 12.21

In table 3 various integrated cross sections are defined by the relations

ps /-is
i

' f‘M
°o =

J

*„(£)<*£, a-

1

= - ff
t
«(E)d£, o_ 2 =

J
-p<jJ[E)dE.

Table 4

Comparison of various integrated cross sections for
,J,Th. ”*• J3,U and ”*Pu

mTh “»U »*u »»Pu

<r0L (MeV - b) 4.17 4.17 4.16 4.21

0.06 NZIA (MeV • b) 3.31 3.36 3.39 3.42

<V(0.06 SZIA

)

0.88 ±0.1 0.89±0.12 0.87 + 0.09 0.87 ±0.1

<r„i/(0 06 SZ A) 1.26 1.24 1.23 1.23

a
1
rja

x
r

x
1.75 1.91 2.09 2.40

it (nt*>) 294 298 288 289

021 0.21 0.20 020

*- 2i. (mb " MeV* 1

) 26.3 26.9 25.0 25.3

3.00 3.01 174 2.76

&
C. D. Bowman et al., Phys. Rev. 133 (1964) B676

14
A. Veyssiere et al., Nucl. Phys. A199 (1973) 45
K.E.G. Lobner et al., Nucl. Data Tables 7 (1970)495
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METHOO REF. NO.

76 Sh 12

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLEKTYPE MANGE TYPE MANGE

E,F RLY THR-120 D 30-120 SCD-D 90

Abstract Measurements are presented for the mass and energy distributions of fragments

from the fission of 33,U and 23,U, induced by electrons in the energy range 30-120 MeV.
Solid state detectors were used to detect the fragments. Both the mass and energy distribu-

tions suggest that the fission process has two distinct components. The change in the

distributions for different electron energies indicate that the components are associated

with different regions of excitation energy in the fissioning nucleus.

j

NUCLEAR REACTIONS. FISSION 233
U(e,F),

23
*U(e,F). E = 30. 50, 115 MeV;

j
FFcoin; measured a{E\EfMr)- Enriched targets, semiconductor detectors.

o

Figure 2. Mass yields for
235U and 23"U at 30. 50 and 115 MeV electron energies. Histo-

grams show experimental yields; curves are least-squares tits determining the division

of fission into two components. Only the heavy fragment masses are shown.

m
m

m
m
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76 Th 1 hmg

REACTION RESULT EXCITATION
ENERGY
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ANGLE

TYPE RANGE TYPE RANGE
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FISSION PROD YIELD

MASS NUMBER

FIG. 1. Postneutron maaa distributions for tho photo fission of J35U and aU with 25-MeV bremsstrahlung.
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TABLE VXL Independent isomeric yield ratios in fission,

Projectile Isomeric

Target Projectile energy (MeV) pair

»u y (bremsstrahlung) 16 i*Ca«- lMCs*

n Thermal

»U y (bremsstrahlung) 25
l2tSbm- 12tSb/

l2*Sb(10 mtn)-
I28Sb(9 h)

n Thermal

lS3Te"- 133Te'

»U y (bremsstrahlung) 25
l2SSb(10 min)-
usSb(9 h)

illTe«".

»PU n Thermal mTem_iuTei

TABLE n. Cumulative chain yields for the photofis-

sion of
2SiU.

Mass
chain

Yield

This experiment Kendrat ’ko

78 0.136±C.018

84 1.47 ±0.15

85 2.01 ±0.15

87 2.97 ±0.21

88 3.61 ±0.14 • ••

89 4.21 ±0.23 •••

91 5.57 ±0.23 • ••

92 5.69 ±0.31

93 5.98 ±0.33

94 5.78 ±0.42

95 6.06 ±0.25

97 5.47 ±0.27

99 5.39 ±0.24

101 3.84 ±0.25

103 2.60 ±0.18

104 1.84 ±0.14

105 1.29 ±0.05

106 0.854 ±0.080

111 0.511 ±0.061 0.561 ±0.040

112 0.542 ±0.039 ...

113 0.466 ±0.041 0.45-1*0.050

115 0.486 ±0.036 0.528 ±0.040

125 0.726 ±0.073

127 1.20 ±0.06

128 1.72 ±0.14

131 4.00 ±0.29

132 4.66 ±0.18

133 5.45 ±0.29

134 5.82 ±0.17

135 6.08 ±0.22 —
137 6.34 ±0.48 ...

139 — 5.90 ±0.70

140 5.46 ±0.20 5.39 ±0.30

141 5.83 ±0.41 ...

142 4.80 ±0.36 ...

143 4.23 ±0.22 ...

144 3.62 ±0.26

146 2.25 ±0-.12 —
147 1.71 ±0.10

149 0.899 ±0.058

151 0.509 ±0.041 ...

153 0.217 ±0.031 • ••

Spin Ref.

8-4 0.43 37

li 3 0.66 ±0.03 36
T 7
5-8 0.53 ±0.05 This work

5,6.7- 0.45 ±0.09 This work
8

u I 0.58 ±0.06 This work
2 2

11 3 0.64 ±0.05 36
2 2

11 3

7“7 0.61 ±0.010 36

5,6.7- 0.62±0.22 This work

8
a 3 0.45 ±0.09 This work
2 7
11 3 0.77 ±0.04 36
2 2

36
D.G . -Sarantites, G.E. Gordon, C.D. Coryell,

Phys. Rev. 138 , B353 (1965).

37
H. Warhanek and R. Vandenbosch, J. Inorg.

Chem. 26, 669 (1964).
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REF. NO.

76 Zh 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR^7 C
3-7 TRK-D 90

UNFOLDING SIGMA SOLUT.

Three methods for the solution of experimental subthreshold photofission yield functions for cross-sections of I3SU and I3'U
in the energy range 3.6-7 MeV are presented. Comparison of the resulting cross-sections with the data obtained from reactions

with monochromatic photons and charged particles is given.

Fig. 4. The photofission cross-section of 235 U.
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method
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Nikitina, Yu.N. Ranyuk

U

rer.

235

NO.

92

78 A1 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE RANGE

G,F RLY THR-999 C 100-999 TRK-D 4PI

The 300- and 2000-MeV electron linear accelerators have been used to measure the relative flssilities of 99

9

=
1 . 2 GEV

the nuclei
y5U, :J,U. :rNp, :J

*Pu,
;“Am, and :,iAm. Fragments were detected by glass detectors.

Photofission yields were obtained for the nuclei indicated at maximum bremsstrahlung energies 100. 240,

400, and 1200 MeV.

PaCS numbers: 23.S3.Jg

CABLE I. Relative photofission yields for £TOSI = 100, 240,

400 . and 1200 MeV.

FaaUuy oi niMiin in id*
•ac*tsttoa-«*#r<y rang#

- »-l2 Mf V

Racio* of n«id»

different rnuimum rn rrgiei

U) (or

mj«

a, - cr r, +
*r,»

AdatiH

duality 106 MeV :i0 MeV W90 MeV 12*6 MeV

«**U 0.331*1. t.45(i)

1.381*1

2.151/)

122=016 115=0.15 1.73*0 13 1.74x0.12

03220.01 •
1.00 !.00 1.00 1.00 1.00

** rNp 051 (»l

053(6)
233(4)
116(e)

134(61
133 (/)

139=0.14 132=0.13 1.87=0.12 131=0.10

l”Pu aro(») 170(a)
13l(»)

331(c)
143 U)

110=0.15 1:0=0.13 1.50=0 :3 1.83x0.12

n, Afll i*.33(#) 1.83(c) ••

142(f)
13;;/)

1.91=0.14 1.77=0.13 :. 46=0.10 (.44x0. 10

kl Am 0.67(c) 230(f)
159 II) 1.81=0.13 1.81=0.13 L31x0.ll 1.44x0 10

.Vote, a, b
, e, d. and e denote that the dam have been taken

respectively from the photofission studies of Refs. 15, 17. 13,

19, and 15. / are the average values for the dam of a given

study on fission by neutrons" 9
at nuclear excitation energy —8

MeV.
•The number given is an average over the results of a targe

number of studies on photofission of
33,

U.

**The authors of Ref. 13 point out that the value obtained by
them for

"4,Am is obviously underestimated.

rm :s,
u>

12 IOO ;MO *00 1200 —
£;m«i • M«V

FIG. 2. Relative yields K/Yf 33
®

L

T
) for the nuclei Z35LT O,

23TNp (2.),
239Pu (*),

luAm (x). and :,1Am (C) for rtaxinum
bremsstrahlung energies E7mJX -12, 100, 240, 400. and 1200

MeV.

15Yu. A. Vinogradov. V. I. Kasilov. L. E. Lazareva. V. G.
Nedorezov. N. V. Nikitina. N. M. Parorik, Yu. N.
Ranyuk, and P. V. Sorokin. Yad. Fiz. 24. 636 (1976) Sov.

J. Nucl. Phys. 24. 357 (1976).
l4J. McEIhinrey and \V. E. Ogle. Phys. Rev. 31, W2 (1951).
,T
J. R. Huizenga, Phys. Rev. 109, 484 (1953).

l,L. Katz. A. P. Baerg. and F. Brown. Proc. of the Second
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Geneva. 1953, United Nations, Geneva, 1953. Yol. 15. p.
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METHOD REF. NO.

78 Bo 8 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

type range TYPE RANGE

R,F ABX THR- 6 C 3-6 TRK-I 4PI

(THR-5.75) (3.2-5.75)

Photofission cross sections for
33STh, and 2MU have been measured in the energy range from 3.25 to 5.75

MeV and for
WU and IWU at 3.5 MeV. The cross sections change by over seven orders of magnitude for

this energy range. Cross section shapes are significantly different for ditTerem isotopes indicating a strong

sensitivity to fission barrier parameters.

FIG. 1. The photofission cross sections of
232 Th, 73

T'

.

and !33U. The uncertainty shown includes only track

counting statistics propagated through the unfolding

process. A systematic uncertainty in the cross section

scale might be as large as a factor of 2. The lines

through the data are included to guide the eye.

TABLE m. Photofission cross sections for JKTh and
n:U.

Photon Cross section Cross section

energy (MeV) 235U (b) 2KTh (b)

3.25 6.8 ± 2.6 x 10*“ 7.4 ± 129 xlO* 11

3.75 170 ± 47 x 10*“ 3.3 ± 2.2 xlO* 10

4.25 4.9 ± 248 x io*“ 4.4 ± 10.7 x 10* 10

4.75 6.3 ± 1.9 xlO*3 1.6± 1.4 xlO*8

5.25 1.1 ± 0.08 x 10*s 4.2 ± 1.1 xlO* 1

5.75 5.6 ± 0.11 v 10*4 3.6 ± 0.25 x io* 4
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*er V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin,
Yu.M. Tsipenyuk
Yad. Fiz. 28, 1185 (1978)
Sov. J. Nucl . Phys. 28, 611 (1978)

MCTHOO

A.S. Soldatov,
EL CM. SYM.

235 92

REF. NO.

78 Zh 6 hg

REACTION RESULT EXCITATION
energy

SOURCE OETECTOR
angle

TYPf RANGE TYPE PRANCE

G,F RLY * THR-5 tftK-b 4PI

(THR-4.6) (3. 5-4. 6)

'

Yield measurements ire reported for photofission of
JJ1

Th, :M
U.

;J,
U. and :J7Np in the deep sub-barrier

energy region 3.J-4.6 MeV where anomalies in the cross section—isomeric shelfs—were previously
observed [Phys. Rev. C 12. 863 (1975)]; Pis’ma. Zh. Eksp. Teor. Fiz. 22. 255 (1975), [JETP Lett. 22.
118 (1975)]. The various sources of background arising in this energy region, which is only with difficulty

accessible for measurements, are analyzed in detail. Analysis of the anomalies in the behavior of the
integrated photofission yields in the case of the two nuclei

1MU and a,U most favorable for study indicates
a resonance nature of the cross sections for delayed fission and a substantially more complicated physics of
the phenomenon than the simplified interpretation of Bowman [Phys. Rev. C, 12, 863 (1975)].

t,v

the yields in fissions/mg-uC of the photoffssion

reaction: •—present work and Ref. 7; C— Ref. 3. 7 and
dashed lines—respectively the experimental and theoretical

estimates of the background due to fissions by neutrons from
the reaction Be(y,s); C and dot-dash lines— the same for the

D(y,n) reaction. The shaded sections show the level of back-
ground from spontaneous fission and fission induced by
cosmic rays.

ro«M N Si-4 It
IRCV. MLMI
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Yu.M.
Yad.
Sov.

Zhuchko, Yu.B. Ostapenko, G.N.

Tsipenyuk
Fiz. 28, 1170 (1978)
J. NucT. Phys. 28, 602 (1978)

METHOD

Smirenkin, A.S. Soldatov, ELEM. SYM.

u 235 92

REF. NO.

78 Zh 7 hg

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLEENERGY TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photoftssion yields of

nuie nuclei

—

:J2
Th,

:j,
Np. :M Jll

Pu, and :ilAm in the energy region 4.4-7.0 MeV. The method
of minimization of the directed deviation was used to reproduce the photofission cross sections from the

integrated yields. The following problems are discussed in terms of the experimental data: resonance

structure of the cross sections, effects of a two-humped shape of the fission bamer, and comparison of the

fissility in the (yf) and (n /) reactions and in direct reactions.

PACS numbers: 23.S3.Jg

FIG. 4. Fissility P, In

the reactions (y,f)—e,
(it,/)—A (Ref. 14), and

In direct reactions—C. 2

The dashed curve shows
the results of evaluation

of Pf in accordance with

Eq. (9).

5 6 7

f,. MeV

(over)
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FTC. 3. Yields Y (£M ). fissions/mg-uC, and cross sections

<7T/(£r ), mb. for odd isotopes. The designations are the same

as in Fig. 2.

FIG. 6. Set of data on dipole photoabsorption cross sections

<7^. The solid line (1)—the present work— is the result of

fitting the data of Ref. 6 by Eq. (2) In the region Er = 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit, from

Ref. 16 (2) and Ref. 17 (3) for 233U; curve 4 is an estimate by

means of Axel’s formula. 15 Points: Z, •— ;33Th: Z, A— :33U:—23SU: Ct ~ 33TNp: O—239Pu. The hollow

points are from Refs. 16 and 17: the solid points are from

Ref. 6.
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J. C. McGeorge, A. C. Shotter, D. Branford, J. M. Reid
Nucl . Phys. A326 , 108 (1979)

*er. EL EM. SYM. A Z

METHOD

U

REF. NO.

79Mc2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE PRANCE TYPE RANGE

E.F N0X THR-110 d no SCD-D 120-160 90

Abstract: Fission of 333Th, 237 Np, 20,
Bi.

23,U and 23iU induced by 1 10 MeV electrons has been studied flMn crv nTCTDTD
by means of surface barrier detectors. The resulting mass and kinetic energy distributions are

nAbo ANU huY UIjTRId
presented. Comparison with the liquid drop model predictions shows reasonable agreement in the
c356 of “0,

Bi. The data are analysed in terms of a two component model of fission and the mean
total kinetic energies of the components are shown to depend linearly on Z

x
Z,(A\ !i + A \

3
).

Interesting differences are found when the present results are compared with the recent photo-
fission experiments of Areskoug et at: and features in both sets of data correlate with changes of
fragment deformation implied by the calculations of Wilkins a at.

NUCLEAR REACTIONS 237Np. 233Th. 20,
Bi,

23S U. l35
U(e. f), E = 110 MeV; mea-

sured fission fragment E. deduced mass.

Fig. 1. The HFM yield distributions for electrofission of :,,
“Bi.

;j; Th and ;j '.\p and spontaneous
fission of * 32

Cf. Statistical uncertainties are shown where larger than the sire of the points in this and
succeeding diagrams. The solid line in the * ,2Cf case represents the experimental results of Schmidt
et at.

12
). In the

200
Bi case the solid line represents a Gaussian fit to the data while the solid lines in the

other two cases are the result of a two component analysis (see text).

TABLt 2

Mean total KE (MeV)

Target

present work

semi-empirical [ref

*)

“>1

"l

Width

present

work

"«U 171 8 + 3.4 168.5 169 4 1 1.6 ±0.1
ZJSy 171.3 ±3.4 169.1 170 1 10.8+0.1
232Th 167.0 ±3.3 163.4 163 5 9.6-t-O.I
337Np 174.3 + 3.0 171.9 1 73 3 n .5 ± o. i

20’Bi 140 +4 146.5 143 9 II.5 ±0.4

•) 0. 1 07 1

Z

JM 1,3 + 22.2.

•) 0.1240Z3
//!

1 ' 3
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ts 200

5 ^60 *

O

z
< t 40 -

*

120
150

-V.

a

0 Npi37

o U 2“
. rh”»
4 8i™ _

a Cf i,2 (*'i

+•**£ 3fr/
"o / o •/

'X 0--'

1 1
**

i i

170 190 210
21 • 22/< ai*1 •A2'* )

233

Fig. 3 Total fragment kinetic energy data from electrofission of 23,
U. 23, U.

237
Np, 232Th.

20,
Bt and

for spontaneous fission of 2J2Cf. (A) Mean TKE versus HFM. The lines represent the LDM calculations

of Nix and Swiatecki ll
)
- solid

23*U. short dash 23,
U. long dash :o

‘*Bi. dot
23T Np and dot dash 232Th.

( B > W;dth of the TKE distribution versus heavy fragment mass. (C) Mean total fragment kinetic energy

versus Z
l
Z

lAA\'
i + A\ 2

). (D) Mean total fragment kinetic energy of the symmetric (enclosed by the

dashed line) and asymmetric components versus Z,Z. (.-•!
3 + ,-lJ

3
). In (A)(C) and (D) the relative

uncertainties between targets are + 3 MeV and the absolute uncertainties are +4 MeV.
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„ r J. T. Caldwell, E. J. Dowdy, B. L. Berman, R. A. Alvarez, P. Meyer

Phys. Rev. C21 , 1215 (1980)

EL EM. SYM. A

235 92

METHOD REF. NO.

80Cal egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE PANSC

G,1N ABX 5-18 D 5-18 BF3-JT I 4PI

G,2N ABX 11-18 D 5-18 BF3 - X I 4PI

G,F ABX 5-18 D 5-18 BF3 - X I 4PI

The photoneutron cross sections a("y,n) and aiy,.In), and total photofission cross sections criy,F) have

been measured for
233

U,
23SU, 23,

U, and 23:Th from threshold to 18.3 MeV using monoenergetic photons from

the annihilation in flight of fast positrons and neutron-multiplicity detection m an efficient 4ir neutron SEE ALSO 80CA2
detector. Use of the ring-ratio technique allowed both the average ohotofission neutron energy for each

'

nucleus to be obtained as a function of photon energy and. for
:36U and :3>

U, the determination of the

partial cross sections for first-chance oiyf) and second-chance criy.nf) photofission as well. Information

extracted from the data includes integrated cross sections and their moments, giant-resonance parameters,

deformation and radius parameters, and relative and absolute neutron and fission probabilities.

NUCLEAR REACTIONS and 2KTh (y,n,2n,F), £ r = 5-18.3 MeV;
measured 4ir neutron yield, neutron multiplicities, and average energies for

monoenergetic photons; <r(Er ,ln), a{E7 ,2n), <j(E7 ,F), integrated cross sec-

tions and moments, GDR parameters, nuclear shape parameters, neutron and

fission probabilities.

TABLE II. Parameters of Lorentz-curve fits to the giant dipole resonance.*

Nucleus EJ 1) (MeV) <7„(1) (mb)" r<l) (MeV) EJ2) (MeV) *J2) (mb)* T(2) (MeV)

2MLT 10.90 = 0.05 328=19 2.30 ±0.15 13.96 ±0.09 459 ± 10 4.75 = 0.32

::«U 10 .92 ±0.04 271 ± 16 2.55 ±0.17 13.73 = 0.09 415± 10 4.38 = 0.24
:3,U 10.77 ±0.04 311 = 20 2.37±0.13 13.80 ±0.09 459* 9 5.13 = 0.35
3KTh 11.03=0.04 302 t 19 2.71 ±0.13 13.97 ±0.08 449 ± 9 4.77 ± 0.29

* Lorentz parameters defined by Eq. (1); the fitting interval for all. cases is 9 to 18 MeV.
b Uncertainties for <7„ given here are relative. The absolute uncertainties are T$.

TABLE IV. Nuclear shape parameters.

Nucleus V 0
b e c 0:

d
<?o (b>

e
<?o (W f

e« (b>*

22Slt 0.35 1.308 0.595 0.315 12.0 10.6 ±0.2 11.0 = 0.5
23Sj_, 0.34 1.287 0.556 0.295 11.2 10.75 * 0.7 10.3 = 0.4
23*U 0.31 1.309 0.596 0.316 12.1 11.3 ±0.1 11.1 = 0.5
222xh 0.38 1.283 0.547 0.290 10.7 9.8 ±0.1 9.3=0.4

‘Area ratio, defined by Eq. (6).
b Deformation parameter, computed from Eq. (3).

'Nuclear eccentricity, computed from Eq. (4).

d Deformation parameter, computed from Eq. (7).

‘Intrinsic quad rupole moment, computed from Eq. (8), with ti
z
taken to be 1.30 fm.

intrinsic quad rupole moment, taken from Ref. 47.

? ”Best value” for Q9 , computed from Eq. (8), with R, taken to be 1.15 fm (see text).

TABLE V. Integrated cross sections. 1

Nucleus

<Tin,(y.'«)

(MeV b)

<r
int fy, 2»>

(MeV b)

^int (7 • A)

(MeV b)

i«Mirii)* <w2)n2)| b

0.USNZ/A

23Su 1.14 0.20 2.16 1.37

2»U 1.26 0.45 1.45 1.26
23SU 1.36 1.13 1.09 1.43

”*Th 1.66 1.45 0.37 1.41

*
°int (>•*) */ tffy.-xJdEy, integrated from threshold to the maximum experimental energy

£7m„=18.3MeV.
bUnccrtaintles given here are relative. The absolute uncertainties are 7%.
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235,
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—i

I

1

1

236U

1

1

<7.f> T
!

T (7.n)
i 1

1 •
|

_ (c)
238u

•

11

’• -

<7.0 T
|

T
(7 .n)

| |

232Th

10 12

Photon Energy (MeVl

FTC. 2. Photonuclear cross sections for :,'U ti

total photonuclear cross section a (

y

, toti »'•;<> » •

* (y , 2nt* (> .Fll, together with a cwo-cnm:* n. nt i r-

entz-curve fit to the data in the GD0 energy r-c-nt. *u

single- photoneutron cross section a (y ,i >;

photoneutron cross section cr (-y . 2 is > ; (d) rr.ot, t

cross section oly ,F).

Photon Energy (MeV)

FIG. 13. Fission probability P
f
from the ratio of

t|>/| to the value at each energy of the two-compon-
ent Lorentz-curve fits to the GDH shown in Figs. 2-5:

(ai for • JjU, (b) for :36
l.’. (c) for :3,

tT, (d) for :::Th.
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u

A

235

z
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METHOD • " ' - " ur'TC

—

80Ca2 egf

REACTION BisyfeT
|«sitatiqn
PNBB§¥

«eyac§ BiTifTSS
ANCLE

TYBS BANS? TYPE S AH SB

G,F NOK~ 5-T8
' '

D
'

' 5-T8 BF3 -JT D
”

4 PI
'

fi.F HPX 11 17
/

D 5-18 BF3 -JT D 4PI

The prompt neutron multiplicities for photofission of the four isotopes 235
U,

:36
U. PROMPT N MULT

23S
U, and 232Th have been measured with monoenergetic photons over the energy range

from 5.5 to 18 Me V using the annihilation in flight of fast positrons. The delayed neutron DELAYED N YLD
yield has been measured for all four isotopes ar 10.9- and 16.8-MeV photon energies.

The ratio of first- to second-chance fission has been measured as a function of energy up
to 1 7-Me V excitation energy for and 23SUphotofission.

PHOTON ENERGY (MeV)

Fig. 6. Prompt neutron multiplicity width parameter data

as a function of excitation energy. Solid circles are experimen-

tal data, and straight lines are the least-squares Fits to these

data (see Table II).

PHOTON ENERGY (MeV)

Fig. 7. Prompt neutron Up data as a function of excitation

energy. Solid circles are experimental data, and the straight

lines are the least-squares fits (see Table IV) to these data. A
single straight line fit was not obtainable for

:M
Th.

reftM
{HIV. 7. <4. Ml
UICSMIMIIMC

over
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Fig. 9. Yield of delayed neutron from photofisston as a

function of 3Z-A. Solid line is an evaluated least-squares fit to

existing data as of 1975 (Ref. 18). Solid circles are the present

results. Solid squares are from Ref. 15.

TABLE II

Multiplicity Width Parameter

Isotope Least-Squares Fit

23SU a = 1.009 + 0.0110 £
236L, a = 0.840 + 0.0253 £
a«u o= 1.003 +0.0227 £
a2Th o= 1.183

TABLE IV

Prompt Neutrons per Photo fission. vp(E

)

Isotope Least-Squares Fit

Correlation

Coefficient

usu vp
= 1.610 + 0.133 £

(all data)

0.9O5

236u up = 1.881 +0.116 £
(all data)

0.906

:38U up = 1.862 + 0.123 £
(all data)

0.969

232Th

(
Up = 2.826- 0.143 £

‘ (6.0 <£<8.2 MeV)
0.819

)
up = 0.453 + 0.175 £

f (£>8.5 MeV)
0.927

TABLE V

Prompt Neutrons per Photofission at 8.5 MeV

Isotope From Ref. 15 Present Data

235u 2.85 t 0.09 2.74 £0.10

23«U 2.66 £0.11 2.71 £0.10
23 2.74 £0.09 2.91 £0.10
a2Th 2.07 £0.11 1.94 £0.08
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P. De Gelder, A. J. Deruytter

Phys. Rev. C21 , 963 (1980)

METHOD

Thierens, EL EM. SYM. A

235 92

REF. NO.

80 Dh 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, A SPC THR-20 C 20 TEL-D UKN

Binary fission to Long Range Alpha particle emission is LONG-RANGE ALPHAS
580±50

Long>range alpha panicles emitted in the photofission of
:l5U with 20-MeV bremsstrahlung were

measured. The binary to long-range alpha panicle ratio, <£„>, and full width at half maximum (EJ were

deduced.

NUCLEAR REACTIONS, FISSION ° 5U(y,£), £rm„ =20 MeV, measured: Long-
range a spectrum.

FIG. 2. The spectrum, corrected for energy losses,

of the LRA particles emitted in the photofission of 23 5U
with 20-MeV bremsstrahlung.

FOAM N8S-41C
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W. Gunther, K. Huber, U. Kneissl, H. Krieger, H.J. Maier
Z. Phys. A 295, 333 (1980)

EL EM. SYM.

U

A

235

z

92

metmop REE. NO.

80 Gu 4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE N AN SC TYPE HANCC

G,F RLY THR-55 C 15-55 SCD-D 90

Measurements are presented for the mass and energy distributions of fragments from the

photofission of
232Th. 235 U.

2J8U and 239
Pu. The experiments were performed for M,E DST, SYM/ASYM YLD

bremsstrahlung endpoint energies between 15 and 55 MeV, using silicon surface barrier

detectors. The results are discussed with respect to the competition between the sym-

metric and asymmetric fission modes.

Tjhle 1 Mi*»t probable heavy masses. most probable total kinetic energies and their variances (The variances have
been corrected lor the detector resolution and lor and electron pile upi

Nucleus
•

ill bl

- j: Th
;l,L
iMU
;j,

*Pu

1 1-41.7 = 2) amu
1 1 3X.5 1 -1 amu
1 140.3 = 2) amu
1 137.2 c 2) amu

163.3 MeV
169.1 MeV
168.5 MeV
174.7 MeV

163.5 MeV
170.1 MeV
169 4 MeV
I76t> MeV

(159.5 = 4) MeV
1168 =31 MeV
1164.5 = 4) MeV
1174 =3) MeV

(9.0 = 08) MeV
(11.1 = 1) MeV
(11.7 = 1) MeV
1 1 1.9 ± II MeV

:.«:Cfc
185 5 MeV 11.6 MeV

* [£J -10.1071 Z : A' 1 a- 22^1 \|cv
* [£4]-«».i:40 Z i A! 3

) MeV
‘ Calibration measurement

5. Saturation parameter c as a function of the fission pruhehil-
«y rr r-

010 -

i

lO
lO

>/»

a
0 05

0
235

Mass number A

t

240

Fis- 6. Kj V, at £SJ = 55 MeV as a function of the mass number -t

>ODu N3S-41I
IREV. T-U-Ul
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j
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Hu. 4. Symmetric to asymmetric fission

yield ratio as a function of E„v The lines
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*tr - W. Gunther, K. Huber, U. Kneissl, H. Krieger, H. Ries, H. Stroher,
W. Wilke, H.J. Maier
Nucl Phys. A350, 1 (1980)

EL EM. SYM. A

U 235 92

METHOO REF. NO.

80 Gu 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN RLY THR-45 C 45 SPK-X 90

Abstract: Half-lives and yields in photonudear reactions have been measured for shape isomers in U and

Pu isotopes by pulsed-beam techniques bombarding
:33 - 23*u and

-”.2«o.2«Zp
u targets w jt j, brems-

strahlung. Isomeric fission cross sections have been deduced from the measured isomeric to prompt

yield ratios within an evaporation model using absolute prompt fission data. The results are

compared with data from particle-induced reactions.

YLD FISSION ISOMERS

E
NUCLEAR REACTIONS 240

Pu
233

U(y. xn).
23S

U, “’Puly^n).
242

Pu(y,n); brems-

strahlung; measured T| /It isomeric to prompt yield ratios.
234

U,
237

Pu,
23,

Pu.
24,

Pu levels,

deduced c

r

for isomeric fission. Natural and enriched targets.

Table 2

Results of isomeric fission experiments performed at Giessen

Reaction Isomer Half-life ym/y„ Detector

232
Th(y, xn) CIO

-4 PPAD
235U(y.xn) <10"7 PPAD
“*U (y, 2n)

2J4u 115±5 ns (2.02 ±0.16) x 10" 5
Si

1 18±7 ns (2.10±0.16)x 10*’ PPAD
l3,

Pu (y, 2n) “’-Pu 77 ± 16 ns (6.4 ± 1.7) x 10*4 Si

87 ± 11 ns (4.9 ±0.7) x 10'4 PPAD
J3Tl" JPu 1050 ±400 ns (0.83 ±0.22) x 10'4 Si

240
Pu (y. n) “*-Pu 6.5 ±0.4 ias (7.9±0.4)x 10“ 3 PPAD

240
Pu(y, xn) •> 4.5 ± 1.5 ns <1.1 xl0~* PPAD

241
Pul y, n)

241*,

p

u 20.5 ±2.5 us (9.2±0.8)x 10" s PPAD
241*.pu 34 ± 7 ns (3.7 ± 0.7) x 10' 5 PPAD

Table 5

Isomeric fission cross sections for (y, nl reactions

Reaction E0 (MeV) Y^/Kp.xlO3
<r"“Vb) £*« (MeV) Ref.

233
U(y. n) 45 <0.01 <0.05 11.4+ this work

240
Pu(y. n) 15.5 170±60 11.5 Gangrsky et al.

3
)

45 7.9 ±0.4 49 ± 3 12.3+ this work

“’Pufy, n)
,4,-Pu 12.5 115 ±25 200 ±60 10.5 Gangrsky et al.

3
)

40 9.2±0.8 54-5 12.Ot this work
242

Pu(y, n)
241-Pu 48 3.7 ±0.7

24,
Am(y.n) 13 40 ±10 oHO 11.2 Gangrsky et al.

3
)

41 13 ± 1.5 60 ±8 12.0 Kuznetsov et al.
4
)

243Amt y. n) 12.5 70 ±20 130± 50 10.6 Gangrsky et al.
3
)

41 18.5 ±2.5 80± 10 12.0 Kuznetsov et al.
4
)

t The shape of the cross section was calculated (see text).

roMi MBS-41*
IR IV. 7-1 4- *41

use omm-n as-oc PHOTOMUCLEAR DATA SHEET 199
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E. Jacobs, H. Thierens, D. De Frenne, A. De Clercq, P. D'hondt
P. De Gelder, A.J. Deruytter

Phys. Rev. C2±, 237 (1980)

ref. EL EM. SYM. A Z

METHOD

U

REF. NO.

235 92

80 Ja 3 hg

reaction RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-70 C 12-70 ACT-

1

4PI

Detailed yield data given in tables. MASS YLDS, ISM RATIOS

The mass distributions for the photofission of
n!U using bretnsstrahlung with end-point energy of 12, 15,

20, 30. and 70 MeV were determined by y spectrometry of fission product catcher foils. Smoothly varying

curves without fine structure were obtained. A third hump in the symmetric region is not present. Several

fractional independent chain yields in the mass region 126-140 were measured and the corresponding most

probable charges Z
P
(E,) were deduced. A comparison with the charge expected from the unchanged charge

density hypothesis is made and an influence of the 50-proton shell on the behavior of the Z, function is

observed. Except in this mass region the determined Z
p
(Ee ) values are very well described by the empirical

relation of Nethaway. From the isomeric ratios of
l26

Sb‘-
IJ6
Sb",

12,
Sb‘-'

:,
Sb'" . and

lllTef -
m

Te'" average initial

fragment spins are calculated using a statistical model analysis. The values increase with increasing end-

point energy of the bremsstrahlung.

NUCLEAR REACTIONS, FISSION :35U(Y,.F), £rm» = 12, IS. 20, 30, 70 MeV;
measured: fragment Y-ray spectra; deduced: mass distributions, most pro-

bable charges, isomeric ratios, average initial fragment spins.

TABLE II. Mass distribution characteristics.

Et (MeV) 12 15 20 30 70

P/V 37 = 5 22 * 2 15.5 t 1.4 11.7 *0.8 8.4 =0.6

MUI* 04.35 - 0.07 94.70 =0.07 94.30 =0.07 94.68 = 0.07 94.77 ±0.07

MHM* 137.28 t 0.07 137.24 = 0.07 137.09 = 0.07 137.15 = 0.07 137.14 =0.07

FWHM 14.7 * 0.4 15.0 = 0.4 15.0 =0.4 15.0 = 0.4 15.2 =0.4

2.78 = 0.12 3.06 =0.12 3.15 = 0.11 3.25 = 0.11 3.26 =0.11

1
Uncertainties on MLM, MHM, and U; 'were obtained bv a statistical treatment of the un-

certainties of the yields

.

TABLE IV. Z
p (E„) values for the photofission of ~ 5U.

Ee (MeV) 12 15 20 30

126 49.82 = 0.09 49.39 = 0.06 49.97 = 0.06

128 50.21 = 0.12 50.21 = 0.11 50.32 t 0.11

130 50.89 30.97 = 0.05 51.04 t 0.05

131 51.24 = 0.11 51.34 = 0.07 51.45 * 0.06 51.47 ±0.08

132 si.si:S:{g 51.60 = 0.03 51.65 = 0.03 51 .68 r 0 .04

134 52.41 = 0.10 52.50 = 0.04 52.55 = 0.04 52.60 = 0.04

135 52.93 t 0.06 53.04 = 0.04 53.04 t 0.03 53.10 = 0.02

136 53.28 = 0.06 53.37 = 0.05 53.40 = 0.04

140 55.01 = 0.07 55.02 * 0.06 55.09 =0.04

(OVER)
FORM N8S-41C
(MV. 7o1*>«4)

USCOMM»NBMC PHOTONUCLEAR DATA SHEET 200
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FIG. 1. Postneutron mass distributions for the photo-

fission of
asU with 12- , 15-. 20- , 30-, and 70-MeV

bremsstrahlung, The yields have been multiplied by

the scale factor given in parentheses.

FIG. 2. Z
p
{E,)-Z VCD versus fragment mass number

for the photofission of :3SU with 12- , 13- , 20-, and
30-MeV bremsstrahlung, The open circles represent

the Z
p (£, ) values deduced from the measured indepen-

dent yields, the triangles the Z
p
values calculated fol-

lowing Melhnwnv Olef i;t.

TABLE V. Isomeric ratios %/(<r, *'r„).

Isomeric pair \ £t (MeV) 12 15 20 30 70

tMSb"
, (5*)-,KSI/<8')

i:,Sb'"(3*)-
i:8

Sb'(fl*>

mTe"(”*)-l3,Te* (i*l 0.30 0.11

0.52 : 0.12

0.53 £ 0.10

0.59 c 0.06

0.43 £0.03

0.49 c 0.10

0.G1 = 0.05

0.42 c 0.07

0.45 t 0.11

0.62 t 0.07

0.34 = 0.05

0.39 £ 0.08

0 .61 £0.05

201



R EF .
E. Jacobs, A. De (Mercq, H. Thierens, D. De Frenne, P. D'hondt
P„ De Gelder, A.J. Deruytter
Phys. Rev. C24, 1795 (1981)

METHOD

I

EL EM. SYM. A

u

REF. NO.

REACTION

G,F

RESULT

NOX

EXCITATION
ENERGY

THR-70

81 Ja 2

SOURCE OETECTOR

12-70 SCD-D

Energy correlation measurements were performed for the photofission of :35U with 12-.

1 5-, 20-, 30-, and 70-MeV bremsstrahlung. Overall fragment mass and kinetic energy dis-
tributions are deduced. The behavior of the total fragment kinetic energy as a function of MASS, ENERGY DIST.
the fragment mass and excitation energy of the compound nucleus is studied. The results
are interpreted in terms of the scission-point model of Wilkins et al.

z

235 92

ANGLE

NUCLEAR REACTIONS, FISSION 235U(yj), = 12, 15, 20,"

30, and 70 MeV; measured fragment energies E u E 2 ; deduced

dence of the total fragment kinetic energy d( EK \fi))/
d ( E Et

‘

) as a function ot the provisional mass a for

the photofission of

TABLE I. Parameters of the overall kinetic energy and provisional mass distributions for the photofission of
233U.

£,(MeV) 12 15 20 30 70

<£,*(£,)> (MeV) 9.7 11.6 13.1 14.1

NEV 16.10
3

99. 10
3

241. 10
3

113. 10
3 145. 10

3

</r<> (u) 96.89 ± 0.35 96.96 ±0.16 97.23 ±0.16 97.41 ± 0.24 97.75 ±0.15

(u) 97.00 96.87 96.96 96.87 96.99

(u) 138.11 ±0.16 138.04 ±0.11 137.77 ±0.20 137.59 ±0.31 137.25 ±0.22

</itf> 3/4 (U) 138.00 133.13 138.04 138.13 138.01

ai.nL ) = aifin ) (u)

FW(-f) (u)

6.15 + 0.31 6.47 ± 0.26 6.79 ± 0.20 7.05 ± 0.20 7.33 ± 0.22

10.39 10.69 10.80 10.93 11.11

P/V 41+4 24 ± 1 14.2 ±0.3 10.7 + 0.4 7.5 ± 0.3

(Ek ) (MeV) 171.03+0.65 170.50 ±0.30 169.97 169.64 r 0.13 169.36 ±0.30

oiEk ) (MeV) 10.43 ±0.10 10.63 ±0.10 10.81 ±0.10 10.94 ±0.11 11.35 ±0.33

form N3S-418
IR EV. 7.1 4-441

USC OMM-N BS°D C

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROSPHOTONUCLEAR DATA SHEET <02



wefr A.S. Voronin, I.S. Koretskaya, V.L. Kuznetsov,

N.V. Nikitina, V.I. Noga, S.A. Pashchuk, Yu.N.

Yad. Fiz. 34, 1439 (1981)

Sov. J. NucT. Phys. 34, 797 (1981)

METHOD

V.G. Nedorezov,
Ranyuk, S.M. Solov'ev EL EM. SYM. A

u

REF. HO.

235 92

81 Vo 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

E.F ABX 4-275 D 97-275 TRK-I 45

G,F RLY 4-275 D 184-275 TRK-I 45

'

. .
RELATIVE BRMS/E YLD

Results are presented of cross-section measurements for the fission of
iJ1
Th. !J1

U, U,U. !“U. “'U. mNp. and
1J,Pu by electrons with energies between 100 and 275 MeV; photofission and electrofission cross-section ratios

for the same nuclei are given as well.

PACS numbers: 25.85Jg. 27.90. + b. 23.83.Ge

TABLE II. Electrofission cross sections Imb) for nuclei with

Z? 90 measured for electron energies between 100 and 275

MeV.

Nucleus

e,. M«v
*»Th UJ£ l|,Np »*• Pa

07 \2\ S.I2 3.60 155 ?,Z\ 632 70S

134 1.47 9.17 6.03 4.7'. 3.42 6.o3 7.96

149 1.12 9.7.i H.17 5.50 3,39 7.16 3.39

166 1.63 1UJ6 7.01 339 4.15 7 79 9.16

184 1.78 9.61 7.13 3X4 4 17 7 92 3.92

201 9.3; 6.53 6 10 i..*n 7.49 931

217 1.73 10.91 7.73 fit 4 i 77 7.99 936

210 1.91 10.25 7.26 5.92 i .9 7,94 9.43

253 1.85 9 39 7.0i 6.17 4.76 7 yj 9.73

27S ZZZ 10.50 S.15 6-C6 5.26 9.63 10.50

TABLE IV. Croat sections (mb) for photo- and electroflssioo TABLE V. Crosa-aectlon rattoa for photo-

(<r obtained in measurements with aluminum radiators and electrofission (c for energies e-

with a thickness of 0.023fa
for B5 U, 3< U, a, L\ and aTSp and of tween 184 and 275 MeV.

- e *34**.. "

O.Ollf, for a,Pu.
oQ/ieef Nucleus

MeV

Nucleus
Nucleus

-at’ "Vo
.

"'Po j MeV •«*U •u •U 'NO •Pa
:,iU

40*6
35*7

«TNp
•-”Pu

24±5
30*6

IS*
2j1
217

13.33

14.10

14.36

10.43

1 1.50

10.76

s 82
-.67

13 49

12.79

12.9't

i

11.63 . 210

12. .6 1 233

12.93 i 275

14 02
14.17

l 15.22

,9,7
1-J •-'*

12.UU

.1.43 ! 11 62
* It 1

Il 'Ji

l 9.29 1 12.32

•So* i

{jjj
Ararat* 33x3

J
Theoretic*! 35J

worn* M8S-41I
IMV. 7*1 4* #41

USCOMM-NIMC PHOTONUCLEAR DATA SHEET 203

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU On STANDARDS



«kf. D. DeFrenne, H. Thierens, B. Proot, E. Jacobs, P. DeGelder
A. DeClercq, W. Westmeier
Phys. Rev. C26, 1356 (1982)

» EL, EM. SYM. A Z

METHOD

u 235 92

REF. NO.

82 De 4 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANGS TV PS PANGS

G,F RLY 5-30 C 12-30 ACT-i 4PI

'

A systematic study of the charge distribution for bremsstrahlung-induced photofission of FRAG YLDS
B5U and a*U with the end point energies ranging from 12 to 30 MeV was performed using

direct y-ray spectrometry of irradiated uranium samples or of fission product catcherfoils,

and also employing chemical separation techniques. For both fissioning systems the width
of the charge distribution was found to be practically independent of the average excitation

energy and the values obtained are in very good agreement with those reported in the litera-

ture for low-energy fission. The deviation of the most probable charge Z, from the un-
changed charge density value ZUCd as a function of the fragment mass shows the influence

of the 50-proton shell in the charge distributions and a higher charge-to-mass ratio of the

light fragments independent of the compound nucleus excitation energy. For the necessary
conversion of postneutron into preneutron masses, neutron emission curves, vim*), were
deduced from previously measured postneutron and provisional mass distributions. Calcu-
lations following the scission-point model of Wilkins et al. and the predictions of the em-
pirical relation of Nethaway reproduce very well the experimentally determined Zp
behavior, except in the mass region affected by the Z = 50 closed shell.

NUCLEAR REACTIONS, FISSION a«“U( y.f.. = 12. 15. 20,

30 MeV; measured product y-ray spectra deduced charge distributions,

width, and most probable charges; calculated v(m*! from measured pro-

visional and postneutron mass distributions.

TABLE IV. Values of the width parameter c determined for the phorofission of :J5U.
denotes the postneutron mass.

\ E, (MeV)

*p-\ 12 15 :o 30

130 0.86±0.()<J j *2 • do 0.90+0.04
131 0.92 ±0.14 1.02 r 0 it -+.0 M 1.45-0. 19

132 0.72+0.12 0.71 : 0 0? > *n .ii o5 0.76-0.05
133 0.66+0. 10 0.68 tO ns > .m 0.79+0.21
134 0.67+0.07 0.63 ;0 Of) *« -o 0.55-0.08
135 0.86+0. 14 0.82 ;0 O* 1 *S UN 1.00-0.13
136 0.76 r O 05 )

'•». .) iU 0.87+0.03
140 0.92 ±0.35 0.94 *0 23 i 'M-n i;

I . I4±0. 35

<c> 0.78 ±0.12 0.80 14 '»*•<> 24 0.93+0.27
<£«> (MeV) 9.7 11.6 i » 1 14.1

(OVER)

form M8S.4U
(RCV. 7® 1 4* #41

USCOMMHtiiS-OC PHOTONUO.EAR DATA SHEET 204
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANOAROS



TABLE II. Fractional independent and cumulative chain yields for the photofission of :35U. (c) denotes the fractional

cumulative chain yield.

\ (MeV)

Nuclide 12 15 20 30

“Brie) 0.434+0.042 0.427 ±0.042 0.396±0.035 0.408 ±0.040

"Krid 0.870+0.084 0.842±0.079 0.852±0.079 0.867±0.084
w
Krie) 0J95±0.076 0.628±0.079 0.599±0.075 0.602 ±0.076

”Kric) 0.372+0.037 0.377±0. 124 0.342±0.035 0.304 ±0.033

”RWe) 0.441+0.089 a482±a066 0.419-±0- 103

**Srie) 0.802 ±0.099 0.817±0.088 0.762±0.080 0.787 ±0.083

”Sric) 0.641+0.063 0.634±0.056 0.579 ±0.053 0.625 ±0.058
l00

Zric) 0.704 +0.091 0.677 ±0.102 0.604 ±0. 076 0.598 ±0.108
124Sb* (5.9 ±2.2)X 10

-2
(8J ±1.7)x JO

-2
0.1 10±0.017

l24Sb" (6.4 ±2.0)x 10“ 2
(6.7 ±1.7)xl0~ 2

(8.0 ±1.9)xlO“ 2

l2
*Sn(c) 0.685 ±0.053 0.661 ±0.046 0.611 ±0.049

,29SV(y"Mc) 0233+0.020 0.196±0.012 0.186±0.013 0.180±0.016
,29Sba

( j
+

)(c) 0.131+0.011 0.146±0.009 0.133±0.009 0.123±0.009
l50Sn(c) 0.258+0.020 0.236±0.019 0.241 ±0.034 0.173±0.020

'“Sb^S"*) 0.293+0. 137 0.248±0.072 0.220±0.059 0.250±0.063
IMSbs(8-) 0.331+0.030 0.281 ±0.020 0.296±0.016 0.275±0.01

1

l30
I (3.6 ± 1.7) X 10~ 3

(5.7 ±1.0)X10- 3
(9.8 ±1.6)X10~ 3

,3,
Sn(e) 0.119+0.010 0.1 10±0.006 0.1 14±0.007 0.1 22 ±0.007

13lSb 0.549+0.066 0.485 ±0.045 0.416±0.047 0.410±0.040
,3,Te» 0.125+0.052 0.151 ±0.034 0.1 67±0.028 0.1 68 ±0.037

0.180 +0.023 0215±0.019 0.263 ±0.026 0.270±0.023
l32Sn (3.2 +1.8)xlO~ 2

(2.2 ±0.7)xl0~ 2
(2.5 ±0.7)x 10

-2
(3.0 ±0.8)xl0~ 2

l32Sb* 0.138+0.017 0.100±0.010 (7.5 ±0.9) X10~ 2
(9.8 ± 1 . 3 ) X 10~ 2

,32Sb~ 0.202+0.054 0.2 14 ±0.023 0.1 87 ±0.020 0.192 ±0.022
,32Te 0.562 +0.094 0.602 ±0.052 0.629±0.065 0.592 ±0.028
,32

I (4.6 +1.9)X10~ 2
(6.2 ±0.6)X 10

-2
(7.6 ±0.8)X 10~ 2

(9.1 ±0.9)x 10
-2

l33Sb 0.196+0.019 0.175 ±0.017 0.162±0.013 0.179±0.018
l33Te» 0.203+0.043 0.214±0. 032 0.1 75 ±0.072 0.1 67 ±0.038

0.473+0.062 0.471 ±0.040 0.454±0.042 0.404±0.041
,33

i 0.118+0.042 0.1 53 ±0.034 0.180±0.025 0.181 ±0.035
l34Sb (3.6 ±0.6)xl0' 2

(3.0 ±0.2)X 10
-2

(2.3 ±0.4) xlO“ 2
(2.3 ±0.4)xl0~ 2

l34Te 0.52 ±0.05 0.51 ±0.05 0.48 ±0.05 0.53 ±0.10
.Mi 0.36 ±0.07 0.40 ±0.06 0.40 ±0.05 0.42 ±0.08
,35Te 0.237 ±0.006 0.171 ±0.035 0.147±0.031 0.203±0.04O
l35

I 0.603 -0.083 0.623 ±0.056 0.625 ±0.050 0.562 ±0.052
l35Xe 0.160±0.02l 0.206±0.017 0.228±0.016 0.245±0.012
IJ6Te (6.4 ±0.5) Xl0“ 2

(5.7 ±0.9)X10' 2
(5.3 ±0.7)xl0' 2

(7.0 ±0.4)xl0~ 2

I36j*
(8.9 ± 1.4) x 10

-2
(7.1 ±2.3)X 10

-2
(7.7 ± 1.3 ) X 10

-2
(8.3 ±1.2)x 10~ 2

1Stent 0.212±0.018 0.225 ±0.014 0.199±0.017 0.207+0.017
l3
*Cs (2.0 ±0.5)xl0~ 2

(2.9 ±0.5) xlO~ 2
(3.6 -0.5)x 10

-2

,37
I(c) 0.334±0.045 0.326±0.075 0.294-0.069 0.364 ±0.068

,J7Xe 0.567±0. 114 0.548±0.070 0.483±0.087 0.455 ±0.078
l3,

Xe(c) 0.725 ±0. 1 15 0.679+0.079 0.589±0.091 0.613+0.093
l3,Cs 0.250±0.070 0.350±0.078 0.360±0.062 0.390+0.071
IJ,

Xe(c) 0.547 ±0.074 0.447 ±0.065 0.380 ±0.048 0.418+0.053
l40

Xe(c) 0.248±0.025 0.245 ±0.025 0.218±0.018 0.223+0.019
l40
Cs 0.583±0.098 0.576±0.063 0.538±0.081 0.524+0.085

l4l
Cs(e) 0.611 ±0.040 0.643 ±0.056 0.610±0.082 0.629 ±0.070

142
Bale) 0.894+0.096 0.866+0.053 0.846 +0.091

l4}
Ba(e) 0.775 ±0.105 0.782 ±0.061 0.685 ±0.060 0.666 ±0.05 5
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A. P. Baerg, R. M. Bartholomew, F. Brown, L,

S. 3. Kowalski
Can. J. Phys. 21 ,

1418 (1959) (A.E.C.L. No.
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236
i
92

method [Page 1 of 2]
REF ‘ N0 ‘

Betatron with ionization chamber detector, enriched samples. 59 Ba 4 I

EGF

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR -20 C 6-20 ION- I ; DST

i

TABLE II

Anuui.tr distributions

Relative fission fragment yields as a function of peak bremsstrahlung energy Eo and angle 9
o, X-ray beam

Eo,

Mev

Angle 9

0 25 45 60 90

Th-232
6.5 1.00=0.3 20±5
7.0 1.00=0.04 4. 1±0.2 6.7±0.3 8.4±0.3
7.5 1.00=0.1 5. 1±0.4 6.0±0.

4

7.9±0.5
8.0 1.003:0.09 2. 4±0.

2

3.6±0.3 5. 1=0.3
9.0 1.00±0 1 3. 4=0.

3

10.0 1.003:0.04 1 . 16±0 05 1.67 ±0.08 1.97 ±0.08 2.4±0.

1

14.0 1.00=0.05
1 .43 ±0.08

20.0 1.00=0.05 1 . 13±0.06

U-238
6.0 1.003:0.3 6 0=1 .4
6.3 1.00*0.1 3. 6=0.

4

5. 9 ±0.6
6.5 1.003:0.2 4. 5=0.

7

7.0 1.003:0.08 1.5±0 1 2. 0=0.

2

2. 4=0.

2

2.9±0.2
8.0 1.00±0.06 2. 1±0.

1

9.4 1 00 ±0.023 1. 094 ±0 029 1 224±0029 1.274 ±0.034* 1.452±0.033
10.0 1.00=0.04 1.38±0.04
14.0 1.00±0.04

1 .08=0.04
20.0 1.00=0.03 1 . 05±0 . 03

9 — 65 in this case

U-236
6.0 l. 00±0.25 4.6±0 8
6.5 1.00=0. 1 2.06=0.2 2.55=0 25
7.0 1 .00=0.06 1 .05=0 10 2. 11 ±0. 12
8.0 1.003:0.04 1.39=0.06 1.66=0.07
9 0 1 003:0.04 1.10=0 07 1. 15=0.04 1.31 ±0.08* l . 46=0.05
10.0 1 003:0 03 1 .07 ±0.03 1.28=0.04
14 0 1 .00=0.02 1.03 ±0.02

*9 — 65° in this case

U-234
6.5 i on±o i 1 41 =0. 14 1 .98±0.20
7.0 1 00±0 05 l 19 ±0.06 1 .53=0.08
8.0 1 00±0.03 1 113:0.03 1.30—0.04
10.0 1.0U±0.03

l 12=0.03
15.0 1 00±0 03 1.01=0.03

Pu-240
6.5 1 .00=0 10 1 49±0 15 1 55=0 16
7.0 1 .003:0 06 1 03±0.06 1 35=0.08
8.0 1 .00=0.03 1 .01 ±0.03 1.21=0.04
15.0 1. 00±0.02 1.01=0.02

The values quoted are counts observed for unit X-ray dose normalized to unit yield at
9 “ 0°. No corrections have been applied.

“OHM N O S * - ) 6
• i# .

* t r. 4 i

l'tW« ClNoCe. £«% ,ZZ~ 209

U . S . 0 £ P A 7 .v. c. .*• 7 Z/r Z Z
N A T I ON A U W U *5

. ..

|
*



A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz,
S. B. Kowalski

Can. J. Phys. 21 , U18 (1959) (A.E.C.L. No. 896)

METHOO

Betatron with ionization chamber detector, enriched

and

[Page 2 of 2]
samples.

U 236

REF. NO.

59 Ba 4

92

EGF

REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TYPE RANGE TY PC RANGE

TABLE IV

Relative fissionabilitics, U-238 « 100 at 20 Mev

E, U-234 U-235 U-230 U-238 Pu-239 Pu-240

ft. 0 0 . 45±0 05 0.303±0.013 0.387±0 040

0.5 1.105=1=0.033 1.134±0 025 1.159±0 1120 1 06±0 07 0 239±0.024 1 . 145±0.051

7.0 2.515^0.053 2.282±0.038 2.358±0.t)37 2. !4±0 14 4 . 50±0 . 22 2.528±0.075

8.0 0.285±0.085 5.519±0.007 5.285=c0 05ft t 87±0.21 1 1 35±0.34 0.09±0.12

9.0 11. 00±0.33 8.94±<> 13 8 . ftftjfcO . 2ft

10.0 17. 30±0.53 18.75±0.30 14. 29±0.20 14. 11^=0.28 45.1±2 .

2

u.o 88.0±4.5 43.11 ±0 53 57 , 7± 1 .

4

15.0 84.3±1 .9 119 0±0.9 73.58±0.78 70.5±1 8 255 . 0±7 .

6

82.3±1 .8

20.0 127.5±25 180 83=2.2 109 I±1 0 - 10O±2 5 352±10 120.8±2.3

E„

6.0
6.3
6.5
7 0
7.5
8.0
0 0
0 4
10 0
14 0
15.0
20 0

‘These
position.

TABLE VI

Corrected values of a in W{9) - l+a s jn> g

Th-232

>25
11 . 0±0.

8

10. 3± 1 .

6

4.9±0 0
2 . 8±0.

4

1.61=0. 12
0 40 ±0 00

U-238

6 . 6±2
6.7±1.

1

4.4±1.0
2 . 05±0 . 24

1 3±0.

1

0. 4 ldbO.0

1

0.41 ±0.05
0.09 ±0.04

U-236

6.0±2.3

2.

1

±0.

4

1 . 33±0 . 17

0.79±0 09
0 51 ±0 07

9 H 1)1,

0 O l=0 03

U-234

2.

3

±0.6
0.90±0. 16

0 44±0.08

o 1 7±0 07

0.02 ±0.04*

Pu-240

0.65±0.20
0 . 40±0 . 12

0,29±007

0.01±0 03*
_ ^ kj —u w.>

tlucs. Which do not differ from zeroT havT^ Corrected fo'r is^,17

form NSS-418
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U.S. OEPARTMENTOF COMM£^C£
NATIONAL BUREAU OP ST ANDAdUS

PK0T0HUG.EAR DATA SHEET 210



Ref. J.R. Huizenga, K.M. Clarke, J.E. Gindler, R. Vandenboach
Nuclear Phys. ^4, ^39 (1962)

Elera. Sym. A

u 236 92

Ref. No.

62 Hu 1

Method

Monoergic y's from F^(p,aY) reaction; fission fragment ionization
chamber. JHH

Reaction AE
S
a d E J n Notes

6.14

7.0

U
256

(t,f>

Table l

Isotopic content »»l uranium targets in mass per cent

.4

233 234 215 236 »
!

Target 1

l
«• '.»« 33 » (MO 0.0127 1 51

1 93.44 4.87 1 69

l 0 022 99.94 0 038

1"
0 07 4 82 94.77 0 54

O <»4 '.9 HO

1

TAMLk.

- « Hour • •!»«.« its -il with mono-energetic gamma rays from the |-' l•fp. xy< u‘ #

reaction

Target Oy at ,(mb| a^ l4 (mb) B% {M«V) • /T,<McV| V

Th“» 1 01* 0 13 »- 3 »± * 6.14 5 5

1 12 - 0 la 15- 5 u± « 6.04 5 3

{
• (SB

II *41 0 III 2*± • 35±ll 6 40 5 2

( *n* 2 t*» - 0 33 33-10 16± 5 5.24 5.5

(
•** |llll 52 - l« *T 6.77 5 1

1 .*« • 0 79 44 - 1

4

13 r 4 A 90 5 4

N|'M '
1 43 •121 45 -14 31 — 10 4 76 5 3

•| I ron, (|„- . . "(111.Ill, >11 ol . f ")

•) 1 rout tin- '•pii.ltloil -1 "1

Ref 2D:

Ref 2d:

Everling, Konig, Mattauch, <4

Wapstra - Nuclear Phys. 18,

529 (I960)

Vandenbosch & Seaborg - Phys. Rev.
no, 507 (1958)

U.3. DEPARTMENT OP COMMERCE
NATIONAL BUREAU OP STANDARDS

FORM NBS-418
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REF.

0. C. Ai unarm and J. E. Glndler
J. Inorg. nucl. Chem. 32, 731 (1970)

ELEM. SYM. A

U 236 92

METHOO REF. NO.

70 Au 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-17 C 14-17 ACT-I 4 PI

Data ratio of isomer to ground state yields. ISOMER YIELDS

€,-Cf <«MV»

Fig. 3. Cumulative (a) and independent (b) yield m Pd isomeric ratios as a function of

excitation energy above the fission barrier for several compound nuclei. The solid curves

in 3b represent the root-mcan-square average angular momenta of the compound nuclei

indicated. The dashed curves are the solid curves displaced to pass approximately through

the respective isomeric ratio data.

ot
C

I able 3. Cumulative yield isomeric ratios of ‘"Pd formed in phon>*

fission

[
13*8 SUV •

1 1 7 SUV .

2>6 MeV *M« •

;

Target •3-K

em MeV)
16-6-17-0 17-

1

w
5 0-01

1 u
2 *

0 006rt± 0-0004 0-00.V.± 041006 x 1-

O-OOM - 0-0004 0-0054 ± 0-0005 0-01166 ± 048)07 c .

0-017)5 ±04)007 0-01 19 ±0-001

2

0
m

3

o-oi25±oootw 0-0!30±0-00l3 -
** 2

8*4
(J 0-0261 ±0-0019 0-0235 ±00024 i

1

j

*“U 0-0304 ± 0-0022 0-0380± 0-0038 0-0454 ± 0-0045
OOOi _L j

H

333 3
222 2

jLl

HOOOO 09937-
l>8 U«V • •

1 7 MtV * •

35

1-0

Ol

37 34

2*/*
35 37

OO*

Fig. 5. Cumulative (a) and independent (b) yield ,n Pd isomeric ratios as a function of
'/}IA for the compound nucleus.

form N3S-418
(REV. 7«14°64)
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1REF
M.V. Yester, R.A. Anderl, R. C. Morrison
Nucl. Phys. A206. 593 (1973)

ELEM. SYM.

U ^36 92

method REF. NO.

73 Ye 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, F ABX Ln 1 00 D 5-8 SCD-

1

4 PI

Incident spectrum is result of Compton scattering of Ni COMPTON SCD G- SOURCE

n-capture gammas. Spectrum is flat with peak at high
energy end. Cross section obtained by unfolding yield
curve.

A. V. Ignatyuk, N. S. Rabotnov,
G.N. Smlrenkin, A.S. Soldatov,
Yu. M. Tsipenyuk, JETP (Sov.

Phys. ) 34 (197 2) 684

®A. Manfred ini, L. Fiore, C.

Ramorino, H. G. De Carvalho and
W. Wolfli, Nucl. Phys. A127
(1969) 68

Fig. 11. Comparison of the ,s,Th photofission cross section measured in the present work (a) with
the data obtained by Ignatyuk et at. *) using brcmsstrahlung, and (b) with the data of Mantredini

et at. •) obtained with discrete lines from neutron-capture y-sourccs.

(over)

RORm NSS-419
IR«V. 7*l4-«4>
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Taw u I

I’hotolission cross sections of :jJTh and ,J<MJ

Energy

(McV)

iJ-Th

cross section (mb) cross section (mb)

5.0 -0.6=0.6 a
) — 2.6=1.3 a

)

5.1 —0.6— 0.5 — 2.0 ±1.1
5.2 —0.7 — 0.3 -1.1 ±0.8
5.3 -0.S±0.3 -0.1 ±0.7
5.4 —0.9— 0.4 0.2±0.7
5.5 -06=0.4 0.7 ±0.8
5.6 0.1 =0.5 1.3 ±0.9
5.7 0.9 =0.5 2.1 ±1.0
5.8 1.7 =0.5 3.2 ±1.0
5.9

'

2.9±0.5 4.2 ±1.0
6.0 4.5 =0.5 4.7 ±1.0
6.1 6.2±0.5 4.9 ±1.0
6.2 7.6 =0.5 4.9 ±1.0
6.3 8.3=0.5 5.0 ±1.0
6.4 8.2 =0.5 5.3 ±1.0
6.5 7.5=0.5 5.7 ± 1.1

6.6 6.4=0.

5

5.7 d l.l

6.7 5.2 =0.5 5.5±l.l
6.8 4.2=0.5 5.3 ±1.1
6.9 3.6=0.5 5.0 ±1.1
7.0 3.4=0.

5

5.4 ±1.1
7.1 3.5=0.

5

6.4±1.1
7.2 3.9 =0.5 8.0±1.1

7.3 4.3 =0.5 10.1 1.1

7.4 4.7 = 0.5 1 1 .9± 1 .1

7.5 5.1 =0.5 I2.6±l.l
7.6 5.1 =0.5 1 2.6± 1.1

7.7 4.7= 0.5 12.1 ±1.1
7.8 3.9±0.5 1 1-5± 1.1

7.9 3.1 =0.5 10.7 ±1.1
8.0 2.4 =0.6 9.8± 1 .3

*) These arc the relative errors only. The ± JO% error in the absolute scale has not been included.
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J.T. Caldwell and E.J. Dowdy
Nucl . Sci. & Eng. 56, 179 (1975)

CLEM. SYM. A Z

METMOO

U

ref. no.

236 92

75 Ca 5 egf

REACTION RESULT EXCITATION
ENEROY

SOURCE OETECTOR
ANGLE

TYPE MANGE

G,F NOX 6- 13 C 8- 13 MOD-

1

4PI

The prompt- and delayad.-neutron multiplicities for photofission of the eight NEUTRON MULTIPLICITIES
isotopes, U2Th, ^U, 234U, 233U, WU, 234U, a7Np, and 233Pu , have been measured

using bremsstrahlung with end-point energies ranging from 8 to 13 MeV. The

measured multiplicities are compared with those from the same compound nucleus

formed in neutron-induced fission where such data exist.

Fig. 5. v. versus excitation energy for the eight iso-
topes studied in this experiment. The full curves shown
are from the evaluations of Davey* with the excitation
energy determined as described in the text. For the
lower three isotopes shown, no previous experimental
values for vp exist.

^W.G. Davey, Nucl. Sci. Eng., 44_, 345 (1971)
6
L. Tomlinson, "Delayed Neutrons from Fission:

’ A Compilation and Evaluation of Experimental
Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

ro«M N8S>41I
•rev. 7-1 «.«4 i

uscomm*ss*oc 215 PHOTONUCt

Fig. 6. Delayed neutrons per fission versus the

parameter 3Z-A of the compound nucleus. The full

curve shown is the least-squares fit to the data shown
with In Yq = 10.61, K = -0.372. The dashed curve is the

least-squares fit to the data provided by Tomlinson
8
with

In Y0 = 11.35, K= -0.39.

TABLE IV

Least-Squares Linear Fit Expressions for vp((Ey)>

Isotope V,«E
y
))-*,+ dvp/dE (Ey)

Correlation

Coefficient

“Th Vp((Ey)) = 1.310 + 0.090 (Ey) 0.675

“u v
p ((Ey>)

* 1.200 + 0.1709 (Ey) 0.947

~U 7p((Ey)) - 2.222 + 0.0399 (Ey) 0.741

“u "up ((Ey)) - 0.9034 + 0.2292 (Ey) 0.967

“u 'vp({Ey)) - 1.140 + 0.1788 (Ey) 0.986

“u "Vp ((Ey)) - 1.502 + 0.1458 (Ey) 0.984

’"Np V,((Ey)) » 0.4027 + 0.2505 (Ey) 0.967

«Pu 7,((Ey)) = 2.526 + 0.0930 (Ey) 0.777
nr or commerce
U OF ST ANOAROS



TABLE HI

Prompt- and Delayed-Neutron Yields

£,, MeV (Ey), MeV T>
Delayed Neutrons
per 100 Fissions

8 6.44 1.96 £ 0.11 3.10 £ 0.28

(o- - 1.15 £ 0.05) 10 7.02 1.89 £ 0.11 3.06 £ 0.31
10.2 7.10 1.89 £ 0.11 2.67 £ 0.21
12 8.06 2.08 £ 0.11 2.59 £ 0.31

av * 2.80 £ 0.28

233u 8 6.68 2.350 £ 0.112 0.455 £ 0.040
(<r - 1.25 £ 0.05) 10 7.90 2.498 £ 0.108 0.518 £ 0.040

12 9.55 2.960 £ 0.096 0.640 £ 0.044
13 10.27 2.870 £ 0.099 0.598 £ 0.051

av - 0.553 £ 0.044

“u 8 (6.67)* 2.536 £ 0.112 ,
*—

-

(a * 1.13 £ 0.05) 10 8.69 2.499 £ 0.107 0.92 £ 0.06
12 9.54 2.623 ± 0.105 0.97 £ 0.12

av a 0.94 ± 0.094

“U 8 6.67 2.456 £ 0.086 0.90 £ 0.08
(<r - 1.20 £ 0.05) 10 7.70 2.697 £ 0.081 0.88 £ 0.08

10.2 7.81 2.612 £ 0.079 1.13 £ 0.07
12 8.86 2.963 £ 0.072 1.12 £ 0.08

av a 1.02 £ 0.08

“U 8 6.66 2.357 £ 0.111 1.43 £ 0.14
(a = 1.20 £ 0.05) 10 7.63 2.470 £ 0.105 1.73 £ 0.12

12 8.86 2.744 £ 0.095 1.64 £ 0.10

av a 1.60 £ 0.13

«“U 8 6.53 2.457 £ 0.088 3.06 £ 0.24 !

(<r » 1.22 £ 0.05) 10 7.54 2.628 £ 0.083 2.76 £ 0.17
10.2 7.66 2.585 £ 0.082 3.06 £ 0.14
12 8.88 2.802 £ 0.078 2.75 £ 0.19

av = 2.91 £ 0.20
j

"Np 10 7.68 2.35 £ 0.11 0.38 £ 0.04
|

(o- 1.20 £ 0.05) 12 9.31 2.65 £ 0.10 0.50 £ 0.04
13 9.92 2.95 £ 0.10 0.54 £ 0.04

av = 0.47 £ 0.04

“Pu 10 7.69 3.32 £ 0.08 1 . . ,

(or = 1.18 £ 0.10) 10.2 7.84 3.17 £ 0.14 0.37 £ 0.04
12 9.65 3.43 £ 0.10 0.37 £ 0.04

av = 0.37 £ 0.04

‘Estimated value.
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REF.

METHOD

A. Aim, L. J. Lindgren
Nucl. Phys. A271 , 1 (1976)

EL EM. SYM. A

U 236

REF. NO.

92

76 A1 4 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR- 7 C 5-7 TRK-I DST

-

Abstract: A measurement of the angular distribution and yield of fission fragments from photofission

of ,14U has been performed between 5.2 MeV and 6.4 MeV. As y-source the bremsstrahlung

from a microtron has been used. For the detection of the fission fragments, solid-state track

detectors were used. The experimental data were analyzed within the framework of the double*

hump fission barrier model.

Fig. 3. Some typical angular distributions (circles) normalized to the value in the 90* direction. The
dashed curves represent the components of the angular distribution, as given by the best fit of the

constants a. b and e. The solid curve is the sum of these components. Actually, both the experimental
values and the calculated components represent histograms, the width of each angular bin being 15*.

but for greater clarity, the curves are drawn.

form NSS-418
(R CV. 7.1 A. 041

USC OMM-N S9*OC

Laver)
u.s. department of commerce

NATIONAL BUREAU OF STANOAROS
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Y

fissions

/pc

f
el.

units

Fig. 4. The yields ITl), y«(3)s 1»(2) and yc (-t). The curves represent the best fit for the experimental

points.
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*tr V.E. Zhuchko, A.V. Ignatyuk, Yu.B. Ostapenko, G.N.
A.S. Soldatov and Yu.M. Tsipenyuk

Phys. Lett. 68B, 323 (1977)

METHOD

Smirenkin, EL EM. SYM. A Z

u

ree. no.

236 92

77 Zh 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

T V P C HANOI T V PC HANOI

G,F ABX 3- 7 C 3-7 TRK-I DST

-

Experimental data on yields and angular distributions of photofission fragments of 234U and 23*U are presented.

The anomalies caused by delayed fission from the low-lying isomer states of the second well have been dearly ob-

served in the energy dependence of the yields of the Isotropic component. Characteristic features of the observed

phenomena have been analyzed.

£.mm
, AftV

I ig. 2. The coefficients of the fragment angular dniribuiaMw.
(he integral yields and the photofission cross sections i.r

The symbols are the same as in fig. 1.

rosu N8S-41S
(RtV. 7*1 4*441

USC OMM*N 1 5-0 C PHOTONUCLEAR DATA SHEET 219
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ref. C.D. Bowman, I.G. Schroder, K.C. Duvall and C.E. Dick

Phys. Rev. C 1_7» 1086 (1978)
ELEM. SYM.

U 236 92

******

Upper limit of a at 3.5 MeV Is 1.2 ± 1 .7 x 10*1° b

REF. NO.

78 Bo 8 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANOE

G,F ABX THR- 4 C 4 TRK-I 4PI

(THR-3.5) (3.5)

Upper limit for SIGMA

Photofission cross sections for
I3ITh, and !34U have been measured in the energy range from 3.25 to 5.75

MeV and for and J34U at 3.5 MeV. The cross sections change by over seven orders of magnitude for

this energy range. Cross section shapes are significantly different for different isotopes indicating a strong

sensitivity to fission barrier parameters.

form NSS.41S
<BEV. 7-I4.44)

USC OMM“H BS»OC

U.S. DEPARTMENT OF COMMERCE
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«er. V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin, A.S. Soldatov
Yu.M. Tsipenyuk
Yad. Fiz. 28, 1185 (1978)

Sov. J. Nucl . Phys. 28, 611 (1978)

METHOO

* EL EM. SYM. A

U

REF. NO.

92

78 Zh 6

REACTION RESULT excitation
energy

SOURCE oetector
ANGLE

TVPf range TYPE RANGE

G,F ABX THR-5 C 3-5 TRK-D 4PI

(THR-4.6) (3. 5-4. 6)

Yield measurements are reported for photofission of
nl

Th, 2M
U,

:3,
U, and :,7Np in the 'deep sub-barrier

energy region 3.3-4.6 MeV where anomalies in the cross section—isomeric shelfs—were previously
observed [Phys. Rev. C. 12. 863 (1975)]; Pis ma. Zh. Eltsp. Teor. Fiz. 22, 235 (1973). [JHTP Lett 22.
1 18 (1975)]. The various sources of background arising in this energy region, which is only with difficulty
accessible for measurements, are analyzed in detail. Analysis of the anomalies in the behavior of the
integrated photofission yields in the case of the two nuclei and ::,U most favorable for study indicates
a resonance nature of the cross sections for delayed fission and a substantially more complicated physics of
the phenomenon than the simplified interpretation of Bowman [Phys. Rev. C, 12, 363 (1975)].

4*

FIG. 2. The round points are the results of measurement of
the yields ) in fissions/mg-uC of the photofission

reaction: •—present work and Ref. 7; C— Ref. 8. T and
dashed lines—respectively the experimental and theoretical

estimates of the background due to fissions by neutrons from
the reaction Be(y,n)\ C and dot-dash lines— the same for the
D(y,n) reaction. The shaded sections show the level of back-
ground from spontaneous fission and fission induced by
cosmic rays.

form NSS-41S
(R av. T.l 4. *41

USCOMM-N8S-OC PHOTONUCLEAR DATA SHEET 221

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF 3TANOAROS



* er
- V.E. Zhuchko,
Yad. Fiz. 2R,

Sov. J. Nucl

.

Yu.B. Ostapenko, G.N.

1170 (1978)
Phys. 28, 602 (1978)

METHOD

Smirenkin, A.S. Soldatov, EL EM. SYM. A

U

REF. NO.

78 Zh 7

z

236 92

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photofission yields of

nine nuclei—2JJ
Th, :J,J35J36JJ,

U,
2J7

Np, 22,24l
Pu, and 241Am in the energy region 4. 4-7.0 MeV. The method

of minimization of the directed deviation was used to reproduce the photofission cross sections from the .

integrated yields. The following problems are discussed in terms of the experimental data: resonance

structure of the cross sections, effects of a two-humped shape of the fission bamer. and comparison of the

fissility in the (yf) and (n /) reactions and in direct reactions.

PACS numbers: 2J.85.Jg

FIG. 4. Fissility P, in

the reactions (y,/)—•,
(it,/)—A ©ef. 14), and

in direct reactions—0.

*

The dashed curve shows
the results of evaluation

of Pf In accordance with

Eq. (9).

(over)
form N3S-418
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. M#V
*r -j v j.j s.o \i

FIG. 2. Yields FIF,^, fissions/mg -uC (lower curve), and

cross sections u^lE,), mb (upper curve), of the photofission

reaction for even-even isotopes—a: comparison of the func-

tions <jyf(Ey ) obtained in the present work for 2T2Th and 23,U
with data obtained in quasi monochromatic y rays—b. Curves:

solid lines (and points)—results of the present work, I

—

data of Ref. 5, 2—data of Ref. 6. 3—data of Ref. 7, 4—data
of Ref. 8.

FIG. 6. Set of data on dipole photoabsorption cross sections

<rrt . The solid line (1)—the present work—is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Er = 8-10

MeV. Curves 2 and 3 are an extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for 238V: curve 4 is an estimate by

means of Axel's formula. 15 Points: “,
'

!32Th: .1, a

—

:,3U:—

*

MU; C, •—:3*U; T, v—237Np; O—215Pu. The hollow

points are from Refs. 16 and. 17: the solid points are from

Ref. 6.
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J.D.T. Arruda Neto, B.L. Berman, S.B. Herdade, I.C. Nascimento

Lett, al Nuovo Cimento 26, 487 (1979)
ELEM. SYM. Z

u 236 92

method

I

REF. NO.

79 Ar hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 11-19 TRK-D 4PI

See 80Arl5. Data entered to 33 MeV. VIRTUAL PHOTONS, GQR

Kite. 1. - <i> Normalized clcctroiifission yield for *’*1‘ (data points). The solid eurve represents the

yield which would result from the El component only, obtained he integrating the phototission rross-

seetion data of ref. (’). b) Normalized electrortssion yield ilnfereiieu between the data and the curve

of tig. In) (data points). The solid curve is the fold -hark of <t
A1J in eq. t.l). <) l’hotottssion cross-section

obtained from the yield anulysis (<r
ldJ

). The dashed curves determine the error limits for

(over)
FORM N3$~418
(R 6v. 7-1 4-64)

USCOMM-N8S-OC PHOTONUCLEAR DATA SHEET 224
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bY/K

(mb«tO

J
)

FI*. 2. - Data points represent the same ricld differences of fig. 16) in linear plot cleft scale), and
the solid curve is tho (x

Ad4 of flg. lc) (right scale).
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REF. V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin, A.S. Soldatov,

Yu.M. Tsipenyuk

Yad. Flz. 30> 634 (1979)

Sov. J. Nucl . Phys. 30, 326 (1979)

ELEM. SYM.

u 236 92

METHOD REF. NO.

79 Zh 3 hg

EXCITATION
ENERGY

SOURCE DETECTOR
angleREACTION result

TYPE RANGE TYPE RANGE

G,F YLD THR-7 C 4-7 TRK-D DST

(4.3-7)

'

We report the method and results of measurements of angular distributions of fragments in the (yf)
reaction for

J3,
77i ,

1UU, and 23,U carried out in connection with the investigation of the properties of deep

sub-barrier photofission: the isomeric shelf phenomenon, disappearance of the angular .anisotropy

(
U‘‘23,

C/). and the absence of this effect and of the sub-barrier enhancement of quadrupole photofission in
lnTh. The experimental data presented permit an understanding of the nature and relation of these

properties in terms of the concept of a two-humped fission-barrier structure.

PACS numbers: 23.85Jg

TABLE I. Parameters of the angular distributions of photo-

fission fragments.

MtV
ft. no.

Jit.

mC
e =A« b=A6 crAc

“Th (8—200mg/cm I
)

5.0 552 8.9- 10* 0.000*0.08 1.000*0.06 d 250*n 080
5.2 758 1.0*10* O.OOniO.OS 1.000=0.08 o.2r.*o.ioo
6.i 48 9(0 510 0.08*0.03 0.94=0.03 0.06*0 04
84* 23 340 10900 0.044=0.002 0.956*0.003 0.028*0.006

“*U (8-1.7 mi/em
3

)

4J 188 9.6- 10* 0.73*0.25 0218*0 26 1.71=035
4.73 2543 2.0- 10* 0.17=0.20 0.83=0.20 0.18=0.15
5.0 3441 0 5- Hi* 0. 10=0 to o.ooro. iu 0.20*0.15
s.t* 8.33 0.9- lo* 0.04=002 '

0.98*0.(15 0.187=0.04*
5-3 236.30 0.1 to* 0.06=0.03 094*0.03 0.12*004
55 16 5.SO I..V 10* 011 =0.08 0.89=0.08 0.42=0.08
5.8 4823 0.17- 10* 0.0(0*0.012 0960*0.1 124 0.503*0 028

M*U ;6—0.8 mg/cm*

)

4.5 612 8 9 10* 1.000=03 0.000=0.3 2.800*0 33
5.0 3917 1.0- 10* 0 2fn»=0.1 0.800=0.1 O.25o=o.l5
5.5 12 &<> 2.0 lir 0.!50fitM)7 0 830=0 07 U.2l*>*ll 13

5.5 • 12 7i.«) 1.6 to* 0.m48=d.ij06 0.932*11014 0.479 soul*
5.75 • 761)5 2.0 101 11.027 *0.1*13 U.973=u.Ol3 0.452 =0.015

6.0 • 7681 4.0-lU* oi>(2*o.uu5 0 039=0 013 0 lb6 = "«'t.l

6.-5 • 9*31 2.0 nr o.i.'09=Ono5 u.93l=O.0l3 0 t n» = <>')!3

5.5 • 10 150 i o nr o 112=0.006 •).388=o i*i3 ;

6.75 •
10 (.WO 50no U.l'J0=0.mj8 0 Sul =0 01 4 o.ufil to ol.S

7.0 • 7762 * 25m). 11.237*0.'*** 0.7 43=' >014 0.071 =i* "15
7.25 4790 toco 0 32O=0.uo9 0.680=0.014 0.033 = 0 "15

*«U (8-200 rns/cm
2

)

4.15 13a 12.6 lu* 1 000=0.2 0.000=0 2 0 23*>=0 JO
4 4 434 j 5 nr 0.940=0.35 •H#k»=t' 35 -

Z v » , r'* ,*•

4 3 7252 t.o nr 0 »5o=t) 1)4 0 510=0 "4 J =

5.4 449 070 o.4 nr O.iv*i)=o.ir* 0 9*0=0 0C
5 i

• 5761 o.5 to* " '.'94=0.ul t 0.'jii6=aul5 " J- *• = •• • .6

Note. N Is the total number of tracks recorded by the detec-
tors; /At is the integral of the current of accelerated electrons
at the bremsstrahlung target; 6 is the thickness of the fissile

target. The results marked by an asterisk were obtained by
the circular glass plate technique1

; the remaining results are
in the 4ir geometry.

FIG. 3. In the upper and central parts we have shown the
parameters of the angular distributions of fragments from
photofission of 233Th, J3S

U, and 23aU as a function of Emu .

Points: —results of the present work, •— results of Refs.
2 and IS, O—results of Ref. 13. In the lower part: the
hollow circles and their connecting solid lines are the total
yield of photofissions of the corresponding nuclei,8’ 10 the solid
circles are the isotropic component of the yield—Ya , and the
dashed line is the component Y„ which has been normalized to
Ya in the region of maximum anisotropy. The dashed line in
the upper part of the figure shows the asymptotic value of the
coefficient c r* c/b 0.05 for energies above the barrier (see
Eq. (3)1.
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ref. J.D.T. Arruda-Neto, S.B. Herdade, B.L. Berman,
Phys. Rev. C22, 1996 (1980)

METHOO

I.C. Nascimento EL EM. SYM. A Z

u 236 92

REF. NO.

80 Ar 7 hg

REACTION RESUL

T

EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPI RANGE TYPE MANGE

E,F ABX 6-33 D 6-33 TRK-D DST

G,F ABX THR-19 C 9-19 TRK-D 2PI

Electrofission and photofission yields and electrofission-fragment angular distributions for
2J4U have been

70 ADI 1 7QAD7
measured with fission-track detectors for incident electron energies from 5.5 to 33.0 MeV. Analysis of these Ott MLoU /OAK I I ,

/jftK

/

data with the use of virtual-photon spectra calculated in distorted-wave Bom approximation, combined with the

known photofission cross section, results in the simultaneous determination for this nucleus of (a) a giant

isoscalar £2 resonance located at 10.8*0.4 MeV. having a width of 6*1 MeV, and exhausting -70% of the

jw.hr energy-weighted sum rule, and (b) a small .Vf 1 component located at 5.8 *0.2 MeV whose strength is < 2%

of that of the giant iww»i*r £2 resonance. No evidence is seen for a giant isovector £2 resonance between 22 and

30 MeV.

[NUCLEAR REACTIONS I3*U( e,f); measured fission-fragment yields and angulaxj

distributions, 5.5 to 33.0 MeV; deduced GQR characteristics. J

FIG. 4. The ratio of the £1 electrofission cross sec-

tion and the total electrofission cross section for 236
u.

FK3. 2. Measured electrofission cross section <r, for

”*U (data points). Except for the two lowest-energy

points, the statistical uncertainties are smaller than the

plotted symbols. The solid curve represents the cross

section of which would result from the £1 component

only, obtained by integrating the photofission cross sec-

tion c(£) of Ref. 19 with the £l virtual-photon spectrum.

The uncertainty here Is of the order of the thickness of

the line.

TABLE I. Parameters for first-chance fission decay of the GQR.

Peak energy FWHM ^ EU SR % EWSR
Nucleus (MeV) (MeV) 1 Unit1 1.3 Units* Reference

10.8 a 0.4 -6 72* 10 “55 Present work
9.9 *0.4 ~5 £55 £42 5. 17

* Assumes that the total £2-photoabsorption strength exhausts one lsoscalar EWrR unit.

^Assumes that 1.3 EWSR units (130£ of the isoscalar £2 sum rule) are exhausted (see

text).

Electron Energy (MeV)

FIG. 9. Absolute values for the coefficient of the

;in
220 term in the electrofission differential cross sec-

don C(£
0 ) (Eq. (11)1, obtained from the measured angu-

ar distributions for 23SU (data points). The solid curve
'epresents this coefficient as computed, using Eq. (13),

rom a*** after Ml subtraction; the dashed curve as-
umes there to be no Ml component in a Ad“.
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Fission

Fragment

Angular

Distribution

FIG. 7. ElectrofLs3 ion-fragment angular distributions

for
236U for incident electrons having energies from 6 .0

to 21.5 MeV. The curves are least-square fits of the

function W(6) [Eq. (12)1 to the experimental points. Both

systematic and statistical uncertainties are included in

the error flags, and were used in the fitting procedure.

The redundant data points at 97.5* are not shown.
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ref. J* T. CaJdwell, E. J. Dowdy, B. L. Berman, R. A. Alvarez, P. Meyer
Phys. Rev. C21_, 1215 (1980)

EL EM. SYM.

236 92

METHOD REF. NO.

80Cal egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVR« RANGE TYRE RANGE

G,1N ABX 5-18 D 5-18 BF3 - -L I 4PI

G,2N ABX 11-18 D 5-18 BF3 -X I 4PI

G,F ABX 5-18 D 5-18 BF3 -X I 4PI

The photoneutron cross sections and aiy,2n), and total photofission cross sections aiyf) have

the annihilation in flight of fast positrons and neutron-multiplicity detection in an efficient 4ir neutron

detector. Use of the ring-ratio technique allowed both the average phototission neutron energy for each

nucleus to be obtained as a function of photon energy and. for
:3‘U and 33IU, the determination of the

partial cross sections for first-chance aiyj} and second-chance aiy.nf) photofission as well. Information

extracted from the data includes integrated cross sections and their moments, giant-resonance parameters,

deformation and radius parameters, and relative and absolute neutron and fission probabilities.

NUCLEAH REACTIONS ns,JM* J39U and 2nTh (y,x.2«,E) t £T * 5-18.3 MeV;
measured neutron yield, neutron multiplicities, and average energies for

monoenergetic photons; a (E r , In), a (E 7 ,2n), <t(E7 ,E), integrated cross sec-
tions and moments, GDR parameters, nuclear shape parameters, neutron and

fission probabilities.

TABLE II. Parameters of Lorentz-curve fits to the giant dipole resonance.*

SEE ALSO 30CA2

Nucleus £,(1) (MeV) <rjl) (mb) b HI) (MeV) £„<2) (MeV) <r„(2) (mb)" T(2) (MeV)

33U 10.90*0.05 328* 19 2.30*0.15 13.96*0.09 459*10 4.75*0.32
238U 10.92*0.04 271* 16 2.55*0.17 13.78*0.08 415*10 4.88*0.24
238U 10.77*0.04 311*20 2.37*0.13 13.30*0.09 459* 9 5.13*0.35
:-Th 11.03*0.04 302 * 19 2.71*0.13 13.37*0.08 449 * 9 4.77*0.28

* Lorentz parameters defined by Eq. (1); the fitting interval for all cases Is 9 to IS MeV.
"Uncertainties for <7* given here are relative. The absolute uncertainties are 7*^.

TABLE IV. Nuclear shape parameters

Nucleus V T)
b

c
c

<?, <b)
e

«t (b)
f

2*u 0.35 1.308 0.595 0.315 12.0 10.6 *0.2 11.0*0.5
:3*u 0.34 1.287 0.556 0.295 11.2 10.75*0.7 10.3*0.4

v 0.31 1.309 0.596 0.316 12.1 11.3 *0.1 11.1*0.5
233Th 0.38 1.283 0.547 0.290 10.7 9.8 *0.1 9.3*0.

4

‘Area ratio, defined by Eq. (6).
s Deformation parameter, computed from Eq. (3).

'Nuclear eccentricity, computed from Eq. (4).

d Deformation parameter, computed from Eq. (7).

'Intrinsic quad rupole moment, computed from Eq. (8) . with rt, taken to be 1.20 fm.

Photon Energy (MeV)

FIG. 12. Ratios of the First-chance photofission cross

section cr(yj) to the total photofission cross section

o{y ,F) = (?[(y J)+(y ,nf)\: (a) for 336U, (b) for :33U.

Intrinsic quad rupole moment, taken from Ref. 47.

* "Best value" for Q0 , computed from Eq. (8> . with taken to be 1.15 fm (see text).

TABLE V. Integrated cross sections.*

Nucleus

ffin«0'.») »in,(y. 2n) 1) HI) -M7W (2) f(2) )

b

(MeV b) (MeV b) (MeV b) 0.0GNZ/A

:3SU 1.14 0.20 2.16 1.37
238U 1.26 0.45 1.45 1.26

1.36 1.13 1.09 1.43

23JTh 1.66 1.45 0.37 1.41

10 12 14

Photon Energy (MeV)
16

<7M (y,x)*f <3fy,x)d£7, integrated from threshold to the maximum experimental energy

18.3 MeV.
Uncertainties given here are relative. The absolute uncertainties are l?o- —
uicoMiMtiMc PHOTONUCLEAR OATA SHEET 229

FIG. 13. Neutron-to-flsslon branching ratio Tn/Tf
versus photon energy for 238

U.
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FIG. 3. Photonuclear cross sections for 23SU: (a)

a (y , tot), with a Lorentz-curve fit; (b) <7(y,n); (c)

<j<y ,2n); (d) a(y.F).

Photon Energy (MeV)

FIG. 13. Fission probability P
f from the ratio of

cr(7,/) to the value at each energy of the two-compon-
ent lairentz-curve fits to the GDR shown in Figs. 5:

(ai for 2Ji
U. (b) for 235U, (c) for :mL\ (d) for :22Th.

TABLE VI. Integrated cross-section moments. 1

Nucleus (mb) (mb) (mb MeV* 1
)

(7-? it.*K

0.05173 A 5' 3

<7.
2

(MeV)0.00225 A" 3
0.05175S/J

22SU 278 0.191 23.1 1.15 1.36 20.1
22*u 2S2 0.173 21.0 1.04 1.21 22.2
2MU 286 0.194 24.0 1.17 1.39 19.7

222Th 276 0.194 22.8 1.16 1.35 19.9

*».,=/ a(y, tot) Ey ** d£
y
and <r„ = / 0(7, tot>£

r

'
2 dE

r . Integrated from threshold to Eyw
= 18.3 MeV.
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J. T. Caldwell, E. J. Dowdy, R. A. Alvarez, B. L. Berman, P. Meyer

Nucl . Sci. Eng. 73, 153 (1980)
Rex. EL EM. SYM. A Z

METHOO

U

REF. NO.

236 92

80Ca2 egf

reaction RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TVP* range TYPE range

G,F hOA 5-18 D 5-18 BF3 -JT D 4PI

G,F 11 17 D 5-18 BF3 -x D 4PI

G,F R LY 5-17 D 5-18 BF3 ' Z D 4PI

The prompt neutron multiplicities for photofission of the four isotopes 235
U.

236
U.

233
U. and 232Th have been measured with monnenergetic photons over the energy range

from 5.5 to 18 MeV using the annihilation in flight of fast positrons. The delayed neutron
yield has been measured for all four isotopes at 10.9- and 16.8-MeV photon energies.

The ratio of first- to second-chance fission has been measured as a function of energy up
to 1 7-Me V excitation energy for and 23SUphotofission.

PROMPT N MULT

DELAYED N YLD

RATIO 1-/2 --CHANCE F

PHOTON ENERGY (MeV)

Fig. 6. Prompt neutron multiplicity width parameter data

as a function of excitation energy. Solid circles are experimen-

tal data, and straight lines are the least-squares fits to these

data (see Table II).

Fig. 7. Prompt neutron v
p data as a function of excitation

energy. Solid circles are experimental data, and the straight

lines are the least -squares fits (see Table IV) to these data. A
single straight line fit was not obtainable for

2M
Th.
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r

Fig. 8. Experimental afKof + anf) data as a function ol

excitation energy (solid circles). The smooth curves drawn

through the data are intended to guide the eye and are not

based on analytic Fits to the data. Threshold values are from

Ref. 15.

TABLE II

Multiplicity Width Parameter

Isotope

,

Least-Squares Fit

235u a = 1.009 + 0.0110 £ 1

236U a = 0.840 + 0.0253 E i

a8U o= 1.003 +0.0227 E !

ajTh o= 1.183

TABLE IV

Prompt Neutrons per Photofission. vp ( E)

Isotope Least-Squares Fit

Correlation

Coetf\ :ent

23Su vp
- 1.610 +0.133 £

(ail data)

U

»u vp = 1.881 +0.1 16 £
(all data)

0 l,Of»

a8U v
p = 1.862 + 0.123 £

(all data)

U

23JTh

(vp = 2.826 - 0.143 £
1 (6.0 <£<8.2 MeV)

U ' H

i vp = 0.453 + 0.175 £
( (£>8.5 MeV)

u »:

'

Fig. 9. Yield of delayed neurron from photofission as a
Junction ot 3Z-.4. Solid line is an evaluated least -squares fit to
ivisting data as ot 1975 (Ref. 18). Solid circles are the present
results. Solid squares are from Ref. 15.

TABLE V

Prompt Neutrons per Photofission at 8.5 MeV

Isotope From Ref. 15 Present Data

235U 2.85 t 0.09 2.74 £ 0.10
:3*u 2.66 ± 0.1

1

2.71 ±0.10
:38u 2.74 r 0.09 2.91 ±0.10
232Th 2.07 £0.11 1.94 ± 0.08
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ref. A.S. Voronin, I.S. Koretskaya, V.L. Kuznetsov, V.G. Nedorezov,
N.V. Nikitina, V.I. Noga, S.A. Pashchuk, Yu.N. Ranyuk, S.M. Solov'ev

ELEM. SYM. A

Yad. 34, 1439 (1981)
Sov.p. Nucl . Phys. 34, 797 (1981 )

methoo

u

REF. NO.

z

236 92

81 Vo 3 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E,F ABX 4-275 D 97-275 TRK-I 45

G,F RLY 4-275 0 184-275 TRK-I 45

RELATIVE BRMS/E YLD
Results are presented of cross-section measurements for the fission of ,3JTh. nl

U, U,U. “U. “'U, !r,Np, and
Pu by electrons with energies between 100 and 275 MeV photofission and electrofission cross-section ratios

for the same nuclei are given as well.

PACS numbers: 23.85Jg, 27.90. -1- h, 25.85.Ge

TABLE II. Electrofission cross sections 'mbi for nuclei with

Z> 90 measured for electron energies between l',o and 275

MeV.

MeV
Nul:cu«

*“Th u*u »*u *»U
j

• •* N •

i

j

Pu

97 \2\ 3.12 5.0G

i

LOd 2 ^
'

7 26
114 1/m 9.17 6.03 4.7 1 i

,

7.'j3

149 1.42 9.75 6.17 5.5*1 • • • 6.39
166 1.63 1036 7.01

• 9«) .

0.13
1S-4 1.73 9.61 7 13 :,.l ; s 92
201 1.3-i 9.64 6.53 r> to •31

217 1.73 1091 7.73 ivti , 0.30
240 1.91 10.25

-
:.zc ;3

253 1.85 9.39 7.00 6.17 9.73

27* 12 10.50 8.15 6 00 i
•» ) 10.50

TABLE [V. Cross sections (mb) for photo* aad •teetrofisstoo

l<7
OJ(

2U * o,t) obtained In measurements wits nun m.m radiators

with a thickness of 0.0231,, for 35 C, 3<
l’. »-u "'.'o and of

O.Olif, for :3,Pu.

c
t

.

MeV

Nucleus

F,

MeV

Fw.

•*u •h; -**u -*Np 1 Pu

1

1 •Pu

is; 1133 10.48
. ..

13.40 1 1.65
,

.

: :ir
3j1 14.10 11.SU 3 S2 1170 1146 :u * • ! I'A)

:it 14.36 1076 p.67 12.94 13.96 . __ ... • .» . >1.63

TABLE V. Cross-section ratios for photo-

and electrofission ^or enerf»ies be-

tween 184 and 275 MeV.

Nucleus 0Q/.°er Nucleus

a.(j 40*6
’ t,TNp 24*5

ti’Ptt 30*6
:,,u

A*erM« 33*3
Theoretical 35.3

ro*M N8S-41I
t**V. M4.MI
USCOMM^IMC PMOTONUCLEAR DATA SHEET 233
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Ren.

L. Katz, JT. M. Kavanagh, A. G. W. Cameron, E. C. Bailey,
and J. W. T. Spinks

phys. Rev. 22> 98 (1955)

EL EM. SYM.

U 238 92

methoo

[Page l of

REF. NO.

55 Ka 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, F
.

ABX THR - 26 C 12-26 ACT-

1

4PI

^eo* a'^isfrcniynq £n*rqy (M*v)

Fic. 1. Yield of mass chain U5 resulting from photofission oi

U1” as indicated by the yield of the 54- hr Cd“* beta-ray activity-

The yield is expressed in nuclei of mass 115 per irradiated lJ

nucleus per roentgen of irradiation.

IV.. \’ield of mass chain 159 resulting from pholotission of

l-' as indicated iiv the yield of MS-min Ba‘“. The yield is expressed

in nuclei of mass 159 per irradiated Uu* nucleus per roentgen o;

irradiation.

Mfl&t Ngfflotf

Fig. 3. Yield of mass chains S3, 105, 115, and 139 at a betatron
operating energy of 12 Mcv. The measurements arc indicated by
the circles and reflection of these aliout mass 1 17.5 are indicated by
crosses. The curve drawn through these points was made to
correspond in shape to those shown in Figs. 4 and 5.

FORM NBS-418
IRCV. 7-1 4* 041
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L» Katz, T. M. Kavanagh, A. G. W. Cameron, E.

and J. W. T. Spinks
Phys. Rev. ^2, 98 (1955)

fethod

C. Bailey, Clem. Sym. A Z

U

Ref. No.

238 92

[Page 2 of 2] 55 Ka 1 EGF

Reaction . Result
Excitation

Energy
Source

Type Range
Detector

Type Range Ang 1 e

Fic. 4. Yiclil of mass chains 83, 89, 97, 99, 105, 111, 115, 138,

139, anil 143 at a betatron operating energy of 18 Mev. The
measurements are indicated by the circles and reflection of these
about mass 117.5 arc indicated by crosses.

Fig. 8. Cross section for symmetric fission obtained from analy-
sis of Fig. 1 by the photon difference method. The cross section
above 24 Mev was obtained from the analysis of the ratio of Fig. 7

as outlined in the text. The dashed curve is obtained if the
asymmetric cross section is assumed zero above 24 Mev.

Fig. 5. Yicid of mass chains 77, 83, S9, 97, 99, 103, 105, 111, 115,

138, 139, and 143 at a betatron operating energy of 22 Mev. The
measurements arc indicated by the circles and rcilcction of these

about mass 117.5 arc indicated by crosses.

Fig. 9. Cross section for asymmetric f.ssion obtained from ar.aly-
•is of Fig. 2 by the photon difference method. The cross see..on
ibovc 24 Mev was obtained from the analysis of the ratio of Fig. 7
3 outlined in the text.

Fl0 ‘ photohssion cross section as a function of photon
c
."s

rsy. Th,s curve car. be obtained irom Fig. 13 by the photon
diiiercncc method, or since Fig. 13 is similar to Fig. 2 then this
cross section is simdar to that of I*ig. 9 except that each ordinate is
18.4 times larger.

ro «m N8S-4U
IC-1.CS>
erjcGMM.ee

PWftTftNIICLEAR DATA SHEET <>38
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Er
‘ L. E. Lazareva, B.S. Ratner and

J. Exper. Theoret. Phys. USSR 22
Soviet Phys. JETP 2, 301 (1956)

METHOD

I.V. Shtranikh

,
274 (1955)

EL EM. SYM. A

u

REF. NO.

238 92

55 La 2 EGF

reaction RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RAliSE

G,F RLY THR- 18.5 C 18.5 BF3-I 4PI

DELAYED NEUTRON

Delayed neutron 0.41±0.02;S of total neutrons from bremsst rah lung absorption.

form NBS-418
(RIV. 7-14-54)
UJCOMM-OC 26010-P44 PHOTONUCLEAR DATA SHEET 239

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3TANOAROS



Ref
- E.G. Fuller, E. Hayward

PhySo Rev. 101, 692 (195&)

Elem. Sym.

Ref. No.

238 92

Method
Betatron; photon scattering; Nal spectrometer

56 Fu 1 NVB

Reaction E or AE ffd E J it Notes

U (y,y) Bremss.

k-ko

Detector at 120 .

Cross sections given here are 13$ too
high due to erroneous cos 0 factor in
denominator of Eq e 5. [See footnote
8 in Phys. Rev. 106, 993 (1957)].

r t*
r 1

; t

.1,11c n.atti- • for Sn, I. \u. Ph. Ui. anil I Tii . „ I ' U. v ,1.0 -f i

i 1 n
R

' ?^rt
,

t

?u
er

,
an<J L - Yeater

- Ph> s - Rev - 7<*. 363 (1949).

. P,
rCS
o
SC

<;
Goldhaber

> and Hanson, Phvs. Rev. 77, 754 (1950).M. B. Steams, Phys. Rev. 87, 706 (1952).

form N8S-418
<B-1-83»
U3COMM°OC t#889-P«3

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 240



I
Ref. B.I. G-.rilov, L.E. Lazareva

Zhur. Eksp. i Teoret. Fiz. ^0, 855 (1956);
Soviet Phys. JETP 871 (1957)

Elem. Sym.

u 233 92

Ref. No.

56 Ga 1

Notes

Method •v-Bremsstrahlung; synchrotron; BF^ counter

Reaction E or AE
s
ad E J n

EGF

SSo

(7,™) 5-27 14.9 6.8 12.5 MeV-b

TA3LE !. .

Element

Cor.tur
Z.iz
C-cr.;;
lodir.i-

. ar.i-1

Cj'.,

Taai’.l.

Ulsr.—:

1

; ztOi»s sections.

£%

(£/ a£,'an —a*

Figure 2 ; Photoneutron cross section
o

,
computed from the yield curves by

the "photon difference method."
"# " — cross sections obtained in
Ref. 9 [Nathans and Halpern, Phys.
Ref. 22, 457 (1954)]:

FORM MBS>41S

uacoMM.oc «•••••*•*

PHOTONUCLEAR DATA SHEET 241

U.S. OEPAR- m -NT OF COMMERCE
NATIONAL. BUREAU OR STANOARO:



Ref- J.E. Gindler, J.R. Huizenga
Phys. Rev. 104 . k25 (1956)

Elem. Sym.

U 238

Ref. No.

56 G1 1

92

Method

Chemical activity
EGF

Reaction E ot AE <7 d E J rr Notes

(Y,n)

(T,f)

Bremss,

8-20

i

fi
='i

ac
r

a. -

VUX 6£TiT*Cfi lf*CR-T - u£V

u: ;hw oiid number oi photof.ssic.-. cvcr.'.a per

;;:e nu:ni/cr or residual y :
n) ato:r.s per .v.oie

unction o: maximum betatron energy. Crania.?,

o, -.-.ay. ti-.X worn ; o. probe target, this w.vrk;

", x-ray, reterer.ce . irruaiutior.s : x-ray, this work;

.i. prouc luru--:, t'-ia The broke.: circles represent uranium
uuta i.aviny errors */; approximately =-io% h-cause of 1o*v L*-7

coar.i.r.'i ra; es. The triangle represents a weighing error

ot =25% ir. the x.ete.niAnuiior. or the thorium r.ssior. yieitt.

T.viilk I. Oiaraetcristica 01

SfcST
C-H-v"'

V-H:./-'

ibarr.*) . Mcv)

ll.-.’.f-

;mcv)
/•d[?

(Mcv banuO

16* 5*

8*

14.6 6.5

0.18 14 7.6 l.2v0—204

0.125 14 S.8 1 . 1 ( 0—2-44

o.:o-o.oj 14.0 0.7

0Uoli:0.C07 14.1 7.0 0.Ot=C.Ci.i>-Ja,

0.53 11 3.6 2.6(0-20)

15.3 7.1

;.s 13 .51 11.4- 0-27.5)

14 6.4

i.:.'=o.:5 14.9 6.8 12.9= 1.0 1.0-28)

O.oOiO.lO U.5 5.6 h.61=;tl.(i.HU-23!

idv.si«n l'h\ he.! a::.;

liw.y.u. Xev. W •
*

: . i'yji.'. ;v
r

I.. V.
. Jo:.c» ur... X. .\i. T,

* R. Xathans ...m» J. rial.

.l:o:»*:*:;iioa cro-s sections oi Z"..—
thu ccrrespo::u:r.3- uciivaaon

—iber. rr.vs. Rev. 71. j - Lv-i/;.

'"cv, Rhys. Rev. SL544 . 195 «. ..

IJu.heici, i’ay*. Rev. *.5. 728 1952;

;

University or Illinois, 1951 vua-

uiuenga. I'hys. Rev. 49. 1042 i 10.54,.

Li-iiey, ar.d Spinks, ?nys. Rev.

Zatsepina, and Stavir.skv.

:c« .• i S.S.ii. -n : .i

juiy 1-5. 1955. 8ev..un or the

, I'hys. Rev. 91. </,9 , 1954 .

i'hys. Iicv. 93. 447 l';54>.

-L.

form MBS-418
(8-1-S3)
ujcomm-oc tesss-Pea

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU op STANDARDS

PHOTONUCLEAR DATA SHEET 242



REF. EL CM. SYM. A Z

V. A. Korotkova, P. A. Cherenkov and I. V.

Dokl. Akad. Nauk SSSR 106. 633 (1956)
Soviet Phys. Doklady _l, 77 ( 195o)

METHOD

Chuvilo

U

REF. NO.

238 92

56 Ko 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 8-24 C 8-24 ION-

1

Monitor-graphite ion chamber

/O'"cm* Figure 1.

Figure 2.

form NBS-41S
(MV. 7.14-M)
USC OMM-OC 26 010- PS

4

PHOTOHUCLEAR DATA SHEET 243

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



REF.
V. A. Korotkova, P. A. Cherenkov, I. V.

Dokl. Akad. Nauk SSSR .106, 811 (1956)
Soviet Phys. Doklady .1, 104 (1956)

METHOD

Chuvilo
EL EM. SYM. A

u

REF. NO.

238 92

56 Ko 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE, RANGE TYPE RANGE

G,F SPC THR - 18 C 18 ION- D 50-100 4PI

E = 17.6 MeV
o

Table 1

Most Probable Energy Values (in Mev)

Element ES

Uranium 86.5+ 4 72.5+ 3

/

159

Thorium 84.2 + 4 68.8 ± 4 153

form NBS°418
(MV. 7«t4»64»
USCOMM-OC 26O1O-P04 PHOTONUCLEAR DATA SHEET 244

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



B. P. Bannik, N. M. Kulikova, L. E. Lazareva and V. A.
J. Expel. Theoret. Phys.(USSR) 33, 53 (1957)
Soviet Phys. JETP 6., 39 (1958)

methoo

Iakovlev EL EM. SYM. A z

u

REF. NO.

238 92

57 Ba 4 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR-27 C 9-27 EMU-D DST

TABLE I. Angular distribution of photofission

fragments from U238

Uatiriua wty

Mr*

Number o(

iraeka

Distribution of tracks

(per steradian)

0—X*
180— ISC—

3ft —
IfcO— 1 2TP-

W-90*
120-00*

V.4 nooi 170.03 1.3570.04 1.3070.04
u 2053 110.04 1.0970.04 1.1670.04

2.VI7 170.04 1.1070.04 1.0670.04

Angular distribution of fission
fragments from irradiation with
x-rays of maximum energy Emax
•9.4 Mev

TABLE n. Anisotropy coeffi-

cients for U238 photofission

Eiaas

Mot
b/s

Ratio of aniaotrof

and isotropic iiu
yields

fJl + J J)
3 a ^IS a)

9.4 0.5570.09 0.5570.09
12 0,2070.07 0.1370.05
26.5 0.0770.06 0.0570.04

FORM NBS-41S
mev. 7-1 4- 64 )

USC OMM-OC 26010-PS4 PHOTONUCLEAR DATA SHEET 245

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



REF.

L. Katz, K. G. McNeill, M. LeBlanc and F. Brown
Can. J. Phys. 470 (1957)

EL EM. SYM.

u 238 92

METHOD REF. NO.

57 Ka 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

g
t
xn ABX 6 - 23 C 6-23 BF3-I 4PI

Fig. 3. (y,N) yield and cross
section curves for U238 .

form MBS-418
(R*V. 7-I4-04)
USCOMM.OC 26010*P«4 PHOTONUCLEAR DATA SHEET 246

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



R.EF. EL EM. SYM. A Z

R. A. Schmitt and R. B. Duffield
Phys. Rev. lOf, 1277 (1957) U 238

METHOO REF. NO.

92

[Page 1 of 2] 57 Sc 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTO R
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 15 C 4-16 ACT-

1

4PI

Fio. 1. Semilogarithmic plot of the asymmetric photofissiom
natural uranium and natural thorium as a function of incros'
betatron energy. •, Bal* isolated from uranium probe tarp

A. Sr** and , I*** isolated from thorium probe target. Am"
indicate upper limits. Ordinates for Ba", Sr", and !“• are f
related. See footnote 22 for absolute values of the fission yiei-

obtained from thin-target bremsstrahlung spectrum.

Fro. 2. Semilogarithmic plots of the vcry-asymmetric and
aymmctric photofissions in natural uranium and natural thorium,
respectively, as a function of increasing betatron energy. • Br"

.
•

",

iso
!

at
,
ed fro? uranium probe target; A, Br« and

a. Hr* isolated from thorium probe target. Arrows indicate
"PP” ‘‘nuts. Uranium and thorium ordinates are unrelated.

FORM NBS-418
(NKV. 7-14.941
USCOMM-OC 2901 0-P94 PHOTONUCLEAR DATA SHEET 247

U.S. OEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.

R.A. Schmitt and R. B. Duffield
Phys. Rev. 105, 1277 ( 1957 )

EL EM. SVM. A

U 238 92

method

[Page 2 of 2 ]

REF. NO.

57 Sc 2 EGF

RESULT EXCITATION
ENERGY

SOURCE OETECTOR
REACTION

TYPE RANGE TYPE RANGE
ANGLE

Fio. 3. Semilogarithmic plot of the symmetric photofissions in
natural uranium and natural thorium as a function of increasing
heU‘r?" energy. «, CdUT isolated from uranium probe target;
A. Cd,,T isolated from thorium probe target. Arrows indicate
upper limits.

relative to rh* R nor , u
71"05 01 uranium and thorium

X Iml . ,

6'07
?

y,e d
?

0{Jhe asymme tric mode of fission.

^ ST!'”’
Cd"‘ and Ba” separated by

Ba» were
Uran,um ”ternal samples. Cd«» and

were t .

u
/an.

,unl ProBe tar5«s. Cd"» and Ba-
wd* ^frated

d
A i r^i probc tarRets

’ Cd" 7 and Sr"

wl(
Cd y,elds have a normalization factor which

^iHdTdrthill. sL
MSUm,n

f
that Cd'“ equals the Cd'»

b twZS “"olIXS, 0«OTO±0.^

form NBS°41S
(REV. 7® 1 4-04)
USCOMM.OC 2801 ©• P88 PHOTONUCLEAR DATA SHEET 248

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.

A. I. Baz, N. M. Kulikova, L. E. Lazareva, N. V. Nikitina and
V. A. Semenov

Int. Conf. Peaceful Uses of Atomic Energy _lji, 2037 (1958)

EL EM. SYM.

u 238 92

METHOD REF. NO.

58 Ba 7 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR - 27 C 6-27 EMU-

1

DST

Determine 1(9) + l(rr - 9) = a + b sin39 + C sin29 cos29.

• I.J

1

4 ...

M

i* ii*

*—

f

<F * IJ* H*

Fijur* 1 . The angular distribution of photofission fragments from at £mu ™ 6.5, 8, 9.4, 12 and 26.5 Mev

Table 2. Values of Ratios Calculated by Least-Squares Method for Distribution

of Table 1

Max tiMum X-ray
ourgy Mtv) bla da cfb 4fg/

6.5 4.2 — 1.8 3.

1

± 3.2 0.75 ± 0.71 0.15 ± 0.14
8.0 112 — 0.12 0.60 ± 0.38 0.54 ± 0.34 0.11 ± 0.07
9.4 0.54 = 0.08 1.34 -± 0.34 2.46 ± 0.68 0.49 ± 0.14
12.0 0.20 a; 0 05 —
26.5 0.07 ± 0.6 — — —FORM MBS-41S

(REV. 7-I4-44I
U9COMM.OC 26011

249

.S. DEPARTMENT OF COMMERCE
’IONAL BUREAU OF STANDARDS



KFf.
L. Katz, A. P„ Baerg and F. Brown
Peaceful Uses of Atomic Energy, Switzerland 1958

EL EM. SYM.

U 238 92

METHOD

Fission chamber [Page 1 of 2]

REF. NO.

58 Ka 2 EGF

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,F ABX 5-18 C 5-18 ION-

I

DST

_

Pig. 5 - Photofission cross sections versus photon energy

form NBS-418
(NCV. 7® 1 4*>64P
USCOMMoQC 26010*P64 PHOTONUCL EAR DATASHEET 250

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



j REF. EL EM. STM. A z

1 L« Katz, A. F. Baerg and F. Brown

|
Peaceful Uses of Atomic Energy, Switzerland 1953

1 •

u 238 92

|

METHOO

Fission chamber [Page 2 of 2]

REF. NO.

58 Ka 2 EGF

Fig. 7 - Low-energy-yield curves: fissions per roentgen-nucleus versus maximum bremsstrahlung
energy. (The solid and dotted lines are samples of smoothed yield curves which fit the

experimental data.)

Figure 10

Anisotropy versus maximum
bremsstrahlung energy:

U - 233

The ordinate is a in the expres-
sion W(9) = 1 + a sin^ 9.

The values are corrected for

re solution.

The dotted line represents
the results for Th-232 and
corresponds to the data given

in Figure 9. The points are

the U -2 33 data,
i

l

I fow NBS-41S
1 (REV. 7.1*.Ml
j

UICOMM.OC ](OIO-F44
1

PWOTOHUCLEAR DATA SHEET 251

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARD!



REF.

tf. C. Barber and W. D. George

Phye. Rev. U6, 1551 (1959)

t

I

method

EL EM. SYM. A

U 238 92

REF. NO.

59 Ba 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N ABY THR - 36 D 10-36 BF3-1 4PI

136 il0~7„
• . !

144

132

120

ICS

•

i 1 1 j
i

A-= i

- URANIUM |j i /
j

!

•

i
i l / w*XM i M/l / ;

*
! i / / i

"
i

! / / i !

i i / / f

24,-

,2r3T,T
14 is 22 2® 30 34 3d

ELECTRON ENERCT E, (MEW)

,

I ;C - Yield of neutrons per incident electron as a function of
electron energy for natural uranium targets of various thicknesses.
Tr.e results of the calculation by Biram (reference 1 ) are shown
by soliu squares.

iCO 1 lO

_O.Na RAGlATCM LENGTH
TARGETS

E a » 34.3 M£V

• EXPERIMENTAL POINTS
• CALCULATES POi.'.TS

20

-

•

i

\ 1

\ i

— i
i

- 1 NORMALIZATION-
- POINT
*

! i

- 1
I

'

:
i

j

•

!

:
;

1

j

:

i

1

i !

1

? i

20 so so ao

ATOMld NUMBER 2

100

4 ** I.x. )c. *i. >e.. .al anri expected vieli.s or neutrons
' e.eciron tor i-rndtation-lenuth targets at 34.3 Mev,
", ,'

ii ' iy: :r
:

:c "utr.oer /.. The experimental Yields
'w In* z. li'.c ir.cuaurcu vic.i 1? ;ro;r. ihc
C eiCwL.^.. li.iCKr.CasCfl ..alcci IT* TiiLiC I. Tile C.\T/eJ

'wre ch*cu.^lcu ;rom c.vjjrciaion ^ ).

cied

wlcd

rAr.t.K f. Tiitcknesses of the targets used in the experiment,nun one exception o; heavy water. ...i targets contained isotopes
in kue.r r.atura.Iy-occurring proportions.

Thick;:-,
tr.*ii:..i. ,;i ...:: s

i leavy water
lie*

c-r
Al-f

C.'u- V

Cu-il
Cu-iir
Cu-LV
Ta-r
I'io-I

iM.-f r

I’i.-i I

C

J'!»-IV

i'l.-VC

u-r

i:-rr

i:-irr

Concrete

0.603
0.539

oS.Ot

2-i. !

0

1.372

13.26
.

26.36

30.36
53.13

6.21

5.3 N

11.42

17.30

22.SO
0*r.t2

6.17

12.42

13.61

23.5

O.(,0a67

0.33
:.(,u

O.!o3

1.64

2.0s

3. 13

0.

0s

1.

*-:

S.O.l

1.14

2.30

s.46

1.10

JCLIAR DATA SHEET 252

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Angular distribution*

Relative fission fragment yields as a function of peak bremsstrahlung energy £« and angle 9
to X-ray beam

£«.
Mev

Angle 9

0 25 45 60 90

Th-232
6.5 1 .00±0.3 20±5
7.0 1 .00±0.04 4. 1 ±0.2 6. 7±0.3 8.4±0.3
7.5 1.00±0.1 5. 1±0.4 6.0±0.4 7.9±0.5
8.0 1.003=0.09 2.4±0.2 3.6±0.3 5 . 1±0 .

3

9.0 1.00±0.1 3.4±0.3
10.0 1.003=0.04 1. 16±0.05 1.67±0.08 1.97±0.08 2.4±0.

1

14.0 1.00±0.05 1 .43±0.08
20.0 1.00±0.05 1 . 13±0.06

U-238
6.0 1.00±0.3 6.0±1 .4
6.3 1.00±0.1 3.6±0.4 5.9±0.6
6.5 1.00 ±0.2 4.5±0.7
7.0 1.00 ±0.08 1.5±0.1 2.0±0.2 2.4±0.2 2.9±0.2
8.0 1.00 ±0.06 2. 1±0.

1

9.4 100±0.023 1.094±0.029 1.224 ±0.029 1.274±0.034* 1 .452±0.033
10.0 1.00±0.04 1.38±0.04
14.0 l.00±0.04 1 ,08±0.04
20.0 1.00±0.03 1.05±0.03

9 — 65 in this cas«

U-236
6.0 1 00±0. 25 4.6±0.8
6.5 1.00±0.

1

2.06±0.2 2. 55±0.25
7.0 1.00±0 .06 1 . 65±0. 10 2. 11 3=0. 12
8.0 1 ,00±0.04 1.39 ±0.06 1.66±0.07
9.0 1 .00±0.04 1.10±0 07 1 15±0.04 1.31 ±0.08* 1 . 46±0.05
10.0 1.00 ±0.03 1.07 ±0.03 1.28±0 04
14 0 1.00±0.02 1 .03±0.02

*9 — 65° in this case

U-234
6.5 1.00±0.

1

1 41 ±0 . 14 l.!)8±0.20
7.0 1 00±0.05 1 . 19±0.06 1 .53 ±0.08
8.0 1 .00±0.03 1.11 ±0 . 03 1 .30±0.04
10.0 i.oo±o.03 1. 12±0.03
15.0 1.00±0.03 1 .01 ±0.03

Pu-240
6.5 1.00±0 10 1 49±0 15 1 .55±0. 16
-7.0 1.00±0 06 1 03 ±0.06 1 .35±0.08
8.0 1 ,00±0.03 I 01 ±0.03 1.21 ±0.04
15.0 1 00±0 02

1 .01 ±0.02

The values quoted are counts observed for unit X-ray doa* normalized to unit yield at
9 ™ 0*. No corrections have been applied.

ro«M N3S*4l£
• ** V • s. Ml J.S. Or^AATK* >•- CO'.

MA llOfiAt. n ' r * r. «..• !’»•.«
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REF.

A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and

S B Kovtlfki

Can* J. Phys. 37 « 1418 (1959) (A.E.C.L. No. 896)

METHOD [Page 2 of 2]

EL EM. SYM. A

238 92

REF. NO.

Betatron with ionization chamber detector, enriched samples.

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE NANCE TYPE NANCE

TABLE IV

Relative fissionabilities, U-238 — 100 at 20 Mev

Et U-234 U-235 U-236 U-238 Pu-239 Pu-240

0.0

6.5 1.105*0.033

0.45*0.05
1.134*0.025

0.303*0 013

1.159*0.020
0.387*0.040
1.08*0.07 0.239*0.024 1.146*0.051

7.0 2.515*0.063 2.282*0.038 2.358*0.037 2.14*0.14 4.50*0.22 2.528*0.076

8.0 6.285*0.085 5.519*0.067 5 . 285*0 . 056 4 87*0.24 11.35*0.34 6.09*0.12

9.0

10.

0

17.38*0.53

11.00*0.33
18.75*0.30

8.94*0.13
14.29*0.20

8 05*0.26
14.41*0.28 45.1*2.2

14.0

15.0 84.3*1.9

88.0*4.5
119 0*0.9

43.11*0.53
73.58*0.78

57.7*1.4
70.5*1 .8 255.0*7.0 82.3*1.8

20.0 127.5*2.5 180.8*2.2 109.4*1.0 100*2 5 352*10 120.8*2.3

6.0
6.3
6.5
7.0
7.5
8.0
9 0
9 4
10.0
14.0
15.0
20 0

Corrected values of a in W(ff) - l-f„ s ;ni g

Th-232 U-238 U-236 U-234 Pu-240

>25
11 . 0±0.

8

10.3±1 6
4.9±0 6
2 8±0. 4

1 . 61 ±0 12
0 46±0 09

6.64:2
6.7±1.1
4.4±1.0
2. 05±0.24

1.3±0. 1

0.44 ±0.04
0.41 ±0 . 05
0.09 ±0.04

6.0±2.3

2. 1±0.4
1.33 ±0.17

0.79±0 09
0.51±0.07

0 32±0 • Mi

0 04 ±0.03

2.3±0.6
0.90±0. 16

0.65±0 20
0.49±0. 12

0.44±0.08 0.29-0 07

0 14±0 00 0 05 ±0.03

0 17±0 07

0.02±0.04* 0.01 ±0 03'

pos'Sr
Va 'UeS ' Which d° nOC differ from «ro, have not been corrected for isocopi, ™,„.
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Ref. B. A. Bochagov, A.P. Komar, G.E. Solyakin

Zhur. Eksp. i Teoret. Fiz. 3§, 137^ (i960);

Soviet Phys. JETP 11, 990 (i960)

Elea. Sym.

U 238

Re*. No.

60 Bo 1

92

Method

70 MeV synchrotron; 2 pulse ion chambers with electron collection
JHH

Reaction E ot AE
s

<xd E J » Notes

:
u
258

(7,f)
Bremss.

70

FIG. 6. Total frafmant m«rfy frota photoiiaaioa ol U"

too

A

FIG. 4. Photofission fragment yield of *• * function

of the mess ratio m
1
/m

t
- E,/E,.

a 17 4*"

FIG. 7. Um photofissioo fragment energy E t
measured*

with a single chamber. The dashed curves represent light and

heavy fragment energies measured separately by means of two

chambers.

no

a
FIG. 8. U“* photo-

fission fragment ener-

gy E, in one chamber

for three different in-

tervals of total frag-

ment energy: a —
105 < EE < 135 Mev;

b-135<EE< 165

Mev; c — 165 < EE
< 195 Mev.

-1 SipsnaMUl quaouuti
I Corrected I Correction

Uncorrected
| for source

j

for ionize-

I
thickness tioe detect

FIG. S. Total fragment (kinetic) energy EE • E t E, is

Um photofissioo for different mass ratios E,/E,.

1
' Meet probable light-fragman! energy. Mee

U
1
Meet probable honey-fragmam energy* Mee

3 t Ratio of moot probable energies
\ : Most probable mass ratio

5 . U elf-width of highlitorgy peak. Mev

G 1 Helf-wtdih of low-energy peak. Mee
7 Valley-*o-peak ratio for high^nergy peek

8 * Meet probable total (kinetic) energy LE, Mee
j

0
|
Half-width of total energy peek. Mee

87=1

51 — 1

1.43=0.04
1.36=0.04

17

19

0.7

150*2

31

91.5=1

C4,5=t

1.42=0 04 I

1 .36=0.94 •

+5.6

+6.8

+ 12.4

form NBV41S

UICOMM-OC t *99**— 63
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***• B. Forkman, S.A.E. Johansson
Nuclear Fhys. 20, 136 (I960)

Method
Synchrotron; F

i
^(p, 0:7)0 reaction; photo- fission angular

distribution; nuclear emulsions; scintillator

Elem. Sym.

U

Ref. No.

238 92

TO
60 Fo 1 *5 NVB

Reaction E or AE
S

<Jd E J tr Notes

U(7,f) BremsSc

E max:
7

10

20

discrete:

6.1

6.9

7.1

Natural uranium.

3i

\ngular distribution obtained by the

A gamma rays with the emulsion
• I perpendicular to the incident rariia-

lie distribution is corrected for the
• ••mponcut o( the radiation. The fitted

•«*av\ lino li.is theequattonsin :0— o.3*>

Hie tme lines show the curve rest iivet I

in its two components.

©
l ivr H. Angular dismbutinn obtained bv the
" • MeV gamma rays with the emulsion
n..unted parallel to the incident radiation.
The distribution is corrected for the 7 MeV
component of the radiation. The fitted cur-
ve dicavv linct has the equation o.o7~ sin-(#

— u .'»«» sini The fine lines show the three

components of the curve

Fig. 0. Angular •

II.!) MeV gamma t

rccteii for ilu- •• <

radiation, l'hc 1 •

tl»e equation I • "

fine line slu*»*s •

21* SO* 50*

* 9

\iig-i ar <u>tribution obtained bv |«»

•Mw>tralilung. l’hc fitted cur\ c . hea\ v

•» l!iC I".
I
nation I -II Vi -ai-d - •• 1.1

1 ‘.a* fine mhos show the ci)moments
• •f the curve.

\ncular distribution obtained by

JO MeV brcmsstrahlung.
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"eF
- L. I. Prokhorova, G. N. Smirenkin

Atom. Energiya 8, 457 (i960)

[See also AEC-tr-8966]

METHOD

EL EM. SYM.

u

REF. NO.

238 92

F
19

( P ,
aY) source 60 Pr 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

T Y PI RANGE TYPE RANGE

G,F NOX 6 D 6 BF3-I 4PI

Average number of neutrons per photofission.

FORM MBS-411
miv. 7*1 4*44)
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REF.

E. Takekoshi
Jo Phys. Soc. Japan 1 2129 (i960)

U.&M. d f «

238 92

|

mcthoo
,je Graaff; fission spectrum; nuclear emulsion

REF. NO.

60 Ta 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE HANOI TYPt HANOI

G,F SPC 6 D 6 EMU-D DST

(6.13)

'

F (p><*Y) source of y rays.

Angular distribution:

l(0) + l(rr-0) = a + b sin
d
9 + c sin

d
Q cos

d
Q

Theoretical attempts at evaluating ratio of quadrupole cross section to dipole cross section

are made

.

Table I. Comparison with the ratios 6/a, c/a and

c/6 produced by F(p, ar) r rays and brems-

strahlung.

Ev 6/a c/a c/5 Reference

Evm»* 4.2 3.1 0.75 A. I. Baz
=6.5 MeV ±1.3 =3.2 =0.71 et al.

EvMnx 1.12 0.60 0.54 ,
=8.0 MeV =0.12 =0.33 =0.34

Fig. 3. Range distribution of fission tracks in

uranium-impregnated nuclear plates, exposed to

r rays-

Ev Mm 0.54 1.34 2.46 ,
=9.4 MeV =0.08 = 0.34 = 0.63

F(p ar)

r rays

Ev 1.02 1.63 1.59 Present

=6.13 MeV =0.49 = 0.52 =0.49 Experiment

Fig. 4. Angular distribution for the fission tracks

longer than 21 /*- Dotted line curve was cal-

culated by least square fitting; this is expressed

by

/(»)= 1+ (1 . 02±0 . 49)sinl 9

+(1.63±0.52)sin* 9-cosl 9

.

form NBS-41S
(MV. V-14.M)
USCOMM.OC MOIO.PM

20 40 60

d ( degrees I

80 90

Fig. 5.

longer

Angular distribution for the fission tracks

than 22 ii

0 15 304560 75 90

3 l dagrees

I

Fig. 7. Comparison of the angular distributions,

(a), (6) and (d) show the ^results obtained by
Baz et al., and (c) shows the results obtained

in the present experiment.

5) A. I. Baz, N. M. Klikova, L. E. Lazareva, N.

V.' Nikitina and V. A. Semenov: Geneva Coni.

A/Conf. 15/P/2037 USSR. (1958).
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|

REP. CLEM. SYU- A

! R.G. Baker, R.G. McNeill
Can. J. Phys. 59. 1158 (1981) u 238

METHOD
Betatron; fast neutron yield, angular distribution; Si threshold

detector; ion chamber

REF. NO.

61 Ba 2

92

NVB
I

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RAMOS TV»C ^An GC

G.XN ABY THR-22 C 22 THR-I 5““ DST
•

In Table It:

a = average cross seccion of decector
weighted with neutron spectrum

3 = neutrons/100 roentgen/mole

00

W(3 )
= a

o y [1 A
q

P
n

(cos 9 )]

n=l

TABLE IV

I

Element
11

a«
III

At

IV
a t

V
(dO)XlO**

VI
urn (22 Mcv)X10*

VII
4, L.l/<tvital

Vanadium 2451(IdbO.OG) 0.01 ±0.08 -0.00±0.10 0.05 0.21 0.12
Chromium 104

1

1±0.03) 0.04±0.04 -0.05 ±0.05 4.05 0.17 0.10
Manganese 308i[1±0.02) 0 . 07±0 . Oo -0.09 ±0.04 7-61 0.25 0.12
Iron 2001(1±0.03) 0.05±0.04 —0. 17 ±0.05 4.94 0.18 0.11
Cobalt 390

1

1±0.02) 0.08±0.03 —0.22±0.04 9.03 0.26 C.15
Ntdorf 1451ll ±0.05) 0.07=0.07 —0.23±0.09 3.58 0.12 0.12
Capper 3471 1±0.02) 0.05 ±0.03 -0.29 ±0.0-1 8.57 0.30 0.12
Arsenic 4821 1±0.03) C.ll±0.04 —0.24±0.05 11.91 0.33. 0.15
RoWHom 0381(1±0.05) 0. 13±0.00 —0. 14±0.08 15.76
SlMniM 4091[1±0.05) 0.10±0.00 —0.17±0.08 10.10
YttNBEI 2901 1±0.10) 0.08±0. 12 —0. 12±0. 15 7.16
SHnr 5901[1±0.04) 0. 10±0.06 -0.22±0.08 14.57 0.87 0.07
CMdIik 9051 1±0.02) 0.02±0.02 -0.26±0.03 22.35
Iodine 11331 1 ±0.03) 0.04±0.04 -0.29±0.05 27.90 1.42 0.08
Barium 1048

1

Jl ±0.04) 0.10±0 30 -0.38±0.08 25.89
LanthanEiN 15951 1±0.02) 0.02±0 03 —0.42±0.04 30.40 1.04 0.15
Cerium 1316 ( 1±0.05) 0.05±0.00 —0.39±0.08 32.50
Dysprosium 1052 (!l±0.0S) 0.04 ±0.10 —0.34±0. 13 40.80
Tootalum 1558 ( 1±0.02) 0.04 ±0.03 -0.22±0.04 38.48 2.50 0.00

1305 < 1 ±0.02) 0.07=0.03 -0.24 ±0.04 33.71
1345 < 1±0.02) 0.04 ±0.03 —0.31 ±0.04 33.22

kmmd 2274 ( 1±0.01) 0.02±0.02 —0.42±0.03 56.17 2.72 0.08
2162 1±0.02) 0.05±0.03 —0.45±0.04 53.40" 3.36- 0.00
3031 1±0.04) 0.00±0.05 -0.32±0.07 74.87

enmlvm 4630 ( 1±0.02) 0.05±0.03 —0.17±0.04 114.36

*{t«) m tXTX 10* i iflllham wlw, Kmn are waadard error* dua to counties ataiiatka only.

row NSS»41S
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Ref. H.G. DeCarvalho, A.G.* DaSilva, J. Goldemberg
Nuovo Clmento 19. 1131 (1961)

Elem. Sym.

u 238

Ref. No.

61 De 1

92

Method
Betatron; uranium- loaded emulsions

JHH
£ S

Reaction E or AE
s
ad E J " Notes

U(7,f)
Bremss.

6.9

8.1

12.5

20

Table II.

Maximum X-ray
energy (MaV)

b

a

V

8.9 2.80=0.44 0.34 =0.83

8.1 U3±0.14 0.32=0.32

9.4 0.82 =0.12 0.80=0.58

15.5 0.09 ±0.14 -

20.0 0.0* =0.1.1 -

'Ofc .

Angular distribution of photofission
fragments:

9 = a + b sin^0 + c sin^S cos^9

(see Table II), indicates mostly
electric dipole photon absorption.

Fig. 2. - Angular distribution lor 9.4 ileV breimutrahlung showing the data 01 Katz. La-

zareva and the present work, normalized to 7.3®. Curve l correspond® ro the best ritriac

of the data of Lazareva and the present work together (1---0.47 sin* 0~ o.sO sin* 0 co*‘ >ji,

curve 2 is a fitting of Katz's results with a pure dipole photon absorption curve

(1=0.48 sin* 0).

f-j Is. KaTZ, A. I*. ami l*\ Humvs : Srruinl Cintcil .\'nlnnm [olrnmliouni

( 'nniercnc.e on J'earejul ('>*•" of .1tonne lAmrtjif , fieuwe l*.'200. 15, l vs . ID.Im.

i

3
) n. 1*. Ban n i k. X. M. Kulikova, r.. E. Lazareva ami V. A. IaKovx.lv :

Soi

Pluj9. J.K.T.P., 6, .19 (lftftM): A. 1. Buaz, X. M. Kulikova, L. E. Lazaiilva. X.

XlKlTlNA anil V. A. Semenov : Sertnui United Xation* IutriMiUonul Conference >m tin-

Peaceful lT*e» of Atomic JCner*iy t Gonevo l*/20:i7, 15, 134 (105&).

2 r
t>

i

[
2«- Prttan! mart

1.0|-

0

•1 4

Fig. I. - Variation with the maximum hromsetrahliiug energy liu UoV) of ratio /. u.

between the roeilieient* « n . related to tho iMiiropie. part ot ilo> angular distribution

and *4. tho anisotropic part related to tho dipolo pholnii absorption. Tl.o solid line

represents the ompiricai equation log (6/o)w( 1.870 -7.0.24) - 12. lift --0. 10) log (/-,- *i

obtained from a least square fitting of the results of Katz. Lazareva and the present

work.

8 7 8 9 10 II 12

Fig. 3. — Variation of the ratio e/6 with tiie peak breamstrahlung energy.
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Ref. H.G. DeCarvalho, A. Celano, G. Cortini, R. Rinzivillo, G. Ghigo
Nuovo Cimento 19. 187 (1961)

Elem. Sym.

U 238

Rel. No.

61 De 2

92

Method
Synchrotron; emulsions

JHH

Reaction E or AE
S
ad E J rr Notes

u (Y,f) 300-1000
MeV

^ °Q ^ -27 2
Slope = d

~
in E

= ^0x10 cm ± 10$

over range 300-1000 MeV.

‘UTh

V
j

-100

/ r

, /? r

4 / 1

1 1 . •

.

? A
'H 50 I

10 7
.

i?

V- r

!

jfz :WQ £v (Mo. j -„z ICC-J

6)

FUt. 1 .

FORM HBS*41 t

USCOMM-DC IS
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Ref. f. Tigliabue, J. Goldemberg
Nuclear Phys. 2^ 144 (1961)

Mothod
22 MeV betatron; Si

20
(n,p)Al

2^ threshold detector.

Elem. Syrn.

238 92

Ref. No.

61 Ta 1 JHH

E or AE
s
ad E J * Notes

(Y,n) Bremss.

22

E > 6 MeV.
n

W(0^) = A + B sin
2
S where B/A =

0.4-1+0.21

-I 1 i L_J I I I I I 1_
30" Vf 90s *2Grl50° 30° 60° 90° 12C°150

J

9 9

Figure k : Angular distribution of
fast photoneutrons as observed with

28 pe
the Si (n,p)Al * detector. Data
normalized at 90° in each case.

form NBS-418
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.

***'
B.A. Bochagov, A.P. Komar, G.E. Solyakin

Zhur. Eksp. i Teoret. Flz. k3, 1611 (1962); Soviet

Phys. JETP 16, 1135 (19^3)

METHOD
Synchrotron; fission energy distribution; ion chamber

EL EM. SYM.

u

REF. NO.

62 Bo 8

z

238 92

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F SPC THR-50 c 17-50 I<J>N-D 90

(17.5, 30, 50)

j

i

i

i

t

FIG. 2. Contour diagrams for the kinetic energy dis-

tribution of fragments for two values of the bremsstrahl-

ung maximum energy. Each contour Line corresponds to

an increase in die fission probability by 0.1 (mvj and mi

are the masses of the heavy and light fragments)

FIG. 3. Spectra of the total kinetic energy of photo-

fission fragments for various brehmsstrahlung energies

(the numbers indicate the half-widths of the peaks): a —
symmetric (in mass) fission, b — asymmetric fission, C —

Ey max “ 12 .0 MeV , O — £ymax “ 30 MeV, A — Hymax * 30

MeV.

j
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|
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Ref. H.G. DeCarvalho, A. Manfredini, M. Muchnik, M. Sever!, H. Bosch,

J. Lang, R. Muller, W. Wolfli

Nuovo Clmento 2£, 53^ (1962)

ERRATUM: Nuovo Cimento 2£, k75 ( 1963)

Elem. Sym. A Z

U 238 92

Method Reactor; monoenergetic y
1

s from Ti(n,Y) reaction; emulsions;

Nal monitor

Ref. No.

62 De 3
c.S

JHH

Reaction

D
238^^)

E or AE

6.61
+0.11

-0.20

MeV

S
ad E J ” Notes

In Table II, 0
£(Th)

/c
f((j)

= 0.92

should be O. 85 .

t’l*. 2. - .Sketch lit proceeding c\-(ierimenful results tor the phntolissinn cross-section
oI ;“ 1' ( Katz rt «!.(»); .Schmitt rt at. (-)) anti of -“Th ( K atz rt at. ( >|).

Schmitt's results have been normalized to those of Katz at * MeV. Shown in ilia
llgiire also the three main lines of the Ti(n. f) process with their corresponding tnten-

in arbitrary unit*.

Taolk III.

i t-t* 'mb| !

™
' irt. (mli)

Present work
! 4.73= 0..7fl 7.89-0.S3

Katz •< al. (») ! 3.8 «.rt

*

Schmitt rt al. («) — 10.7

D.iini) -0.00.7

0.92 ft

jj

*<’’ “• ' Sc,,1,,TT -•“•I R. B. OCFneut: Phi).. Hr... 105. 1277 19.77,.

(
-

1 1.. KaTZ. A. I*. llAKttt; and I-'. lltlitWN: Sernntl l ..\ International t'anfeieanr

os the Peor.ful Vue* 0/ 1/f.wfic .. nenfj

,

,1,1. 45 ,'111.781, p. ISO.

(*) A. I. Haz. X. M. Kulkova. I.. K. l.A/.AttevA. X. V. Nikitina ami V. A. ii:)tts„v;

Second C..V. InUrnational Conferenc. os the Peaceful Cnee of Atomic tfnertjij. vol. 13

(19381. p. 18*.
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Kef. J.R. Huizenga, K.M. Clarke, J.E. Gindler, R. Vandenboech

Nuclear Phys. 439 (1962)

Clem. Sym.

u

238
92

Method

Monoergic y's from F^^(p,ci(7) reaction; fission fragment ionization
chamber,

lef. No.

62 Hu 1 JHH

Reaction E or AE <7d E J ir Notes

6.14

7.0

Isotopic content of uranium targets in mass per cent

A
233

Target
234 235 236 23H

9*33 0.010 0.0127 1.53

l* 93 44 4.97 1 69

0022 99 94 II 039

0 07 4 92 94.77 11 .*>4

l* O <14 99 96

L

Table

1

Ptintoliwuon cr«*»ua Htiiiins oiKaimil with HN»n«»-oner*rtic gamma ravs (rum the K,# fp. ayiO 1 *

reactlun

Target £l(MeV) “)

Th« I 00-0 13 ®± 3 9 ± 3 6.34 5.5

1.12-0.15 13± 5 l»± « 6.04 5 3

t«“ rt mi lo.10 29 ± • 33-11 6.40 5.2

r«* 2.urt±0 33 33 2 10 16± 5 5.24 5.5

10.0 -3 0 3»± 19 y.r 6.77 5.1

L m 3 24 - 0.70 44 *14 13 r 4 5 «M 5 4

Np“- 1.43 0 21 43-14 31-10 6.76 -.3

•) 1’roin the * tiin|Ni.ituin u( rel -1
!

*) I'rniii the oiiii|Hl.iiiiin u( ref. ")

Ref 2D:

Ref 2 d:

Everling, Konig, Mattauch; <£-

Wapstra - Nuclear Phys. 18 .

529 (I960)

Vandenbosch & Seaborg - Phys. Rev.
no, 507 (1958)

U.S. DEPARTMENT OP COMMERCE
NATIONAL BUREAU OR STANDARDS
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“
1 REF.

j! A.P. Komar, 3. A, Bochagov, V.I. Fadeev
CUfcJt. STM. A L

! Dokl. Akad. Nauk SSSR 146, 1051 (19^2); Soviet Phys.

|

Dokttdy l, 913 (19^3)
U 238 92

j

“*™°°
Synchrotron; fission fragment mass distribution; ion chamber

i

REF. NO.

62 Ko 4 NVB

REACTION RESULT EXCITATION
ENEROY

SOURCE OETECTOR
ANGLE

TYPC RAN9K TYPI RAN6K

G.F N(j)X THR-55 C 55 I(j>N-D DST

m^/ra^ = ratio of fragments MASS DISTRIBUTION

I: e = 0-34°

II: e = 34-48°

III: e = 48-60°

IV: 0 = 60-70°

V: 0 = 70-80°

<

<

i

4

j

l

fig. 2. Mm <usu button of frag*

mens resulting from the splitting

of the L'*** Turlem by photons with

Evmu • 3* M«V in the I-V range

of angles.

Fig. 3. Dependence of the most probable ratio

of the masses of fragments on total kinetic en-
ergy in the case of the splitting of u“' nuclei
by 14*MeV neutrons in the I-V range of angles.

rent NBS-41S
(HCV. 7-1 4-Ml
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4 ref.
G. Moscat i, J. Goldemberg
Phyt. Rev. 126, 1098 (1962)

EL EM. SYM. A

U 238 92

METHOD
Betatron; fission, delayed neotron yield; BF^ counters

REF. NO.

62 Mo 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPf HANOI TYPf HANOI

G,F ABY THR-20 C 12,20 BF3-I 4PI

-•

Delayed means > 3000 p. sec.
DELAYED N YIELDS

Table I. Experimental results. The errors in columns 3 and 4 are

statistical. The errors in column 5 represent extreme vaiues using
plausible estimates tor <r(y,n) and <r(y,2n), and v from Gindier
el al. 1 and Leachman.*

(Relative counts/pulse)/
Energy monitor unit Delayed

Element (Mev) Prompt Delayed neutrons/fission

u** 12 620±25 3.2 ±0.2 0 036
4*0.008

u-wo -0.007

20 2545=100 13.6 =0.3 0.036~?-9^

Tfc= 12 225=12 0.55=0.04 °-027-o
:

:oof

20 995±40 22 ±0.1 0.030+2'£!;;|
-0.006

104 4M (1956)
4aa K- Scfinutt, Phys. Rev.

4 R. B. Dcarhmin, Proceeding of ike Second United Nation
InlemoMomd Conference on Ike Peaceful Uus of Atomic Energy,

vSu$ ^9^“^ Gmy%' l9SS>' P/2467,
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REF. CLEM. 9YM. A Z

R„ Bosch, J. Lang, R. Muller, W. Wolfli
Helva. Phys. Acta .36, 625 (1963)

METHOD

n capture source; photon scattering; Nal spectrometer

U
L

REF. NO.

63 Bo 2

238 92

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANGE

G.G ABX 9 D 9 NAI - D DST

•

Fig- XI.

Experimented bcsiimmtc WirkungvjucrschniUc fur die Strcuung von Q-.McV-Quantcn aa Uran.
Die gcstrichcltc Kurvc gibt den thcoretischen %Vcrt fiir Thomson- und Raylcighstrcuung (nach
Bethe) ; in dcr ausgczogcncn Kurro ist zudum tier Dclliruckcffckt (nach cincr Extrapolation aus

den Wertcn Zerniks) mit cinbczogcn.
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REF.

METHOD

B.A. Bochagov, A.P. Komar, V.I. Fadeev
Atonmaya Energiya 15, 191 (1963); Soviet

EL EM. SYM. A z

Atomic Energy 15 . 89 1 (1983) u 238 92

Synchrotron; fission angular, energy distribution; ion chamber
REF. NO.

63 Bo 6 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPC RANGE TYPE RANGE

G,F N<t>X THR-35 C 35 ld)N-D DST

R = = mass ratio of fragments

R = 171 ±3 MeV at R = 1.25 “ 1*30, independent <£ angle.

E. MeV

Fig. 2. Most probable total kinetic energy of the fragments, E, at fixed mass ratios for dif-
ferent angular ranges In die case of 14 MeV neutron fission (a) and photofission with Eymav
* 35 MeV (b). (I-V angular range numbers).
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j
Ref. H.G« DeCarvalho, A. Manfredini, M. Muchnik, M. Sever!, R. Bosch,

W. Wolfli
Nuovo Cimento 29. ^63 (1963)

Elem. Sym.

U

A

238

Z

92

Method . .

Reactor; monoenergetic 7 s from Ti(n,Y) reaction; emulsions;
Ref. No.

63 De 1 , JHH
Nal monitor <2. S

Reaction

u
258

(7, f)

E or AE

+0 . 11 -

6.6l
-0.20

MeV

S
ad E Notes

Parameters for angular distribution
function,

W(0) as a + b sin^0 + c sin^0 cos^d
j

are given in Table II.

Fig. 4. - Angular distribution \V'(«,/?„=
= 15°) of fission fragments from **,U.

I

Table II.

j

!

E-fO
MeV

v __r*»7
soared

6/a c/a c/b

6.3 bream. (•) j > 25 — —
Th 6.81 (~) Ti(n. r) 11 - :i 1=1 0.1 —0.1

1 7.0 (—

)

bream. (*) ! 10.6 - 2.1 — 2.1 — 1.6 _o.20_n.l6

6.1 F(p. T) <’) 14 x 14 •?»©IIMII’ts

1
—

6.6 hreroM. («)

bremaa. (*)
!

1.

4.4 = 1.0

4.2 ± 1.6 :u = .1.2 0.7.7 — 0.7

1

i u
i

6.61 (-) Ti(a. y) 2.0 x 0.2 0.6 = 0.3 0.3 — 0.2

• 6.9 F(p. V) (
T
)

bremaa. («)

0.7 x o.:i

2 .60x ‘> 44

0.2 x 0.3 r».:j : i.i

0.34= 0.35 0.12^.0.51)

7.0 (~) b remss. (*) 2.11 x 1.24 0.06— U.NS 0.43 — 0.40

(•) Ky iadicaUai cither th* rntuuinuiu brcruantruAiuiKr cnervy or thu energy of the ;uoqu*
•narvettc beam, us the cam may bo. only those puiucs of otiicr authors on* quotcu u-qoss
marry ho* within U.i MeV (mm our energy (d.iil MoV).

Wo give tho vaiuoa obtained l»y ruuana of tho Fourier analysis of thu iuta (see T+blc [ 1 .

(**) For purposes of companion \vu qunto the values given in the paper of U.vfcua e< at. {•),

lAoludiar ths oosidclsnt e. although th** authors -—-tt" m Uwtr tiiauiuMion c t>.

I

!
l A. Booh: InUrnalinntU Conin'm on tho Pmrrful (‘in of Mu,nut lintnj'/, v.O. J

P- Jll. (1938).

Tails III (*).

Nucleus <mM
(from pert I) (“

;

|

<ru (mb) a. (mb) a
,
(mb)

*«Th 5.3±0.6

1
© 11O U 4.6x0.6 0. 1 x 0.

1

J»»U 9 . 2 - 0.9 3 . 7- 0.4 6.1 x 0.6 0.3±0.$

(
a
) The value* of •« and «, b*v* been computed name the Fourier analrue results

tor a, b and e (nee Tahlo I).

I"*) An error on the doao rwniirm-nt ha* been detected since tho publication of Part T

of this paper, fastesd of (i.O • 10“ z 10 %) Muaota'cm* the doao was <|.7S • iu»»- 10“.) quanto,era*
accordiiiclr th* era sections reported 1a i*art I should bo chanced to cho values shown in

tba present Tabla III.

I I
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REF. EL EM. SYM. A

K.A. Petrzhak, R.V. Sedletskil
Atomnaya Znergiya 15. 308 (1963);
Soviet Atomic Energy 1025 (1963)

U 238

METNOO
Betatron; fission yield, mass distribution; radio- chemical separation

(activation)

REF. NO.

63 Pe 2

92

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP* RANGE TYPE RANGE

G, F RLY THR-14 C llv ACT-I 4pi

1

|

Relation between fission fragment yields aed rum aunben O) main points: O)
mirror points (our results for U1* photoflsnae as U MeV): x) main points: A)

minor points (results in [22] for U® phomfUmee as 12 MeV); - •-•—•) u“
photofiuion at 8 MeV [1]; ) tpomaeee— fUuee of U— [19-21].

19. P. Kuroda and M. Menon. NucL Sd. Cageg.. 10. 70 (1961).

20. B. Young and H. Thode, Canad. I. Phy*.. 32. 1 (I960).

21. C. Wetherill, Phys. Rev., 92. 907 (1902).
~”

22. D. Wiles and C. Coryell. Phys. Rev.. 96. 666 (1904).

TABLE 1. Yields of U** Photofission Fragments at a

Maximum Btemsstrahlung Energy of 14 MeV

Fragment Haif-life.

Ratio of frag-

ment yield to

Ce14
* yield

Only one

experi-
ment

Y»
nuios
nuioa
Agiu •

Agus •

Lam
Co»«
p ri«»

Nd‘«
Nd»«
Pm»»

• Only one e

11 h
39.8 days
4.4 h

7

7.6 days
5.3 h
3.7 h

33.4 h
6.0 h
11.3 days
1.8 h

27.5 h

xperiment.

0.996+0.098
0.955+0.028
0.832+0.020
0.064+0.025
0.0fifl±0.022
1.45 ±0.21
1.0
0.989±0.167
1.03 ±0.28
0.52 ±0.12
0.25 ±0.05

4.3 +0.4
4. 11±0. 12
3.59±0.0<J
0.27±0. 11
0.28±0.1i
6.2 ±0.0
4.3
4.2 ±0.7
4.4 ±i.2
2.2 ±0.5
1.1 ±0.2
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REF.
Yu.Ya. Glazunov, M.V. Savin, l.N. Safina, E.F.

Yu.A. Khokhlov
Zhur. Eksp. 1 Teoret. Fiz. 46, 1906-08 (1964)
Soviet Phya. JETP 19, 1284 TO64)

method

Fomushkin,

92

Linac 64 G1 l NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N SPC 16 D 16 T0F-D 0-5 90

m(h orb* units

shown in the figure. The solid curves a, b, and c

are the evaporation spectra

N (E

)

~ -j- exp (--£-)

with the temperature T = 0.48 ± 0.03 MeV for

platinum, 0.84 ± 0.04 MeV for Bi, and 0.98 ± 0.04

MeV for lead.

The solid curve d is the sum of the evaporation
spectrum and the fission spectrum of uranium:

A' (£). x -£ exp + (1 - ,, ,..jp (-%)

X 'nbr“p
(

-
^) sinh V*«£

with the parameters: T = 0.33 ± 0.03 MeV,
Tf = 1.05 ± 0.04 MeV, ui = 0.5 MeV, a » 0 49
* 0 . 01 .
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REF. EL EM. SYM.

E. Albert sson and B. Forkman

Nuclear Phys. ^0, 209 (1965) 238 92

METHOO
19
F(p,aY )

16,. radiation

REF. NO.

[Page 1 of 2]
65 A1 l EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TV PC RANGE TYPE RANGE

G,F RLX 6-7 D 6-7 EMU-D DST

Fig. 1. Angular distributions from pure 6.1 MeV and 7.0 MeV photon excitation and from 6.5 MeV
bremsstrahlung excitation in the present work and in ref. *).

Coefficients in the angular distribution

Table 2
fV(d) — a+b sin* Q+c sin* 20 in photofission of thorium
and uranium

I

Element Photon

energy

(MeV)

a b c

1

i

|

i

Th“» 6.1

7.0

6.5

(bremsstr.)

0.I2±0.03

0.25 ±0.04
0±0.05

0.89±0.05

0.78±0.06

1.27±0.07

0.14±0.06

u- 6.1 •)

7.0 •)

6J
(bremsstr.)

0.07±0.08
1.00±0.22

0.17±0.03

1.00±0.10

0.70±0.22

0.93±0.05

0.50±0.12.

0.05±0.20

•) Ref. •).

i
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ref.

E. Albertsson and B. Forkman

Nuclear Phya. 70, 209 (1965)

ElEM. sym.

u 238 92

1 method

1

19 1

6

F(p,ay) 0 radiation [Page 2 of 2]

REF. NO.

65 A1 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

Fig. 3. Increase of the isotropic term « m Mt#> with photon energy. The curve is the function

/(£) = 2/jt{ 1 4-exp ([B— £)/£p))~ l with B - 7 4 foe thorium and B = 6.5 MeV for uranium and
£p = 0.5 MeV for both. The experimental potitts are from the following papers: OfTh) present work;

• (U) Forkman el al. •); (L i TaAekothi *); (Th, U) Carvalho et al. lt
).

form NBS*41t
(REV. 7- lac 04)
USC OMM.QC 2S0t0*PS4 PHOTOMUCLIAM DATA SHEET 274

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



REF. EL EM. SYM. A z

F. Carbonara, H.G. DeCarvalho, R.

G.P. Murtas
Nucl. Phys. 72, 385 (1965)

METHOD

Rinzivillo, E. Sasai and

U

REF. NO.

238 92

65 Ca 3 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPf RANGE TYPE RANGE

G,F ABY 300- 1000 C l BEV EMU-

1

4PI

Fig. 4. The experimental data for the U fission cross-section per equivalent quantum <r9 are plotted
against the maximum energy of the y beam. The solid line is the result of a least-squares calculation.

Table 1

Some fissility values

Particle Energy

(MeV)

Nucleus

«»u M*Th “•Bi

Photons 300 1000 0.84±0.13 0.47i0.10 0.12±0.02

Protons 600 ») 0.65 0.40 0.13

Protons 200 •*) 0.80 0.47 0.09

•) Ref. ••). *) Ref. ”).
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REF. ELEM. SYM. A

G. R. Hogg
Nuclear Phy«. 72,

METHOD

167 (1965) u 238 92

[Page 1 of 3]

REF. NO.

65 Ho 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 33 C 33 SCD-D 100 - 200 90

MASS DISTRIBUTION
E, Is mean total KE released

KINETIC ENERGY MeV — CORRECTEO
IRO 160

""
ISO 200

Fig. 1 The iouI fragment kinetic energy release spectrum. The
corrected for the detector pulse height defect and fragment energy

prompt neutron

energy scale has been

loae in the target, but not for

FRAGMENT MASS liaal
1

Fig. 3. Total mam distribution of the fragments from the pboeodmien of "U tnth 33 MeV brans*

strahlung. The error bars are itumtmi 276
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|
REF.

G. R. Hogg _

Nuclear Phys. 72, 167 (1965)

METHOD

ELEM. STM.

238 92

REF. NO.

[Page 2 of 3] 65 Ho 1 EGF

EXCITATION
ENERGY

SOURCE OETECTOR
REACTION RESULT

TYPt RANGE TYPE RANGE
ANGLE

TO to to IOO 110 120 ISO MO ISO 160

FRAGMENT MASS to.*.*)

Fig. 4. Partial mass distribution for total fragment kinetic energy release > £%. (closed circles)

and £* > £g_+ 10 MeV (open circles). The error bars are statistical.

Fig. 5. Partial mass distributions for total fragment kinetic energy release £* < £K (closed circles)
and < £*-10 MeV (open circles). The error bars are statistical.
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REF.

G. R. Hogg
Nuclear Phys. J72, 167 (1965)

ELEM. SYM.

u 238 92

METHOD

[Page 3 of 3]

REF. NO.

65 Ho 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

3
01 X

- 0

Fig. 6. Graphical summary of the parameters of the mass distributions (cf. table 1).

Tabu 1

Parameters of the mass distributions

Range of energy release Average

total kine-

tic energy

<Ac>
(MeV)

Mean mass
light heavy

fragment fragment

mL mH
a.m.u.

Calculated width

light heavy

fragment fragment

A. A,
a.m.u.

Yield at

symmetry

(%)

All £( 170 96.4 137.8 7.95 7.65 0.43

(total mass distribution)

*k>£c 180 98.3 135.5 7.1 6.2 0.06

£c < 160 94.5 139.7 9.1 8.5 0.37

£k> £e+ 10 MeV 188 101.6 133.4 6.0 5.3 0.03

£*<£*< £*+ 10 MeV ») 175 96.4 136.2 7.3 6.4 0.03

£g > £e > £g-I0 MeV •) 166 95.5 138.2 8.4 7.6 0.12

£* < £*-10 MeV 156 93.8 140.6 9.3 9.6 0.25

*) These distributions were determined from the difference between the appropriate measured dis-

tributions.
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REF.

M. Holmberg and H. Conde
Arkiv for Fysik 22, 301 (1965)

METHOO

EL EM. SYM.

238 92

REF. NO.

F
19

(p,aY)
65 Ho 2 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX 7 D 7 SCI-

I

4PI

v = 2.77 ± 0.13
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REF.

T. Kivikas and B. Forkman

Nuclear Physics 64, 420 (1965)

METHOD

92

[Page 1 of 2] 65 Ki 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,F ABY 6-7 C 5-7 ACT-

1

4PI

Fig. 3. Semilogarithmic plot of the ptvxofasion yield as a function of maximum brems*
strahlung energy. Theoretical yields cq ( 3 1 arc jjven with the parameters

A: (T — 0.6 M*V . S, - 1 * M«V, E, - 85 keV).
B: (T - 0 6 MeV. S, - * I MbV. E, - 90 keV),
C: (T - 0.6 MeV *, - * • \««V. £, - 85 keV),
D: (T = 0.6 MeV. «, - « I M«V. £, - 80 keV).
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REF.

T. Kivika* and B. Forkman
Nuclear Phys. 6^, 420 (1965)

ELEM. SYM.

U 238 92

METHOD

[Page 2 of 2]

REF. NO.

65 Ki 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 4. Semilogarithmic plot of the symmetric photofission yield as a function of maximum bretns*

strahlung energy. Theoreticai yields (eq. (3)) are given with the parameters

A : (T - 0.6 MeV, B, - 6.0 MeV, E, - 85 keV),

B: < T - 0.6 MeV, B, =- 5.9 MeV, - 85 keV),

C: (T - 0.6 MeV, B, = 5.8 MeV, £p - 85 keV).

j
3

I

j

i

i

i

i

i

j

I
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REF
'

A. Manfredini, M. Muchnik, L. Fiore, C. Ramorino, H. G. De Carvalho

J. Lang and R. Muller

Nuclear Phye. 377 (1965)

£L£M. SYM.

U

A

238

L

92

METHOO

Several (n,y) sources

REF. NO.

65 Ma 3 EGF

REACTION
1

RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE MANGE TYPE RANGE

G,F ABX 5 - 8 D 5-8 EMU-D 4PI

Table 2

Experimental data

rr

n- capture gamma rays

Mean
Reactor energy

target*)

(MeV)

Main line

dose

(10I# y cm
-
*)

(10“ cm-*)

Weight

ratio

method

Density

method

Total

number
fissions

counted

auu / iv
f \

?*r
_

of \^d)
(mb)

a

(mb)

1 2 3 4 5 6 7 8

s 5.43
3.32 9.59

11.18

2580
1.44 0.70±0.11

5.56 10.14 2799

6.80 8.64 11.40 2400

Y 6.07
2.18

I 8.89 7.56 1654 6.82 6.38 ±0.69

l 9.69 8.35 3225

Ti 6.44 7.99 6.38 - 3324 17.0 13.9 ±2.6

Be 6.80
1.01 8.95 12.35 19651

4.64 3.81 ±0.46
0.96 9.31 8.20 1658

7.38
0.65 9.23

1

Pb-
0.67

I 9.79 8.60 2035 13.2 12.8 ±1.5

l 9.41 8.28 1895 1

A1 7.72 5.11 10.0 9.25 3538 7.65 5.25 ±0.61

Total 27073

*) Exposures to some other elements have also been performed but will be repeated in the near

future to ascertain the validity of the results.

Fig. 1 . Photofission cross-section of ***U at low energies. Dashed curve behaviour obtained from

bremsstrahlung exposures, by the photon difference method by Kaizetal.*), J experimental points

obtained from F(p, ay )O radiation by Huizenga et at. •); • results obtained from monochromatic

radiation from (n, y) reactions of the present work.
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ref. EL EM. SYM. A

0. P. Nikotfn and K. A. Petrzhak

Atoa. Energ. .12, 185 (1965)

Sov. At. Energy. .12, 1080 (1965) U

METHOO REF. NO.

92

]
Betatron 65 Ni 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY • THR-15 C 10-15 BF3-I 4PI

,
The time distribution of delayed neutron activity, measured in 20*50 experiments, was summed, and die sum

curves were analyzed graphically to separate the groups of delayed neutrons. We give the results of more than 700
Irradiations. For U** we observed six groups of delayed neutrons with half-lives of 55.0 ± 2.0; 21.0 ± 0.6; 5.4 * 0.3;

. 2.2 ± 0.2; 0.7 ± 0.2 and 0.18 ± 0.03 sec. The relative yields of these groups at maximum energy of bremsstrahlung

radiation 14.0 MeV were 0.020 * 0.001; 0.158 ± 0.008; 0.142 f 0.012; 0.340 ± 0.014; 0.180 ± 0.010 and 0.160 *
0.020 respectively.

Maximum energy of quanta, MeV

Fig. 2. Variation of relative yield of third group of

delayed neutrons with maximum energy of brems-

strahlung radiation.
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REF.

A.S.
Sov.

Soldatov, Z.A. Aleksandrova, L.D. Gordeeva,
J. of Nuclear Phys. _1, 335 (1965)

METHOO

F
l9

(p,ay)0
16

E = 6. 1,6. 9, 7.1 MeV

and G.N. Smirenkin

EL EM. SYM.

u

REF. NO.

65 So 1

238 92

JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLX 6-7 D 6-7 DST

0(e) = (0.22 ± 0.02) + (0.78 ± 0.03) sin
2
© + (0.04 ± 0.04) sin

2
2©.

TRACKS IN GLASS

1(6.1 MeV): 1(6.9 MeV): 1(7.1 MeV) = 1.00:0.15:0.17.

'
rW

dftm

Fig. 2. Angular distribution of fragments from
|

>«. ...

of U°*. The solid curve was obtained by analysis of (he «-

mental data by the method of least squares; the brokei. curve de-

scribes the data of Forkman and J jhansson.
•
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nKF ,
A. S. Soldatov, G. N. Smirenkin, S. P. Kapitza and Y. M. Tsipeniuk
Phys. Letters 14. 217 (1965)

EL EM. SYM.

238 92

MeTHOO REF. NO.

65 So 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F N0X THR-9 C 5-9 EMU-

1

DST

2 2
Angular distribution of fragments fitted to W(0) = a + b sin 0 + c sin 20.

t

Fig. 1. Energy dependence of a/b and c/b and total

photofisaion croea section of U238 (Insert)

.

Fig. 2. Angular diatrifaution of fragments of U238 at
Em - 5.2 MeV; daahed tinea show three terma of (1),
where a * 0.04 + 0.04; b * 0.98 ± 0.05; c » 1.02± 0.07’.

i

I form MBS-418
(NKV. 7*1 4*041

j
UlCOMfcOC 2S0KVPS4 PHOTONUCLEAR DATA SHEET 285
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i ntr. I.E. Bocharova, V.G. Zolotukhin, S.P. Kapitza, G.N. Smirenkin,
1 A«S. Soldatov, and Yu. M. Tsipenyuk

J. Exptl. Thaoret. Phys. (USSR) ^2, 476 (1965)

Sov. Phys. JETP 22, 335 (1966)

EL EM. SYM.

u 238 92

METHOD

12 MeV Microtron; Angular Distribution

REF. NO.

66 Bo 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR - 9 C 5-9 D DST

l/a

1
T

r_^ r_'
'

i

'00 \r
.

-

F

'

\

W(90°) = a + b = l

W(9) = a + b sin2© + c sin2 2©

Cce—talents obtained us :he result of a.-.;,

lyzlr.s t.-.e experimental data by the nc;.;.
of least squares, with representation c:

—® angular ciistriuuiicns .n the term
W ( 9 ) = a + b sin2

Q + c sin
2 23

!0 - f.

f

c

\
r

L

iV

«\
i
i

*5

- nv'-T,

:av
yy /iy j.j n.o

, MeV

..01$-.0.0.2 iO.Oh? 0.1\*<=0.030
0.03S±O.CC.' • -v. 017
c.o'ii0.oo5 o. -o.o' -

O.C"3=O.CG3 0.022=0. Cl',
.-7=0.00. 0.373=0.000 0.07.

0.213±O.GO, .737=0.000 0.017 =
0.570= 0,000

;
u , 020 =0.007

; 0.0.3=

o.c: =-
C.07. -

"C. 5. Fission anisot; .yj b/a = W(90°)/'.V(C°) - 1 as a func-

a. arcrasstr&h.ung maximum energy £max : A — resuits of

.’0 «*t -I.?], O — results of the present work, obtained with

1 mm thick, * — .taint obtained with a target 0.05 mm

i'joi/wrso
4
)

FIG. 4. Angular distributions of fragments is

of U“\
bremsstrahiung maximum energy.

form MBS-4H
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"*F
‘ A. Manfredini, M. Muchnik, L. Fiore, C. Ramorino, H.

R. Bosch and W. Wolfli
Nuovo Cimento 44B . 218 (1966)

METHOD

G. DeCarvalho,
ELEM. SYM. A z

U

REF. NO.

238 92

66 Ma 3 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE PANGS TYPE RANGE

G,F ABX 5-9 D 5-9 EMU-

1

DST

Table I.

|

Reactor

target

Main-line

'

energy

(MeV)

Main -line

dose

(10“ y cm-1)

(mb)

<s

(mb)

1

s

t

5.43

s

3.32

5.56

4

L40±0.11

•

0.08 ±0.20

Dy 5.58 2.62 3.96 ±0.34 3.73 ±0.70

Y 8.07
6.80

2.18
8.54±0.37 5.99± 1.05

Ca 6.42
4.51

2.16
7.20±0.54 5.68±1.02

j

Ti 8.75

7.99

1.49

1.16

18.5±0.9 12. 5± 1.1

i

Be 6.80
1.01

0.96
1.92 ±0.35

1

i

1.92 ±0.35

i

Ma 7.18 2.39 9.48± 1.50 7.17±1.50

Pb 7.38
0.65

0.67
13.5±0.9

1

12.8± 1.6

Fe

1

7.84
21.5

1.40
18.7±1.3 12.1 ±3.1

A1 7.72
5.11

3.14
9.28 ±0.55

1

7.15±0.56

Cn 7.91 7.05 31.3±6.4 18.9±8.7

Ni 8.86

24.6

1.00

1.29

"

35.2±1.8 29.0 ±1.8

form MBS-41S
(REV. 7-IA-A4)
UICOMM.OC 2A010-FA4 PHOTONUCLEAR DATA SHEET 287
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j
ref.

J. Lo Meason and P. K. Kuroda
Phys. Rev. 142 . 691 (1966)

EL EM. SYM.

238 92

METHOD

Monoenergetic x-rays from

REF. NO.

66 Me 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANG*

G,F ABY 17 D 17 ACT-

1

4PI

§ EXPERIMENTAL PONT

| MIRROR POINT (r • 3)

70 60 90 100 110 120 130 HO 150 160 170

MASS NUMBER

Fio. 1. The mass-yield curve for 17.5-MeV photofission of IP*.
The minor points were calculated for P—3.

Table I. 17.5-MeV photofission chain yields of U**
measured in this work.

Nuclide Percent yield

Br« 0.24±0.04
Br« 0.66±0.12
Sr» 4.3 ±0.9
Sr" 4.4 ±0.9
Mo" 5.6 ±1.0
Ru"* 2.5 ±0.6*
Ag“* 0.19±0.05*
fUI

2.2 ±0.5
1“

7.8 ±2.2
I» 5.5 ±1.0
1“

5.7 ±1.0
L“ 2.6 ±0.5
Ba“» 4.9 ±0.8
Ba>" 6.00

* Data obtained by R. Ganapathy.

form MBS-41C
(REV. 7-1 4-041
USCOMM.OC a«010-R«4 PHOTONUCLEAR DATA SHEET 288
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b E f. 0. P. Nikotin and K. A. Petrzhak
Atoranaya Energiya 20, 268 (1966)
UDC -539. 173.84, P* 300

! ELEM. SVM. |

A

233

METHOD SE'. NO.

66 N'i 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE detector
ANGLE

TYPE range TYPE RANGE

G,F RLY THR- L5 c 10-15 TRK-D 0-1 4PI

(.1-1.0)

Delayed Neutrons from Photofission (Ey max = 15 MeV)
DELAYED N YIELDS

Total yield of delayed

neutrons, neutrons/100

fissions

1

Neutron group 1

T i/1( scc

i

Relative yield
1^‘oluce yi«U of

ef group. 7.
S'oeP. "etttroet

.per 100 fissions

3,S±O.G(Th*«4

1 I 35.(54-1,5

2 1 20 . 3 - 0,8
3

i 5 . 45-0,50
4

j

1 , US i-O,20
5

j 0,43x0.10

C
j

0.lSx0.03

4.404-0,20

-x 1 .0

15,9X1.5
37.5-3.0
17.2X2.0
a 7

t 3 ,0
3

’ —4,0

0, 174-0.03
0,02—0,10
o,(io - 0..10
1 ,43—0,30
0. (1(1-0, 10

0
...,-rO.lO

u, *'*'_0,20

0.96x0,13(0*")

t
! 54,7-2,5

3
j 20.3x1.0

3 i 5,45—0,60
V

|

2,o: -0.25
5 0.50x0.10

6
;

0,10-0,04

5,4 -0,5
20,0-2.0
15, 2^-2,

0

:!(>
19x /, .o

13.9—2,0

0.052 4-0,010

0. 193-0.040
0,140 -0,030
0,354-0.070

0,134x0,0. 10

a no-# — 0,(135
°, U8"_0,()jU

3,1±0,4(U*")

1 i
5G, 2 5-0,8

2 21.3x0.3
3 1 5,50-0,20
4 1 2.15-0,10
5

| 0,70x0,00

6
|

0,19x0.02

1 ,98^0,08
13, 7 —0,5
17,5x0.7
31,1—0.8
17,7—0,9

‘••Cslo

0,0(11—0.010
0,489—0,070
0,545-0,070
0.970-O.15O

0.552x°. ,^n

0 50
-
#T ^’ i-11

0,uO__o,y,x)

.

o,36i0,06 (i*u«»)

no, —

!

1
:

34. OJ-3,0
i

G. 05-0,60
2

]

20,6-1,0
,

20.G—2.0
3

|

5.7—0,7 18,3-3.0
4

j
1.94—0,3,0

|
20,5—4,0

5 : .#,58-0,10
;

14,0x3.0
6 0.20-0.04 ! 10.R— r’!l— -j,0

j

0.022-0,004
0,075 -0,018
o.ont; - 0,015
0 , 105 -0,020
0,054-0,012

0 o-s- u - 0t -0,a '5 -0,025

3

C

y

Th
m -

^‘K
-*v

y 2
’ 5

osW
F ?

a g C

>»S g/t

y

= 3
0 2M •

\3 U

«r

I

,«/ I

:?U^2U™ _j

"<V‘

® =
2 u/ffj
4> =— T)

•2 >*

1 P ~ IQ t 1 i

1

1

1
P* *0

Iff I! 14

<5 T

i

* 0
i

=y max

JS Ji iO 4/ 2Z~N

.Fig. 3. Absolute yields of delayed neutrons

from fission of nuclei: ) [7]; •) present

authors.

U . The yield Ey m4X * 15 MeV is taken as 100eb.
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I

REF.

I

' K.

J.

methoo

Sakamtoto and P. K. Kuroda
Inorg. Nucl. Chem. 28, 679 ( 1966 )

EL, EM. SVM.

238 92

REF. NO.

1.3 BeV. electron synchrotron 66 Sa 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 650 C 650 ACT-

I

4PI

MASS NUMBER

Fto. 1.—Mass-yield curve for 650-MeV photofissioo of U*".

form MBS-418
(RCV. 7-14-64)
USC OMM-OC 2601 0-P64 PHOTONUCLIAR DATA SHEET 290
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S.P. Kapitsa, V.I. Novgorodtseva, V.A. Pchelin, G.N.
Yu. M. Tsipenyuk, and V.M. Shubko

ZhETF Pis'ma 6, 495 (1967)
JEIP Letters 6, 27 (1967)

METHOD
~ —

Smirenkin,
EL EM. SYM. A

U

REF. NO.

Z

238 92

67 Ka 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TY PC RANGE TY PC RANGE

G,F RLY THR-7 0 VJl 1 ACT-

1

4PI

(5.4-6. 5)

Relative yield Cd115/Ba139 vs. the aaxiau,
7-quantum energy, o - present work, A . viti
W target, o- in front part of U-bloek,

results of [l], * - results of [j],
- relative probability of quadrul

pole photofission [6].

I

FORM N6$»410
! (RKY. 7-14.A4I

USCOMM.OC 24010-P44 PHOTOHUCLEAR DATA SHEET 291

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



ref. Yu. N. Ranyuk and P. V. Sorokin
J. Nucl. Phys. (USSRT i, 531 (1967)

'

Sov. J. Nucl. Phys. 377 (1967)

EL EM. SYM. A

u

METHOO REF. NO.

Z

238 92

67 Ra 3 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
angle

TYPE RANGE TYPE RANGE

B,F RLX THR- 260 D 25-260 EMU-

1

API

G,F RLX THR- 260 C 25-260 EMU-

1

API

- ratio of bremsstrahlung yield to electron yield.

Jg/ff,

Fig. 3. The ratio of njtr, as a function of electron energy.

/

form NBS.41C
|

(NKV. 7°! 4»04D

j

UKOMM.OC 2S010.PB4 PHOTONUCLEAR DATA SHEET 292
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H. R. Bowman, R. C. Gatti, R. C. Jared, G. Kilian, L. G.

S. G. Thompson, M. R. Croissiaux, J. H. Heisenberg, R.

L. M. Middleman, and M. R. Yearian
Phys. Rev. 168 . 1396 (1968)

METHOD

Moretto

,

Hof stadtter,
EL EM. SYM. A

V

z

u 238 92

REF. NO.

68 Bo 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,F ABI THR-40 D 250,500 EMU-

1

DST

(MICA)

Angular distribution showed less than 10% deviation from isotropy for 250 MeV electrons.
Angular distribution and energy spectra also made using semiconductor detectors.

Table I. Experimental results. -

Method
Target Thickness used

tiU** • 85 Mg/cm* Mica
wU"* 162 Mg/cm* Counter
uBi1" 1 mg/cm* Mica
7.Ti“> 4 mg/cm* Mica

• l'*/UM was 1.12 X 10"' In tarcet sample.
k Not corrected for photofianon contribution [see (4) in text].

Fission arm section

250 MeV C (cm*) 500 MeV e~ (cm*)

(6.0±1.2)X10“" (9.4±1.9)X10-"
(5.0±1.0)X10-*» (7.0±1.4)X10-*»

(2J±0.5)X10-*» (1.4±0J)X10““

3.9X10-"*

form NBS-418
(R IV. 7*1 4*641
U3C OMM.OC 2001 0-P04 PHOTOHUCLEAR DATA SHEET 293
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REF
‘ N. N. Kaushal, E. J. Winhold, P. F. Yergin, H. A. Medicus and

R. H. Augustson
Phys. Rev. 1330 (1968)

EL EM. SYM.

u 238 92

METHOD REF. NO.

68 Ka 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 50-85 C 55,35 TOF-D 10-85 67

(67.5)

NEUT ENGY SPEC

7'

.‘•Vh. * Al

'v..

•

l —“•«« -

•
T1

’ 1.
• . .

1 '•
1

i

e c*

i
(l )

'V
m b

*
• a

*

0

j,
<

v"--,
1r * d-—

p

,*

Vi,.
u f ‘ h‘

—

)*

f •!(»,

» • II 1
1

NEUTRON ENERBY.MeV

Fro. 6. Observed neutron spectra due to 55-85-MeV difference

S
hoton spectra. The effective cross sections have been divided by
rx/A«

1 1-—1 1 1 1 1

—

r„ AT Er >70M4V (LEVfNOER)

“r— "i

•

%
•

- \

\ •j

\ E, * 10 M«V

..
•\ ’ •

«Po wl™ OPTICAL
ATTENUATION

. o
9

••

• % _ o
E. » 30 M.V °

1 1 1 -1 1
'

*0

20 40 60 SO
z

Fio. 7. Effective cross sections for production of fast neutrons
with energies greater than 10 MeV (solid circles) and 30 MeV
(open circles) by the 55-85-MeV photon difference spectrum. The
dashed curves are modified quaaideuteron model predictions as
discussed in the text.

Table L Comparison of present cross-section values in mb
for production of nigh-energy photoneutrons by 55-85-MeV pho-
tons with measured cross sections a(y,Tn), also in mb, for total
photoneutron production. The present cross-section values are
uncertain by 8 to 10% because of counting statistics and normali-
zation errors; in addition all values depend on an absolute normali-
zation in terms of the deuteron photodisintegration cross section,
which is known to about 10% at these energies.

Target

4r(iF/d«)*T*

(£.>10 MeV)
[Present Jones and

experiment] Terwilliger* CosU el al>
Other
results

Li 0.75 1.0

Be 1.0 17 2.3 2.3*

B 1.0 1.4

C 1.5 1-3 1.4 2.4-*

0 U 1.6

Al 18 5.5 4.6 8*

S 11 4.4 6J*
Fe 4.2 16 12
Cu 4-3 20 19
Zn 4.4 15
In 7.4

Sn 7.0

Ta 10.7 95
n 10.7

Pb 8.3 100
Bi 13

u 16 65

• Average croaa sections between JS »od SS MeV. as read from Figs. 4
and J of Ref. 4.

o L-0‘
mr*£ as taken from Fig. 4 of Ref. S and Table 1 of

Kef. 6.
* S. Coeta. L. Pasqualini. G. Piraglno, and L. Roasio. Nuovo Cimento

42. 306 (1966).
4 G. Bishop. S. Costa. S. Ferroni. R. Malvano. and G. Rieco. Nuovo

Cimento 42. 14S (1966).

form NBS-418
(REV. 7-14-64)
USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 294
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REF.
B. V. Kurchatov, V. I. Novgorodtseva, V. A. Pchelin, G. N. Smirenkin,

Yu. M. Tsipenyuk, and V. M. Shubko
Yad. Fiz. 7, 521 (1968)
Sov. J. Nucl. Phys. 7, 326 (1968)

EL EM. SYM.

U 238 92

method REF. NO.

68 Ku 1 hmg

reaction RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F ABY THR-7 C 4-7 ACT- I 4PI

(4. 5-6. 5)

5

—

i

•

fea

Fragrant yield*. mrifed over the run*. referred to a current of 50 £JA at

infinite (Radiation time

Decay* per minute (a 10"*) Decay* per minute (a 10**)

Be'* fla** Mo* Cd"' Cd- *«*"

S.S 120 310 34H 1700 1400 1 MOO
6.25 215 212 217 1400 1200 1GU)
6.0 79 83 89 640 610
5.8 2S 25 24 145 IX 165
6.6 6 6 7.1 22 18 24
5.4 I.S 1.5 1.75 1.2 1.2 2.3
5.3 0.55 0.44 0.55 0.11 0.11 0.40
5.2 0.13 0.13 0.13 0.04 0 05
5.1 0.08 0.064 0.066 0.03 0.02
5.0 0.029 0 .036 0.027 0.01

1

0.02
4.75 - 0.004 — 0.004 —
4.5 0.001 — 0 001 — * — —

3

i
r

jmym
»

I

r~

s.

* y
t

;/

if i

'ij

Y /If !

V /ft 1

“I

£a_

i

i

I

45 M 5.5 S J—Ts n n
M*V

Absolute yield: a — asymmetrical fragment* avciagcd
over the nudei Ba 134

. Ba'Tand Mo” ; b - of Cd 111
as a function of

the end-point energy of the bremsstrahlung spectrum Points - our
dau, dashed curves - data of H (Ba 13* ). dash-dot curves - data of
(Ba 13

*). The normalization is performed at L, = 6.5 MeV

FIG. 4. Relative probability of

quadrupole fission vs. energy Ey.

FIG. 3. Ratio of the

yields of symmetrical and
asymmetrical fragments.

Points: O - yield of Cd"*,
X-Cd'^O-Ai 1":*-
results of [

4
1 ; — results of

1*1

FORM NBS-418
(RCv. 7-t a* eat
USC OMM-OC 26010* PS

4
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ref. N„ S. Rabotnov, G. N. Srairenkin, A. S. Soldatov, L. N.

So P# Kapitza and Yu. M. Tsipeniuk
Phys. Letters .26B, 218 (1968)

method

Ysachev. EL EM. STM.

U

REF. NO.

238 92

co Ra 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.F NOX THR-3 C 5-8 FRG-I DST

Fig. 1. The measured value of b/a as a function of en-
ergy. Photofission cross sections taken from ret. I

are also shown for 232xh and 238fj. £ js the average
excitation energy of the fissioning nuclei and T( the ,.b-

servable fission threshold.

form NBS-418
(RXV. 7-14-84)
USC OMM.OC 26010-P84 photonuclear data sheet 296
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REF.

METHOD

H. G. De Carvalho, V. Di Napoli,

and K. Tesch
Nucl. Phys. A126, 505 (1969)

D. Margadonna and F. Salvetti EL EM. SYM. A

U 258

REF. NO.

92

69 De 1 esf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-999 C 1-6 ACT-

I

4PI

(1.0-5. 5)

Yield per equivalent quantum. 999 = 5.5 GEV

Fig. 5. See caption to fig. 1. The errors are high because of the natural radioactivity of “*11.

Cross sections per equivalent quantum for <•/. n > reactions as a function of the maximum
bremsstrahlung energy. A straight line is adjusted to the experimental points by means of a least*

squares fit. The indicated errors are due to the /-ray spectroscopy. The dashed line gives the result

of simple estimates.

form NBS-418
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REF.

I. A, Grishaev, V. P. Efimov, V. I. Kasilov, V. I. Noga,
Yu. N. Ranyuk, P.V. Sorokin, A. N. Fisun

Ukr. Fiz. Zhur. 14, 1818 (1969)

ELEM. SYM. A

u 238 92

METHOD REF. NO.

69 Gr 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.F RLY THR-999 C 70-999 ACT -I 4PI

RLY E-/E+ 999= 1 GEV

DISINTEGRATION OF HEAVY NUCLEI
BY ELECTRONS AND POSITRONS

I. A. Grishaev, V. P. Efimov, V. I. Kasilov, V. I. Noga,
Yu. N. Ranyuk, P. V. Sorokin. A. N. Fisun

Summary

Gross-section ratio for the uranium and tantalum disintegration by electrons and
positrons is equal to unity within the experimental errors over the investigated energy
range from 70 to 1000 Mev and is in agreement with Barber's measurements and Roden
berg's calculations.

form N3S°418
(R EV. 7-1 4* 44)
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REF. EL EM. SYM.

S. P. Kapitza, N. S. Rabotnov, G. N. Smirenkin, A. S. Soldatov
L. N. Usachev, Yu. M. Ysipenyuk

ZhETF Pis. Red. 2 ,
128 (1969); JETP Letters 2 , 73 (1969)

METHOO REF. NO.

238 92

69 Ka 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F ABX THR-8 C 5-3 TRK-I DST

Fig. 2. Results of measurements of the fragment yields corresponding to

different components of the angular distribution, as functions of the end-

point energy of the bremsstrahlung spectrum (upper plots) and fission cross

section and values of the ratios b/a and c/b as functions of the energy

of the 7 quanta, obtained as a result of the reduction of the experimental
data (lower plots).
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REF A. P, Komar, B. A. Bochagov, A. A. Kotov, Yu. N. Ranyuk, G. G.

Semenchuk, G. E. Solyakin, and P. V. Sorokin

Yadc Fiz. W, 51 (1969)
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30 (1970)

EL EM. SYM.

238 92

METHOD REF. NO.

‘ 69 Ko 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

G,F SPC THR-999 C 250-999 SCD-D DST

(1000) (100C )

M

FIG. 2, Single-ended energy spectra of fragments from photofission

of«U«* tB BiJ",and wAu'”.

FIG. 3. Fragment mass distribu-

tions from photoiission of (l L'
ai

,

u Bi
J#*

, and „Au‘*\

999 = 1000 MEV

M,V

it. VII.

FIG. 4. Average total kinetic energies Ei< of fragments from photo-
fission of .] U 13*. ijBi

J0*, and n Au 1”, as a function of the heavy frag-

ment mass. Points-experiment; solid curves-theory; dashed curves—
—experiment with inclusion of a correction for neutron emission from
the fragments.
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A. Manfredini, L. Fiore, C. Ramorino, H. G.

W. Wolfit
Nucl. Phys. A123 . 664 (1969)

METHOO

ELEM. SYM.

De Carvalho, and

238 92

REF. NO.

69 Ma 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 5-9 D 5-9 EMU-

I

DST

w(0) a + b sin2© + c sin2© cos2
©.

N- CAPTURE G'S

Table 1

V<**ues of the a-, b- and c-parameters of the angular distribution for different y-ray energies

Target £
(MeV)

a b e E
(MdV)

a b e

Dy 5.60 0.05

±0.06

1.37

— 0.05

0.30

±0.21

5.58 0.05

±0.06

1.36

±0.14

0.26

±0.23

Y 6.09 0.01

±0.03

1.34

-0.03

0.74

±0.13

6.07 -0.02

±0.03

1.38

±0.09

0.79

±0.16

Ca 6.37 0.23

±0.04

1.04

—0.04

0.53

±0.18

6.42 0.25

±0.06

1.02

±0.11

0.52

±0.24

Ti 6.71 0.40

±0.03

0.85

±0.03

0.23

±0.14

6.75 0.45

±0.06

0.80

±0.09

0.09

±0.23

Be 6.SO 0.55

±0.11

0.41

±0.10

1.11

±0.41

6.80 0.55

±0.11

0.41

±0.10

1.1

1

±0.41

Mn 6.94 0.63

±0.04

0.56

±0.04

-0.04

±0.18

7.16 0.75

±0.14

0.44

±0.13

-0.32

±0.25

Pb 7.34 0.65

±0.06

0.41

±0.06

0.61

±0.23

7.38 0.66

±0.08

0.38

±0.07

0.64

±0.25

Fe 7.71 0.63

±0.05

0.45

±0.05

0.49

±0.23

7.64 0.67

±0.11

0.40

±0.10

0.47

±0.36

A1 7.41 0.75

±0.05

0.30

-0.05

0.37

±0.21

7.72 0.91

±0.09

0.08

±0.08

0.32

±0.29

Cu 7.66 0.62

±0.06

0.49

±0.06

0.38

±0.24

7.91 0.63

— 0.24

0.48

±0.20

0.39

±0.43

S 7.96 0.69

±0.06

0.33

±0.06

0.71

±0.24

8.16 0.79

±0.11

0.15

±0.09

0.81

±0.32

Ni 8.63 0.83

±0.05

0.20

±0.06

0.30

±0.19

8.36 0.88

±0.08

0.13

±0.07

0.24

±0.24

Column 2 gives the mean energy of the y-ray spectrum and column 6 the energy of the main line.
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Fig. 4. Dependence of the measured parameters a, b+\a and b/a and the photofission cross section

a as a function of y-ny energy. The solid lines shows the theoretical functions deduced from the

fission barricr'penetrjtton using the values of the T, B and E9 parameters reported in table 2. Black

Jots • experimental values, white dots - calculated values.
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Heisenberg, L. M.- Middleman, M. R. Yearian, R. Hofstadter

Phys. Rev. i22, 1176 (1969)

METHOO

H.

92

69 Mo 1 hmg

reaction RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,F ABX THR-999 D 60-999 TRK-I DST

G,F ABX THR-999 c 60-999 TRK-I DST

Tabular data given; angular distribution isotopes

Fig. 4. Bremsstrahlung-induced fission cross section per equiva-
lent quantum.

Fig. 2. Electron-induced fission cross-section data. Different
symbols for the same isotope refer to different targets.

foum H8S-418
(REV. 7.14-WI
USCOMM-OC 26 0(0- PS

4

Fig. 6. Photofission cross section as a function of energy for
na,U (open squares) as obtained by unfolding the electron-
induced fission cross-section data (diamonds) with the £1 kernel.
The solid line is the fit to the electron-induced fission cross sections - _ .

which is obtained by folding back the photofission cross section 304
into the £1 kernel.
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Y. Wakuta, M. Sonoda, A. Katase, H. Tawara, M. Hyakutake

J. Phys. Soc. Japan 26, 851 (1969)
U 233

METHOO REF. NO.

69 Wa 1 hmg

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RXX 0-999 C 200-999 SCD-D DST

99=1.2 GEY

-- J 1

rjt -.J- f cm
« " -

:;a ma. * *
vm < .«•* p»«icj* • r—.i r

Fig. i. Relative photofission cross section per

equivalent quantum as a function of maximum
photon energy for U*“ and Th“*.
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Fig. 2. Relative photonssion cross section for tuo
values of bin width as a function of photon energy,

(a) for U“® and (b) for Th !1* respectively

.
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D. C. Aumann and J. E. Gindler
J. inorg. nucl. Chem. 32, 731 (1970)

ELEM. SYM. A

238 92

method REF. NO.

70 Au 1 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G.F RLY THR-17 C 14-17 ACT -I 4PI

Data ratio of isomer to ground state yields. ISOMER YIELDS

Fig. 3. Cumulative (a) and independent (b) yield n, Pd isomeric ratio* a* a function of

excitation energy above the fission barrier for several compound nuclei. The solid curves

in 3b represent the root-mcan-square average angular momenta of the compound nuclei

indicated. The dashed curves are the solid curves displaced to pass approximately through

the respective isomeric ratio data

Table 3. Cumulative yield isomeric ratios of '"Pd formeu in plmio-

fission

Target • 3*H

EX*MeV)
16-6-17-0 17- 1

tT*rh fl-OOPO — 0-0004 0-0056 *0-0006
t»y 0 00*3 = 0-4)004 0-0054 = 0-0005 O-OtKrf.* O'iMl?

2»U O-otw - ootH)7 0-01 1‘> = 0<m«i2

jas,y o-oi25±o-ooov 0-0130* 0-0013

t»y 0 0261 *0 0019 0-0235 = 0-»'ai24

tuy 0 0304 * 0-0022 0-0380 * 0-0038 0-0454 = 01AM 5

>00.*———“-
V» S3

. j
o-a u«v •

1
I 7 MtV .

2M MtV •

H

3 3 3 3 3 «

2 ££:: ? I

1
1

i

'
1

i

J i—Oi i 1

s« sr j4

Z*/A

. 10

C, 1-0000 05937-
l >0 o«v • • J

1 7 MtV • • -I

J «

I

-

-0-1
1

S3

MM
•

j

i

•

—La.
37

JOOi

r.< s Cumulative ta) and independent <b> yield '"l»d isomeric ratios as a function of
Z'lA lor the compound nucleus.
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Yad. Fiz. 11, 1324 (1970)
Sov. J. Nucl. Phys. _U, 736 (1970)

MfTHOO

Sorokin | EL EM. 5VM.
I

I

u

!
REF. NO.

A

92

70 Ka 1 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,F ABX THR-500 C 25-500 TRK-D 4PI

G,F ABY THR-500 c 25-500 TRK-D iJ-PI

OnLEY and Ressler cu have calculated theoretically

the cross section for electrofission of U
23 * in the elec-

tron-energy range E 0 = 25—500 MeV. The cross section

ue for electrofission of IT
3 * has been measured experi-

mentally by Bowman et al.
c2J

for E0 i 250 MeV. For E0

< 250 MeV. oe has not been measured directly. Onley

and Ressler llJ estimate <7e in this energy range by using

data on the ratio of the cross sections a
e /

31 where

cq is the cross section for photofission per equivalent

photon, cq is determined by integration of the uranium

photofission cross section^

2

over the photon spectrum.

The value of <re obtained turned out to be close to that

calculated theoretically, but differed considerably from

that measured by Bowman et al.
tS]

at E0 = 250 MeV. The
contradiction between the data of the two experiments

Oq. 10'27 cm 2

O., 10'
27 cm

:::

233

/.V

• t • ***
•^ ^ % ^

L ?
*

*

233

FIG. 1

., MeV

) '
. J

J

233 •CJ
F. 0 . M«V

fig :

FIG. I. Li
:M photofission yield per 9 equivalent photon as a func-

tion of bremsstrahlung maximum energy Points O- prevent work, •-
data of Jungerman and Steiner. [

6
1 The errors in ref r> are smaller than

the sire of the points.

FIG. 2. Cross section for electrofission of C 2 '* .» a i unction of

electron energy. Points: . B-data of Bowman et a. . 1

2
1 O-prcsent

work. The solid curve is taken from ref. I . The dashed curve was drawn

visually.

apparently arose from the uncertainties associated with

calculation of oq. In order to check this assumption we
have measured the yield of the U23

' photofission reaction

by a technique previously described by two of us .

C51 The
result is shown in Fig. 1. Using these data and also the

value of <7q/o6 from C3i
,
we determined the electrofis-

sion cross section of uranium. The value of <jq /<re for

E0 > 250 MeV was taken as 30 ± 5.

The values obtained for the U23* electrofission cross

section are shown in Fig. 2 by the circles. Also shown
in this figure are the results of Bowman et al.

c2> and
the theoretical curve of Onley and Ressler ul (solid

line). It is apparent that the cross sections obtained bv
us are in good agreement with those of Bowman et al.

The experimental values of the cross, sections are

greater than the theoretical values.

l

D. S. Onley and G. M. Ressler, Phys. Rev. Letters

22, 236 (1969).
a
H. R. Bowman, R. C. Gatti, R. C. Jared, G. Kiliam,

et al., Phys. Rev. 168, 1396 (1968).
3
Yu. N. Ranyuk and P. V. Sorokin, Yad. Fiz. 5, 531

(1967) [Sov. J. Nucl. Phys. 5, 377 (1967)].
* L. Katz, A. P. Baerg, and F. Brown, Proceedings

of the Second United Nations International Conference

on the Peaceful Uses of Atomic Energy, United Nations,

Geneva, 1958.

*Yu. N. Ranyuk and P. V. Sorokin, Yad. Fiz. 5, 531

(1967) [Sov. J. Nucl. Phys. 5, 377 (1967)].

*J. A. Jungerman and H. M. Steiner, Phys. Rev. 106,

585 (1957).

uThe article was transmitted from the editor of the journal Pisma

Zh. Eksp. Teor. Fiz.. where it was received Ju.y 30.

Translated by C. S. Robinson
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ref. L. A. Kull, R. L. Bramblett, T. Gozani, D.

Nucl. Sci. & Eng. 1&3 (1970)

METMOO

E. Rundquist EL EM. SVM.

238 92

REF. NO.

70 Ku 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G.F NOX 5-10 C 8 f
10 BF3-I 121

HALF-LIFE

Fig. 5. Relative abundances of the delayed-neutron
groups (,1,) (specified by their approximate half-lives)

for
23
*l'(xy.f) at E, = 8 and 10 MeV. The error bars

only represent statistics. The data at E, * IS MeV of
Ref. 3 is also shown.

DELAYED NEUTYLDS

TABLE t

Relative Abundances (or the Pfcotoflsslon of **U and "*U with

Bremsstrahlung at Endpoint Energies of 8 and 10 MeV
Actual Hall- Lives Used In the Analyses

were Taken from Ref. 4

Half-Life

(sec)

Relative Abundance (percent)

-u
(8 MeV)

«U
(10 MeV) (8 MeV)

"'ll

(10 MeV)

)J 2.5 i 0.1 2.1 a 0.1 5.2 a 0.S 5.C , 0.2

20 11.3 * 0.4 18.3 a 0.1 25.3 . 0.3 24.5 , 0.5

5 n.o * i.i 18.1 a 0.3 21.3 a 1.3 24.4 , 0.9

2 38.1 a 0.9 36.4 a 0.4 35.0 a 1.2 33.1 t 0.5

0.8 11.9 t 1.1 18.1 a 1.0 4.4 « 2.2 9.1 , 1.0

0.2 9.2 t 1.4 10.5 a 1.1 8. 8 t 3.2 2.8 a 1.1

*». 1'. MAKhYUTENKO. J. ExpU. Theoret. Phya
(US.SU). 135. 813 (1958).

*0. P. NIKOTLN, K. A. PETRZHAK. Atomnaya
Energiya, 20. 268 (1966).
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T. Methasiri
Nucl. Phys. A158 , 433 (1970)

ELEM. SYM. A

u 233

j
RE*. NO.

70 Me 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

G,F ABY THR-900 C 200-900 TRK 4PI

Fig. 2. Cross sections per equivalent quantum <r,(£) of uranium as a function of bremsstrahlung

maximum energy (£).

Fig. 4. Photofission cross sections of uranium and thorium as a function of photon energy.

»o»m N8S-418
l»tY. 7.1 4-441
USCOMM.OC 24010-P44 PH0T0NUCLEAR DATA SHEET 309

u.s. department OP COMMERCE
NATIONAL. BUREAU O p STANOAPOS
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S.P. Kapitza, and Yu. M. Tsipenyuk

Yad. Fiz. 11, 508 (1970)
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MPTHOO

|ELEM. SYM. A z
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u

,
RE f

. NO.

238 92

70 Ra 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TVPE RANGE TYPE RANGE

G,F ABX THR-9 C 5-10 TRK-D . DST

SEE~65rA1 , 69KA1

Table n. Parameters of angular distributions

of che fragments

j

Y, fission

McV
6

|

mgji-wc
1

r..r»:>

5.73
3.0
3.05
6.2
6.5
6.7
6.0
7.0
7.3

7.7
8.0
H.5
10.0

5.0
5.2
5.3
5

o!65
5.03
6.1
6.05
7.5
H.O
9.23

5.75
6.0
6.25
6.5 !

7.0
7.5
8.0
8.3

5.0*
5.2

0.009±0.<»9
0.011 ±0.005
0.015^0.010
0.010±0.005
0.011 ±0. 001
0.012+O.00.1
0.n22±O.O05
o.0*j:i-0.002

0.0:12 ±0.007
o.0.:6±o.oi»1

o.o5G±o.O'<6
O.iJMH 4-0. <<•*.'»

0. 109^0. O' J6

0.161 X0.001
0.301 ±0.000

0.052 ±0.100
0.010 ±0.025
0.020-0. 0.15

0.007x0.021
0.o:im—0.0119
0.on -0.005
0.078 ±0.m>5
0.127-0.001
O.213x‘'.0»»1
0.. 61 ±0.006
0.101 -*-0.005

0. 570x0. <Jo6

0.108-0. 10.7

o.;i:;o ^-0.063
0.111-0.0.17
0.526—0.01

1

0. 666 x0. i»8
0. 7.1:1—0.012

O.772x'’.oi 1

0.7M5—0.012
0.Ht3-o.Ot:i
0.828 xO.015

0. 000—0.200

J).
115±o .07

Thu-

0.031 ±o.(»27

0.989-0.007
O.0H5 ±0.0.11
o.OOO±O.OI 6
O.OHGxO.ooO
i>.<*mh-*-o.0|0
0.07H -to. 015

0.077x0.000
0.9tlH -O.H21
0.961 xO.oiJl

0.911x0.020
0.012x0.015
O.mOI xO.0t:i
0.8:4 4.0 .

O.696±O.0H

0.918 -0.16I
o.moo
i».9M0±o.m;
0.09.1 x0.059
O.f62±o.oi7
0.966 r0.otl

0.050 x0.025—0,»><»5-^. i.« *»

0.0l3x0.o.;.i
0.081 ±0.011
0.071x0.010
U.(i79 ±0.0(0
0.<;22 -0.011
().0f/f»±o.i *«8

0.020x0.022
0.0.91x0.012
0 . 0:11 xO. 01 7

0.028 ±0.0|;;

0j|26x° 012

0.017x0.
—o.rni ±0.011

1 .296x0. 2* *5

O.'HO Io.umi
0.566^0.076
o. 112x0. 'a*6

0. 155—0.021
0.010 xO.OJO

• IN *

5

Table n (cont.)

1 0,' -62

|

0,2’» ^max* Y.

MeV e Y, fission

mg-*i-iec

I _

5. 151

6. •
1

6.95
j

7^9
|

.8.2

.8.5

5.5
o.5

0.102

0.5.1'*

0.670
0.689
0.716
0.72.5

o!:G2-
0.779-
0.791 -

0.822 -

0.11.8-

0.310;

x0.014
-O.0.V1

xO.010
- 0.012
±0.0-25

± 0.012
•0.I.II2

O.0111
O.o-j*/

0.m »9

O.otl

•0.9)8
•**.••53

0.O-.6

•0.021

Pu «
0.898 ±0.*XI6
0.778 -0.012
0.167 ±0.0| t

0.3..0±0.012
O . ; 1 1 Zt) 1.137

0. 2S\ "ijo.'i'C

0.275 -o."*i
0.238 ±0.91 1

i).2*o Zo.."2
0.1“s -o.oti
0. 168 ±*>.. ;72

0.552-*-0.' ,*.s

0.582x0.'
0.69O-0.'

0.922±«».‘M4 0.0:i9 x°.014 1.7 5.75 0. i.Hs Zu.ims 0.512x0.010 •

0.873 -O.inQ 11.034x0.008
1

0 6.0 0.59s— u. 1 )! I 0.402—o.0!6
j

0.7H7±O.OuH 0.017±0.0«>8 6.23 0.609-0.012 0.35.1 — 0.0t7
0.6 .6 :0.oiO 0.021 -0. "11 47 Jj 6.5 U. 790-0. iM) 0.:‘“)±U.013

|

0.399 ±11.006 o.O|4xO.O>7
|

71.0 7.0 0.7 to -0.005 o.260±o.0O7
!

0. :.;o io.007 0. 013x0. 007 7.5 0.75-i±0.i.V5 0.215±0.*Jo7

pu» 8.'*

8.3
11, 766-0. (««
0.SU-0.OJ5

0.2.II ±o.0»/8
0.186 x°.OO7 I

0.592 *-<». 130 • 1.112-0.15.9
1

•- Oil
0.fJ7*)-o.*/8l 1 .313 -0.112 "11
0.586x0.016 0.651 x 1 *.- '55 ".'•7
0.171 -o.o;6 0.370x0.018
0.3:11 ±o.01

1

0. 267 x". 016
0.228 —•),*06

0.1 *>0 x 0 . *J 1

3

0. 080x0. 018
0.068 To. 01

7

5
*9

1

1

W(9) » a+b sin? 9 + c

0.215x0.017 0.0 .2 -''.ul9
0. 187-0. */17 0.029 x".0|8 : • 6
0.172x0. ‘*20 0.02.ixU.«*22 27o

Pu1*0
1

0 .
oof) *0.200 1 *.o.2^>

;
•* *• 1

0.885x0.111 2.38x0.13

t . 147 ±0.070
0.7!0±0.052
0.331 ±0.013
0.»)96±0.lM3
O.')67±0.029

0.055 ±0.01

7

0.074 ±o.oi8
0.01C-^O.U13
0.057 ±0.029
O.o '.2 •*•0.1)1

1

0. 019-^0. *M6
3. 702 ±0.124
O.965-*-0,')V2

t.**18-0.069
0.7.11 ±0.031'
0. 122 -»-0.0t2

0.207x0.018
0.458x0.019
0.122-0.011
0.075 ±0.00*
O.'I 6x0.008
o. 017-0. '<»9

0.012 -0.008

sin2 29

0.15
0.19
2.:i

tl.5
10

115
115
ISO
210
r.o

iOSiJ

1
0.0055
o.ooa

oTEs
1 .0

2.7
*.s
17

50
i
105

1

175

•In thii case W(0) is described by a pure quadrupole distribution.

*-sin
J

2i>, and therefore the coefficient c is meaningless in the emp!o>cd
normalization and is assumed equal to unity.
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FIG. 3. Energy dependence of the total yield Y(Enm ) (O ) and its

angular components Y a(Emax ) (•». Y(,t Hmax )(A>. and Yc lli.,as HX),

Below-plots of the total cross section o
y({ £) (solid curve) and its angu-

lar components a a (E) (lone dashes), l!) (short dashes', and L)

(dash-dot), obtained by solving Hq. ( 5). vs. the 7-quantum. energy. The

points for for U !M were taken from
1

10
1 The vertical dashed line

denotes the binding energies of the neutron m the corresponding

nucleus.

Angular components of the yield . Knowledge of the

coefficients a, b, and c makes it possible to determine
the contribution of the individual components of the yield

Ya ,
Yjj. and Yc ,

the angular dependence of which corre-

sponds to three components in the expression (2): iso-

tropic, dipole, and quadrupole. Their meaning can be

understood from the following definitions:

T= Y.+ Ke, Yc ;
-^1 == -L TiV(O)

;

dil 4nv

/. =— /; Y,,=——Y- Y, = ^r—Y. (4)

Plots of Yj and Emax are shown in Fig. 3 together

with the data on the total yield. The experimental points

Y[(Emax ) were determined by means of formulas (4)

from the coefficients W(*>) listed in Table II and from
the total yield. The error of Y^ indicated in Fig. 3 does

not include the error in the measurement of Y(Ema_x )

(~ 1

0

%).
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ELEM. SYM. A

238 92

METHOD REP. NO.

70 Sc I egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE range TYPE RANGE

G,F RLY THR-999 C 300-999 ACT-

1

4PI
•

999 = 1100 MEV

Fig. 2. Relative fission yields of 23*U at different irradiation energies. All yields normalized to

/»» — 5.6 % (o). The curve shows the average values.

humps Al and A lt , the number of neutrons emitted it = A,argtt — (AL+A„) and
the values of the peak-to-valley ratios defined by Y91/Yll2 . The last-named quan®
tides are plotted in fig. 4.

porm NBS-418
(REV. 7® 1 4» 64)
USCOMM.OC 2601 0* P64

10

* : •• H1 o 6

c 1.0-

S
i

<
|

uj 0.5-
oc

I

0^r

80 ICO 120

mass number
140

Fig. 3. Published data on the relative fission yields of 13,U at different irradiation energies.
Black squares, 17.5 McV monocncrgetic. ref. ’); open squares, 22 MeV bremsstrahlung, ref. *);
triangles, A 23 .\ v.sstrahlung. ref. *); triangles V, 300 MeV bremsstrahlung, ref. *); open

circles O. .'..eV u.cmsstrahlung, this work. All yields were normalized to Y9, — 5.6%.
over
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u
—

i

i
6

BREMSSTRAHLUNG PEAK ENERGY (MeV)

Fig. 4. Published dau on peak-to-valley ratio of 22*U and 222Th. ref. a, see ref. *); ref. b, see ref.
2
);

ref. c, see this work; ref. d, see ref. *); ref. e, see ref.
7
).

Taule I

Measured cumulative fission yields relative to A — 99 (*2,U)

Mass
number

Nuclcido Gamma
line

(kcV)

Uranium fission yield (*/,) Average

300

(MeV)
500

(MeV)
700

(MeV)
900

(MeV)
1100

(MeV)

SJ t,MKr 150 0.55 0.37 0.39 0.48 0.45

91 *'Sr 753 3.4 2.6 3.7 3.3 4.5 3.7

92 92Y 934 4.1 3.1 4.6 4.7 5.3 4.7

95 ”Zr 759 6.5 6.9 6.7

97 »’Zr 744 7.0 5.2 6.6 6.3 6.8 6.7

97 *’Nb 658 6.2 5.3 5.3 5.7

99 9,~Tc 142 5.6 5.6 5.6 5.6 5.6

103 ,02Ru 497 4.6 4.4 4.7 5.0

105 ,0, Rh 319 3.1 3.6 4.2 4.5 5.0

112 to<re

618 1.9 2.6 3.3 3.8 4.2

131 ,2
‘I 366 4.0 3.1 4.1 3.8 3.8

132 J2JTe 229 4.8 2.3 2.9 4.1 4.5 4.3

133 nil 532 6.9 5.7 5.0 6.0 6.0 6.0

134 '*‘1 843 6.1 4.2 6.0 5.2 5.8

140 “°La 487 6.2 6.2 5.5 5.5 5.9

141 “'Cc 145 5.4 2.7 4.4 4.6 4.8

143 “2Cc 293 4.0 3.3 3.3 3.8 3.6 3.8

detector 30 cm2 5 mm 7 mm 7 mm 30 cm*

Symmetric high-energy mass distributions from 2J,U and 222Th. The data at 100 MeV arc

those reported by Schmitt and Sugarman *).
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U 238 92

METHOO HE'. NO.

1 Di 2 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

RANGE Tvae ^ANGE

G,N ABY 7-999 300-999 ACT- I 4PI

999 = 1 GEV

2 200
£

1
'

I

? 100
Qj

k

. r t r f

_ 20 r
3
•“ 16 -

-r \ r r— - C

c
2 8-

.

g
4
r2 L

*—

•

1 1 1 1 | L.
" oL

300 400 600 800 1000

Oremsztrahtung energy ( MeV

)

I V*-'
-i-i iiii

Kl*. 1.

40 60 100 200 4C0 6C0
croton energy

.

FI*. i.

Kite. I. - CViMN-MLt’tlonM per equivalent quantum <jq art) plotted r*. the natural logarithm of the maxi-

ilium energy of the hreiiiaatruhlunif. (’Irelc*: Frascati data. Trtaiurle: uvermre value of Fraseati and
DKSY <•) dntii at I HIM MeV. The straight lino la a leust -square* tit of the exiteriuietital point*.

Fig. ’i. - Tin* dualled lino represent* <My» li) calculated by the expression (1 ). The dash-dotted line

represent* «»,(*% ||) calculated by tla* expn***ion (*J). The daali-t wo-dot line rrprvaenta flu* total n.iy, n».

The solid Hue I) represent* the iiveruge value a, obtained with a faelor of I .*Jll for tin* t ran*paretic> .

The aolid line .‘I ) I* the uvermre value with a factor '1 for the transparency. Tin* solid line i* the

o\|»criiiicntal value of the present work.
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REF. NO.

71 Do 1 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F NOX 6-9 D 6-9 FRG-I DST

W(9 ) = a + b ain^9 + c sin^29

0 (DEGREES) 6 (DEGREES)
Fig. 3. Fission-fragment angular distributions for the several discrete excitation energies. The full

curses are the least-squares fits of eq. (I) to the data.
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Tabu 2

Values of the coefficients a. b and c a% a function of energy for the best fit of the assumed angular

distribution [cq. (1)] to the experimental data

Photon a b c

energy

(MeV)

15.58) 0.057 -0.006*) 1.34 ±0.04 0.083 ±0.008

0.05 ±0.06 *) 1.36 =0.14 0.26 ±0.23

0.041 ±0.013 *) 0.965 ±0.023 0.102 ±0.009

(6.07) 0.083 ±0.015 1.33 =0.04 0.051 ±0.009

-0.02 ±0.03 1.38 =0.09 0.79 ±0.16

0.1 36 ±0.007 1.31 =0.02 0.068 ±0.010

(6.42) 0.29 ±0.03 1.02 ±0.08 0.058 ±0.013

0.25 ±0.06 1.02 =0.11 0.52 ±0.24

0.165 ±0.005 1.13 =0.01 0.044±0.010

(7.38) 0.708 ±0.013 0.392=0.042 0.057 ±0.008

0.66 ±0.08 0.38 =0.07 0.64 ±0.25

0.31 ±0.04 0.786 =0.008 0.044±0.008

(7.64) 0.689 ±0.008 0.424±0.024 0.051 ±0.004

0.67 ±0.11 0.40 ±0.10 0.47 ±0.36

0.359 ±0.004 0.750 =0.007 0.041 ±0.008

(7.91) 0.832 ±0.01

8

0.217 ±0.054 0.04 ±0.01

0.63 ±0.24 0.48 ±0.20 0.39 ±0.43

0.382 ±0.006 0.641 ±0.007 0.033 ±0.007

(8-99) 0.839 ±0.007 0.21 5 ±0.021 0.033 ±0.004

0.88 ±0.08 0.13 ±0.07 0.24 ±0.24.

0.554±0.007 0.495 =0.008 0.0 1 7 ±0.008

*) Results of this study appear in the first row for each energy.

*) The constants appearing in the second row for each energy are from ret *).

c
) The constants appearing in the third row for each energy are interpolated from the data in ref. *).

Included are results of previous measurements.

1

A. Bohr, Proc. of the

Geneva, 1955, vol. 2,

^N. S. Rabotnov, G. N.

and Iu. M. Tsipeniuk.
fission 1 (1965) 135.

Int. Conf. on peaceful uses of atomic energy,

p. 151.

Smirenkin, A. S. Soldatov, L. N. Usachev, S. P. Kapitsa

Proc. of the IAEA Symposium on physics and chemistry of
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METHOD REF. NO.

71 Ha 1 egf

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 8-9 D 8-9 SCD-D 7-9 90

Tabic 1

Measured differential cross sections (jib/sr) for elastic

and Raman scattering from U and Th targets at an angle

of 140°. The calculated values for 238U using the GOR
parameters of ref. [6] and a set of tentative parameters

are shown.

Experiment Calculated (
238 U)

p 232Th
238

U Ref. [6] Tentative

(IceV) Elastic Raman Elastic Raman
tic man tic man

8533 7* 3 7* 3 8* 3 8* 3 17 15' 11 10

8938 24* 7 IS* 5 27* a 18* 4 38 28 27 18

9298 37*10 25* 8 42k 9 27* 7 G2 43 44 28
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ELEM. SYM.

u 238 92

METHOO REF. NO.

71 Ig 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 5-8 G 5-8 TRK-I DST

Table I. Angular- distribution parameters and Cf and
yield of the photofission reaction, obtained in

measurements with metallic foils. The isotropic
component W(£), obtained with layers (a^), is

compared with the value of a obtained from
(
13 )
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•

0.1S
0.27
0.34
0.69
0.9t

5.0
34

40
47

FIG. 4. Top-Energy dependences of the total yield YfE^..)—O.
• and its components Y10 (£,„,*)-£. A Y,, (£,„,,)-,) and
Yc(Emax)-0, 0. The light circles represent the results of measurements
with thin layers of Th 211 and UJM , and the dark ones correspond to

metallic foils. Bottom-plots of the photofission total cross section

Of(E) and of its components o,a (E). o,,(E). and o^E). The points X
and 9 represent respectively the results of [

l0
] and (

12
1 . The thin solid

line shows plots of the total cross section Of(E) obtained in 1*1.
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ANGLE
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REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-25 C 15,25 MSP-

1

4 PI

XE 131-136 YIELDS

A high-frequency mass spectrometer has been used to measure the relative yields of the Isotopes
Xe , Xe , Xe , and Xe in photofission of U**' for bremsstrahlung maximum energies of 15 and
25 MeV It has been established that for both energies the fine-structure peak of the fragment-yield
curve is at A = 134. The experimental results are compared with those obtained by other workers
for spontaneous fission of the same nucleus.

Relative content of xenon isotopes in U
33

* photofission

products

Rremxxtrahiuoc U** ex Lila*
lxntop»c composition. %

maximum tmn energy

.

i

energy. MeV MeV Xe*" Xc'“
i

15 10.3 !7M±n.V) 1 24.3f)±«.52 TO 70-0.66 1 27.N1-tn.74

:s 13.1 lfiTi0±0.57 1 24.60±0.M J0.70±0.W I
26.in±n.56
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71 Ta 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F LFT THR-53 c 53 SCD-I 90

DELAYED FISSION

Fig. 6. Decay curves for delayed fission of Four different curves are shown: A and O
refer to single fission pulses obtained by method A in detectors I and 2, respectively; • and A refers

to events recorded by method B in one detector onl> and in both detectors in coincidence, respectively.

All decay curves are consistent with a half-life of 200 ±50 ns.
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FIC. I . Solid curve-cross section lor photofission of U JW as a

lunation of photon energy Dashed line - the same cross section, inte-

#ra;ed over the Sehiff bremsstrahlung spectrum (yield per equivalent

pnoton as a function of bremsstrahlung end-point energy) Points O

-

present work. -data of Carbonara et at. (*l . a- l'
:w

b L'
:J5

. c- Th :J5
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REP. EL EM. SYM. A i

METHOD

Yoshihlsa Wakuta
J. Phys. Soc. Japan 31, 12 (1971) U 238 92

REF. NO.

71 Wa 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-999 C 200-999 SCD-I DST

Emulsion for angular distribution measurements. 999=1150 MEV 461

Fig. 3. Photofission cross section per equivalent

quanta of U as a function of maximum brems-

slrshlung energy.

'-u

Fig. 9. Angular distribution of fragment in photo-

fission of U.

Fig. 7. Photofusion crou section ofU as a function

of photon energies up to 730 MeV.

*"u

Fig. 11. Single Kinetic energy distribution of frag-

ment in photofission of U as a function of maxi-

mum bremsstrahlung energy.

(over)

FORM N3S-418
(Rev. 7-14-04)
use OMM-OC 20010-P04 PHOTONUCLEAR DATA SHEET 324
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CMAMCL number

Fig. 12. Singlo kinetic energy distribution of frag-

ment in photofission of U as a function of photon

energy.

Table I. Expansion coefficient of even Legendre

polynomials obtained from a least-square fit to

the experimental data of U shown in Fig. 13.

(Tho errors are less than ±0.001)

Maximum
Energy of
Orems-

strahlung
(MeV)

Ot/at c»/a«

200 0.174 -0.016 -0.005

250 0.065 0.079 0.114

300 0.169 0.046 0.022

350 0.029 0.024 -0.270

450 0.140 0.067 0.018

500 0.120 0.046 -0.004

650 0.237 0.071 -0.091

750 0.334 -0.075 0.000

Fig. 13. Photofission cross sections for several

nuclei as a function of photon energy. A theo-

retical curve obtained for r/>—»’/i reaction is also

shown for comparison.
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REF.
R.A. Anderl, J. E. Hall, R. C. Morrison, R. G. Struss,

M.V. Yester and D. J. Zaffarano
Nucl. Instr. & Methods 102, 101 (1972)

ELEM. SVM. A

U 238 92

METHOO REF. NO.

72 An 2 egf

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F RLX 5-8 D 5-8 SCD-I
,

4PI

Fig. 7. Relative cross section for photofission of fflU from

5.0 MeV to 8.0 MeV.
'
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R
R. Bergere, H. Beil, P. Carlos, A. Veyssiere, A. Lepretre
PICNS-72, p. 273 Sendai

EL EM. SYM.

U

A

238

z

92

method REF. NO.

72 Be 15 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 8- 18 D 8- 18 MOD-

1

4 PI

6 ,2N ABX 8- 18 D 8- 18 MOD-

1

4PI

G,F ABX 8- 18 D 8- 18 MOD-

1

4 PI

TABLE 1

LORENTZ LINE PARAMETRS AND INTRINSIC QUADRUPOLE MOMENTS

Target

cucieae

£
«

MeV
Cl

mi
n
MeV Me

V |

t.*
i

*2

MeV
ir/2 5>

a • ^
u/

z si rt
°o

barn*

*
°o

**

harm

M2
90

11.06

±0.12
266

7
3.37
0.22

:*.a 1 i«.
• a. :« . .

4. *2
• : i6

1.6

0.15
10.2

± 1

9.66
±0.1

2i»
92

J
10.76
0. 03

301

1 *

2. w
*0. M

.i
•0. : , . »

1

4 M
!

:*;m
1.9

0.1
11

± I

11. 1

±0. 1

91
Np 11.06

0,12
251

7
3.16
0.27

«4.2l f"

• •. • 4 ' • *

i

-

V I 2

m 0, 3

2.4

±0.3
11. 3

± l

10. 9

±0. 7

X/ -w*I ?2 L2>«TS PARAMETERS

thie «ip«rim«u

** — • ixa. -rn, *. rr?ra, f. Kaco. • ^ uu«, t«i. 7, 3 (1770).

porm H3S-418
IMV. 7-14.64)
USCOMM-NBS-OC PHOTOHUCLEAR DATA SHEET 327

u.s. oepartmentof commerce
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REF.

METHOD

R.L. Bramblett, T. Gozani, R. 0. Ginaven,

Nuclo Technology 1_3, 33 (1972)

ELEM. SYM.

0. E. Rundqulst

238 92

REF. NO.

72 Br 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-11 C 5-11 TRK-I 4PI

G ,XN RLY THR-11 C 5-11 BF3-I 4 PI

Fig. 7. Bremsstrahlung photofission ylelda from “Th,MS
U, and obtained using solid-state track

detectors (from Gozani et al.
11

).

Fig. 8. Prompt- and delayed-neutron yields induced by electron bremsstrahlung for
231

Th,
23S

U,
I3
*U, and

239
Pu.
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REF.
P. David, J. Debrus , U. Kim , G. Kumbartzki, H. Mommsen, W. Soyez,

K. H. Speldel and G. Stein
Nucl. Phys. A197 . 163 (1972)

METHOD

ELEM. $YM. A

u 238 92

REF. NO.

Page 1 of 2. 72 Da 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABY THR-999 C 800-999 TRK-I DST

999=2. 2 GEV

Fig. 3. The bremsstrahlung induced total fission cross section per number of equivalent quanta for
uranium and gold in comparison to previous measurements.

Tabu 2

Peak-to-valley ratios for asymmetric fission of ,S,U by bremsstrahlung with maximum energy

£,— (OeV) r,7ir„i

0.8 2.98 ±0.26
1.2 2.74 ±0.09

1.3 2.30 ±0.25

1.8 2.44 ±0.1

8

2.0 2.37 ±0.1

3

2.2 2.14±0.I2

(over)
u.s. department of commerce

NATIONAL BUREAU OF STANOARO:
form N3S-418
(R EV. 7-14-64)
USCOMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 329



Fif. 5. Comparative display of our cumulative yields (•) obtained in the reaction J5 *U(y, f) at

r— _ 1.5 GeV and of the data of Williams et aL *°) from the reaction
23 ,U(e'. f) at electron

energies of 1.5 GeV (x) and 3.0 GeV (+). The yields are normalised () to each other at

A „ | 35 , the position of the maximum of the heavy-mass peak.

100
V 2»U. v 3*. eT

0*!
1.1 GeV SCHHflOER et al.

so - •
A

. s' E,- > 1.5, 3 Oev WILLIAMS et al.

•
/*

•
y esEyi s 24 MeV KATZ et al.
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this work
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e
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BREMSSTRAHLUNG PEAK ENERGY (M«V)

Fig. 10. Peak-to-valley ratios for the fission of IJ*U as a function of the maximum bremsstrahlung

energy, for y-rays and electrons. For comparison the results of Schroder et al. “), Williams et al.
l0

),

Katz et al. ') and Schmitt et al.
>a

) are also displayed.
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P. David, J. Debrus, U. Kim, G. Kumbartzki, H. Mommsen, W. Sovez
K. H. Speidel , and G. Stein

’

Nucl. Phys. A197 . 163 (1972)

ELEM. SYM. A

u 238 92

METHOD

Page 2 of 2.

REF. NO.

72 Da 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

*

Table 3

Forward-backward ratios, of the observed cumulative activities for two maximum bremsstrahlung
energies

Isotope Forward-backward ratio

0.8 CeV 2.0 GeV

• sKr 1.18 1.05

"Kr 1.12 1.11

*'Sr 1.13 1.05

”Zr 1.09
*TNb 1.03

»*Mo 1.10 1.03

>®SRU 1.12 1.05

“*Ag 1.07 1.06

"’In 1.12

u»Te 1.14 1.09
ujj

1.13 1.09

‘**Xe 1.03 1.09

•**Cs 1.04

*»*Ba 1.14
,4,Ce 1.16 1.04

Fig. II. Forward-backward ratios of isotopes detected in the mica foils in the reaction f)

at £7
"m = 0.8 GeV and 2.2 GeV.
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REF.

METHOD

N„A. Demekhlna, V. I„ Kaallov, A.V. Mitrofanova, Yu.

and P. V. Sorokin
Yad. FIz. 16, 911 (1972)
Sov. J. Nucl. Phys. 16, 502 (1973)

N. Ranyuk,

92

72 De 12 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OET ECTOR
angle

TYPE RANGE TYPE RANGE

G.F NDX THR* 6 C 3* 6 TRK-I DST

•

dor/dfl ~ 1+2 v/V cos© - Psin
2
9 * ENERGIES IN GEV

FIG. 2. Angular distributions of fragments from fission of U fs)

and Au (b).

Table n

emeni
L
MeV

XI
,

“<**—*;• • - 2r/ V
v, (MeV/
nucleon)^ t. MeV

3000 0.15 0.99 —0.031 =0.0i5 0.042-0.005 C. 160— '1.0-20

l-w 38C0 0.55 o.sj 0 013=0.017 0.018-0.0412 0.045-0 L-\5
5100 0.53 0.85 0.040 s-0 017 0.0-54*0.006 (U06=0.u3l
700 0.9.3 0.45 0.155=0.017 0 091-0.009 O.eil —0X62

100*3 1.14 0.3 *li i ?5 -*-0.017 G.047— C.'O.S 0.2J*J— )2-J
Ri"* I2P0 0.Tr> n.6 0034 =0.0-20 0.055-0 0C5 n..-»i4—V7.T0

1300 0.01 0.4 0.093=0.015 0.055=0X06 -:o
I4SU 0.62 0.85 0.054=9.013 0.*.>-2*:=0.0C2 C.04C =3 '-04

350 00*7=0.010
4*>0 n. 1.-3=0.010
6T0 0.COO —0.010
64-> 0.37 0.55 0054=0.015 0.044- 0.004 3.157—0.313
7C0 0.116-0.010
800 0.45 0.95 ores =o.o:o 0.GC.5—0.001 0.C2O—C.G02

Au 177 SzQ 0.121 -*-0.010

300 450 0.001 0.12 1=0.018 0.064-0.005 0.400—0.04(7
1CC0 0.95 0.4 0.121 =0.017 0.090=0010 0.C52 -0.003 0.262*0.0*25
1300 0.37 0.4 OC-.-l-C.OI7 0.049—0.005 0.234*0.024
14C0 0.90 0-5 O'r-.-o.nt? 0.029-0 004 0.147—0.0! 5
3COO 1.34 0.15 0.. 22 =0.0 17 C.06.3 -*-0.006 0.4 IC *0.04*1
3SoO 0.7 0.65 0.093=0.17 ac48=aci05 02223=0.022

600 0.8 0.5 0.937=0.018 0.044—0X04 0.176-0.018
700 0.147-0.010

Ta“ 1145 5.2 0.001 C.144=0.0le 0.072=0.007 0.468—0.047
1 4<?0 1.25 0.15 0.127=0.018 0X64 -3.006 0.370 -0.037
5100 2.C2 0.001 02200=0.020 0.100=0.010 OA.'O-C.COO

Note , x
2

is the value of x
J per degree of freedom. v-fx

J
-Xq) is the probability of the

value of x
1

. » = 2v/V is the anisotropy coefficient, e is the fisaonina-nucleus kinetic

energy, v is the fissioning-nudeus velocity.

a

its

a.a

5
* T J FIG. 3. Anisotropy *•

1
•

j

tion of target-ntuleus atomic •». • VI I’.'-rfS

t.n i
{

O—results of the p-esenr •+<>•< ' of

J j

Kroon and Forkman
;

’*|

HD z;g no .i a • 2 £
V
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REF.

H. E. Jackson and K. J. Wetzel
Phys. Rev. Letters 28, 513 (1972)

ELEM. SYM. A

u 238 92

METHOD REF. NO.

72 Ja 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPE RANGE type range

G ,G ABX 10 D 10 SCD-D DST

(10.83) (10.83)

RATIO: RAMAN/ELASTIC

W'c hnvo measured the diffcrcnti.il cross sections for the clastic scattering of 10.*3-

McV photons by l\ Th, and 13i targets and for inelastic scattering to the first excited

states of the residual nuclei over a range of scattering angles. The inelastic scattering

is found to be significantly weaker than predicted by currently accepted models of the

giant dipole resonance.

FIG. 2. Differential cross sections for the scattering
of 10.93-MeV photons by a U target. The values of the
experimental differential cross sections (points) are
0.18 =0.02. 0.20=0.02. 0.21 =0.02, and 0.20 =0.02 mb/
sr for Raman scattering at 8 = 70% 90*. 120°, and 150°,
respectively, and da/d*> = 1.72 =0.17, 0.97=0.12, 0.43
*0.05, 0.31 =0.03. 0.23 =0.02, 0.25 =0.02, and o’.39

*0.04 mb/sr for elastic scattering at 20\ 30*. 50\
70*. 90*, 120*, and 150*. respectively. The solid
curves for both the elastic scattering (upper curve)
and nuclear Raman scattering (lower curve) show the
angular dependence expected for scattering via a 1*

giant dipole state. Elastic scattering at forward angles
is enhanced by Delbruck scattering (see Ref. 3). The
dashed curve indicates the value of the Raman cross
section predicted bv theoretical models (see text) if
[<f<r(90°)/rfwle|<=0.23 mb/sr as observed.

FORM N3&-418
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REF.

A. M. Khan and J. W. Knowles

Nucl. Phy8„ A179, 333 (1972)

EL EM. SYM.

U

A

238

Z

92

method REF. NO.

72 Kh 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-9 D 5-9 ION-

1

4PI
•

Fig. U. Absolute photofission cross-section measurements a, of n,U as a function of The points A
are measurements of Bowman et

Fig. 10. Absolute photofission cross-section measurements a, of “'ll as a function of £la . The broken
line represents measurements of Rahotnov ft at.*), the points Q and A are measurements of Manfredini

e» ot ’) and llutrenga ft aL '*) respectively.
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REF.

0. Y. Mafra, S. Kuniyoshi and J.

Nucl. Phya. A186, 110 (1972)

METHOD

Goldemberg

EL EM. SYM.

u 238 92

REF. NO.

7 2 Ma 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 5-9 D 5-9 ION-

1

4 PI

G,N ABX 5-9 D 5-9 BF3-I 4 PI

Table 4

Principal ;’-ray energies and uranium and thorium l\.r

,

ratios

£<MeV> Uranium
ijr,

Thorium

r.r,

6.07 i.3-0.4

6.42 1.1 -0.5 2.0.; 0.8

6.73 2.1 -0.6 3.2 -0.6

6.83 1.9 -0.6

7.23 1.7— 1.1 2.9 - 1.4

7.38 2.1 — 0.5 5.5 -1.0

’.64 2.2 -0.8 3.8 -0.9

7.72 2.1 -0.4 5.1 _ 1.0

7.88 2.3 —0.7 5.i — ;.o

9.00 2.5 -0.7 8.3 2.0

238
U

TOTAL NEUTRON PRODUCTION CROSS SECTION

30-

40

30-

20-

10— Ca
o

Pb

! i

6 6

Zn

Be

e

Mn

*

l.iO) ^

8 E(MtV) 9

f ig. S. Iota! neutron proJiution cro>> %e*tn*n for ,i-
L’

*>mboU indicate the sources of neutron w.ipture
;

r.is-» sshonc

arc listed in table I

Dement
energies

o

1 1 1 1

-i-J

c 1

j

i

bi
r-

1

1

238 U(r,f) Ni

36-

T

l i

1

I .

i

|

33- t PRESENT WORK
i

r

30— MANFRE0INI-69 -
|

1
? i

27r- Cu i i

T
1

24-
1

{

2lL
"I

18-
0 |

T i

I

T

1
Co

J

Fe _
Pb :

8e
r

i

r t

i i-

Mn i
T

!

+ jj
i

i

Al

Zn

_L

8 E(UeV)
)iv: ' I’l.oi.uiNMon cross sections of “"lj compared with Manfrcdim's results. I lemeni symbols

i. 'is. i;e the sources of neutron capture -/-rays whose energies arc listed in table I
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REF.

B. Schroder, B. Nordgren, A. Aim
Nucl. Phys. A193 , 555 (1972)

EL EM. SYM.

U

Z

238 92

METHOD REF. NO.

72 Sc 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

- G.F ABY ooh C 1 S0-700 ACT-D 4PT

G,N ARY THR-700 C 1 50-700 ACT-n APJ

Fig. !. Cross sections per equivalent quantum from Di Napoli ri jl.
1 *). dc Carvalho el al.

,3
) and

the present study. The notation is explained in the text.

Table 2

Average cross sections and their standard desiations in the energy intervals £ 200-500 MeV and
£ 500-700 MeV

Nuclide Average cross section

£ 200-500 MeV £ = 500-700 MeV

*'Sr 3 1 -0-5 -l.3±2.7
«Sr 2.3 -0.1 1.7 -0.6
* 7Zr ' 6 -0 2 1.5 -0.9
'°»RU ' 6 .0.4 3.0- 1.8

”Te I 4 ^0.2 0.6i 1.1
,1S

I 1 9 -.0.2 — 1 -3 db 1 -

1

,4iCe I 5 _0.i
U7,J 11 4.0 i 15

(over)
form N 3S-418
(R EV. 7-14-64)
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ENEPGY (MeV)

* *• no values for the production of
'1J Sr. flic shaded area represents the variation in the

values caleulalcd from the three different cross sections (sec the test) shown in the bottom of the
li|;u re.

too :oo 500 100 000 5C0 \0O 000

BRLmsstramluno peak ese^ov (Mev)

300 1000

I ig. 4. Cross section per equivalent quantum values for some fission products as a function of the
inasiniunt hreiusstrahlung energy. I he thick solid line gives the contribution to from cross sections

below 150 MeV and the tlun solid line the calculated yields.
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A. Aim, T. Kivikas, L. J. Llndgren
REF

PICNS-73, Vol.I, p. 645 Aallomar
EL EM. SYM.

U

A

238

z

92

METHOD REF. NO.

73 Al 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P RLY THR- 7 C 4-7 ACT-I 4 PI

u*i UPtintn^w

Figure 1. Asymmetric fission yield.

The references are taken from

A Aim et al (to be published)

9.

R A Schmitt, R B Duffield

Phys Rev 1 05 ( 1957) 1 277

10. T Ki vikas, B Forkman

Nucl Phys 64 (1965) 420

1 1 . Kurchatov et al

Sovj Journ Nucl Phys

7 0968) 326

T
—

I P

n n ca rr

Figure 3- Valley to peak ratio as a

function of max bremsstrah-

lung energy.

Figure 2. Symmetric fission yield.

FORM N3S-418
(RCV. 7.14.94)
U9COMM-N8HC
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HfcC.

A. Aim and T. Kivikas
Nucl. Phys. A215, 461 (1973)

EL EM. SYM.

U

A

238

Z

92

METHOD REF. NO.

73 A1 12 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY r-io C 4-7 ACT-

1

4PI

Yield tables all normalized at 6 MeV.

/

—
r
-

j

•
,3,

9a
- r39

Ba(REFu>
' 39Sa (REF !5j

l39
3a(REFi6)

I

45 fa 51 51
MAX BREMSSTRAHLUNG ENERGY (M«V)

Fig. 1. The yield of the asymmetric fission product 13 9Ba as a function ofmaximum bremsstrahlung
energy.

Fig. 2. The yields of the symmetric fission products 1 '
• Ag. • *CJ and " ’Cd as functions of maximum

bremsstrahlung energy.

USC OMM-OC 26010-P64 PHOTONUCLEAR DATA SHEET 339

(over)
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OP STANOAROS



Fig. 3. The ratio between yields of the symmetric fission products 11 'Ag, lI3Cd and lt7Cd ard the

asymmetric fission product ***Ba as functions of maximum bremsstrahlung energy.

Table 2

Yields of fission products llIAg and ,15 - t,7Cd, normalized as stated in the text

Energy

(MeV)

luAg
(c/min)

Error

(%)

ll3Cd
(c/min)

Error

(%)

ll7Cd
(c/min)

Error

(%)

5.05 10.5 14.8 3.60 23.2 3.20 25.6
5.15 29.8 14.5 5.30 21.3 7.20 24.5
5.25 34.3 13.3 12.0 .17.1 13.5 20.3
5.35 1.75x10* 11.9 71.0 15.0 61.5 13.4
5.50 1.79x10* 7.1 8.71x10* 10.0 9.30x10* 10.4
5.60 5.06 x 10* 5.0 3.35x10* 7.0 3.60x10* 6.0
5.80 3.31x10* 5.0 2.15x10* 5.0 2.58X10* 5.3

6.00 1.58 X 10* 5.0 1.28X10* 5.0 1.33X10* 5.0

6.15 2.96 X 10 5
5.0 1.66 xlO 3

5.0 1.90x10* 5.0
6.30 3.61 xlO 5

5.0 2.12x10* 5.0 2.38 x 10* 5.0

6.45 4.01X10 3
5.0 2.74 x 10 3

5.0 3.12 x 10 3
5.0

Table 3

Valley-to-pcak ratio in photofission of ***U

Energy

(MeV)

,l,Ag/‘* ,Ba Error

(%)

,I3Cd/ l * 9Ba Error

(%)

“’Cd/^’Ba Error

(%)

5.05 1.17X10-* 19.8 0.43x10** 28.2 0.36x10-* 30.0

5.15 1.66x10“* 19.5 0.30x10-* 26.3 0.40x10-* 29.5

5.25 0.95X10"* 18.3 0.33x10** 22.1 0.38x10-* 25.3

5.35 2.09X10-* 16.9 0.85x10-* 20.0 0.74 x 10-* 18.4

5.50 4.84x10** 12.1 2.35 x 10-* 15.0 2.51 x 10-* 15.4

5.60 4.92x10"* 10.0 3.05x10-* 12.0 3.50x10-* 11.0

5.80 6.75X10-* 10.0 4.39x10-* 10.0 5.30x10-* 10.3

6.00 9.78x10"* 10.0 7.90 x 10-

*

10.0 8.20x10-* 10.0

6.15 9.80x10** 10.0 6.05 x 10'*
1 0.0 6.95x10-* 10.0

6.30 9.40x10-* 10.0 5.10x10** 10.0 6.20 x 1.0-

*

10.0

6.45 6.30x10-* 10.0 4.30X10-* 10.0 4.90 x 10~* 10.0

14.

15,

R.A. Schmitt and R. B. Duffleld, Phys.

T. Kivlkas and B. Forkman, Nucl. Phys.
16

B. V. Kurchatov, V. I. Novgorodtseva, V.
Yu. M. Tslpenyuk and V.M. Shubko, Sov.J.

Rev. 105 (1957) 1277.

64 (1965) 420.

A. Pchelln, G. N. Smlrenkln,
Nucl. Phys. 7 (1968) 326.
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REF.

A, Andsr 1 f M, V t Ysstsr
, End R ( C. Moet Ison

Nucl. Phys. A212 . 221 (1973)

METHOD

ELEM. SYM. A

238 92

73 An 13 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F AEX 001in D 5-8 SCD-T 4PT

833

ENERGY (M»V)

Fig. 3. Comparison or the J3 *U photofission cross section from this work with that from Khan and

Knowles l3
).

13
A.M. Khan and J. W. Knowles, Nucl. Phys. A179 (1972) 333.

form N3S-418
(R EV. 7.1 4.64)
USCOMM.OC 26 0 1 0- PS 4

( nvor-'i
u.s. department of COMMERCE

NATIONAL BUREAU OF STANOAROS
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Table 1

Photolission cross sections of 2,*U and 2J5U

Energy

(McV)

“«U
cross section (mb) cross section (mb)

5.0 -0.8 ±0.6 —0.4±1.9

5.1 -0.9 ±0.5 0.3 ±1.6

5.2 —0.9±0.4 1.4± 1 .3

5.3 -0.5 ±0.4 2.5 ±1.0

5.4 0.2 ±0.5 3.2 ±0.9

5.5 0.9 ±0.5 3.6±1.0

5.6 1.2±0.6 3.9±U
5.7 1.4±0.6 4.6 ±1.3

5.S 2.1 ±0.5 6.0 ±1.3

5.9 3.2±0.5 7.3±1.3

6.0 4.6 ±0.5 6.9 ±1.3

6.1 5.4±0.6 5.1 ±1.3

6.2 5.2 ±0.6 3.4± 1 .3

6.3 4.5 ±0.6 3.4± 1 .3

6.4 3.6 ±0.6 5.4 ±1.4
6.5 3.1 ±0.6 8.1 ±1.4
6.6 3.2±0.6 9.5 ±1.5

6.7 3.7 ±0.6 9.4± 1 .5

6.8 4.3 ±0.6 8.6± 1 .5

6.9 4.9 ±0.6 8.1 ±1.5

7.0 5.3 ±0.5 9.5±1.5

7.1 5.9 ±0.6 12.7 ±z 1 -5

7.2 6.6±0.6 17.2± 1.5

7.3 7.7±0.6 22.6 ±1.5

7.4 8.9 ±0.6 26.9 ±1.5

7.5 9.5 ±0.6 2S.4±1.5

7.6 9.6±0.6 27.0±1.5
7.7 9.5 ±0.6 23.3 ±1.4
7.8 9.0 ±0.5 18.4 ±1.5
7.9 8.2 ±0.5 13.6±1.6

8.0 7.2±0.6 10.0 ±1.8

The relative errors only are given. The ±30% error in the absolute scale has not been included.
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T. Bar-Noy and R. Moreh
PICNS-73, Vol.I, p. 319 AailomarREF. EL EM. SYM. A Z

METHOD

U

REF. NO.

238 92

73 Ba 9 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE MANGE TYPE MANGE

G.G ABX 7- 12 D 7- 12 SGD-D 140

Table 1. Measured differential cross sections (,4b/ so. ) from 'u target at an angle of 140°.

The values at 10.33 MeV were taken fror. Ref. 2. The calculated values using the GDR parameters

of
25V 2 "S

U and a set of tentative oarareters found in the nresent work are shown.

Experiment Fredicted

e
y

(MeV) Elastic Raman

235
u(

Sl 2.Su ic

Ref. 5 )

Ranan

233
u(r

•Elastic

ef . 6 )

Raman

Tentative

Elastic Raman

7.92 2*2
-1

3*2
- 1

0.2 5.9 5.6 5-0 5.7 5

9.53 9 ± 3 101 3 24 15 17 11 13 11

9.00 29-4 2Q±3 49 28 35 20 36 20

9.30 55 - 15 25± 7 74 43 54 28 55 29

10.06 140 ± 60 30 ± 40 136 125 132 72 145 83

10.33 350 1 40 2C0 1 20 315 275 227 157 295 212

11.39 320±40 260 ± 30 302 324 255 199 332 232

5. C. D. Howmann, G. F. Auchan Ciugh and 3. C. Ful tz, Fhys. Rev. 133. 36 '6 •(l?64).

Bergere, private coT-unication

Table 2. The GDR parameters used

in the present calculation

Para- 23t
y

233
y Tentative

meters 5) (Ref. 6)

E
!

10.35 10.96 11.1

r
1

2.45 2.90 2.5

E
2

14.1 14.04 14.2

r
2

4.0 4.53 4.6

e 1.25 1.18 1.22

FORM NSS-41S
IftCV. 7.14.S4)
USC OMM-NBS-O C PHOTONUCLEAR DATA SHEET 343

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAUOF 5T ANOAROS



J. T. Caldwell, *G.M. Worth, and E. J. Dowdy
PICNS-73, Vol.I, p.651 AsllomarREF. EL EM. SYM. A Z

METHOD

U 238 92

REF. NO.

73 Ca 2 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE . RANGE

G.N NQX THR- 12 c 8- 12 BF3-I 4 PI

G.F NOX THR- 12 c 8- 12 BF3-I 4PI

tabu: i

Lot Energy Photonoutron and Phetotission

Parameters Deduced from this Experiment

Isotope E
e
(HcV) Prompt u rn /r

t
Delayed Neutrons Per

Photo! iss ion

23a
u

233
u

23S

8 2.583A.094 1 . 7C5A. 136 0.0355A.0O15
10 2.SG1A.037 2.313A.1G1 0.0358,. 0023
12 3 . 087A.079 3 .250s. 150 0.0319a. 0023

8 2 .G73A.093 1.0G1A.103 o.oioit.ooii
2.5y

233y
10 2.933A.035 1.131±. 087 0.0121*. 0017
12 3 . 0SGA.079 1.224a. 079 0.0110a. 0020

232
t.,

232
T1i

8

10

2.091A. 112

1.930a. 113

1.G8G±.147

4 . 017±. 206

0.0324a. 0017

0. 03035.0019
Z
-'-Th 12 2 . 226 a. 113 6.781a. 577 0.0292*. 0033

233
PU

239
Pu

10

12

3.C05A.083

3. 733a. 073 0.7A0.4

FORM N 3$-41l
(REV. 7-1 *.,41

USCOMM-NSS-OC photonuclear DATA SHEET 344

U.S. DEPARTMENT OF COMMERCE
NATION*!. BUREAU OF STANDARDS



REF.

METHOD

P. DaTld, J. Debras, F. Lubke, H. Mommsen, R.

and G. Stein
PICNS-73, Vol.II, p. 985 (1973) Asilomar

Schoenmacker

s

EL EM. SVM.

U 238 92

REF. NO.

73 Da 6 egf

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLEENERGY TYPE RANGE TYPE RANGE

G.F ABY THR* 2 C 1* 2 TRK-I kPT

'

ENERGIES IN GEV

total photofission cross se-ctions of 1
^^Au and 2

-^U were measured
= 0.8 to 2.2 GeV (fig. 1). The fission cross sections and the

fissiona-Silities are SAu = i.i» ± o.l mb, f
Au

= (2.1 - 0.3) 10
-2

;

= 43.2 - 4.4 mb, f
U

= 1.04 - 0.1.

The

for

Pis. 1 iTotal photofission cross

section fS
q

'O am N3S-418
«REV. 7.14.64)
USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 345

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



T. Gozanl, R.L. Bramblett, R. 0. Glnaven, and D. E. Rundqulst
PXCNS-73, Vol. I , p. 649 Asilomar

EL EM. SYM.

238 92

REF. NO.

REF.

METHOD

73 Go 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR- 7 G 5-7 BF3-I 4PI

'

FIG. 1. Prompt neutron yields induced FIG. 2. Bremsstrahlung-averaged

by low-energy electron bremsstrahlung in delayed neutron fraction
238g and 23*xh (tbe statistical errors

are shown when larger than the drawn

points)

FORM N3S-4U
IRCV. 7.14-64)

USCOMM-NBS-OC

(over)
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Since 1968 effort has been devoted at Radiation Technology to measurements of some
basic integral quantities related to the low-energy photofission phenomena. The inter-
est in this domain evolves from the application of photoinduced reactions to the non-
destructive assay of nuclear materials. The most sensitive energy region for the identi-
fication of the various isotopes is around and below the photofission barrier (about 6
MeV). In this region, slight differences in the barrier height or width will cause large
differences in the photofission cross sections. The only practical intense source of
low-energy photons is bremsstrahiung from low-energy electron accelerators. With such
devices the measured quantities are yields. However, in the energy region of importance,
especially below the fission barrier, the fission cross section is a very steep function
of energy; its integrated product with the bremsstrahiung spectrum, $g(E,E ) f rather
closely resembles the fission cross section itself with an effective resolution which
broadens as the energy increases. The fission yields were measured-*- simultaneously with
the prompt (Yn) and delayed (Y^) neutron yields in a moderated neutron detector:

and

(E)o
f
(E)

i

»

E
+ a

Y.a
(E) $

B
(E,E

e
)dE

S(E)v(E)o
f
(E)*g(E,E

e
)dE .

where 3 is the fractional yield of delayed neutrons per prompt neutrons, while the other
symbols are the usual ones. The delayed neutron yield, as well as the prompt neutron
yield (Fig. 1), indicates the existence of a structure in the subthreshold region of
232xh. This agrees well with Rabotnov et al.^ measurement and our previous fission yield
measurement.^ A plausible explanation^ for this structure is the existence of a vibra-
tional resonance in this region creating a shallow double hump potential barrier. Ratios
of the various yields furnish important integral quantities such as the bremsstrahlung-
averaged, effective delayed neutron yield, 3(E), and averaged number of prompt neutrons,
v(E), per fission. The former is shown in Fig. 2, which shows a substantial increase
toward low excitation energies. Similarly, a certain amount of structure in v(E) has
been observed in and 238(j the subthreshold region. This paper presents the
techniques used and the complete results obtained, as well as an intercomparison to the
small amount of available previous data.

^T. Gozani et al., Eull. Am. Phy3. Soc. 14 , 4 (1969).
2
S. P. Kapitza et al., Soviet Physics - JET? Letters 9_, 73 (1969); N. S. Rabotnov et al..

Report FEI-170 (1969) - LASL Translation LA-4385-TR (1970).
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PICNS-73, Vol.I, p. 647 Asilomar

EL EM. SYM. A Z

MCTHOP

U

REF. NO.

238 92

73 Kn 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE type range

G,N ABX THR- 8 C 5-8 BF3-I 4PI

INCLUDES G,FN NZUTS

60-

30-

401-

XI 30r
E

20 -

I0t-

Or-

E MeV
a

FIG 3

FORM N3S-41S
<R CV. 7-1 4.«4)
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0. Y. Mafra, M. F. Cesar, S. Kuniyoshi, and J. Goldemberg
ref. PICNS-73, Vol. I, p. 643 Agllomar EL EM. SYM.

U 238 92

METHOD REF. NO.

73 Ma 8 hmg

REACTION

JL.iL

RESULT

ABX

EXCITATION
ENERGY

6- 9

SOURCE

TYPE RANGE

6- 9

DETECTOR

BF
.3r l

ANGLE

4PI

REFERENCES

1. Mafra, 0. Y. at al. Nucl.Phys. A186/1 (1972)110

FORM N3S-418
(REV. 7-14-64)
USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 349
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REF.
R. Moreh and S. Kahane

Phys. Lett. 47B f 351 (1973)

(See also: 74 Ka 9)

ELEM. SYM.

U 238 92

METHOD REF. NO.

73 MO 13 egf

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 8 COQ SCD-D DST

Saclay data used for nuclear scattering amplitude. 8=7.915

The elastic scattering cross section of 7.9 MeV photons by U and Th was measured in the angular range 25° - 140s .

It is shown that at this energy the forward elastic scattering is due almost entirely to Delbruck scattering. The results

are systematically lower by > 505"c than the calculated values. A good agreement with theory was obtained only after

excluding the contribution of the real part of the Delbruck scattering amplitude.

Table 1

Measured differential ctoss sections (*ib/sr) for elastic scattering from U and Th targets at various angles. The calculated cross sec*

tions with and without the teal part of the Delbruck scattering amplitude are also given. The Rayleigh amplitudes were ignored.

Angle

(deg.)

Calculated Calculated

Experiment without with Experiment without with

real component real component

25 424 ± 70 490 760 447 e 90 450 690

35 174 ± 30 170 260 144 e 40 150 240

45 74 ± 13 70 105 55 * 15 65 99

60 26 i 6 26 41 26 t 9 24 38

75 12.5* 3.5 10 21 - - -

90 3J t 1.2 4.6 11
r--*

INi°o 4.3 10

120 1.7 * 0.6 1.1 6.2 - - -

140 1.5 * 0.8 1.0 5.5 1.8 ± 1.2 1.0 4.8

form N3S-4I8
IR EV. 7. I 4.44)

USC OMM*N QS-O C

U.S. DEPARTMENT OF COMMERCE
national, bureauof stanoarosPHOTONUCLEAR DATA SHEET 350



David E. Rundqulst
PICNS-73, Vol.I, p. 619 Asllomar

METHOD

U

REF. NO.

238 92

73 Ru 1 hmg

EXCITATION SOURCE DETECTOR
ANGLEREACTION RESULT ENERGY TYPE RANGE TYPE RANGE

G,XN RLY 1 G 5- 10 BF3-T 4PI

Fig. 1. Prompt and delayed neutron yields
in fissile and fertile material
produced by brensstrahlung from
electrons of energy E

c

foam N8S-418
(MV. 7-14.64)

USC OMM-N 0S-OC PHOTONUCLEAR DATA SHEET 351

u.s. department of commerce
NATION*!. BUREAU OF STANOAROS



A. Veyssiere, H. Beil, R, Bergere, P. Carlos, A. Lepretre
and K. Kernbath

Nucl. Phys. A199 , 45 (1973)

REF. EL EM. SYM. A Z

METHOO

u

REF. NO.

238 92

73 Ve 1 egf

EXCITATION SOURCE detector
ANGLEREACTION RESULT ENERGY TYPE range TYPE RANGE

G,N ABX 8- 19 D 8- 19 MOD-

1

4PI

G,2N ABX 8- 19 D 8- 19 MOD-

1

4PI

G,P ABX o>H100 D 8- 19 MOD-

1

4PI

(r»n) 495+
(r»2n) 496+
(r,f) 497+
(y,tot) 498

Fig. 4. Partial and total pbotoauclear cross sections a(y. n). a<y, 2a), a(y, F) and aim — a(y, n)J-
o(y, 2a) +o(y, F) of

Table 3

Lorentz line parameters and quadripole moments for 222Th, JJ, U and 237Np

£,

(MeV)
» i r,

(mb) (MeV)

!

2
m

rt

e.

1

5
<*2

(mb)
r2

(MeV)
Qa

in <T| / , 4
)

6
)

J^Th
233u

‘iJNp

1 1.08 ±0.12

I0.96±0.09

1 1.06 ±0.1

2

268±7 3.37 ±0.22

301 ±6 2.90±0.I4

251 ±7 3.16±0.27

14.07 ; 0 14

14.04 .on
14.21 • 0 '4

349 ±9
369 xo
380 ±9

4.62 ±0.1

6

4.53 ±0.1

3

5. 1 2 ± 0.3

1.8 ±0. 1

5

1.9 ±0.1

2.4±0.3

10.2 ± 1

! 1 ±1

1 1 .3± 1

9.66 ±0.1

11.3 ±0.1

10.9 ±0.7

*) This experiment.

i)Rcf- ,,)- Zl
K.B.G. Lobner ec al. , Nucl. Data Tables l_ t 5 (1970).

Table 4

Integrated cro\* tcuion* of ,,,Th. 23,U and 237Np

ffo*)

(MeV • b)

*-.*)

(mb) (inb MeV")
* i.T(<7,/’| +ffl/

7

j) *)

(MeV • b)

0.06 NZ/A
(MeV • b)

<T0 a'o

0.006 NZ/A 0.006 NZ/A
3|gTh 2.50 ±0.25 I98±20 16 r 2 3.9J±0.3 3.31 0.76±0.07 1.194-0.083
JJU 2.98 ±0.1

5

235 ±15 19*1.3 3.99 ±0.1

5

3.39 0.88 ±0.05 1.1 8 ±0.04*jNp 2.60±0.35 204 ±30 16x3 4.30 ±0.4 3.39 0.77±0.I2 1.27 ±0.1

COMMERCE
T ANDAROS

*) Values obtained bv integrating «r(y, total) from 8 to 18 MeV for 2,,f and from 9 to 16 MeV for 233Th and 337No
) Surface under the two Lorenu line,. PHOTONUCLEAR DATA SHEET 352USC OMM*N BS*OC



T. Bar-Noy and R. Moreh
Nucl. Phys. A229 . 417 (1974) CL CM. SYM.

238 92

REF. NO.

REF.

method

74 Ba 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,G ABX 8- 11 D 8-11 SCD-D DST

RAMAN SCTNG

Fig. 3. Differential elastic and Raman photon scattering cross sections for JJ8U. For the elastic

cross section, the solid curve represents the values obtained by including the amplitudes ofThomson,

nuclear resonance (according to the SRM) and the imaginary part only of Delbruck scattering

(the contribution of the real Delbruck amplitudes was excluded). Dashed curves are similar results

with the nuclear resonance amplitudes calculated by the DCM. For Raman scattering, the solid

curve represents the results of both the SRM and the DCM.

fodu N3S-418
(PEV. '-I 4-»4l
use 3mm. d C 2«010.p««

U.S. DEPARTMENT CO-.IMERC-
n at' on ac surefu:-PHOTONUCLEAR DATA SHEET 353



G.M. Gurevich, L.E. Lazareva, V.M.

ZhETF Pis. Red. 20, 741 (1974)

JETP Lett. 20, 343 (1974)

METHOD

Mazur, and G.V. Solodukhov EL EM. STM.

238 92

REF. NO.

74 Gu 11 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G.MU-T ABX 8- 24 C 35 NAI-D 4PI

TABLE. Parameters for the approximation of the cross sec-

tion by Lorentz lines. ______
Nu-
cleus mb

r,

MeV
E

x
<r

t

MeV mb
Tj

MeV
Ez
MeV <7tr,

P <?

Th“* 247 3.90 10.99362 4. 67 13.9 1.75 0.28 10.0

Uzss 283 3.23 10.74 354 4.92 13.77 1.91 0.30 11.0

U»* 286 2. 99 10.97351 5. 10 14.25 2.09 0.31 11.7

Pu»> 227 3.47 11.05 362 5. 23 14.01 2.40 0.29 11.0

form N3S-418
(REV. 7-1 4* 64)

USC OMM-NBS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANOAROS

PHOTONUCLEAR DATA SHEET 354



REF.

H.E. Jackson, G.E. Thomas, and K.J. Wetzel
Ehys. Rev. (£, 1153 ( 1974 )

EL EM. SYM. A
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METHOD REF. NO.

7k Ja 2 _hmg_

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANG* TYPE PANGS

G, G ABX 10 D 10 son—

n

nsT

( 10 . 83 ) ( 10 . 83 )

300r

CHANNEL NUMBER

FIG. 2. High-energy portion of the spectra of 10 33-
MeV radiation scattered from a U target at several an-
gles and, at the bottom of the figure, a comparable spec-
trum of incident radiation. This shows the energy cali-

bration of the detector-analyzer system as well as the

detector response to 10.83-MeV photons, which is domi-
nated by the double-(two annihilation photons) escape and
single- (one annihilation photon) escape peaks, (n the

scattered spectrum at each angle, the 10.83-MeV photons
from elastic scattering, and those of slightly lower ener-

gy from Inelastic scattering to the 48-keV state, are
clearly resolved.

FTG. 5. Angular variation of the elastic and Raman
scattering cross sections for uranium at 10.33 MeV.
The measured values are shown together with the statis-

tical errors of measurement. The solid curve in each
case represents the calculated values. For elastic scat-

tering the broken curve shows the calculated values in

the forward direction when Delbruck scattering is ne-

glected. The Delbruck amplitudes of the CERN group
(Ref. 18) are used to compute the solid curve; those of

the Trondheim group (Ref. 19) give similar values.

These are indicated by the open circles at 20*. SO*, and
90', but at 30* and 70* the two sets of values are so close

as to be indistinguishable in the figure. The solid curve
in the lower portion of the figure is the prediction of the

simple rotator model discussed in the text.

(over)
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TABLE I. Differential cross sections measured for

elastic and inelastic scattering of 10.83-MeV photons.

State or states populated by inelastic scattering are

in parentheses below the target. The errors

given result from the statistical error in the measure-

ment of the cross section relative to the calibration

value, the 90* uranium inelastic cross section.

eggggggaaaeaaaa^aa^gs
0 da/dui (elastic) da/du (Inelastic)

Nucleus (deg) (mb/sr) (mb/sr)

u*u

(2*. 45 keV) 20 1.72 ±0.17

30 0.97 ±0.12

50 0.334 ±0.039

60 0.23 ±0.04

70 0.245 ±0.024 0.136 ±0.015

90 0.182 ±0.017 0.154 ±0.012

120 0.189 ±0.017 0.160 ±0.013

ISO 0.303 ±0.016 0.160 ±0.015
aj Th

(2
+

, 45 keV) 90 0.129 ±0.015 0.103 ±0.007

Pb 20 1.28 ±0.12

30 0.55 ±0.07

50 0.289 ±0.051

60 0.20 ±0.04

70 0.087 ±0.014

90 0.079 ±0.005

120 0.060 ±0.004

150 0.127 ±0.008
2MBi

(J
-

. 910 keV) 90 0.101 ±0.0062 0

18‘Th

<f,136 keV) 90 0.0370 ±0.003 0.006 56 ±0.0015

15STb
<|\58keV)

2*. 138 keV)

90 0.0314 ±0.003
0.0110 ±0.0016

0.005 11 ±0.0011

TABLE m. Comparison of calculated and observed

values of the 90* cross sections for elastic scattering

and of the. ratio at 90* of Raman to elastic scattering by

various nuclei for 10.83-MeV photons. The parameters

used in the calculations are given in Table n.

da elM (90°)/dil d^EL/rfffSl?
(mb/sr)

Target Calc Exp Calc Exp

Tb 0.036 0.031 ±0.003 0.80 0.51 ±0.06

Ta 0.055 0.037 ±0.003 0.28 0.18 ± 0.04

Pb 0.076 0.079± 0.005 0

B1 0.101 ±0.006 0 ~0

Th 0.128 0.129± 0.015 0.91 0.60± 0.08

U 0.157* 0.182 ±0.017 1.03 0.85 ±0.08

* If the Livermore parameters (Ref. 33) for 235U are

used then this calculated value would be 0.210 mb/sr.

18
F. Ehlotzky and G.C. Sheppy, Nuovo Cimento 33 ,

1185 (1964).
19

K. Mork and P. Papatzacos, private communication.

33

C.D. Bowman, G.F. Auchampauch, and S.C. Fultz,

Phys. Rev. 133 , B676 (1964).
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U. Kneissl, G. Kuhl, and A.

Phys. Lett. 49B , 440 (1974)

METMOO

Weller
CL CM. SYM.

u

REF. MO.

238 92

74 Kn 1 egf

RESULT
EXCITATION SOURCE DETECTOR

REACTION ENERGY TYPf RANGE TYPE RANGE
ANGLE

F F RLX THR- 40 D 15- 40 TRK-I 90

'

E+.E- YIELDS

a,U (e.e f)

<J

( r#t. units)
* ) i

Electrons , Ml

i

( I HI
1
* i

H*

»
* »

i E i

,
Positrons

II 1

IS 20 25 30 35 40
ENERGY (MaV)

Fig. 1. Excitation function for the U(e. e'f) reaction; open

circles measured by glass-detectors, full circles measured by
Si-detectors,

by Si-detectors.

FORM N3S-41I
IP CV. T- I 4-441
USCOMM-OC 2401 0-P44

u.s. DEP»flTw;sTo' >\-
NATIONAL SUREAuOT S" A - ;PHOTONUCLEAR DATA SHEET 357



C. Do Bowman, I. G. Schroder, C. E. Dick, H. E. Jackson
PhySo Rev. C12 , 863 (1975)

REF. Et-EM. SYM. A Z

method

u

REF. NO.

238 92

75 Bo 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 0- 6 C 3-6 TRK-I 2PI

2PI= SOLID ANGLE

FIG. 3. The potential barrier for a*U. The curve Is constructed from barrier penetrabilities derived from this and

other experiments. These penetrabilities are given in the figure. The scale for the deformation parameter 6 is chosen

to simplify calculations as described in the text. The zero for 6 has been chosen arbitrarily. The value shown at the

far right of the figure of 9.2 x io-4S is the penetrability corresponding to ground state spontaneous fission.

TABLE n. Experimentally determined barrier penetration parameters.

Energy Pi Source Pb Source

6.0 0.5 )
£»= 6 MeV, 0.5 \ Eb = 6 MeV.

[
«w,= l MeV »wb =0.7 MeV

S.S 4 x io*:
;

S.2S 9 x lo
-3

from 7x io" 4
;

4.75 (2 x 10
-3

) 4x 10" s from PtPh
4.25 4 x lo

-4
2 x io" 5 Pb

3.75 9 x 10” s Pi
3.25 2 x 10"s Pi
2.75 6 x lo

-!
Pi

2.56 2 x IQ
- * Russo at al. 5 x io

-,« Russo et al.

(Ref. 11) (Ref. 11)

form N3S-418
'R EV. 7-1 4. Q4)

USC OMM-N BS-OC

(over)
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E y
(MeV

)

FIG. 2. The photofission cross section of a*U. The
two straight dashed Lines show the extensions of the re-

glons where either prompt or delayed fission domin-
ates. The dot-dashed curve is included to show the re-

turn of the cross section to the dependence on penetra-

tion of the full barrier which is predicted to occur be-

low the isomer excitation energy of 2.56 MeV. The un-

certainty flags shown do not include systematic uncer-
tainties which are estimated to be of about the same
size. When no flags are shown, the uncertainty is only

slightly larger than the point size.

TABLE L A summary of experimental results.

Electron

energy

(MeV) FlsslcBs/Ccm*

x-ray

energy

(MeV)

Cross
section

1

(b)

3.0 0.11 ±0.06 2.75 1.9 ±1 x io-lt

3.5 5.5 ±1.6 3.25 9.2 ± 2.9 x 10-to

4.0 41 ±4 3.75 3.5
c ± 0.8 x 10' s

4.0 33 ±6
4.5 2.0

b xl0J 4.25 3.9 ± 0.9 x 10" s

5.0 7.5
b * 103 4.75 1.3 ± 0.3 x 10" 8

5.5 2.7
b x 10 s 5.25 4.4 ± 1.0 x 10' 5

6.0 6.3
b x 10s

5.75 1.3 ± 0.3 x 10" 5

4 The uncertainty shown is the quadratic sum of the

standard deviation resulting from track counting and an

estimated ±20% uncertainty In the bremsstrahlung spec-

trum. An uncertainty discussed in the text of possibly

50% In the scale factor owing to uncertainty in A A is not

included.
b The standard deviation In tract counting for these

points is ±10%.
c This point is the average of the points measured at

NBS and at ANL.
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Rer. j.T. Caldwell and E.J. Dowdy
Nucl. Scl. & Eng. 5£, 179 (1975)

EL EM. SYM. A

U 238 92

metmoo REF. NO.

75 Ca 5 egf

REACTION RESULT EXCITATION
ENERSY

SOURCE DETECTOR
ANGLE

TYRE RANGE TYRE RANGE

G,F NOX 6- 13 C 8- 13 MOD-

1

4PI

The prompt- and delayed-neutron multiplicities far photofission of the eight

isotopes, mTh. ^U, WU, asU, USU, mU, mNp, and V3Pu, have been measured

using bremsstrahlung with end-point energies ranging from 8 to 13 MeV. The

measured multiplicities are compared with those from the same compound nucleus

formed in neutron-induced fission where such data exist.

NEUTRON MULTIPLICITIES

Fig. 5. "Uh versus excitation energy for the eight iso-

topes studied in this experiment. The full curves shown

are from the evaluations of Davey
a
with the excitation

energy determined as described in the text. For the

lower three isotopes shown, no previous experimental

values for Up exist.

W.G. Davey, Nucl. Sci. Eng., 44, 345 (1971)

L. Tomlinson, "Delayed Neutrons from Fission
A Compilation and Evaluation of Experimental
Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

Fig. 6. Delayed neutrons per fission versus the

parameter 3Z-A of the compound nucleus. The full

curve shown is the least-squares fit to the data shown
with In Yo = 10.61, K = -0.372. The dashed curve is the

least-squares fit to the data provided by Tomlinson8 with

In Y0 = 11.35. X = -0.39.

TABLE IV

Least-Squares Linear Fit Expressions for Up ((Ey ))

kskm N8S-41I
(REV. 7*1 4. #41

UKOMM-NIMC 360 PHOTONI

Isotope Vp((Ey ))=«* + dvp/dE (Ey)

Correlation

Coefficient

aaaTh Vp«Fy)) = 1.310 + 0.090 (Ey) 0.675

“u Vp((jEy)) = 1.200 + 0.1709 (Ey) 0.947

“u "up ((Ey >)
= 2.222 + 0.0399 (Ey) 0.741

“u vf ((Ey)) =* 0.9034 + 0.2292 (Ey) 0.967

“•u Tp((Er ))
= 1.140 + 0.1788 (Ey) 0.986

“u T/p ((Ey)) = 1.502 + 0.1458 (Ey) 0.984

mNp Vp((Ey ))
* 0.4027 + 0.2505 (Ey) 0.967

*"Pu vp((Ey)) =* 2.526 + 0.0930 (Ey) 0.777

over
MENTOR COMMERCE
UAUOP STANOARD3



TABLE HI

Prompt- and Delayed-Neutron Yields

Er, MeV (Ey>, MeV Vp
Delayed Neutrons
per 100 Fissions

“TH 8 6.44 1.96 db 0.11 3.10 ± 0.28

(<7 * 1.15 ± 0.05) 10 7.02 1.89 ± 0.11 3.06 ± 0.31
10.2 7.10 1.89 ± 0.11 2.67 ± 0.21
12 8.06 2.08 ± 0.11 2.59 ± 0.31

av * 2.80 ± 0.28

“u 8 6.68 2.350 ± 0.112 0.455 ± 0.040
(o = 1.25 ± 0.05) 10 7.90 2.498 ± 0.108 0.518 ± 0.040

12 9.55 2.960 ± 0.096 0.640 ± 0.044
13 10.27 2.870 ± 0.099 0.598 ± 0.051

av » 0.553 ± 0.044

*U 8 (6.67)“ 2.536 ± 0.112 —
(<7 = 1.13 ± 0.05) 10 8.69 2.499 ± 0.107 0.92 ± 0.06

12 9.54 2.623 ± 0.105 0.97 ± 0.12

av =0.94 ± 0.094

“u 8 6.67 2.456 ± 0.086 0.90 ± 0.08

(<r = 1.20 * 0.05) 10 7.70 2.697 ± 0.081 0.88 ± 0.08

10.2 7.81 2.612 ± 0.079 1.13 ± 0.07

12 8.86 2.963 ± 0.072 1.12 ± 0.08

av = 1.02 ± 0.08

«U 8 6.66 2.357 i 0.111 1.43 ± 0.14

(ff = 1.20 ± 0.05) 10 7.63 2.470 ± 0.105 1.73 ± 0.12

12 8.86 2.744 ± 0.095 1.64 ± 0.10

av = 1.60 ± 0.13

"u 8 6.53 2.457 ± 0.088 3.06 ± 0.24

(<T - 1.22 ± 0.05) 10 7.54 2.628 ± 0.083 2.76 ± 0.17

10.2 7.66 2.585 ± 0.082 3.06 =fc 0.14

12 8.88 2.802 ± 0.078 2.75 1: 0.19

av = 2.91 ± 0.20

"Np 10 7.68 2.35 ± 0.11 0.38 ± 0.04

(<r = 1.20 ± 0.05) 12 9.31 2.65 ± 0.10 0.50 ± 0.04

13 9.92 2.95 ± 0.10 0.54 ± 0.04

av = 0.47 ± 0.04

“Pu 10 7.69 3.32 ± 0.08 —
(<7 = 1.18 ± 0.10) 10.2 7.84 3.17 ± 0.14 0.37 ± 0.04

12 9.65 3.43 ± 0.10 0.37 ± 0.04

av = 0.37 t 0.04

"Estimated value.
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EL EM. SYM.

238 92

METHOD REF. NO.

75 Di 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR- 8 C 8, 10 TOF-D 135

Variable-energy photons defined to 100 keV were used to study n,U and 232Th from 5 to _106_7
8 MeV. The Inferred fission transmission Indicates (a) that the lowest 1" fission barrier

Is about 6.S MeV in a#U and 6.3 MeV In 232Th, and (b) that there is an energy gap before

the rapid opening of additional fission channels above 7 MeV in 23aU.

FIG. 1. Photon- Induced cross sections for 23SU. All

of the points come from this experiment. In (b). (c),

and the low-energy portion of (a) the different symbols

identify different runs; the spacing of points in & single

run is equal to the photon-energy resolution, (a) Photo-

fission cross sections. The curves correspond to mea-

surements with poorer resolution; the solid curve is

from Ref. 12 and the dashed curve is from Ref. 14.

(b) Photoneutron cross sections inferred by measuring

only those neutrons with energy above 300 keV. (c) Be-

low 6.6 MeV the points represent only. Above 6.6

MeV, the points are the sum, Ojf+<JyH » with statistical

errors shown. The line is the extrapolation of the Lo-

rentzlan curves which have been fitted to the giant di-

pole resonance as reported in Ref. 19.

i
U7

,0 §

f (b)
i

i

i

FIG. 3. Fission transmissions: (a)
23*U. The upper

solid curve is the sum of the A = 0 and A = 1 transmis-

sions calculated with the parameters in Table I. The
dashed curve shows the A 3 0-barrler contribution when
It is noticeably lower than the sum. (b)

232Th. The
curves are calculated transmissions for A= 0 and X=1
using the barrier parameters listed in Table I.

4UCLEAR DATA SHEET 362
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TABLE I. Fission-barrier parameters (energies

given In MeV).

J9 K ^rrtn E* Ku a ^min Eu B

a«u 0* 0 5.9* 2.0 6.1* 1.0* 0.9 0.6*

r 0 6.5 2.35 6.1 1.0 0.9 0.6

i” 1 6.7 2.55 6.6 1.0 0.9 0.6

*»Th 0* 0 <5.5* 3.0 6.1* 0.9* 1.5 0.5*

r 0 6.3 3.1 6.3 0.9 1.0 0.45

i* 1 6.5 3.3 6.9 0.9 1.0 0.5

‘Values taken from Ref. 4.

B.B. Back et al.

,

12
A.M. Khan et al.

,

14
R.A. Anderl et al.

19
A. Veyssiere et al

Phys. Rev. C9_, 1924 (1974)

Nucl . Phys. A179 , 333 (1972)

, Nucl. Phys. A212 , 221 (1973)

., Nucl. Phys. A199 , 45 (1973)
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REF H. E. Jackson, G*. E. Thomas, K. J. Wetzel
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EL EM. SYM.

u 238 92

METHOD REF. NO.

75 Ja 1 hmg

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 11 D 11 SCD-D DST

(11.387) (11.387)

TABLE L Differential cross sections measured for

elastic and inelastic scattering of 11.39-MeV photons.

State or states populated by inelastic scattering are in-

dicated in parentheses beside the target. The errors

given result from the statistical error in the measure-

ment of die cross section relative to the calibration

value, the 90* uranium elastic cross section.

9 dtr/du (elastic) dafdui (inelastic)

(deg) (mb/sr) (mb/sr)

*®CJ (2+, 45 keV)

90 0.169* 0.011 0.173 ± 0.016

ISO 0.355* 0.041 0.236 * 0.24

*®Th (2*. 45 keV)

ISO 0.331* 0.035 0.210* 0.022

mTa ({*, 136 keV) {f , 301 keV)

90 0.073* 0.008
0.020 * 0.004

0.009* 0.004

150 0.145* 0.015
0.017* 0.004

0.017* 0.004

14!Ho 95 keV) {if. 210 keV)

ISO 0.141 ±0.014
0.022* 0.004

0.013* 0.004

”»Tb (j\ 58 keV) <f\ 138 keV)

90 0.062 * 0.006
0.024 * 0.003

0.013*0.003

150 0.134 ±0.012
0.042*0.004

0.019*0.004

141Pr

ISO 0.030* 0.008 • • •

RATIO RAMAN/ ELASTIC

TABLE IIL Comparison of calculated and observed

values of the cross sections for elastic scattering and of

the ratio of Raman to elastic scattering by various nuclei

for 11.387-MeV photons at 90 and 150*. The parameters
used in the calculations for column 5 are given in Table

IL Column 4 describes results obtained by perturbing

those parameter to meet the constraint of Eq. (3) (see

text).

dcr{9)dO

(mb/sr)

Target Calc. Exp. d°RmJaWd°'ia<Ja>

0 =* 150*

Pr 0.025 0.030*0.008 0.0 0.0

Tb 0.094 0.134*0.012 0.53 0.57 0.46*0.04

Ho 0.170 0.141*0.014 0.28 0.28 0.25*0.04
Ta 0.160 0.145*0.015 0.23 0.22 0.23*0.04
Th 0.253 0.331*0.035 0.59 0.63 0.64*0.08
U 0.289 0.355*0.041 0.78 0.73 0.67*0.07

8 = 90*

Tb 0.062 0.062* 0.006 0.76 0.82 0.60*0.07
Ta 0.109 0.074*0.008 0.32 0.30 0.38*0.07
U 0.172 0.169* 0.008 1.29 1.15 1.03*0.10

form N3S-418
(REV. 7-1 4-«4l
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G.N. Smirenkin, A.S. Soldatov,

ZhETF Pis. Red. 22, 255 (1975)
JETP Lett. 22, 118 (1975)

B . Ostapenko

,

Yu.M. Tsipenyuk CL CM. SYM. A

238

REF. NO.

92

75 Zh 1 hmg

REACTION RESULT
EXCITATION SOURCE OETECTOR
ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,F NOX THR- 6 C 3-6 TRK-I 4PI

(Thr-5.5) (3. 8-5. 5)

For the isotopes
;1:

Th.
:j
"N'p, ap.d

:MU, ir. the deep subha.-rier region. we observed an ab-upt Jtor;..se of the

slope of the energy dependence of the photcfi-don cross section, tailed the :corner shelf. An investigation of

this Dhenomenor uncovers a number of new possibilities for the refinement of cu r concepts ccncenfing the

structure of the fission barrier of heavy nuclei.

form N3S-418
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Radiochem . Radioanal . Letters 25 , 345 (1976)

EL EM. STM. A z

u

REF. NO.

238 92

76 A1 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABY 3
‘

C * 3 SCD-D 4PI

'

ENERGY, GEV
Radiochemical measurements have been made of fission yields at

3 GeV and forward - backward ratios at 5 GeV in the photo-

fission of natural uranium by bremsstrahlung. The yield re-

sults are analysed in terms of a two component mass yield

curve, consisting of a low energy assymmetric component and

a high energy symmetric component. The relative weights

of these components were calculated from cross section data

as 30% low energy and 70% high energy, but a -better fit was

obtained with a much smaller contribution (27% ) from the high

energy component. A possible explanation is discussed briefly.

t09*> E r

Fig. 1. Probability of photofission as a function of gamma energy for na-
tural uranium irradiated with 3 GeV bremsstrahlung.

Fig. 3. Predicted mass yield curves compared with experimental data (©).

The full curve is the one shown in Figure 2; the dash-dot curve (over)
was obtained by assuming a higher proportion of the low energy
component. r 366
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REF. J.D.T, Arruda Neto, S.B. Herdade, B.S. Bhandari,
and I.C. Nascimento

Phys. Rev. C14 , 1499 (1976)

EL EM. SYM.

238 92

method

76 Ar 3 hmg

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR- 60 C 6- 60 TRK-I DST

E,F ABY THR- 60 c 6- 60 TRK-I 4PI

da
/

dQ
(S,f indicates a large quadrupole component in the energy

range 6-9 MeV.

Experimental results are presented for the electrofission and photofission of ”*U in the energy range 6 to 60
MeV. The importance of the inclusion of the Coulomb corrections in the calculation of the virtual photon
spectrum is emphasized and the relative £1 contribution to the electrofission process has been evaluated using
the distorted-wave Bom-approximation analysis of the experimental

FIG. 3. Photofission cross section «ry/ of °*U as a function of photon energy £
y

Is shown by the solid curve obtained
by the unfolding of the bremaatrahlung induced fission yields as described in the text. The experimental points shown
are the monochromatic photon cross sections of Veysslire et al. (Ref. 29)

.

FORM N3S-418
IR EV. 7-1 4-941

USC OMM-N SS-0 C
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FIG. 4. Electron Induced fission yield <J, of H,U as a function of the Incident electron energy Ej. The solid lines

labeled by£l(DW), £1(PW), and QD are the semitheoretical curves as explained in the text.

FIG. S. The relative contribution of the£l excitation with respect to the total electroexcitatlon process, as defined

In Eq. (6) of the text by th- ratio R , Is plotted as a function of the incident electron energy £ # .

WE o) o
e(E0)

1?
H.W. Koch and J.W. Motz, Rev. Mod. Phys.

3^, 920 (1959) .

29
A. Veyssiere, H. Beil, R. Berqere. P.

Carlos, A. Lepretre, K. Kernbath,
Nucl . Phys. A199 , 45 (1973)

.
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To Cooper, W. Sertozzi, J. Heisenberg, S. Kowalski,

W. Turchinetz, C. Williamson, L. Cardman, S. Fivozinsky

j. Lightbody, Jr., and S. Penner

Phys. Rev. C13 , 1083 (1976)

EL EM. SYM. A

U

BEF. NO.

238 92

76 Co 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF l, l D 44-106 MAG-D DST

0.5 0.7 0.9 l.l 1.3

Qeff )

FIG. 3. Measured form factors for the elastic (0*) and

the inelastic 0.045-MeV (2”) and 0.148-MeV (4‘) states

in 238U. The fitted curves are based on a best fit de-

formed Fermi charge distribution.

LEVELS .04 5,. 148

TABLE vm. Deformed Fermi best fit parameters.

Units 152Sm li!So 252Th 23’u

c
o fm 5.8044 5.9387 6.7915 6.8054

t fm 0.5314 0.5223 0.5713 0.6049

h 0.287*0.003 0.311*0.003 0.233*0.002 0.261*0.002

Pi 0.070*0.003 0.087*0.002 0.101*0.003 0.087*0.003

Pt -0.0120 -0.130 0.0 0.0

B(EZ) eV- 3.3S ±0.07 4.40 *0.09 9.21 *0.09 11.70 *0.15
B(E4) e*b* 0.136*0.013 0.221 = 0.010 1.18 =0.05 1.20 =0.06

rms radius fm 5.0022 5.126 5.7723 5.842

p 2 Transition

radius

fm 6.937 6.950 7.895 7.979

p 4 Transition

radius

fm 7.757 7.704 8.540 8.748

TABLE VII. Cross sections of 238U.

Elastic +2*

Energy

(MeV)
Angle

(deg)

<?«ff

(fm* 1
)

da

dil„,

(mb)

da

dff bc«iit

(mb)

Ratio

/a elastic

4*

da

dile.ip

(mb)

44.62 92.42 0.548 0.14u*10 3 *3% 0.146 *102 0.01619 0.131 *10' 2± 247%
53.28 92.39 0.611 0.529*10 *3% 0.510*10 0.037 21 0.168 *10' 2* 111%
65.02 92.39 0.697 0.159*10 *5% 0.153*10 0.040 81 0.419 * 10“ 2± 1S%
75.12 92.42 0.771 0.701 ±2% 0.691 0.035 68 0.307 *10* 2 ± 17%
84.93 92.39 0.850 0.378 *8% 0.330 0.036 54 0.269 *10" 2 ± 8%
95.33 92.42 0.919 0.163 *3% 0.167 9.065 80 0.148 *10' 2± 8%

100.42 145.28 1.265 0.982 *10" 3=6% 0.101 *10* 2 0.12171 0.397 *10* 4± 8%
105.01 92.39 0.990 0.850 *10* ‘*6% 0.753 *10‘ l 0.133 30 0.592 *10* 3± 14%
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G. V. Solodukhov, B. A. Tulupov

Nucl. Phys. A273 , 326 (1976)

M. Mazur, ELEM. 5YM. A

U 238

REF. NO.

92

76 Gu 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MUT ABX 7- 24 C UKN NAI-D 4PI

Fig. 2. Total photoabsorption cross sections for
,3:Th. :”U and 23,Pu and their rcspectise best

two Lore.-tr !-..-e fits

Table I

Lorentz line parameters for
I3ITn, 333 • l3*U and ,3’Pu

Nucleus Ex (MeV) it, (mb) T
t
(MeV) Ej (MeV) (mb) r

t
(MeV)

:,J Th 10.59 + 0.16 247 + 26 3.90+0.4 13.9 +0.13 362 ±26 4.67±0.38
2,,

i; 10.74 + 0.13 283 ±39 3.23 + 0.55 13.77+0.23 354 ±33 4.92±0.53
II.

y

10.97+0.13 286+ 30 2.99+0.48 14.25±0.18 351 ±25 5.10±0.63

'”Pu 11.05 ±0.13 227 + 39 3.47+0.57 14.01 ±0.21 362 ±31 5.23±0.59

Table 2

Deformation parameters ard 4 -4 trupole moments for ,3lTh. 333 13,U and 33,Pu

Nucleus i

this work

Co(b)

refs.
3 *) ref. “)

,3JTh 0.28 r 0 03 0 274 10.0 ±0.8 10.2 ±1 9.66±0.1
,J5U 0.30 + 0 03 0 2JJ II 0+0.9 12.8 ± 1.3 U.12±0.2

0.31 ±0 03 0 >00
1 1.7*09 M ±1 11.3 ±0.1

»«Pu 0.29 ±0 03 0 302 II 0±0.9 11.02 ±0.3

f o pm N3S-418
IR 6V. 7.1 4-841

use OMM-N 8S-OC

(over)
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Table 3

Integrated cross sections and mean energies of the dipoie absorption

Nucleus
*0

(MeV b) (mb)
O-l

(mb • MeV )
E

(MeV)
EH

(MeV)
E*

(MeV)
E'

(MeV)

l3,Th 2.92 ±0.32 23! ±24 !9±2 13.08 12.64 12.40 12.16
J33U 2.99 ±0.39 238 ±31 20 ±2.5 12.91 12.56 12.23 11.90

jj«U 2.95 ±0.29 229 ±22 18± 1.8 13.34 12.88 12.80 12.72
23,Pu 2.97 ±0.34 232 ±26 19 ±2 13.28 12.80 12.50 12.21

In table 3 various integrated cross sections are defined by the relations

(•is pis
!

pis
{

*o =
J

«(£)d£. *-i =
J

-<y
Iot
(£)d£, *- 2 =

J
-pffJlEyiE.

Table 4

Comparison of various integrated cross sections for
23JTh. 23V 21*U and 23*Pu

l32Th l35U 2«U »’Pu

<r0L (MeV b) 4 17 4.17 4.16 4.21

0.06 SZIA (MeV b) 3.31 3.36 3.39 3.42

ff0/(0.06 HZ'A

)

0.88 ±0.1 0.89±0.12 0.87*0.09 0.87 ±0.1

<jol/(0.06 SZA

)

1.26 1.24 1.23 1.23

a,rl/v l
r

l
1.75 1.91 2.09 2.40

ff., t (mb) 294 298 288 289

o-tJA
*' 1

0.21 0.21 0.20 0.20

e. lt (mb • MeV” 1

) 26.3 26.9 25.0 25.3

<r. 2t xl0
JM 3 ' 3 3.00 3.01 2.74 2.76

C. D. Bowman et al., Phys. Rev. 133 (1964) B676

^A. Veyssiere et al., Nucl. Phys. A199 (1973) 45

K.E.G. Lobner et al., Nucl. Data Tables 7 (1970) 495
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ELEM. SYM.

REF. NO.

238

z

92

76 Ja 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR- 9 C 9 ACT-I 4PI

Abstract—The mass yield distribution of fission products produced in the photofission of
:wU using 9 MeV

bremsstrahlung have been radiochemically measured for 21 mass chains. The absolute activities of the nuclides

measured were determined from gross 0 counting and total chain yields were measured relative to "Mo. The peak to

valley ratio was found to be about 310, which is comparable with previous results measured at 10 MeV. Fine structure

was found to be a prominent feature and occurred around mass number 133. although mass number 134 could not be

measured in the present investigation. The fission yields measured in this work have been compared to all known

existing values for work in photon energy range of 9 ± 1 MeV.

MASS YIELDS

Table 1. The total fission yields of 21 mass chains measured

radiochemically for 9 MeV photofission of
"3
"U. Toe fission yield

data for 10 MeV photofission of Schmitt and Sugarman[ll and

Richter and Coryetl[2] are also included

Fig. 1. Mass yield curve for 9 MeV bremsstrahlune fission of

depleted uranium.

Helf-Hfd Fission Yields 10 MeV Photofils ion

Nuclide («i (Thi * Work) Ref. 1 Ref. 2

•>ir 2.4 h 0.26 i 0.05 0.30 t 0.34

•‘Sr 31.8 * 0.41 -• 0. 07

•’Sr 50.5 d 2.96 : 0.45

’‘r-Sr 53.6 d-9.5 h 5.02 t 0.55 4.44

”T 10.2 h 6.52 t 0.72

”Zr 16.8 h 5.85 2 0.45 5.11

”Ko 86.0 h 4.65 i 0.40 6.6 4.94

>«»W. 35.5 h 2.14 • 0.34

t”Pd 13.5 h 0.085 : 0.020

>*'»9 7.47 d 0.065 : 0.007

3.13 h 0.047 : 0.005 0.042 ? 0.C02

>”A9 5.3 h 0.082 : 0.018

“tCd 53.5 H 0.024 ; 0.006 0.030 .* 0.0C4

U’Cd 3.4 h 0.018 : 0.006 0.027 : 0.C07

127a 3.3 d 0.16 = 0.C5

m, 8.0 d 3.76 ; 0. 16

u*Te 78 h 4.75 -* 0.65 5.69 i 0 . 30

m, 20.8 h 7.14 : O.bo 6.80 t 0.60

n»
r 6.6 h

83.3 m 5.87

l.08t 12.8 d 5.60 ‘ 0.60 5.7 • 0.2 5.77 : 0.47

1SI C, 32.5 d 6.80 i 0.75

t.IC. 33.0 h 2.50 i 0.45 5.94

lW5 Pr
5.98 h 3.87 ? 0.48

“’Nd
10.99 d 3.38 : 0.44

l-*P»
53.1 h 1.78 s 0.36

28.4 h 0.69 r 0.15

iS)s«
46.5 h 0.55 • 0.11

FORM N3S*418
IR EV. M4.MI
USCOMM-NBS-OC

REFERENCES
1. R. A. Schmitt and N. Sugarman. Pkys. Rev. 95. 1260 (1954).
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E'.EV. jYM.

U

A

238

z

92

M£THO? RE'. NO.

76 Ki 6 egf

fi E 'C TlOs SiSJ-.T
Excitation
EN £3GY

SOUPCS C£TECTC=
ANGwE

TV5-E =*%:£

G,F ABY THR - 580 C 580 TRK-D 4PI

—

Table 3. Fission cross sections and nuclear fissilities (calculated

using several formalisms for ffM111B k
obtained from coincident track

pairs

Element l' A n, imb eq.

quantur.il

u 35.6 - 1.5

Au 31.7 6.50

To 21.1 2.5J x 10' 3

Ag 20.5 9.09 y 10/

M=(7
;

1.69 A*

- 2 . 10
- 1

1.13 x 10
'

5.92 x 10
-’

2.57 x 10- 5

<t, 0.33 A

- 1.8 x 10
1

9 8 x 1 1)
:

5.8 x 10
"

‘

2.5 x til
*

Fig. 3. Fission energy distributions extracted

from the present measurements assuming

zero centre-of-mass motion for the fissioning

s> stems indicated

- 1-V NS j-i 13

V C Zi**** *. T* a C

u s r s.
J a » * v £ % r o - :

** * t; •. i _ r->Si«CF s* A*ic j
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ELEM. SYM.

u 238 92

method REF. NO.

76 Kn 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

E.F RLX THR- 40 D 10- 40 TRK-I 2PI

SIGMA (E-) /SIGMA (E+)

10 15 ;0 2S 30 35 40

Fig. 2. Experimental results for o Full lines DW calculations for pure El excitation according

to ref. *). Dashed lines are to guide the eye The upper part shows the results for uranium (detectors

at 90*) with crosses and triangles representing earlier results
7
) with glass detectors and surface

barrier detectors, and circles representing new results with glass detectors. The middle and lower

parts show the results for uranium and thorium with the 2st arrangement and Macrofol detectors.
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A. Weller; Phys. Lett.
49B , 440 (1974)

.

8
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method

Branford, J.C. McGeorge, EL CM. SYM. A z

u 238 92

ref. no.

76 Sh 12 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,F RLY THR-120 D 30-120 SCD-D 90

Abstract. Measurements are presented for the mass and energy distributions of fragments
from the fission of 233U and 23

*U, induced by electrons in the energy range 30-120 MeV.
Solid state detectors were used to detect the fragments. Both the mass and energy distribu-
tions suggest that the fission process has two distinct components. The change in the

distributions for different electron energies indicate that the components are associated
with different regions of excitation energy in the fissioning nucleus.

I NUCLEAR REACTIONS, FISSION 23
’U(e,F).

23
*U(e.F), £ = 30, 50. 115 MeV;

I
FFcoin; measured e(£;£FJVfr). Enriched targets, semiconductor detectors.

Moss (omul

Figure 2. Mass yields for
I35U and 23*U at 30, 50 and 115 MeV electron energies. Histo-

grams show experimental yields; curves are least-squares tits determining the division

of fission into two components. Only the heavy fragment masses are shown

ro«M MSS-418
<r*v. 7- 1 4*441

yscoMM-Nis-oc

(over)
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ELEM. SYM.

u 238 92

METHOD REF. NO.

76 Th 1 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR- 25 C 25 ACT-I 4PI

FISSION PROD YIELD

1

Q
mJ
UJ
>
UJ
>

<
-J
UJ
cc

ai

FIG. 1. Postneutron mass distributions for the photoflaslon of and aU with 25-MeV bremsstrahlung.
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TABLE VII. ladependent isomeric yield ratios in fission.

-

Projectile Isomeric

Target Projectile energy (MeV) pair Spin Ref.

*»U y (bremsstrahlung) 16 »3«Cs"- lMCs* 8-4 0.43 37

II Thermal il-2 0.66±0.03 36
Q)

*»U y (bremsstrahlung) 25
126Sbm- 12!Sb/ 5-8 0.53 ±0.05 This work

>
u

12>Sb(10 min)- 5,6,7- 0.45 ±0.09 This work u
t28Sb(9 h) 3

T " T
0.58 ±0.06 This work Q

It Thermal 131Tem- Ji.i
7
"

*2 0.64 ±0.05 36 U

l33Tf»m_ l33Te* XI 3 0.61 ±0.010 36 C ,

2 2 0 —

n

a*U y (bremsstrahlung) 25 t2SSb(10 min)- 5,6,7- 0.62 ±0.22 This work T3
U

in
vO

12SSb(0 h) 8 0 Ci

l3lTe* n_z7” 0.45 ±0.09 This work
(

J

*—

1

2»Pu IK Thermal iaiTe<"_i3STef 11 11~1 0.77 ±0.04 36 u
cj

rn
in

— - OQ

TABLE m. Cumulative chain yields for the photofission of
238

U. w
<v

4J
•H

138,

Yield

Mass A. Chattopadhyay ei al. k Swindle et al .
4J
c

chain Present work (Ref. 3) (Ref. 7) u
>
0)

<T3 a*

77 eee 0.0673 eee w
84 0.67 ±0.12 eee eee

6
to

85 1.10 ±0.11 •*• eee
-C

87 2.20 ±0.16 eee eee Q
vo

0.

88 2.56 ±0.10 see eee m
89 3.06 ±0.16 •ee 4.22 ±0.29

91 4.09 ±0.20 4.53 5.35 ±0.37

92 4.63 ±0.27 4.35 ...

93 5.13 ±0.30 4.50 5.84 ±0.41

94 5.21 ±0.36 ... eee

95 5.55 ±0.30 5.40 eee

97 5.73 ±0.29 5.64 5.75 ±0.40

99 6.48 ±0.28 5.98 eee

101 5.57 ±0.29 ... eee

103 4.79 ±0.36 4.43 —
104 3.69 ±0.26 eee ...

105 2.81 ±0.16 2.61 2.10 ±0.15
106 1.84 ±0.16 2.39 eee

107 1.17 ±0.11 eee eee

109 eee 0.48 ±0.05

111 0.392 ±0.048 eee eee

112 0.408 ±0.031 0.436 0.21 ±0.02

113 0.324 ±0.039 eee ...

115 0.334 ±0.032 0.475 0.22 ±0.02

125 0.454 ±0.034 ... eee

127 0.749 ±0.035 0.972 1.13 ±0.11

129 1.50 ±0.10 1.81 ...

131 3.74 ±0.27 3.31 2.34 ±0.16

132 4.62 ±0.20 5.07 3.40 ±0.24

133 6.31 ±0.32 6.60 5.61 ±0.39

134 6.59 ±0.33 ••• ...

135 6.26 ±0.20 3.77 4.92 ±0.34

137 6.06 ±0.52 ... eee

138 5.41 ±0.30 eee

140 5.39 ±0.22 5.53 5.00

141 5.55 ±0.40 6.03 eee

142 4.76 ±0.36 5.40 eee

143 4.51 ±0.33 4.51 5.67 ±0.40

144 4.24 ±0.31 3.18

146 3.05 ±0.17 ...

147 2.46 ±0.18 1.78 2.76 ±0.19

148 ... 0.77 —
149 1.51 ±0.09 eee 2.09 ±0.15

151 0.758 ±0.061 ... 1.03 ±0.07

153 0.287 ±0.061 ... 0.49 ±0.03

155 0.085 ±0.018 ... —
156 •M 0.029 0.095 ±0.007

157 eee eee 0.080 ±0.006 379

‘Overall error 8%.
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and

R.

Vandenbosch,

J.

Inorg.

Chem.

26,

669

(1964).



REF.

METHOD

Yu.A. Vinogradov, V.I. Kasilov, L.E.

N.V. Nikitina, N.M. Parovik, Yu.N.

Yad. Fiz. 24, 686 (1976)

Sov. J. Nucl. Phys. 24, 357 (1976)
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U

REF. NO.

Z

238 92

76 Vi 2 hmg

REACTION RESULT excitation
ENERGY

G,F ABY THR-300

source

RANGE

50-999

The 300-MeV and 2-GeV linear electron accelerators at the Physico-tschnical Institute, Academy of

Sciences, Ukrainian S5R, have been used to measure the yields of fragments from photofission for samples

of
341Am, :‘,Am, and 311U in bombardment by bremsstrahlung with various maximum energies E. in the

intervals 50—300 and 3CO-1300 MeV. The relative fissilities of the nuclei have been obtained. Photofission

cross-section curves calculated from the experimental data for ’"Am and
:i)An are compared with the total

cross section for hadronic absorption of y rays by these nuclei in the energy range investigated.

OETECTOR
ANGLE

TRK-I 4PI

TABLE I. Yield ratios Yt
for photofission fragments (per unit

dose, per gram-atom) obtained in irradiation of samples of
33

U,
241Am, and wAm by bremsstrahlung with maximum ener-

gies £rnax=14.5, 16.6, 30, 39, and 56 MeV.

MeV r
f
c*Ami fy—U) Y

f
(**»Aro) Y

f
("*U> r

;
(«".Vo) Yji'" Kin)

145 2.42*0.06 280*0.10 O.o 7 03
(0.15/ (0.22) (0.08)

18.6 2.18*0.07 255*0.12 0.82*0.03

(0.14) (0222) (0.00)

30 1.93*0.03 2^5^0.03 0.85*002
(U.12) (C.17) (0.05)

39 1234*0.02 2.02*0 04 0.91*002
(O.lli (0.15) (0 06)

58 1.71=0.02 1.99*0.04 0.88*0.02

(0.10) (0.15) (0.05)

Note. 1 ) In the irradiations in the LU-50 MeV accelerator the diameters

of the samples were less than the size of the y-ray beam, and therefore

in calculation of the ratios presented'in this case we used the ratios of

the total weights of the corresponding layers. 2) In order to separate

the behavior of the measured ratios with change of the energy 5, m 4„

.

we have given above only the statistical errorc. The errors taking into

account the uncertainty in determination of the sample weight, which

are systematic in this case, are given in parentheses. 3) The weight of

the ’"Am layer was determined less reliably and may turn out to be

— 10% higher. The ratio f/(!4l Am)/f/( !41Am) in this case is increase

i

by 10%, and >/(
:4J Am)/ Y/(

233U ) is correspondingly decreased b> 10%.

too

I
i

so mo zoo suo moo
MeV

FIG. 5. Photofission cross section per equivalent quantum oq
as a function of bremsstrahlung maximum energy £„ ob-
tained for

08U in the following 3iudies- •—Ref. 4; » —Ref. 7,— o—Ref. 12, o—Ref. 13, v—Ref. 14, x—present work . The
dashed curve <rg(£rnLU) was obtained by averaging of the data
for fflU from Refs. 4, 7, and 12—14.

r(
z,,A*n)/F( ZMSAm)

i'OO

!30 ISO
_l 1 L_

zco
E, MeV

HG. 3. Ratios of fission fragment yields Fi
alAm)/ Am.'

<•) and Y;
ytAm)/ (o) for various bremsstrahlung maxi-

mum energies £Tmil in the range 50— ':00 anti 300-1300 MeV.

The values shown are experimental values of the ratios divided

by the arithmetic mean for these ratios in this interval of ener-

gies Eraa.

4
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^F. Carbonara et al., Nucl. Phys. 73_, 385
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^T. Methasiri, Nucl. Phys. A158 , 433 (1970) .

13
G.A. Vartapetyan et al., Yad Fiz. 14 , 65

(1971); Sov. J. Nucl. Phys. 14, 37 (1972).

14
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ELEM. SYM.

u 238 92

METHOD I REF. NO.
|

76 Wo 2 hmg

EXCITATION
ENERGY

SOURCE DETECTOR
ANGL EREACTION RESULT

TYPE RANGE TYPE RAN GE

E, A ABX THR- 24 D 9- 24 ACT-

1

4PI

'

Evidence for the a decay of the giant quadrupole resonance Is reported. Measurements

of the reaction ,e' ,<*)
2S4Th in the region 9-24 MeV are presented. The results im-

ply that the reaction goes dominantly through £2 absorption. The amount of £2 strength

used by the a emission channel exhausts 50% of the isoscalar energy-weighted sum rule.

THORIUM 234 ACTIVITY

FIG. 3. Experimental cross section for the reaction
a
*U(e,e' ,a)

2S4Th (circles), versus electron kinetic en-

ergy. The triangles refer to the experimental yield

for the same reaction induced by electron plus brems-

strahlung. The labeled curves are the calculated values

(Brelt-Wigner parameters indicated) for the brems-
strahlung yield (curve <7bt) and the cross section for

(«,«* ,a

)

in the cases of a pure £2 process (curve £2)

and a pure El process (curve £1).

FORM N3S-418
f R EV . 7-1 4-64)

use OMM-N BS-OC PHOTONUCLEAR DATA SHEET 381

U.S. DEPARTMENT OF commerce
NATIONAL BUREAU OF STANDARDS



ref. V.E. Zhuchko, Yu.B/ Ostapenko, A.S. Soldatov,

Nucl . Inst. Meth. 136 , 373 (1976)

METHOD

Yu.M. Tsipenyuk ELEM. SYM

238 92

76 Zh 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F m THK-7 C 3-7 TRK-D 90

UNFOLDING SIGMA SOLUT.

Three methods for the solution of experimental subthreshold photofission yield functions for cross-sections of 235U and 23®U
in the energy range 3.6-7 MeV are presented. Comparison of the resulting cross-sections with the data obtained from reactions

with monochromatic photons and charged particles is given.

Fig. 3. The photofission cross-section of 238U. In the lower part of

the figure: the fission probability for
23>U from the ft.p/) reac-

tion“). In the upper part: (O) - the results of ref. 13. solid line -

our results.

Ref. 13: 75. Di 2 - Dickey, et. al .

,

Phys. Rev. Lett. 3EL 501 (1975)
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u 238 92

REF. NO.

76 Zh 3 hg

REACTION RESUL T
EXCITATION SOURCE OETECTOR

ANGLEENERGY TY°E RANGE TYPE RANGE

G,F RLY THR-5 C 3-5 TRK-D DST

(THR-4.6) (3-4.6)

It is established experimentally that the photofission of :3,U in the region of the
isomer shelf is isotropic. This proves that the shelf in the cross section of the 23SU
photofission is due to spontaneous fission of the shape isomer, which corresponds
to the ground state of the second well.

SEE ALSO 71IG1

Extension of work reported in 71IG1

PACS numbers: 27.90. +b, 24.80.+ y

FIG. 1. Dependence of the yield and of

the angular distribution of the fragments

(in the insert) of the photofission of
»8U on the end-point energy of the

bremsstrahlung spectrum.
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A. Jarund and B. Forkman

Z. Physik A281 , 39 (1977)
U 238

*£-. NO.

77 Ja 2

92

egf

r< t *

G,NA24 ABY

- . . _L __ — i

A ?. * L

JHR-999_ C 400-999 ACT-

1

4PI

999=1 GEV

F i^. I a -j. The measured yield as a function of bremsstrahlung er.J point energy The error burs give the statistical errors t.' the numbers of
;
-

quanta detected. The solid lines arc fitted to the yield points with the least-square' method. The yield from Cut Fig 1 ai is me.!' ated in [l] and has

been recalculated using the monitor curve of [5J

Fig. Z. The mean cross section in the energy range 400 to 1000 Mot

cu!. . . .a ..- t the yields of F. cure 1 in this work and of Figures 1 to

~
, _ t :> give* ”, cars in some points

Tor^ft mss* nurr»5rr kj

Fig. 4. Moan cross sections of the present work and of [1] (•)

compared with the cross sections in proton irradiations: + 400 NleV
from [4], o 700 MeV from [16] and an extrapolated value from [17],

v j GeV from [18]
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Phys. Rev. C 16 , 613 (1977)
CL CM. SYM. A

U 238 92

METHOO ree. no.

-77 Ma 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PC PAN GC TV PC P AN GC

E,N ABX 6-25 D 6-25 ACT-

1

4PI

r 1
F —

!

”

r NUCLEAR REACTIONS 238
Ute.i?' ,*>; £ = 6-2.3 MeV; measured <7,.,,(£); DWBAl

!

virtual photon analysis, deduced photoabsorption XL.
J

15 20

E n (MeV)

25

FIG. 4. Experimental cross section for the reaction

2 33Us1
, e '

,
n)23:U versus electron kinetic energy. The

point at 6.0 MeV is an upper limit to the cross section.

The full curve is the predicted electrodisintegratiort

cross sect'oc for a pure £1 process. No fre.- parameters

adjusted.

FIG. 5. The ratio of our experimental cross section to the predicted cross section for a pure £1 process is shown by

the points. The full curve shows the best straight line fit the points.
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METHOD REF. NO.

77 Sh 9

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.G ABX C-120 D 20-120 SCD-I DST

Abstract: Measurements of the electrofission cross section for M2Th, 133U and ,37Np have been
made for an electron energy range from 20 to 120 MeV. A comparison is made between the
electrofission and photofission cross sections using the concept of virtual photons. It is deduced
that the electrofission reaction for these elements proceeds through a significant E2 contribution
as well as an El transition mode.

fohm N8S-41S
tftCV. T-I4.M1
USC CIMM-N BS-OC

Fig. 1. Total electrofission cross sections versus electron energy. The solid circles are from the present

work. Data on M,U from ref. *) (open circles) and ref.
J
) (crosses) are also shown. The curves are

the best fit to the data as described in the text. The errors shown for the present data are relative

only.

1
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Fig. 3. Electrofission cross section for 338U versus electron energy. The curves (a) and (b) are referred

to in the text.

Fig. 5. The 33,U(e, e'f) cross sections versus electron energy. The solid and dashed curves through the
data are fits to the data as described in the text. The lower solid and dashed curves are the mullipole

component cross sections of the fitted curves.

i Tablb 1

Nucleus Normalisation /ff*wy>(£y)d£y

9 MeV 22 MeV 9 MeV 22 MeV

233Th 1.17 1.81 2.5 mb • MeV 12.8 mb • MeV
*«u 1.00 1.30 6.4 mb • MeV 38.8 mb • MeV
337Np 1.12 1.34 7.9 mb • MeV 52.3 mb • MeV

From table 1 it is observed that the normalisation factors for = 22 MeV are

higher than would be expected from the absolute experimental errors (± 20%).
This may indicate a preferential concentration of E2 strength at 9 MeV. 387
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V.E. Zhuchko, A.V. Ignatyuk, Yu.B Ostapenko, 6.N. Smirenkin,

A.S. Soldatov and Yu.M. Tsipenyuk
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REACTION RESULT EXCITATION
ENEROV

SOURCE OCTCCTOR
angle

TYPE RANGE

S,F ABX 3- 7 C 3-7 TRK-I DST

Experimental data on yields and angular distributions of photofission fragments of 236U and 238U are presented.

The anomalies caused by delayed fission from the low-lying isomer states of the second well have been dearly ob-

served in the energy dependence of the yields of the isotropic component. Characteristic features of the observed

phenomena have been analyzed.

v.

j a s " r

Ej, Mew

Fig. 1. At the top: the isotropic (•) and quadrupole (o) coef-

ilcients of the photofission fragment angular distribution of

138 U. At the center: the integral yield Y(Ej^) (solid thick

curve) and its angular components: • Y^, X Y^ and o Yc. At

the bottom: the photofission cross section of 238 U. The dot-

ted curve is from ref. [1] . All curves are plotted as a function

of the electron energy.
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EL EM. SYM. A
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV PC RANGE TV PC PANGC

G,F RLY THR-999 C 100-999 TRK-0 4PI

The 300- and 2000-McV electron linear accelerators have been used to measure the relative fissilities of

the nuclei
y5U. 33,U, :i7Np, J3

*Pu, "‘'Am, and Fragments were detected by glass detectors.

Photofission yields were obtained for the nuclei indicated at maximum bremsstraniung energies 100. 240,

400, and 1200 MeV.

999=1 .2 GEV

PACS numbers: 25.8JJg

TABLE I. Relative photofisa ion yields for Errrmt = 100, 240,

400, and 1200 MeV.

Futility of nuclei ui me
tmcititior»-mrr«y rui|«

•3-1 2.MeV

Ratios of frigmem rie*a* //T(“
J3

different maximum energies

U) for

mat

o, - r,’<T, + KdalP*

(iMiUty
10# MeV 210 MeV VW MeV t::o MeV

0.33(6) • 1.45(a)

1.38)6)

1I3(/)
122=0.18 2.15=0.13 t :9*o 13 1.74=0.12

P*C 012=0.01 • 1.00 t.00 1.00 1.00 t.00

u,Np 0.51(61

0.53(4)
153(6)
2.16(e)

134(41
193(7)

189=0.14 1.92=0.13 1.87=0.12 1.51=0.10

'"Pu 0.70(6) 170(a)
151(6)

131(e)
!«(/)

2.10=0.13 110=0.15 180=0 13 :.31=0.12

»«Aa 0.53(e) 1.63(c) ••

1C(>I
127(0

1.91=0.14 t.77=u,13 L4v> 10 1.44=0. 10

(Him 0.62(f) 130(e)
1391/) 181=0.13 181=0.13 L53=0 U 1.44=0.10

Sote. a, b , c , d, and e denote that the dam have been taken

respectively from the photofissioa studies oi Hef*. 13, 17. 18,

19, and 15. / are the average values for the dam or' a given

study on ftS3ion by neutrons 29
at nuclear excitation energy -9

MeV.
•The number given is an average over the results of a large

number of studies on photofission of
23,

U.

••The authors of Ref. 18 point out lhat the value obtained by

them for
:,,Am is obviously undere sti mated.

FIG. 2. Relative yields J7Y( 23*U) for the nuclei 23SU O,
237Xp Cl),

23,Pu («),
241Am (x). and 2<3Arn (C) for maximum

bremsstrahlung energies ~12, 100, 240, 400, and 1200

MeV.
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E,F ABX THR-29 D 5-29 TRK-I DST

(THR-28.3) (5.5-28.3)

'

The «U nucleus was studied measuring the electrofission yield and angular distributions of fission

fragments, in the energy range of 3.5 to 23.3 MeV, using a new method of analysis. An E2 isoscalar giant

resonance was found in the photofission cross section of 2MU. This resonance exhausts (71 ± T)% of the

energy-weighted sum rule and is located at 9.9 ±0.2 MeV with a width of 6.8 ±0.4 MeV. The position of

this resonance is in reasonable agreement with the Bohr and Mottelson prediction (58A
~m MeV). The width

of 6.8 ±0.4 MeV is compatible with a possible triple splitting of the resonance. From the angular

distributions of photofission fragments and yield measurements of multipoles other than E 1, evidence of an

Ml mixture in the energy region 6-7 MeV was found.

NUCLEAR REACTIONS, FISSION Electrofission of raU (e, «’/), £ 0-5.5 to

28.3 MeV, measured electrofission yield and angular distributions of fission

fragments. Deduced £2 cross section and £2 Isoscalar giant resonance param-
eters .

FIG. 1. “*U electrofission fragment angular distributions at several energies, near the fission barrier. The curves
are least square fits of the function >6 stn:

8 + c sin2 (20) to the experimental points.
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FIG. 2. Experiment*! electrofisslon yield for ”®U, F, i#. /(Ej). The continuous curve represents FJ .,7 (Ej), defined

byEq, (5).

FIG. 5. The E2 and Ml components of (mb), *3 a function of the photon energy. The Ml cross section, a* 1

/ (E),
Is represented by a Breit-Wigner curve, with a cutoff at the low-energy tail due to the decrease in the fission proba-
bility.
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(13.1)

We performed an experiment which was much more sensitive to the u
'U(«,«’a) reaction at 13.1 MeV SIGMA 1IPPFR I TMTT

incident electron energy than waa a previous experiment which reported surprisingly large cross sections. Our
results set an upper limit for the (e.e'a) cross section of about 16 \ib, an order of magnitude <m«iw than
that reported earlier.

FIG. 1. Observed Y-ray activity from a J3*U foil before irradiation (lower spectrum) and at specified intervals after
irradiation by 70 mC of charge from a 13.1 MeV electron beam (upper spectra).
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METHOD

u
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238 92

78 Do 6 hg

REACTION EXCITATION
ENERGY

SOURCE OETECTOR
ANGLEresult

TYPE RANGE TYPE RANGE

E,A SPC THR- 40 D 40 MAG-D 48

E,P SPC 7- 40 D 40 MAG-D 48

A search has been made for a particles that might stem from an isoscalar E2 giant resonance in ”*U near
9 MeV. Using 40 MeV electrons the spectra of protons and a particles emitted in the electrodisintegration of
”U were measured. Peaks in the proton spectrum indicated that the target has an oxygen contamination.
The less intense a spectrum contains a particles resulting from the electrodisintegration of **0, a group that

probably stems from ternary fission, and a higher energy feature which may be attributed to the
electrodisintegration of “U. The integrated :uU(«.a) cross section is less 1% of a recently suggested
values.

FIG. 1. The proton spectrum obtained in the electrodisintegration of ”*U. The peaks below 13 MeV result from

electrodl3integrattonof a 140 contaminant. The smooth curve is a rough estimate of the proton spectrum from °u.

The absolute values are based on the number of uranium atoms in toe target.
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FIG. 2. The ar-particle spectrums obtained In the

electrodisintegration of :MU. The data have been aver-
aged in half-MeV bins to lessen the error on the indi-

vidual points. The absolute cross section values are

based on the number of 2nU atoms in the target. Ener-
gy-loss corrections, which amount to 0.5 MeV at 5 MeV
and 0.2 MeV at 16 MeV, have not been made. The low

energy part of the spectrum results largely from an

oxygen contamination of the target. A Gaussian has
been fitted through the points between 15 and 20 MeV to

map out the part of the spectrum which la thought to re-
sult from ternary fission. The higher energy a*s near
23 MeV probably stem from the e1ectrod15integration of
:“U.
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REACTION RESULT EXCITATION
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SOURCE OETECTOR
ANGLE

TYM* MANGC

G.F- RLY 5-31 C 31 ACT-

1

4PI

YIELDS 136CS, 150PM

Table I. Fraction*! independent and cumulative yield data from the literature and from this work and corresponding values for Z„ Zuco. AZ and rA

Nuclide Fract. yield
Emax

(HeV)
z

a)

p

- b)

D

c)
V
A

z
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a '

AZ
Sl
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Abstract: A fission isomer with a half-life of 115 ±5 ns and a yield ratio
=' (2.02+0.l6)x

10^
5 ISOMER/PROMPT F YLDS

was observed in bremsstrahlung-induced fission of natural uranium. The isomer is ascribed to 1 U

populated via a
,J
*U(7, 2n) reaction. The integrated cross section for isomeric fission is determined

to be - 32±6 jib • MeV. Comparing this value with a calculated total isomer production cross

section, a branching ratio of the isomer decay of /"Vf', * 6 can be deduced.

Fig. 2. Example of a measured decay curve (the straight Iii.e represents a least-squares fit to the data).

Tabu I

Experimental results

£0 (MeV) Timing 7Y, (ns) O^/r^Yto1

50

45

45

45

45

45

sdntill.

trigger

trigger

ferrite

ferrite

ferrite

5.2

7.7

13.7

16.0

14.8

19.4

127+11
107+17

118+13

106 ± 9

119+10

111 ±10

1.94 + 0.41

1.59+0.47

2.09 + 0.42

2.13 ±0.37

2.18 ±0.37

2.02 + 0.32

total: weighted mean:
2.02±0.I6

73.8 115+ 5

i
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Table 2

Comparison of our results with previous investigations of the
J,4U form isomer

Reaction
Energy of the

projectile (MeV)
Tin («> (»»•<%«.,.)* io

* Ref.

,, 5U(d. p) 11.0 130 + 30 0.96+0.27 ’)

13.0 1 10±50 0 31 ±0 05 *)

12.0 130+15 8.6 +1.3 l0
)

1 1.0 0.9 +0.1 ")

11.0 130 + 40 1 46 ±0.73
ll

)

11.0 II 63: 7 I.24±0.06 *)

J,*U(d, pn) 18.0 105 + 20
T
)

33 , U(n, y) therm. <5 ,J
>

<4 ,4
)

1.0 ±02 ,J
>

0.3 <2.7 “)

2.5 <5 “)

JJ, U(y. 2it) <45 115+ 5 2.02 ±0.1

6
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REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TV0C RANGE TYPE RANGE

E,E/ LFT 0- 1 D 90-300 MAG-0 DST

(.680, .827)

A simple model for nuclear surface vibrations in permanently deformed nuclei does . 68 , . 732 , . 827 MeV

well in repordueing electron scattering cross sections of rotational levels built on a Ii
r

=* 0" Intrinsic octupole vibration in
a*U.

FIG. 2. Experimental data for octupole vibrations in

«»U. The curves have been calculated in DWBA using

the small vibration expansion and the Hartree-Fock
intrinsic density.

TABLE I. Vibrational parameters.

HF MDF Experiment

BCE1) (f
: • fmJ

) 0.0 0.0 (0.75-2.0) x io* 4 *

B(E3) («* • fm‘) 5.8x10s 6.1x10 s (6.4±0.6)x I0sb

(5.4 ± 0.7) x 10
s c

B(E 5) («
2 -fm,#

) 4.1x10® 4.1x10* ...

•Ref. 7. bRef. 1.
c Ref. 2.

FIG. 3. Experimental data and small vibrational

model fit for the three octupole band members ob-

served. The multiple deformed Fermi intrinsic densi-

ty was used to calculate the vibrational transition

charges.
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F.K. McGowan et al . , Phys. Rev. C 1£, 1146 (1974)

^F.K. McGowan et al . , Bull. Am. Phys. Soc. 16_,

493 (1971)

USC OMM*N SS-OC PHOTONUCLEAR DATA SHEET 399

U.S. DEPARTMENT OF COMMERCE
NATIONAL SUREAUOF STANOAPOS



REF.
s. Kahane and R. Noreh

Nucl. Phys. A308, 88 (1978)

METHOD

EL EM. SYM.

238 92

REF. NO.

78 Ka 4 rs

REACTION result
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.6 ABX 8,9 D 8,9 SCD-D DST

Abstract: The elastic differential scattering cross section of 9.0 MeV photons on :jsU has been measured
at 0 = I.2

3
, 1.5°, 25°. 35°, 45°, 60°, 75°. 90°, 120° and 140°. The results show good agreement with

theoretical calculations at 0 = 1 .2° and 1 .5°. At 25°. 35°. 45= and 60° a deviation from theory by
a factor ^ 1 .8 was observed. This deviation decreased with increasing angle. Those results, together

with data at E « 7.9 MeV in U, were compared with similar data in
lslTa and evidence for the

contribution of Coulomb corrections to Delbruck scattering was obtained.

Fig. 2. Differential cross section (mb sr) for elastic scattering of 9.00 MeV photons from ”*U and ‘"‘Ta.

The solid curve represents the theoretical cross sections obtained by including the coherent contributions

of Delbruck. Rayleigh, nuclear resonance, and Thomson scattering amplitudes.

16

R. Moreh and S. Kahane, Phys. Lett.
478, (1973) 351

*S. Kahane and R. Moreh, Phys. Rev.
C9 (1974) 2384

R. Bosch et al

36 (1963) 625
Helv. Phys. Acta

Fig. 3. *)] were measured
i akto n

using E = 7.91 MeV photons from the Cu(n, */) reaction.
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Table 1

Elastic differential cross section (mb.sr) for 9.0 MeV photons scattered by 23®U

0(deg) Exp Calc

1.2 691.0 ±85.4 693.8

1.5 400.0+19.3 414.5

4.0 69.4

8.0 15.8

15.0 31.2x10-*

25.0 (461 +38) x IO' 3 939.0 x 10- 3

35.0 (216+17) x IO* 3 376.0 x 10* 3

45.0 ( 1 1 3 ± 1 2) x IO* 3
193.0 x 10' 3

60.0 (54+ 7)x IO* 3 91.0x I0
-3

75.0 (39+ 5)x 10' 3 51.0x IO
-3

90.0 (30 ± 4)x I0‘ 3 35.0 x IO’ 3

120.0 (26+ 3) x 10- 3 31.0 x 10" 3

140.0 (33± 3)x 10" 3
37.0 x IO" 3
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TYPE RANGE TYPE RANGE

G »G ABX 6- 12 C 6- 12 SCD-D DST
(6.84-11.39) (6.84-11 .3 3)

Monoenergetic photons at eight energies in the range 6.84—1 1.39 MeV were elastically scattered from

targets of "'Ta, Pb, and J3,U at 9 = 1.21*— 1.50^. The differential scattering cross section at such angles

was measured relative to the Compton cross section. The photon beam was obtained from the Ni(n,y)

reaction using thermal neutrons. Strong evidence for the contribution of both Rayleigh and the real Delbruck

amplitudes and for their destructive interference was obtained.

FIG. 3. Differential cross sections for elastic scat-

tering of photons from U and Pb. The solid curves

denoted
|
D-Rl* represent theoretical values obtained

by including the Rayleigh, Delbruck, nuclear resonance,

and Thomson scattering amplitudes. The dashed curves

denoted
|
R|* and

j
D|

2 represent almost pure contribu-

tions of Rayleigh and Delbruck scattering, respectively.

|
D+R| 2 represents the coherent sum of Delbruck and

Rayleigh contributions taken to have the same phase.

The NR and NT coherent contributions were also in-

cluded in the dashed curves.

TABLE !. Differential cross section (mb/ar) of elastic photon scattering from U at 8- 1.21*

±0.26* and Pb at 6 > 1.25* ±0.26*. Columns 4 and 7 give the cross section alter excluding the

real D amplitudes.

E (keV) Exp.

U (2-92)

Theory No rest D Exp.

Pb <Z = 82)

Theory No real D

6 837 1274 ±50 1265 2118 917 ±68 885 1443

7 819 932 ±120 890 1675 657 ±53 631 1138

8120 812±220 834 1600 533 ± 160 570 1064

8533 732 ±90 760 1494 452 ±45 503 967

8999 691 ±80 694 1392 443 ±15 436 868

10 596 747 ±450 604 1169 340 ±260 333 642

11388 489 ±114 607 1108 294 ±70 337 594
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78 Li 6 RS

EXCITATION
ENERGY

SOURCE DETECTOR
REACTION RESULT

TYPE RANGE TYPE RANGE
ANGLE

G,F ABX 5.2-6.

4

C 5-6 TRK-D DST

5-6

5. 2-6. 4 MeV Brems

A measurement of the angular distribution and yield of fission fragments from photofission

of
238U has been performed between 5.2 MeV and 6.4 MeV. As -/-source the bremsstrahlung

from a microtron has been used. For the detection of the fission fragments, solid state track

detectors were used. The yield data were evaluated to approximate cross sections. The data

were analyzed within the framework of the double hump barrier model.
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w
a:

<

<

Fig. 2= The figure shows in lower part experimental vidd* \ Jj the >ol»d curves are fits to the yield points. The upper pan shows corresponding

evaluated cross sections (solid curves). The points arc data from A ael et aL ak : dashed curve gives the final calculated fit. dashed curve—

a

fit with barrier parameters similar to those of Back et at D^h-Jot curve results with the changed resonance parameters. c M : dash-dotted curve

assumed energy dependence of the cross section whivh appro* mutely corresponds to the barrier parameters given in Table I. The resonance

structure disregarded
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REF. NO.

238 < 92

78 Me 5 rs

REACTION result excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,AG SPC 43 0 43 SCD-D UNK

Abstract. The unexpectedly large cross section reported by Wolynec « al for the

*J,
U(e,s)e'

,14Th reaction has been investigated. Using an activation method the cross

section is found to be lower by a factor of at least 6 and the results of a direct alpha-parti-

de counting experiment suggest a factor of at least 20. It is concluded that the alpha-decay

mode fan
,
at most, exhaust only a few per cent of the isoscalar energy-weighted sum

rule for the giant quadrupoie resonance.

Chonn*l number

Fifar* l Part of the gamma-ray spectra from ZJ,U (A) before irradiation and (B) after

irradunoa by 43 MeV electrons.
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78 Ne 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.F ABX THR- 29 D 5- 29 TRK-I DST

The 2UU nucleus was studied measuring the electrofission yield and angular distributions of fission

fragments, in the energy range of 5.5 to 28.3 MeV, using a new method of analysis. An £2 isosca lar giant

resonance was found in the photofission cross section of
3I,U. This resonance exhausts (71±7)% of the

energy-weighted sum rule and is located at 9,9^03 MeV with a width of 6.8 ±0.4 MeV. Tib position of

this resonance is in reasonable agreement with the Bohr and Mottelson prediction (S8d
~ ,n MeV). The width

of 6.8 ±0.4 MeV is compatible with a possible triple splitting of the resonance. From the angular

distributions of photofission fragments and yield measurements of multipoles other than £ 1, evidence of an

Ml mixture in the energy region 6-7 MeV was found.

FIG. 1. ***U electrofission fragment angular distributions at several energies, near the fission barrter. The curves
are least square fits of the function W(6)ma +6 sin20 + c sin2

(20) to the experimental points.
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60 176

En (MeV)

FIG. 2. Experimental electrofission yield for n,U. Y„, f(E0). The continuous curve represents Y*.. t; (EJ, defined

by Eq. (5).

(mb), as a function of the photon energy. The JVfl cross section, o*/ (£),

-ifh a cutoff at the low-energy tail due to the decrease in the fission proba-
FIG. 5. The E2 and JVfl components of <j

is represented by a Brett-Wtgner curve

blllty.

TABLE II. Isoscalar giant quadrupole resonance m J,,U

Peak (MeV) Width (MeV) %EWSR Reaction Reference

10-13 85 </» P > Lewis and Horen (Ref. 4)

8.9 ±0.3 3.7 ±1.2 80(50)* (*•('<») Wolynec rr al (Ref. 5)

10.5 ±0.2 1 Q +1.1 40 Houk *i al.

b

9.9 ±0.2 6.8 ±0 4 71 Present work

•The value of 80% was calculated by using expression (84) oi Ref 19 and the rms value

of 5.730 fm (Ref. 7) for the
23,U nuclear radius. The published value is 50%.

These values are for the parameters of the cross section The values in Ref. 7 are for

the reduced transition probability.
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238 92

REF. NO.

78 Zh 6 hg

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TV PC RANGE TYPE RANGE

G,F ABX THR-5 C 3-5 TRK-D 4PI

(THR-4.6) (3. 5-4. 6)

Yield measurements are reported for photofission of
:32

Th, “U, 23,
U, and :3?Np in the deep sub-barrier

energy region 3.5-4.6 MeV where anomalies in the cross section—isomeric shelfs—were previously

observed [Phys. Rev. C. 12, 863 (1975)]; Pis’ma. Zh. Eksp. Teor. Fiz. 22, 255 (1975), [JETP Lett. 22,

118 (1975)]. The various sources of background arising in this energy region, which is only with difficulty

accessible for measurements, are analyzed in detail. Analysis of the anomalies in the behavior of the

integrated photofission yields in the case of the two nuclei “‘U and :3,U most favorable for srudy indicates

a resonance nature of the cross sections for delayed fission and a substantially more complicated physics of
the phenomenon than the simplified interpretation of Bowman [Phys. Rev. C, 12, 363 (1975)].

4 '

the yields in fissions/mg-uC of the photofission

reaction; •—present work and Ref. 7; C—Ref. 8. T and
dashed lines—respectively the experimental and theoretical

estimates of the background due to fissions by neutrons from
the reaction Be(y,n); C and dot-dash lines—the same for the
D(y, reaction. The shaded sections show the level of back-
ground from spontaneous fission and fission induced by
cismic rays.

FIG. 3. Photofission cross sections Of(Er ) in mb for :i'U and

•—results of the present work and Ref. 7; C data of

Ref. 2.
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v.E. Zhuchko, ru.B. Ostapenko, G.N. Sn.irenkin, A.S. Soldatov,
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Yu.M. Tsipenyuk
Yad. Fiz. 28, 1170 (1978)

Sov. J. Nucl. Phys. 28, 602 (1978)

method

u 238

REF. NO.

78 Zh 7

92

hg

REACTION result
excitation
energy

SOURCE oetector
ANGLE

TYPE RANGE TYPE * RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the mtcrotron at our Institute has been used to measure photofission yields of

nme nuclei

—

23JTh, ;3J2isJ3‘ JJ
'U,

:r
Np,

;3,21l
Pu. and '“Am in the energy region 4.4-7.0 VteV. The method

of minimization of the directed deviation was used to reproduce the photofission cross sections from the

integrated yields. The following problems are discussed in terms of the experimental data: resonance

structure of the cross sections, effects of a two-humped shape of the fission bamer. and comparison of the

fissility in the {yj) and (n f) reactions and in direct reactions.

PACS numbers: 25.85.Jg

5 6 7 5 6 7 5 6 7 5~ 6 7

6 , ,
MeV

FIG. 4. Fissility P, In

the reactions (>,/)—•,
(«,/)—A (Ref. 14). am4

in direct reactions

—

C .
2

The dashed curve shows

the results of evaluation

of Pf in accordance with

Eq. (9).

(over)

form N3S-418
(R E V . 7-1 4-64)
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FIG. 2. Yields IMF,,,,), fissions/mg-uC (lower curve), and

cross sections <7„r(£ r ), mb (upper curve), of the photofission

reaction for even-even isotopes—a; comparison of the func-

tions dyf ( Ey) obtained in the present work for jnTh and 238U
with data obtained in quasimonochromatic y rays—b. Curves:

solid lines (and points)—results of the present work, 1—
data of R*1 '. 5, 2—data of Ref. 6, 3—data of Ref. 7, 4—data

of Ref. 8.

FIG. 8. Set of data on dipole photoabsorption cross sections

cra . The solid line (1)—the present work— is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Er
= 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for :33
i;; curve 4 is an estimate by

means of Axel’s formula. 15 Points: T, •—23:Th: .1, a

—

:33U:—

”

8 U: C, •—:33U; T, v_

”

T
JJp ; <>—n»Pu. The hollow

points are from Refs. 16 and 17: the solid points are from
Ref. 6.

/

410
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METHOD
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I z

238 92

REF. NO.

79As4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,F ABX THR-65 D 7-65 TRK-D DST

1 r .

Aosoiuie ciectronssion cross sections ior — u ana — in in tne energy region = l

— 65 MeV and fission fragment angular distributions for £_ = 7 — 30 MeV have been
measured. The angular distributions -show strong anisotropies for low energies. The
relative dipole and quadrupole contributions as a function of excitation energy are

discussed in terms of the low lying fission transition states above the fission barriers. The
cross sections show significant deviations from the results of some earlier measurements,
in particular in the energy region above the giant dipole resonance. From the difficulties

of absolute electro fission cross section measurements and the ambiguities in their

interpretation it is concluded that by this time the quantitative analysis of electrofission

cross sections with respect to the contributions of the giant quadrupole resonances to the

fission decay channel should be regarded as rather tentative.

li'(0) =a + fe-sin
: 0 + c-sin

2
(2(h ll)

where a and b are mixed coefficients. arising both

from dipole and quadrupole fission, whereas c is a

pure quadrupole term describing the 4?- anisotropy.

The solid curves in Fig. 1 represent the least squares

fit results to the experimental data according to the

above angular distribution formula.
(REV. 7-1 A-A4I

USC OMM*N BS*OC

over
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Fig. 2. Top: Anisotropies A = W(90°)/W(0°) corresponding to the least squares fit results from Fig. 1 in the elcctrofission of iJSU and :j:Th.

Bottom: Relative quadrupole contributions C as described tn the test Circles this work, squares [8], crosses [6]
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Fig. 4. Absolute electrofission cross sections of
:s,U and ;,: Th >.«* ».-fk in comparison with the data of Shotter et al. [10] and

Arruda Neto et al. [7]
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CL CM. SYM.

u 238 92

MCTHOO RCF. NO.

79 Be 11 hg

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYP| RANGE TYPE RANGE

G,F ABY 3-6 C 3-6 UKN 4PI

Photofixsion yield measurements on 232Th and U5 :34 JI
*u, showing the "shelf effect,” have been analyzed in

terms of a double-humped fission barrier. From the characteristic of the shelf it was possible to evaluate the

excitation energy £u of the shape isomer. In the framework of the double-humped barrier, with the

competition between y decay to the shape isomer and tunneling through the outer barrier of a compound

state in the second well, it was possible to deduce fission branching ratios in agreement with those known in

the literature. In particular for
232Th a three-humped fission barrier is proposed, the second deep minimum

causing the shelf effect and the third one the narrow resonances detected in this isotope.

FISSION BARRIER ANAL

Analysis of data from 77 Zh 1 and
78 Bo 8

TABLE III. List of experimental E* values (MeV) and
branching ratios R.

NUCLEAR REACTIONS, FISSION :nTh, “S’ 23S’ 2MU photofission yields measure-

ments analyzed in the frame of a double-humped fission barrier model. Exci-

tation energies and fission branching ratios for shape isomers deduced. A
three-humped fission barrier proposed for

:ETh.

£* R (literature) R (this work)

232Th 4.4 • • • (1.0-4) xio' 5

4.6 ... (0.4-1. 6) *10' 3

:3SU 4.2 0.11
1

0.1

4.2 A « A-*2*10" 0.01

TABLE I. Experimental energy values £cnd for in-

vestigated nuclei. The E tl
values for 232Th and 235U are

evaluated from Eq. (5) with pairing gap A i>||

Energy values are in MeV.

Eu •V
232Th 3.5—3.9 b 2.2-2.

6

e • • • 1.3

3.5-3.

9

b
2.8-3.2 e ... 0.7

“U 3.5
d

2.3
e

1.2 1.2

**u 3.6
r

2.56 ? 1.04 1.1

values arc from Ref. 11.
b
Reference 5.

c This work.
d Reference 3.

* Reference 16.
r See Fig. 1.

2 Reference 15.

* Reference 16.
b Reference 15.

TABLE n. Summary of second barrier parameters
for investigated nuclei. Energy values are in MeV.

Va *cua

a2Th 1
6.18 0.47

MJjjO
5.9 0.52

6.0
c

© ’-4
Q.

»«u e
6.0 0.63

1 Reference 8.
b Reference 10.
e Reference 16.
d Reference 22.
e Reference 15.

TABLE IV. Fission barrier pi, ram. tors of :r Th for a double-humped and a triple-humped
barrier. Energy values are in V.cV.

Va Yu Vfl Ym K
‘‘ill

Ye Kuc

double *

humped
5.5 0.9 4 25 0 !*. 6. IS 0.47

triple

humped
5.5 0.9 2 0 l 0 4. IS 2.0 4.96 0.36 6.0 2.0

a Reference 3.

form N3S-4II
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ELEM. SYM.

238 92

method

79 Ja 5 hg

SOURCE DETECTOR
REACTION result ENERGY TYPE RANGE type range

ANGLE

G,F N0X THR-70 C 12-70 SCD-D 90

Energy correlation measurements with semiconductor detectors were performed for the photofission of

:J'U with 12-. 15-, 20- . 30-, and 70-MeV bremsstrahlung. The behavior of the mass distribution with

changing total kinetic energy of the fragments and with changing excitation energy of the compound

nucleus is deduced. The distribution of the total fragment kinetic energy as a function of the fragment mass

and as a function of the average excitation energy of the
‘3,U compound nucleus is studied. The results are

discussed in terms of the two mode and fragment-shell hypotheses. ENERGY, MASS FRAG DST

[NUCLEAR REACTIONS, FISSION a8U(y,F), E7 nB1 = I2. IS, 20, 30, 70 MeV

;
measured fragment energies Eu £2; deduced i\( n , EK)/(,E,tc(E,)) .

9

8

7

5

s

4

3

2

1

9

8

7

6

5

4

3

2

1

— 9

£ 8

ii
« *

• 3

— 2

2 1

•
>

9

8

7

6

5

4

3

2

1

9

8

7

6

5

4

3

2

I

1 1 1

—

*

I I I I I I I

/*•• E, s 70 MeV

' '
I I I

1 ‘“••a L

aa

** E, « 20 MeV .

—>•
1 1 1, 1 1 1

Et 1 IS MtV

E, * 12 MeV -

I -ir*-' L.

TABLE I. Parameters of the overall kinetic energy and mass distributions for the photo-

fission of :39U with 12- . 15-, 20- . 30-. and 70-MeV bremsstrahlung.

Ee (MeV) 12 IS 20 30 70

<£.«(£,)> (MeV) 9.7 11.6 13.4 14.7 19.9

NEV 24 xio3 135 x 10 3 292 xio3 171 xlO 3 127 xlO 3

<£r > (MeV) 171.78*0.56 171.41 i0.13 170.88 170.37 ±0.25 169.41 ±0.30

<r(£ r) (MeV) 11.06i0.24 10.93 i0.10 10.98 ±0.08 11.08 ±0.15 1 1.42 ±0.35

(«) 99.24 i0.18 99.21 i0.10 99.39±0.13 99.82 ±0.12 99.61 ±0.27

<Mr>i/4 <«> 100.03 99.90 99.90 100.12 99.75

<Mw> (u) 138.76 i0. 16 138.79i0.09 138.61 ±0.08 138.18 ±0.20 138.39 ±0.20

137.97 138.10 138.10 137.88 138.25

<Hut) = <j( vH ) (u) 6.41 i0.16 6.63 i0. 18 6.80 ±0.16 6.84 ±0.15 7.40 ±0.70

FW(3/4 )(u) 11.07 11.00 11.07 10.98 11.36

P/V 55 ill 31 ±2 19.2 ±0.6 13.7 ±0.5 8.5 ±0.3

TABLE II. (uL ) 3/4 values for different E, cuts for the photofission of J3,U with 12-, 15-,

20-. 30-
, and 70- MeV bremsstrahlung. (Pt)3/« is the midpoint between the -maximum

points in the light fragment mass distribution.

\ E, (MeV)

Ek (MeVPy 12 15 20 30 70

129-157 92.56 iO.l 5 93.00 i 0.07 93.13 ±0.05 93.55 ±0.07 93.61 ±0.07

158-109 95.80 i0.07 96.01 ±0.03 96.19 ± 0.02 96.56 ±0.03 96.34 ±0.03

170-132 100.38 i 0.06 100.33 ±0.03 100.44 ±0.02 100.63 ±0.03 100.37 ±0.03

183-205 104.43 i0.06 104.29 ±0.03 104.38 ±0.02 104.43 ±0.03 104.09 ±0.03

195-210 105.31 t0.14 105.31 ±0.06 105.91 ±0.05 105.98 ±0.07 105.72 ±0.10

TABI.F. III. values for different Eg cuts for the photofission of M9U with 12-, 15-

20-. 30-, and 70-MeV bremsstrahlung. (p*)}/4 is the midpoint between the }-maximum
points in the heavy fragment mass distribution.

E, (MeV)

60 TO 90 90 100 HO 120 190 140 ISO 160 170 UI0

Provisional mass 1 u )

FIG. 1. Provisional mass n distribution for the photo-

fission of
M9U with 12—, 15—, 20-. 30-. and 70-MeV

bremsstrahlung.

Ew iMeV)\ 12 15 20 30 70

129-157 145.44 ±0.15 145.00 ±0.07 144.87 ±0.05 144.46 ±0.07 144.39 ±0.07
159-109 142.20 ± 0.07 141 .99 ±0.03 141.81 ±0.02 141.44 ±0.03 141.66±0.03
170-132 137.62 ±0.06 137.67 ±0.03 137.56 ±0.02 137.37 ±0.03 137.63 ±0.03
133-205 133.57 ±0.06 133.71 ±0.03 133.62 ±0.02 133.57 ±0.03 133.91 ±0.03
195-210 132.19±0.14 132.19 ± 0.06 132.09 ±0.05 132.02 ±0.07 132.28 ±0.10

(over)
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FIG. 2. Average total fragment kinetic energy £„( » l> ukI its dispersion a E (|i) as a function of the fragment mass
M for photofission of

23,U with 12-, I5-, 20-. J0-, and Tu-MeV bremsstrahlung.

*
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FIG. 3. Change of the average total fragment kinetic

energy with the average excitation energy of the com.
pound nucleus. d(Eg(n)) /d(E„c(E,)) as a function o(

the fragment mass.

TAHLE IV. Dispersion, oiu L
) = <t<

V

H)

.

for the light and heavy fragment mass distribution

for different Eg cuts for the photofission of :38U with 12-, 15-, 20-
,
30- , and 70-MeV brems-

strahlung.

\. E, (Me V)

Eg (Me V)

V

12 15 20 30 70

129-137 7.35 ±0.10 8.24 ± 0.05 8.70 ±0.04 9.00 ±0.05 9.78 ±0.05

158-1C9 6.20 ±0.05 6.54 ±0.02 6.82 ±0.02 7.00 ±0.02 7.52 ±0.02

170-182 5.34 ±0.05 5.49 ± 0.02 5.60 ±0.02 5.65±0.02 6.01 ±0.02

183-205 3.78 ±0.04 3.93 ±0.02 3.98 ±0.02 3.98 ±0.02 4.35x0.03

195-210 2.35 ±0.10 3.02 ±0.04 3.19 ±0.04 3.34 ±0.05 4.16x0.10
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method
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REF. NO.

238 92

79Ja7 hg

REACTION RESUL

T

EXCITATION
ENERGY

SOURCE oetector
angle

tvpc range TYPE RANGE

G,F RLY THR-70 C 12-70 ACT-

1

4PI

Cumulative yields for about 40 mass chains and fractional independent yields of
12,

Sn,
l2,

Sb*,
13l
Te*,

ulTe" ,

l32
I*,

,n
I",

1M
L,

134
Cs,

l35
Xe, and l3*Cs were determined for the photofission of U*U with 12-, 15-, 20-,

30-, and 70-MeV bremsstrahlung. Changes in the characteristics of the mass distribution are studied. An
enhanced yield in the mass region 133-134, decreasing with increasing end-point energy of the

bremsstrahlung (£,), is observed. From the determined independent yields the most probable charges Z,(£,)
are calculated using the value 0.85 for the width parameter c of the charge distribution as deduced from our
results for mass chain 134. The determined Z

t(E,) values are very well described by the empirical relation

of Nethaway except for the mass chain 136. This discrepancy for mass chain 136, which decreases with
increasing end-point energy of the bremsstrahlung, is attributed to an abnormal low yield of '“Cs. Fragment
shell effects are discussed. From the isomeric ratios for

l3l
Te*-

l,l
Te’" and 132

I*-
I3JP average initial fragment

spins are calculated using a statistical model analysis.

MASS CHAIN YIELDS

Data for Fig. 1 given in
Table II

INUCLEAR REACTIONS, FISSION 2aU (>,/), Er m,«12, 15, 20, 30, 70 MeV; 1
measured: fragment y-ray spectra; deduced: mass distributions, most probable
L charges. Isomeric ratios, average initial fragment spins.

|

TABLE tV. Fractional independent yields.

Isotop^V Et tMeV) 12 15 20 30 70

13,Sa* 0.77 *0.12 0.67 *0.11 0.700*0.090 0.702*0.090 0.615 * 0.076
l35Sbx • • • (4.9 ±1.9)xl0* 3

(6.2 *2.3) xlO* 2
(8.5 *2.4) x 10* 3 0.183*0.030

132Sb* 0.915*0.071 0.855*0.050 0.828*0.046 0.798*0.049 0.761 *0.061
23,Te* • • • C7.8 ±4.8)x 10*‘ (8.5 *4.5) xlO* 3

(9.3 ±4.3) x 10" 3 0.109 * 0.041
t3iTe » (2.9 ±0.7)xl0' 3

(5.7 ±l.l)x 10‘ 3 (7.7 * 1.1) x 10* 3 0.100*0.013 0.110*0.013
lKj/ • • • (5.7 ±1.4)xl0' 3

(7.4 ±1.5)xl0* 3 (1.17 ±0.21)xl0* 3 (2.82 ±0.51)xl0' 3

in[»» • • • (3.9 * 1.2)x 10* 3 (5.7 * 0.9) x 10" 3 (1.26 ±0.17)xl0' 3
(2.13 ±0.39) x 10* 3

t34j 0.169 ±0.041 0.213*0.024 0.227*0.028 0.255*0.023 0.275*0.025
tMCs • • • • » * (4.0 * 1.5) x 10" 5

(8.6 ±3.4)xl0* 5 (1.33 *0.14) x 10" 3

135Xe (3.5 ±1.5)xl0* 3
(4.4 ±1.7)x 10* 3

(5.1 * 1.2) x 10" 2
(6.0 ±1.2) x 10* 3 (7.7 ±1.3) x 10‘ 3

23«Cs (4.6 ±l.l)xl0‘ 4
(1.06 * 0.11) x 10* 3 (1.36 * 0.16) x 10* 3 (3.62 ±0.32)xl0' 3 (1.15 * 0.12) x 10" 3

* Fractional cumulative yield.

TABLE VI. Isomeric ratios ctm / {<j,‘ (rj

.

Isomeric pair\f^ IMeVl 15 20 30 70

l31Te"—,3,Tex 0.43*0.15

0.41*0.09

0.43*0.14

0.44 ±0.06

0.52*0.12

0.51 *0.06

0.50*0.10

0.44*0.05

over
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MASS NUMBER
/

FIG. 1. Post neutron mass distributions for the photo-

fission of JMU with 12-, 13-, 20- , 30- , and 70-MeV
bremsstrahlung. The yields have been multiplied by the

scale factor given in parentheses.
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METHOD

Lazareva, V.G. Nedorezov, ELEM. SYM. A Z

U

REF. NO.

238 92

79 Ko 11 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANSE TYPE PANCC

G,F ABX THR-26 C 7-26 SPK-D 0

A 35-MeV synchrotron has been used to measure photofission yields in the range of bremsstrahiung

maximum energy Ey^s 7-26 MeV for samples of
241Am and 243Am. The fission fragments were detected

by multiwire spark counters. From the yield curves we have obtained the fission cross sections and

fissilities of
241Am and 143Am in the region of the £1 giant resonance.

PACS numbers: 23.85.Jg, 24.30.Cz, 27.90. + b

FIG, 1. Photofission yields of a*U (z),
aiAm (b), and 245Am (c)

for various maximum energies E
y m„ . The dashed lines show

the yield ratios F/<
24,Am)/y)(2MU) and K/ (

24‘Am)/r/(
23S

U) (right-

hand scale).

FIG. 2. Photofission cross sections of 228U (a),
M,Am (b), and

245Am (c) in the region of the £1 giant resonance. In hg.^i „
the dashed line shows the curve measured for 23,lt in Ref. 9.

;
= or - I

0 —I 1 ; i 1—

I

* !0 n U U ru u if—- Ef ,
M*v

FIG. 4. Fissilities Df of the nuclei 23
*U, “'Am, and “5Am in

the region of the peak of the El giant resonance.
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METHOD REF. NO.

79Mc2 hg

REACTION

E,F

RESULT

NOX

EXCITATION
ENERGY

THR-110

SOURCE

no

OETECTOR
ANGLE

SCD-D 110-165 90

Abstract: Fission of 232Th. 237Np. 20,
Bi.

235U and 238U induced by 1 10 MeV electrons has been studied

by means of surface barrier detectors. The resulting mass and kinetic energy distributions are MASS AND EGY DISTRIB
presented. Comparison with the liquid drop model predictions shows reasonable agreement in the

case of
20,

Bi. The data are analysed in terms of a two component model of fission and the mean
total kinetic energies of the components are shown to depend linearly on Z

l
Zl(.4[

1 + A l

2

3
).

Interesting differences are found when the present results are compared with the recent photo-
fission experiments of Areskoug ei al. and features in both sets of data correlate with changes of
fragment deformation implied by the calculations of Wilkins ei al.

NUCLEAR REACTIONS 237Np. 232
T7>,

:o,
Bi.

238
U, 235

U(e. f). E = 110 MeV; mea-
sured fission fragment £, deduced mass.

HEAVY FRAGMENT MASS

Fig. I. The HFM yield distributions for elcctrofission of 2u,
Bi,

232Th and 23'Np and spontaneous

fission of 2,2
Cf. Statistical uncertainties are shown where larger than the size of the points in this and

succeeding diagrams. The solid line in the 2!2Cf case represents the experimental results of Schmidt

ei al.
,2

). In the 20
'*Bi case the solid line represents a Gaussian fit to the data while the solid lines in the

other two cases are the result of a two component analysis (see text).

Table 2

Mean total KE (MeV)

Target

present work

semi-empirical [ref.

')

“)]

Width

present

work

»»u 171 8±3.4 168.3 169.4 1 1.6 ±0.1
zasy

1 71 .3 ± 3.4 169.1 170.1 10.8 ±0.1

232Th 167.0 + 3.3 163.4 163.5 9.6 ±0.1
» 7Np 174.3 ±3.0 171.9 173.3 11.5 ±0.1
20,

Bi 140 ±4 146.5 143.9 11.5 ±0.4

•) 0.1071Z:M ,,3 + 22.2. ___ 0Ve r
*) 0.1240Z 2/.4'' J

.

/-I «-«4l
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mean

total

I

is

>
fc 11

X

s
* 9

i **

*?( l

100 120 140 160

hcavt fragment mass a.m.u.

>
*

•ui

M

i

5

*

200
I

180

160

140 -

120 —
1S0

I

2*
IP*”

I-
m
h»*
li 131

i i

it
*

170 190 210 230

ZW2/< At* .A2* ) ,

Fig. 3 Total fragment -kinetic energy data from electrofission of 23, U, 235U, 2J,Np. 232Th. 20,
Bi and

for spontaneous fission of 2!2
Cf. (A) Mean TK.E versus HFM. The lines represent the LDM calculations

of Nix jnd Swiatccki 13
)
- solid

23,
U, short dash 23, U, long dash 2og

Bi, dot
237Np and dot dash 232 Th.

(Bi Width of the TK.E distribution versus heavy fragment mass. (C) Mean total fragment kinetic energy

versus Z
l
7.r (A\

3

3

). (D) Mean total fragment kinetic energy of the symmetric (enclosed by the

dashed line) and asymmetric components versus Z
l
Zv (A\

:i + Ai'
i
). In (AXC) and (D) the relative

uncertainties between targets are + 3 MeV and the absolute uncertainties are +4 MeV.
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ref. A.C. Shotter, C.H. Zimmerman, J.M. Reid, J.C. McGeorge, A.G. Flowers

Nucl. Phys. A330 , 325 (1979)
ELEM. SYM.

u 238 92

METHOD REF. NO.

79 Sh 10 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

' E,N ABX
— ~£ 20-120 ACT-D 4PI

Abstract: The total cross section for the reaction
238

U(e, n)
237U has been measured for electron energies

between 20 MeV and 120 MeV. The cross section is analysed into El and E2 multipole
components. A value of Tjr, for the E2 component is deduced assuming that the strength of this

component is concentrated between 9 and 1 1 MeV in excitation energy.

VIRT PHOT. ANALYSIS

NUCLEAR REACTIONS 238
U(e, n), E =• 20-120 MeV: measured ix<£).

23*U resonance
deduced TJT

,

for E2 component. Separated target.
237U residual activity detected by

Ge (Li).

Curve 3

Curve 2

Curve I

ffl X)

4 “

Ftg. 2. Cross section for the reaction
238

U(e, n)
237U versus incident electron energy. The dashed curve is a

line through the data of ref.
9
). Curves 1 and 2 are best fits to the data with an El process only;

<f>i 7(tjd * 0 mb and 10 mb respectively. Curve 3 is best fit to the data with an El and E2 process.
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ref. J„ Visser, G.A. Brinkman, Gees N.M. Bakker

Int. J. Appl . Rad. & Isotopes 30, 745 (1979)

EL EM. SYM.

238 92

METHOD REF. NO.

79 Vi 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,SPL ABY THR-300 C 300 ACT-

1

4PI

Cross section per equivalent quantum: 209ftt (15.8±0.8) mb
210

At (17.9±0.8) mb

Photospallation cross sections of 222Th with bremsstrahlung beams of 0.25, 0.30 and 0.35 GeV maxi-
mum energies have been determined for

J0,At (66, 87 and 280 jib).
2l0At (74, 98 and 230 pb) and 1,, Rn

(28. 40 and 130pb). These yields are an order of magnitude lower than predicted by the Rudstam
CDMD formula, possibly as a consequence of the rather thick Cu converter that was used. Irradiation

of UO, at 0.3 GeV resulted in cross sections for
J0,At: 15.8 jib and for

2l0At: 17.9 ^ib. Cumulative
photofission cross sections have been determined for A = 135 at 0.25 GeV (1.96 mb) and at 0.35 GeV
(2.53 mb). Half-lives were measured for

207Po (6.7 h) and 21 'Rn (14.6 h).

form NSS-418
(REV. 7-1 4-841

USCOMM-NBS-OC

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROSPHOTONUCLEAR DATA SHEET 422



ref. V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin, A.S. Soldatov

Yu.M. Tsipenyuk
Yad. Fiz. 3£, 634 (1979)

Sov. J. Nucl. Phys. 30, 326 (1979)

METHOD

ELEM. SYM.

238

REF. NO.

79 Zh 3

92

hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

S.F YLD THR-7 C 5-7 TRK-D DST

(5. 2-6. 4)

We report the method and results of measurements of angular distributions of fragments in the (yf)
reaction for

lnTh ,

22
*lf, and 111U carried out in connection with the investigation of the properties of deep

sub-bamer photofission: the isomeric shelf phenomenon, disappearance of the angular anisotropy

and the absence of this effect and of the sub-barrier enhancement of quadrupole photofission in
211

77i . The experimental data presented permit an understanding of the nature relation of these

properties in terms of the concept of a two-humped fission-barrier structure.

PACS numbers: 25.83.Jg

TABLE I. Parameters of the angular distributions of photo-

fission fragments.

M«V
N, BO.

Jit.

uC
csla 6sib esde

“Th (4-2U0m|/cm1
)

552 8.9- 10* 0.000*0.06 1.000*0.06 0.250*0.080

5.2 758 l.O'lO* 0.000*0.08 1.000*0.08 0.225*0.100

Q.-i 46 940 510 0.06*0.03 0.94*0.03 0.06*0.04

6.4* 29340 10900 0.014*0.002 0.956*0.003 0.028*0.006

“*U (8-1.7 mt/cm
2

)

4

5

tss 9.6 10* 0.72*0.25 058*0.28 1.71*055
4.75 25*3 2.0 to* 0.17 *0.20 0.83*0.20 0.18*0.15

5.0 3441 0.5-U* 0.10*0 10 0.90* a. io 0.20*0.15

5.1* 852 (1.9- Hi* o.o;*i>u2 0.96*0.03 0.187*0.048

S55 23 6.TO o.t to* 0.06*0.03 0.94*0.03 0.12*0.04

5.5 16 530 1.5 10* 0 tin) 08 0.89*0.08 0.42*0.08

5.8* 4623 0.17 to* 0.040*0.012 0.960*0.024 0503*0.028

"•U (4-0.8 mf/cm
2

)

4.5 612 8 9 10* 1 000*0.3 0 000*023 2500*0.35
5.0 3917 1.0* 11* 0 20i>±0.1 0.800*0.1 0.250*0.15

55 12 »•) 2.0 104 0.130*0.07 0.850*0.07 U500*0.I3
5.5 • 12 700 1.6 to* 0.048 *0.006 0.952*0.014 0.479*0.016

5.75 • 7695 2.0-Hi* 0.027*0.1* .5 0.973*0.013 0.452*0.015
60* 7681 4.0 11* 0.ol2*o.uo5 0 958*0 013 0.166*0.013

6.25* 9831 2JM«p o.o69*0.i»i5 0.931*0.013 0.110*0.013

6.5 • 10 150 1.0 to* <M 12*0.006 0.388*0.013 0.080*0.014

6.75 • 1UUMO 5000 0.t'JO*0.o08 0 SOI *0.014 0.051*0.015
7.0* 7762 25U) 0.257*0.1*# 0.743*0.014 0.071*0.015

7.25 • 4790 1000 0.320*0.ui/9 0.680*0.014 0.038*0015

***U (8- 200 mi/cm
2

)

4.15 130 12.8 ID* 1000*0.2 0.000*02 0.230*0.30

4.4 434 9 5 ti* 0.040*0.35 0.060*0.35 2.500*0.40
4 3 7252 1.0-H* 0.490*0.04 0.510*0.04 2.8*10*0.03

5.4 449070 0.4 ll* 0.020*«m ns 0930*002 0 400*0.02

5 ;
• 5761 05 to* 0.094*0.011 <i.9u6*U.U15 U.3t^*0.U26

Note. N is the total number of tracks recorded by the detec-

tors; J&t is the integral of the current of accelerated electrons

at the bremsstrahlung target; 6 is the thickness of the fissile

target. The results marked by an asterisk were obtained by

the circular glass plate technique3
; the remaining results are

in the 4 t geometry.

W(9)=a+b sin
2
9+c sin

2_
20

FIG. 3. In the upper and central parts we have shown the

parameters of the angular distributions of fragments from
photofission of 222Th, asU, and 22®U as a function of Ema .

Points: —results of the present work, e— results of Refs.
2 and IS, O—results of Ref. 13. In the lower part: the

hollow circles and their connecting solid lines are the total

yield of photofissions of the corresponding nuclei,®* 10 the solid

circles are the isotropic component of the yield

—

Y„, and the

dashed line is the component Yt which has been normalized to

Ya In the region of maximum anisotropy. The dashed line in

the upper part of the figure shows the asymptotic value of the

coefficient e®* c/h®1 0.05 for energies above the barrier [see

Eq. (3)].

form N3S-418
IR EV. 7-1 4-S4)
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U.S. DEPARTMENTOF COMMERCE
NATIONAL BUREAU OF STANDARDSPHOTONUCLEAR DATA SHEET 423



J.D.T. Arruda Neto, S.B. Herdade, I.C. Nascimento
Nucl . Phys. A334, 297 (1980)

CL EM. SYM.

u 238 92

METHOD REF. NO.

80 Ar 4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

E,F ABX THR-9 5-9 TRK-0 OST

Abstract : A formulism for thejoint analysis of angular distributions of electro- and photofission fragments

is presented, utilizing the vitual-photon spectrum technique in DWBA. This formalism is applied to

the study of angular distributions for the electrofission of :38
U. measured near the fission barrier,

to obtain information about the low-lying levels ( J '. K) of the transition nucleus. The (2*.U).

(1~,0). and (I*. 1) levels, previously detected in photofission experiments, were confirmed.

Evidences of a significant contributions of (I ~. 1). (2*. l)and (2*. 2) levels are also presented.

NUCLEAR REACTION 238
U(e. e f). E = 5.5-9 MeV; measured fission fragment rr(0):

J38 U deduced low-lying fissioning levels. Natural target.

Fig. 6. The circles with error bars represent C7*p (see text), obtained by least square fits of the function
IF(») = + sin'0 + C, sin

: 20 to the experimental 238 U electrofission fragment angular distributions.
The dashed curve is the result of the integral of eq. (22). with a. ,(2*, 0) = af'j. The continuous curve

represents the same integral with <r_ ,(2*, 0) =

15 f&>

Q£°) =—
J o

<T

<

2;-
0,(£)N,E2 * )

(£. £0 )
—

. (22)

(OVER)

FORM N8S-41C
IRCV. MLMI
USCOMkMIHC PHOTONUCLEAR DATA SHEET 424
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Fig. 7. The points in circles and the continuous curve represent the ratios C B of :38U photofission

fragment angular distributions as a function of the photon energy, taken from Dowdy and krysinski "')

and Rabomov ei at.
4
), respectively. The points in squares represent the ratios C, of

:J!IU electrol'ission

fragment angular distributions as a function of the electron incident energy, from this work. The da>hcd
curves are only to guide eyes. The single arrows indicate in the energy scale the mean values of fission

channels thresholds taken from the litterature
4- 10 - l3 ’ ’*). and double arrows from the conclusions

of this work.

15 C*> dE
Ce(£0 ) =.— 0\E)N{EZ - *’(£, E0 )

—
. (22)

Table I

Low-lying levels in the
:J,

L' transition nucleus, identified in photofission and electrofission

<L’. K)

Energy (MeV) Threshold (MeV)

*) c
)

") *) ')

or»
5.5 5.0 4.5 ±3.3 5.95

(I'.O) 6.2 6.5 5.7 5.98 ±0.06 6.70

IlMl 6.6 to 7.0 6.7 7.0 6.63 ±0.04 6.80 6.6

(2*. 1) 7.2

(2*. 2) 7.4

') Anderl et a!.. 1973; Compton scattering y-rays [ref.
l3

)]
b
) Dickey and Axel. 1975; bremssirahlung monochromator [ref.

l4
)].

“) Rahotnov et at.. 1970; bremssirahlung [ref. *)].

‘‘) Dowdy and Krysinsky. 1971 ; neutron capture y-rays [ref.
I0

)].

*) Lindgren el at.. 197X. bremssirahlung [ref. ’)].

') Present work, electrons l virtual photons).
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"tf. V. Bellini, V. Emma, S. Lo Nigro, C. Milone,
6. Bologna
II Nuovo Cimento 55A , 182 (1980)

METHOD

G.S. Pappalardo,

Card 1 of 2

EL EM. SYM.

U

REF. NO.

238 92

80 Be 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TV RE RANGE TYPE RANGE

S,F ABX 100-999 C 100-999 TRK-D 4PT

Calculation and reported cross section valves assumed for cross sections below 150 MeV.

Summary. — The cross-section per equivalent quantum in the fission

induced in -”l: by a quasi-monoehromatic photon beam has been measured.
The photon beam was obtained by coherent bremsstrahlung from
1000 MeV electrons striking a diamond single crystal. In the experiment
the energies of the main peak of the photon spectrum assumed sixteen
different values in the range from 220 MeV to 500 MeV. The lissiou

fragments have been detected by means of glass sandwiches containing
thin targets of I'F,. The cross-section per photon from 100 MeV to

1000 MeV has been deduced from the experimental yields applying an
appropriate unfolding method after having subtracted from the yields

the contribution due to photons with energies below 100 MeV. The
obtained cross-section clearly shows a resonance centred at a photon
energy 320 MeV with a FWIIM ~125 MeV and a peak value of 70 mb.
This resonance is in good agreement with the first baryon resonance in

pion photopioductiou. The energy dependence of the photofission cross-

section for 4M
L' can be explained by both assuming that the photomesouie

absorption mechanism prevails over the quasi-deuteron interaction in

producing lissiou above 150 .MeV and that the nuclear fissilitv increases
with the energy.

Fig. 2. - Fission cross-section per photon f(k) of *»U rs. the photon energy k. Expert-
mental data: . ref. (•). o ref. («•), • ref. (»). * ref. (>*). The dashed curve represents
t to cross-section assumed in ref.

(
u

). The dash-dotted curve is the cross-section obtained
in the present work.

form N8S-41S
1R IV. 7.1 4-441

USC OMM-N IS-O C

(OVER)
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Fi<». 3. - Photofissiou yields per equivalent quantum of -M
(
T
as a function of the first

peak energy k
f
of photons. • our experimental results. The continuous curve represents

emit rihiltioli due to photons with energies /.• < 100 MeV. The dashed curve
represents the contribution arising from the photons in the giant-resonance region only.

Fig. 5. - Photofission cross-section of *®«U estimated by our unfolding method.

'Parle II. - Estimated ji
croxx-xectinnx of

:3M* and rorresftondimj error*.

k (.MeV) j(k) (mb) k (MeV) f(k) (tub)

100 10.3 - 10.4 580 41.8 - 0.2

lt.0 10.!) ± 5.1 040 43.9 - 5.9

220 31.4 ± 5.1 700 40.8 — 5.7

280 8.3 700 48.3 = 5.9

340 • >0.8 ± 7.4 820 48.7 = 0.3

400 54.4 - 4.8 880 48.0 = 0.7

4C0 44.5 ± 5.2 940 47.8 ± 0.9

520 41.0 ± G.2 1000 40.1 ± 7.1
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«er V. Bellini, V. Emma, S. Lo Nigro, C. Milone, G.S. Pappalardo,

G. Bologna
II Nuovo Cimento 55A , 182 (1980)

Card 2 of 2

METHOD

El. EM. SYM.

U

REF. NO.

238 92

80 Be 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPI RANGE TYPE RANGE

G-F ABX 100-999 C 100-999 • TRK-D 4PI

Calculation and reported cross section valves assumed for cross sections below 150 MeV.

41 44 -H 41 4) 41 41 44 41

form H8S-41S
IREV. 7*1 4*441
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ref. J. T. Caldwell, E. J. Dowdy, B . L. Berman, R. A. Alvarez, P. Meyer
Phys. Rev. C21_, 1215 (1980)

METHOD

CLEM. STM.

u

REF. NO.

238 92

80Cal egf

REACTION RESULT
EXCITATION
ENEROT

SOURCE OETECTOR
ANGLE

TVRf RAN9C TYRE RANGE

G,1N ABX 5-18 D 5-18 BF3 - ~ I 4PI

G.2N ABX 9-18 D 5-18 BF3 - S I 4PI

G,F ABX 5-18 D 5-18 BF3 I 4PI

The photoneutron cross sections cri',f,n) and ji), and total photofission cross sections aiy\F) have

been measured for
U5

U,
33
*U, ”*U, and 33JTh from threshold to 18.3 MeV using monoenergetic photons from

the annihilation in flight of fast positrons and neutron-multiplicity detection in an efficient 4ir neutron SEE ALSO 80CA2
detector. Use of the ring-ratio technique allowed both the average photofission neutron energy for each

nucleus to be obtained as a function of photon energy and. for
33‘U and 33,U. the determination of the

partial cross sections for first-chance aiyf) and second-chance aiy.nf) photofission as well. Information

extracted from the data includes integrated cross sections and their moments, giant-resonance parameters,

deformation and radius parameters, and relative and absolute neutron and fission probabilities.

' NUCLEAR REACTIONS and 232Th (y,n,2n,F), Er *5-18.3 MeV;
measured 4r neutron yield, neutron multiplicities, and average energies for

monoenergetic photons; or (Er , In), <r(£y ,2n), <j(E7 ,F), Integrated cross sec-

tions and moments, GDR parameters, nuclear shape parameters, neutron and

fission probabilities.

TABLE n. Parameters of Lorentz-curve fits to the giant dipole resonance. 1

Nucleus £„< 1) (MeV) *«(1) (mb) 11
T(l) (MeV) £*(2) (MeV) <rJ2) (mb)" T(2) (MeV)

jay 10.90±0.05 328 ±19 2.30 ±0.15 13.96 ±0.09 459 ±10 4.75± 0.32

10.92 ±0.04 271 ±16 2.55±0.17 13.78±0.08 415 ±10 4.88± 0.24

»C 10.77 ±0.04 311 ±20 2.37 ±0.13 13.80 ±0.09 459 ± 9 5.13 ±0.35
:=Th 11.03 ±0.04 302 ± 19 2.71 ±0.13 13.87±0.08 449 ± 9 4.77±0.28

1 Lorentz parameters defined by Eq. (1); the fitting interval for all cases is 9 to 18 MeV.
b Uncertainties for given here are relative. The absolute uncertainties are 7%.

TABLE IV. Nuclear shape parameters.

Nucleus <b)
e

<?, (b)
f

<?o (*>) ?

SSy

!MU
33*U
23STh

0.3S

0.34

0.31

0.38

1.308

1.287

1.309

1.283

0.595

0.556

0.596

0.547

0.315

0.295

0.316

0.290

12.0

11.2

12.1

10.7

10.6 ± 0.2

10.75 ±0.7

11.3 ±0.1

9.8 ±0.1

11.0 ±0.5

10.3 ±0.4

11.1 ±0.5

9.8±0.4

*Area ratio, defined by Eq. (6).

b Deformation parameter, computed from Eq. (3).

'Nuclear eccentricity, computed from Eq. (4).

d Deformation parameter, computed from Eq. (7).

* Intrinsic quad rupole moment, computed from Eq. (8), with /t, taken to be 1 -20 fm.

f Intrinsic quadrupole moment, taken from Ref. 47.

8 “Best value’’ for Qj, computed from Eq. (8), with Rg taken to be 1.15 fm (see text).

TABLE V. Integrated cross sections. 1

Nucleus (MeV b)

•Tim (V. 2»)

(MeV b)

»u.«(r.-n

(MeV b)

i»(a„(i)ra)±ff-±(2)r(2)j b

0.06NZ/A

!BU 1.14 0.20 2.16 1.37
t:«U 1.26 0.45 1.45 1.26

1.36 1.13 1.09 1.43
t«Th 1.66 1.45 0.37 1.41

FIG. 12. Ratios of the first-chance photofission cross
section <r(yj) to the total photofission cross section

o(y ,F) = <j[(y J)+(y ,nf)]: (a) for :3SU, (b) for 3MU.

* ffim (>•*) =/ atY ,x)dEr Integrated from threshold to the maximum experimental energy

18.3 MeV.
^Uncertainties given here are relative. The absolute uncertainties are 7%.

(REV. 7,1 4,Ml
uac QMM<4<ES<OC

over
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6 8 10 12 14 16 18 20

Photon Energy (MeV)

FIG. 4. Photonuclear cross sections for 2MU: (a)

<t (y , tot), with a Lorentz-curve fit; (b) <j (y ,n); (c) a (y ,

2ji); (d) a (y , F).

100

80 _ (b)

60 -
*
oT 40 -

20 -

0

!

I .
I

I
'I

(t.M t
i

T (y,n)

236,

6 8 10

Photon Energy (MeV)

12

FIG. 15. Fission probability Pf from the ratio of

J) to the value at each energy of the two-compon-
ent Lorentz-curve fits to the GDR shown in Figs. 2- 5:

(a) for 23SU, (b) for 23SU, (c) for 233
U, (d) for 232Th.

TABLE VI. Integrated cross-section moments.*

Nucleus
*-i
(mb)

<T.|A**^3

(mb)

»-2

(mb MeV"1
)

<7.9

0.0022SA
a.sK

0.05175s/)

0.05175 A^3

(MeV)

335U 278 0.191 23.1 1.15 1.36 20.1

33*U 252 0.173 214) 1.04 1.21 22.2
33*u 286 0.194 24.0 1.17 1.38 19.7

33ITh 276 0.194 22.8 1.16 1.35 19.9

* a., = / o(y, tot) Ey *t d£y and a., = / <Jty, tot>£
r
'! dEr, Integrated from threshold to EymMM

• 18.3 MeV.
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ref. J* T. Caldwell, E. J. Dowdy, R. A. Alvarez, B. L. Berman, P. Meyer
Nucl. Sci. Eng. 73, 153 (1980)

ELEM. SYM. A

U 238 92

METHOD RCF. NO.

80Ca2 egf

REACTION RESULT EXCITATION SOURCE OETECTOR
ANGLE

ENERGY TYPE range TYPE MANGE

G,F POX 5-18 D 5-18 BF3 -J. D 4? I

G,F VOX 11-17 D 5-18 BF3 D 4PI

G,F 5-17 D 5-18 BF3 -s D 4PI

The prompt neutron multiplicities for pliotofission of the four isotopes
235

U,
236

U,
233U. and 23-Th have been measured with monoenergetic photons over the energy range

from 5.5 to 18 Me V using the annihilation in flight of fast positrons. The delayed neutron

yield has been measured for all four isotopes at 10.9- and 16.8-MeV photon energies.

The ratio of first- to second-chance fission has been measured as a function of energy up
to 1 7-Me V excitation energy for 336U and 238Uphotofission.

PROMPT N MULT

DELAYED N YLD

RATIO 1-/2- CHANCE F

PHOTON ENERGY (MeV)

Fig. 6. Prompt neutron multiplicity width parameter data

as a function of excitation energy. Solid circles are experimen-

tal data, and straight lines are the least-squares fits to these

data (see Table II).

8 9 10 11 12 13 14 15 16 17 18
PHOTON ENERGY (MeV)

Fig. 7. Prompt neutron V
p data as a function of excitation

energy. Solid circles are experimental data, and the straight
lines are the least-squares fits (see Table IV) to these data. A
single straight line fit was not obtainable for

:3J
Th.

over
form NSS-41S
<*CV. 7*1 #4)
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Fig. 8. Experimental Ofl(<jf + a„f) data as a function of

excitation energy (solid circles). The smooth curves drawn
through the data are intended to guide the eye and are not

based on analytic Fits to the data. Threshold values are from

Ref. 15.

TABLE II

Multiplicity Width Parameter

Isotope Least-Squares Fit

235u o= 1.009 + 0.0110 £
o = 0.840 + 0.0253 £

238u o= 1.003 + 0.0227 £
a2Th o= 1.183

TABLE IV

Prompt Neutrons per PhotoFission. v
p(E)

Isotope Least-Squares Fit

Correlation

Coefficient

asu vp = 1.610 + 0.133 £
(all data)

0.965

vp = 1.881 +0.1 16 £
(all data)

0.906

a8u vp = 1.862 +0.123 £
(all data)

0.969

JMTh

(
vp = 2.826- 0.143 £

)
(6.0 <£<8.2 MeV)

0.819

)
~vp

= 0.453 +0.175 £
( (£>8.5 MeV)

0.927

Fig. 9. Yield of delayed neutron from photofission as a

function of 3Z-A. Solid line is an evaluated least -squares fit to

existing data as of 1975 (Ref. 18). Solid circles are the present

results. Solid squar- s are from Ref. 15.

TABLE V

Prompt Neutrons per Photo fission at 8.5 MeV

Isotope From Ref. 15 Present Data

«5U 2.85 ±0.09 2.74 ±0.10

23«U 2.66 ±0.11 2.71 ±0.10
u*U 2.74 ± 0.09 2.91 ±0.10
alTh 2.07 ±0.11 1.94 ±0.08

TABLE VII

Comparison of Values o(vp for Photofission of

Excitation Energy From Ref. 34 Present Results

9.7 2.85 ±0.11 3.06 ±0.08
11.6 3.39 ±0.12 3.29 ±0.07
13.4 3.44 ±0.11 3.51 ±0.07
14.7 3.57 ±0.11 3.67 ±0.07
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*tr - D. De Frenne, H. Thierens, E. Jacobs, P. De Gelder, A. De Clercq,
P. D'hondt, A.J. Deruytter
Phys. Rev. C21_, 629 (1980)

ELEM. SYM.

U

A

238

z

92

method REF. NO.

80 De 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F RLY THR-20 C 20 ACT-

1

4PI

Fractional independent or cumuLitive chain yii:lds of 35 fission products were determined for the

photofission of
:J,U with 20-MeV bremsstrahlung, using direct y spectroi

samples, y-ray spectrometry of fission product catcher foils, and chemical s

mass chains 131-136 the width parameter c of the charge distribution was o

0.93+0.06 was deduced for c. A comparison of this c value with the results

netry of irradiated uranium

eparation techniques. For the

btained. An average value of

"or other low-energy fissioning -

systems indicates that the width of the charge distribution is practically independent of the excitation energy

of the compound nucleus. Using the average c value, the most probable charges Z
P (20 MeV) were

calculated for S light and 12 heavy mass chains. A comparison of the deduced Z„(20 MeV) behavior with

the expectations of the unchanged charge density hypothesis shows the higher charge-to-mass ratio of the

light fragments compared to the heavy ones and the influence of the closed 50-proton shell on the charge

distribution. The Z
?
(20 MeV) values determined are very well reproduced by the empirical relation of

Nethaway except in the vicinity of the Z = 50 line.

MASS YLD 88 TO 139

NUCLEAR REACTIONS, FISSION jaU(y,F), Eyma = 20 JVIeV; measured: frag-'

ment y-ray spectra; deduced: charge distributions, width and most probable

. charges.

FIG. 1. Charge distribution for the mass chains 131, 132, 133, 135, and 136 for the photofission of :aU with 20-MeV
bremsstrahlung. O is the experimentally determined fractional cumulative chain yield (FCY) and • is the experimen-
tally determined fractional independent chain yield (FIY). A least-squares fit to the data based on expression (2) is ( OVER)
represented by the full line (FIY) or by the dotted line (FCY).
FORM NSV4II
(R IV. 7-I4.S4I
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TABLE II. Fractional independent and cumulative

chain yields and deduced Z, (20 MeV) values for the pho-

tofission of 238U.

‘Wp«. P roduct Fractional chain yield Zp (20 MeV)

88 8SBr 0.740 ± 0.080(c) 35.10*0.16

90 MKr 0.838 * 0.093(c) 35.90 ;1*

91 M Kr 0.665 * 0.087(c) 36.17*0.20

93 83 Rb 0.736 ± 0.129(c) 37.11

94 94Sr 0.884 * 0.099(c) 37-7613 2

95 »Sr 0.848* 0.071(c) 37.87

96 «Nb (1.1* 0.5) x 10”4 38.17^
100 l04Zr 0.870* 0.108(c) 39.81 lj;g

128 l2*Sn 0.700 * 0.090(c) 50-17*0.20

131 t^Sn' 0.096*0.013 50.86*0.09

131Sn™ 0.159*0.024

l31 Sb 0.573*0.057

tnTe/ (8.5* 4.5)x 10” 2

i3iTe * (7.7* 1.1) x 10*2

132 l32Sn 0.181±0.019(c) 51.103$
l32Sb* 0.169*0.037

132Sb" 0.339*0.051

tKTe 0.299*0.096

(7.4* 1.5) x 10
“3

1 32
j
m

(5.7* 0.9) x 10
-3

133 l33Sb 0.450* 0.046(c) 51.62 1?a
l33Te' 0.147*0.040

133t0
* 0.348*0.034

I33j (9.5* 2.6) x 10

134 1J4j* 0.118*0.018 52.07*0.08

134j * 0.109*0.010

13'CS (4.0* 1.5) x 10*5

135 t3STe 0.567* 0.062(c) 52.40 13;}3

13S| 0.393*0.078

l3SXe 0.051*0.012

136 l3STe 0.230 ±0.028(c) 52.87 1®;92

I36j/ 0.109*0.017

I36j m 0.304*0.039

136C3 (1.86 * 0.16) x lo
* 3

137 ‘”1 0.679*0.080(c) 53.15 3

l37Xe 0.266*0.056

138 I 3
8l 0.300* 0.036(c) 53.87

139 ,3*Xe 0.812*0.084(c) 53.9513;?!

t ;o "’Xe 0.594* 0.061(c) 54.40*0.07

“°Cs 0.416*0.053

144 ‘"Ba 0.788*0.084(c) 56 .07 U:“,

l44La 0.237*0.078

(c) = Fractional cumulative chain yield.

TABLE HI. Values of the width parameter c deter-

mined for the photofission of 238U with 20-MeV brem-
sstrahlung.

Mpo* c

131 0.90

132 0.95 iSjj
8

133 1 *ua -0.23

134 0.86*0.09

135 1.06 IJljj
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W. Gunther, K. Huber, U. Kneissl,
-Z. Phys. A 295, 333 (1980)

METHOP

H. Krieger, H.J. Maier ELEM. SVM. A Z

u

REF. NO.

238 92

80 Gu 4 hg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RAN GC TYPE RANGE

G,F RLY THR-55 C 15-55 SCD-D 90

Measurements are presented for the mass and energy distributions of fragments from the

photofission of
332Th. 233 U. 238U and 239

Pu. The experiments were performed for M,E DST, SYM/ASYM VLD
bremsstrahlung endpoint energies between 15 and 55 MeV, using silicon surface barrier

detectors. The results are discussed with respect to the competition between the sym-

metric and asymmetric fission modes.

TjMc 2. Most probable heavy masses, most probable total kinetic energies anil their variances (The variances have
been corrected tor the detector resolution and for and electron pile upi

Nucleus Mh,.,..

b)

[EJ<,p

: -,: rh 1 1-41.7 -2l umu 163.3 MeV 163.5 MeV (159.5 — 4) MeV (9 0-0.8) MeV
:J

‘L' 1 1 38.5 i 2) amu 169.1 MeV 170. 1 MeV (168 ±3) MeV (11.1-1) MeV
1140.3 ; 2) amu 168.5 MeV 169.4 MeV (164.5-4) MeV (11.7 — 1 ) MeV

:j-Pu 1 137.2; 2) amu 174.7 MeV 176.6 MeV (174 —3) MeV (ll.9±l) MeV

:5.<cr« 185.5 MeV 11.6 MeV

* [EJ =(0.1071 Z 1 A' J + 22.2l MeV
* [EJ =(0.1240 Z : .4‘ J

) MeV
‘ Calibration measurement

3- Saturation parameter c as a function of the fission probabil-
ity r, r.m

/

0.10

l

[

0 WA
23S

Mass number A

240

6. Jj, 1
4
at £,, -55 MeV as a function of the mass number -1

(OVER)

form N3S-418
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W. Gunther, K. Huber, U. Uneissl, H. Krieger, H. Ries, H. Stroher
W. Wilke, H.J . Maier
Nucl. Phys. A350 , 1 (1980)

ref. EL EM. SYM. A Z

method

u

HE F. HO.

238 92

80 Gu 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RANGE TV PC RANGE

G,2N RLY THR-45 C 45 spk^t 90

'

Abstract: Half-lives and yields in photonudear reactions have been measured for shape isomers in U and YLD FISSION ISOMERS
Pu isotopes by pulsed-beam techniques bombarding

US-23,U and
23, '2<0"24J

Pu targets with brems-

strahlung. Isomeric fission cross sections have been deduced from the measured isomeric to prompt

yield ratios within an evaporation model using absolute prompt fission data. The results are

compared with data from particle-induced reactions.

E
NUCLEAR REACTIONS 240

Pu
23S

U(y, xn),
M
*U.

M9
Pu(y.2n),

242
Pu(y,n); brems-

strahlung; measured Tu2 , isomeric to prompt yield ratios,
234

U,
237

Pu,
23,

Pu,
24,

Pu levels,

deduced <r for isomeric fission. Natural and enriched targets.

Table 2

Results of isomeric fission experiments performed at Giessen

Reaction Isomer Half-life Detector

“^(y.xn) <10'4 PPAD
233

U(y,xn) <10'7 PPAD
23*U (y, 2n)

236u 1 IS ± 5 ns (2.02 ±0.1 6) x 10‘5
Si

118±7 ns (2.10±0.16)x 10'5 PPAD
23,

Pu (y, 2n)
M7

">Pu 77 ± 16 ns (6.4 ± 1.7) x 10~4 Si

87± 11 ns (4.9 ± 0.7) x 10
-4 PPAD

237mJPu 1050 ±400 ns (0.83±0.22)x 10
-4

Si
240

Pu(y,n)
23,

”'Pu 6.5 ±0.4 |is (7.9±0.4)x 10‘ 5 PPAD
240

Pu(y,xn) 7 4.5 ± 1.5 ns <1.1 x 10~* PPAD
242

Pu(y, n) 24l«,pu 20.5 ±2.5 ns (9.2± 0.8) x 10“ 3 PPAD
24tm

iPu 34 ±7 ns (3.7 ±0.7) x 10” 5 PPAD

Table 6

Isomeric fission cross sections for (y, 2n) reactions (this work)

Reaction E„ (MeV) T1VJ/ Vp,x 10
-3 m» / i .

<r,u, <M-b) Em„ (MeV)

23,
U(y. 2n) 45 2.02 ±0.16 9.9± 1.9 16+

2.10±0.16 10.3 ±2.0 1 6

1

23,
Pu(y, 2n)

237n,
'Pu 45 0.64 ±0.017 17.5+

0.49 ±0.07 1

5.7 ±1.7
17.57

23,
Pu(y.2n)

237",Pu 45 0.083 ±0.022/ 17.5+

+ The shape of the cross section was calculated (see text).

foam N8S-4H
IRIV. 7-1 4-441
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"eF - W. Muckenheim, P. Rullhusen, F. Smend, M. Schumacher
Phys. Lett. 92B, 71 (1980)

El. EM. SYM. A

u 238 92

METHOD REF. NO.

80 Mu 4 hg

REACTION RESULT EXCITATION SOURCE OETECTOR
ANGLE

ENERGY TYPE MANGE TYPE PANGS

G,G ABX 2,4 D 2-4 UKN-D DST

(2.254,3.254) (2. 5-3. 5)

LFT, 2 LEV., 2.254, 3.254

Elastic photon scattering investigated at energies of 2.5 -3.5 MeV using radioactive sources has revealed a large probabil-

ity for observing photoexcitation of nuclear levels. This finding removes inconsistencies in previously investigated properties

of Delbriick scattering and provides a new access to nuclear resonance fluorescence.

500

WO
50

20

W
500

100

_ '50

5 20
« 10

-5 50

S 20
5 10

-§

200
100

50

20

10

5

E
' 1— i i i r-

f 32U
j

^
f 1

~
r
—

1 r—1 n
938 ' 1

-5

:
32 Pb

5“

73 r*

i
]

: . i!
5BCe 1

iri-j.-rrrLt—

1

-
5/

j6 OTW

\
H

r¥- f
{
—

50
Sn

iL
a
_

^

-

-J 1 L- | | L 1

"
-i

—

j

—

i i i i i

PHOTON ENERGY

Fig. 1. Elastic differential cross sections versus photon energy.
Unless error bars are given, the error intervals are at most
equal to the diameter of the circles. Predicted differential
cross sections: (a) including Coulomb corrections in addition
to lowest-order D-, T-, R- and N-amplitudes, (b) including
lowest-order D-, T-, R-and N-amplitudes, (c) including T-, R-
and N-amplitudes.

§ 8
=?

" a
'= ® =
2. .5 g
I M

f 3 -
3- 5 S,

IS «

> S

<*> 5 ™
a “ 3
.f Z *

« ° w

S g 2
^ -o i« ’ —
g. 2 «
.. •* rj

J 8 2— C

3 2 2

S c 3

g i 2
5 § “
<— a 2
o « £

Uf
? I

J

^ u ”
<1 u e^ «
c a r
6 g

*•

5^0
u j!;
2 S »
o « ®
o 2 «= !a £S <_
.a u o
* '5 £ =
13 .a -5 .a
> “ I c
J w c
Jo 2.3 <2

- 2 S 5 §- U 3 =
> Q • • cv

WO
tm

t)

G —
e .a

33

o — o
At At

o o o
vt vt I I I

I
•

IN

£
Q Z

m >
< «.

*0* ^
> «
3

•O ©
r- o — — O

Ono r* n n o
vO — O

— — I I I I

o o o o
|

X

ao vno io n

O n
ifl - ifl O ifl /in o r> is n

n «*i n rs ri n n

l 2

v>

2

.=> j=*
s sa

form N8S-41S
IR IV. 7.1 4. #41

USC OMM-N IS-OC PHOTONUCLEAR DATA SHEET 438

u.s. department OF commerce
NATIONAL tURIAUOF STANDARDS



mcf R. Pitthan, F.R. Buskirk, W.A. Houk, R.W. Moore
Phys. Rev. C21., 28 (1980)

EL EM. SYM. A

METHOD

U

REF. NO.

238 92

80 Pi 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYRE RANGE TYPE RANGE

E,E/ ABX 5-40 D 87 MAG-D DST

The deformed, fissionable nucleus Z3,U was studied with inelastic scattering of 87.5 MeV electrons between

5 and 40 MeV excitation energy with inelastic momentum transfers ranging from 0.32 fm~' to 0.38 fin'
1

for

an excitation energy of 13 MeV. Resonance cross sections extracted were compared with distorted-wave

Born-approximation calculations using the Goidhaber-Teller, Steinwedel-Jensen, and Myers-Swiatecki

models of the giant resonance. It is demonstrated that up to the first minimum of the form factor the cross

section is nearly completely determined by one parameter, the transition radius R

^

Using the known
systematics of various multipole resonances in other, nonfissionable nuclei as a guide, it was found that the

assumed ground state radius of "*U had to be enlarged by about 10% for all multipolarities, to bring the

strength found into agreement with the systematics and with other experiments in ”’U. In particular, while

the model-independent values for position and width of the giant dipole resonance agree well with photon
experiments, a scaled version of the Myers-Swiatecki model had to be used to produce agreement in

strength. Similarly a scaled Goidhaber-Teller model was used for the isoscalar £2 resonance at 9.9 MeV.
The situation for the isovector states above the giant dipole resonance, El, and £3 (or £0) is even more
complicated. It is argued that with proper caution and consideration of other available data the use of the

collective models mentioned above may give valuable insight into the charge distribution of
:3,U at higher

excitation energies.

NUCLEAR REACTIONS £„ = 87. 5 MeV. Measured Su/dtldE^
bound and continuum states (giant resonances). Deduced multipolarity, reduced
matrix element R(£X), radiative width rj, sum rule exhaustion of giant reso-

nances, total width of continuum and clustered states.

FIG. 2. Spectrum of 87.5 MeV electrons scattered
inelastically from fflU at 75*. The total fitted back-
ground consisting of radiation tail, general room back-
ground, and experimental scattering is represented
by the lowest heavy line. The fitted resonances (lines

between background and data points) and the composite
fitted cross section (top line) are indicated. Note the
suppressed scale; the resonant cross section is only
a small fraction of the underlying radiation tail. The
raising line at the very left is due to the tail of the
ghost peak. The cross section has not been corrected
for the constant dispersion of the magnetic spectro-
meter in order to show the data as measured. It is

evident that not much can be learned from the data with-
out background subtraction (see Fig. 3).

EXCITATION ENERGY (MeV)

FIG. 3. 37.5 MeV electrons scattered inelastically

from 238U at 45% 60% 75% and 90°. The fitted back-
ground, consisting of radiation tail, general room back-
ground, and instrumental scattering, has been sub-
tracted. Comparison of part c with Fig. 2 shows that

after subtraction of background many more details

show up. The data have been corrected for the con-
stant dispersion of the magnetic spectrometer in order
to show the cross sections of the various resonances
in their true relation. The relative differences in peak
height for different resonances at different angles show
that several multipolarities contribute.

(OVER)
FORM HS&.41S
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FIG. 9. Comparison between experimental and DWBA
(GT,c tr,

/e- 1) form factor for the GDR branch at 11 MeV
(oscillation aIon? Ion? axis). The data are extremely
well described by the calculation.

the 28.4 MeV resonance and DWBA calculations.

Choosing ctr /c = l.l in agreement with the parametriza-

tion for the other resonances is compatible with 100%
of the isovector monopole plus 75% of the isovector octu-

pole EW5R in this region. It should be emphasized,
however, that assumption of 90% of the £3 EWSR (on

the basis of the GT model) to be present fits the data

nearly as well without any monopole contribution. Sim-
ilar to Fig. 13 the upper limit at 0.30 fm* 1 was estim-

ated from the statistical error of the 45* data at 28.4

MeV and the width as determined from other angles.

We think that the x
2

fit would be sensitive to any larger

cross section.

of Figs. 12 and 13 and DWBA calculations based on

modified GT and MS models. If we follow the underly-

ing hypothesis of this paper, namely the assumption of

a spatially larger 2S8U in the excited state as compared to

the ground state, the data are well described by the

DWBA calculations and are in agreement with other ex-

periments and what we would expect from Figs. 4 and 5.

TABLE II. Summary of the quantitative results of this paper. While the excitation energy and the width of the reso-

nant structures found is relatively insensitive to multipolarity and models used, the strength is not. For each reso-

nance, two values are given. The upper value corresponds to a straight application of the GT model to the data. The
lower value corresponds to the assumption of an 238U nucleus which is spatially enlarged by approximately 10% as com-
pared to the ground state. In addition, the MS model (Refs. 52, 53) was used for the isovector excitations. These
assumptions lead to a greater consistency of the strength with other available data in lighter nuclei (Ref. 8) and for
238

U.

Model £(£X)

Ex (MeV) E\ (cu/c) £t
04',/s MeV) AT r (MeV) (fm 2*) r“ <eV) SPU £<%)*

9.9 ±0.2 £2 GT(l.O) 62 0 2.9*.jJ:J 3700 56 17 38 ±10
GT(l.l) 7500 114 35 77 ±20

10.8 ±0.3 £1 GTG.24) 67 1 3.2 ± 0.4 28 1.3xl0 4 5 36± 4

MSO.35) * 30 1.3 xlO 4 5 39 ± 4

13.9 ±0.3 £1 GT(0.9) 86 1
a e 0.H
*•*-0.4 49 4.6 x 10

4 10 81 ± 8

MSG .0)

"

50 4.7 xlO 4 10 83 ± 8

21 .6 ±0.6 £2 GT(l.O) 133 1 5.0±0.6 3600 2.7 x 10 s
17 51 ± 8

MSG .1)
e 5000 3.7 x10 s 23 70 ± 11

23.4 ±1.2 £3 GT(l.O) 176 1 8.1 ±1.1 6.2 x10 s 5.4 x 10 2 78 91 ±15
MSG .1)

d 5.1x10 s 6.6 x 10 2 64 75± 12

»R’*£t xB(£X)/EWSR(£X.AT)xl00. e a<238,2)« 1.0. 440
s «(238,l)-0.9. <1 a(238,3)»0.5.



ref. R. Alba, G. Bellia, L. Calabretta, A. Del Zoppo, E. Migneco,

G. Russo, R.C. Barna, D. De Pasquale

II Nuovo Cimento 62A, 145 (1981)

ELEM. SYM.

u 238 92

METHOD

81 A1 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, F RLY THR-6 C 5-6 TRK-I DST

(5.1-6.03)

dY^r
2 ?

Differential photofission yields are fitted by: (e)=a+bsin 8+csin 2e

Summary. — Measurements of photofissiou fragment angular distribu-

tions of j:ia LT between 5.1 and G.O MeV are presented. As y-source the

intense bremsstrahlung beam from the Catania University Microtron

is used. The results are analysed within the framework of the double-

linmped barrier model with a potential constructed with three smoothly
joined parabolae and a damping term in the second well. The values

of the fission barrier parameters for the involved 2_ 0, l'O and 1“ 1

channels are extracted and a comparison with the theoretical predictions

and experimental results in the literature is made. Delayed-fission

contributions for the involved channels are taken into account in

the 1" 1 channel parameter determination.

T wji.k I. - The :3#U parameters describing the. double-humped barriers far llte transition

-lutes inndred as obtained from the best fit of our experimental data.

• 'hannel r. /ta>j T*,r hoju ^ 3 ho>„

2 -
ii 5.9— 0.2 1.2— 0.1 2.10 — 0.03 0.34— 0.01 0.0 —0.05 0.65—0.02

l'n 6.6±0.1 1.1±0.1 2.98-0.03 0.40= 0.0

1

6.0 -0.05 0.56 ±0.02

l'l 6.6— 0.1 1.1= 0.05 3.0 ±0.03 0.50±0.01 6.64 ±0.05 0.67 ±0.02

I

h

h / Y

io

t

-\

10
'

/

*

\

t>)

l *
t

Fig. 5. - The figure shows the experimental yields () 1”", (•) rjXB and (*) T. 15

as functions of the electron energy. The solid curves a), b) and c) represent the best

fits to the experimental points. is the calculated prouipt-photofission con-

tribution for the l'l channel in I^h and is the calculated total dclaycd-

photofission yield duo to the 1 1, 1 0, 2“0 aud 2' 2 channels.

5.0 5.5

E (MeV)
6.0

Fig. 4. - (*) and (•) are, respectively, our cfb and 6/a ratios as functions of electron
energy. The curves arc the cjb and 6/a values as they result from the ratio of the separate
yield curve fitting. The dashed curve represents the 6/a ratio without delayed contribu-
tions in l"’". (o/er)
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I'in. :t. - Annular distributions normalized to tlie maximum value. The dashed curves represent the isotropic, dipole and ({uadrupole

compiMiculs n< obtained from the best fit. 'I’heir sum is represented by the solid curve.
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REF A.P. Antipenko, I. A. Grishaev, V.I. Kasilov,

S.F. Shcherbak

Sov. J. Nucl . Phys 33, 163 (1981)

Yad. Fiz. 33, 310 (1981)
METHOD

N.I. Lapin,
ELEM. SYM.

238 92

REF. NO.

81 An 9 hg

REACTION RESULT EXCITATION
EN ERG

Y

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.F RLY THR - 999 C 600-999 TRK - I DST

Yields of fragments from photofission of
n,U have measured in the energy range Eym„ = 600-1600 MeV

under the influence of photons produced in a silicon single crystal by electrons. The :J,U fission fragment

yields are measured as a function of the orientation of the silicon crystal with respect to the direction of the

electron beam. The energy dependences of the ratio of U,U fission fragment yields for an oriented and. an

unoriented silicon crystal are presented.

999=1. 6GEV, COH BRMS

PACS-numbers: 25.85.Jg. 61.80.Mk. 27.90. + b

-20 -is -i2 -a -i o tan is 20
8, mrad

FIG. 2. Orientation dependence of the yield of photons from

a silicon single crystal bombarded by 1000- Me V electrons (a)

and of the yield of fission fragments from an amorphous

target bombarded bv photons from the crystal (b).

Sg ,
ret. units

In Fig. 3 we have shown the yield of a*U fragments
as a function of the photon energy E, mMM . The upper
curve corresponds to the case in which the [ill] crys-
tal axis is oriented along the electron beam direction.

The middle curve is with the crystal rotated around the

[112] axis in the {112} plane by an angle of 19 mrad.
The lower curve corresponds to the fission fragment
yields for the case in which the “*U target is irradiated

by bremsstrahlung produced by electrons in an ordinary
amorphous tantalum target.

7 The yield values are
given in relative units.
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wef. V.Io Kasilov,
Yad. Fiz. 34,
Sov. J. Nucl

.

METHOD

N.I. Lapin
865 (1981)
Phys. 34, 483 (1981)

EL EM. SYM. A

u

REF. NO.

92

81 Ka 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN GC TYPC ft ANSI

G,F RLY 4*1 C *1 TRK-I DST

An enhancement in the yield of fragment* was detected at 90* for the fission of ”'U induced by photons COH BRMS 999=1.26 GEV
generated by the motion of high-energy electrons through a single crystal of silicon. These results allow one to

select the optimum conditions with which to obtain maximum yields for nuclear panicles.

PACS numbers: 25.85.Jg

J v 5 S 7

nisi

0 3 !0 It U /J

Figure 2 shows the angular distribution of fragments
from "•U fission induced by photons generated in the
silicon single crystal when the (ill) axis coincided with
the electron beam direction [Fig. 2(a)] and by photons
generated in the amorphous gold target [Fig. 2(b)].

FIG. 1. Schematic of the experimental setup: 1—electron
accelerator, 2— silicon single crystal, 3—bending magnet,
4—electron pipe, 5— secondary-emission monitor, 6—colli-
mator, 7— clearing magnet, 8— shielding. 9—collimator, 10-
fission chamber. U— J3aU target. 12— track detectors. 13—
quantameter.

1.3

t.l

l.t

1.0
|

03

_ 0.0
o ~

If " '

il'.o
0.3

0.0

0

n x i

/ 0.3 0-03-t
CM I

FIG. 2. Angular distributions of
238U fission fragments.

The photon energy spectrum corresponding to an ax-
ial motion for the electrons in the silicon single crystal
was taken from Ref. 4. while data on the angular dis-
tributions for

230U photofission fragments were taken
from Refs. 1-3. In Ref. 4 it was shown that for axial
motion of electrons through a silicon single crystal the
number of photons with energies from 7 to 15 MeV in-
creased by twenty times in comparison with an amor-
phous target of equivalent thickness.

Calculated values of [r,(90")/r,(0‘)Ii- and (^(90°/
IVCnL, were found to be 1.03± 0.05 and 1.23 ±0.11, re-
spectively; these values agree well with the experimen-

results obtained in the present study.
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A. Lepr&tre, H. Bell, R. Bergfere, P. Carlos, J.
A. Veyssifere

Nucl. Phys. A367 , 237 (1981)

method

Fagot, A. De Miniac, EL EM. SYM. A

238 92

REF. NO.

81 Le 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,SN ABX 25-140 D 25-140 MOD-

1

dPJ
G,XN ABX 25-140 D 25-140 MOD -I 4PI

Abstract: The total photonudear absorption cross section for Sn, Ce, Ta, Pb and U has been studied from
25 to 140 MeV using a continuously variable monochromatic photon beam obtained from the

annihilation in flight of monoenergetic positrons. The basic experimental results are a set of data

giving sums of inclusive multiple photoneutron production cross sections of the form <r
u
'(Ey) -

I, mj <r(y,in:Ey ) for neutron multiplicities ranging from t » 1 to 12. From these data the total

photonudear absorption cross section o-(tot:£Y ) has been deduced. It is concluded that Levinger’s

modified quasideuteron model describes the total cross sedions reasonably well. When these data
are combined with lower energy data and integrated to 140 MeV they indicate the need for an
enhancement fador K for the Thomas-Reiche-Kuhn sum rule of 0.76 ±0.10. No evidence was
found that would indicate an A -dependence for the enhancement factor.

E
PHOTONUCLEAR REACTIONS Sn. Ce. Ta. Pb. U(-y, xn), Ey = 25-1401 MeV;
measured <HEy ) summed for x = 1-12: deduced criEy. total), integrated cr, interaction

models. Monochromatic photons.

(G,SN) NO G,1N IN G,SN

(r
,i\Ey )

= I er(y, in : Ey )

.

I"/

Table 3

Integrated cross sedions

Sn Ce Ta Pb U U

<r0 - 0.06NZ/A (MeV • b) 1.74 2.04 2.61 2.97 3.40 3.40

EtoIMcV) 29.7 25 25 25 18 18.30

w r

£
’“ (MeV • b)
<tgdr(E,)

,
...

J*,. {(To unit)

' 2.0±0.15 *) 2.13±0.15
b
) 2.90 ±0.23 *) 3.48 ± 0.23

c
) 2.98 ± 0.1 5

d
) 3.58*)

1.15±0.09 1.04 ±0.07 1.11 ±0.09 1.17±0.08 0.88 ±0.05 1.05

m l AO M«V .
.X

S.\ <T'*‘(Ey) dEy
M'V

.“
jE»„ {(To unit)

0.96±0.1 1.27 ±0.1 1.73±0.15 1.69±0.15 2.59±9.2 2.59±0.2

0.55 ±0.06 0.63 ±0.05 0.66 ±0.06 0.57 ±0.05 0.76 ±0.06 0.76 ±0.06

M + AT
(MeV ' b)

{(Tu unit)

2.96±0.2

1.70±0.12

3.40±0.2

1.67±0.10

4.63±0.3

1.77±0.10

5.17±0.3

1.74±0.10

5.57±0.3

1.64±0.10

6.17±0.3

1.81 ±0.10

(M + N) + evaluation of the

m 1 AO M«V

|<7
(,)

-<r
(2>

]
d£, contribution

Je,»
1.74 ±0.15 1.71 ±0.15 1.81 ±0.15 1.78±0.15 1.68 ±0.15 1.85 ± 0. 15

-(l + /f)(o-0 unit)

m

I (Ti.{Ey ) dEy {(To unit) 1.28 *) 1.24
h)

1.30
h)

1.35 *) 1.18
d
) 1.43*)

*) Ref.
2
‘).

b
) Ref.

27
).

c
) Ref.

5
).

d
) Ref.

2
*). *) Ref.

29
).

The symbolsM andN are defined in the text. The last row gives the integrated cross sedions for the Lorentz line fit, <rL(Ey ) to theGDR data, published in the

above references.

(OVER)

foam NBS-4U
<REV. 7-1 4- #4)

USCOMftM*BS-OC PHOTONUCLEAR DATA SHEET 445
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS



Fig. U. The general behaviour of the "smoothed" average neutron yield cross sections <r(y, xn)»

I, «rt y, in : Ey ) for the Sn. Ce, Ta. Pb and U nuclei studied in the present paper (see text).

Fig. 15. Total photonuclear absorption cross sections <7(tot:£,) — <r'*’(£,,) from the present paper,

represented by the experimental points and the corresponding full lines, are shown for Pb, Sn, Ce. Ta and

U. These experimental results for photon energies Ey between 20 and 140 VleV are compared with: (a)

Lorentz line tits to the GDR data of the appropriate nucleus represented by the dot-dash <rL(Ey ) plots. I b)

Quasidcuteron cross sections. cr00(£,) = t4.6,VZ/A)<rDi£,) for the appropriate nuclei, represented by

the dotted <r00(£T ) plots. Here <r0(Ey ) is the photodisintegration cross section of deuterium, (c) Modified

quasideuteron cross sections. <todmI£*) = t8.VZM)<roi£.,) exp i-D/Ey ) with D » 60 MeV, represented

by the dashed <rMQD(E T ) plots. Pertinent GDR data for Pb, Sn. Ce. Ta and U were taken from
refs.

446



* eF W. Muckenheim, P„ Rullhusen, F. Smend, M. Schumacher, G. Endres
jl. Langhoff
Z. Phys. A300 , 43 (1981)

EL EM. SYM. A Z

METHOO

U 238 92

REF. NO.

81 Mu 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PAN GC TYPE PANGE

G,GL LFT 3 D 3 SCD-D DST

Using 36Co sources, a 3.254 MeV level in
:38U was photoexcited by a y-line emitted in

the decay of the 4.100 MeV level in
56

Fe. 10 -/-transitions deexciting this 3.254 MeV level
were identified. Spin and parity were determined to be 1'. By moving the 56Co source
in a high speed centrifuge the profile of the 3.254 MeV emission ling was investigated.
By applying a new variety of Doppler shift analysis a lifetime of rFe = 55 ± 25 fs was obtained
for the 4.100 MeV level in

56
Fe. The cross section for nuclear resonance fluorescence

yields a lifetime of rt, = 0.33 ±0.12 ps for the 3.254 MeV level in
238

U.

L=0-10 3=3.254 MEV

Fig. 2. Decay scheme of ihe 3.25-1 MeV level in
• JI,

U. The transition

energies anti the relative intensities in parentheses .ire given on the

top of each line. The relative intensities are obtained from the

differential cross sections Ida d(2\ for nuclear resonance scattering

through the 3.254 MeV level iTablc II after correcting for the

angular correlation- functions IV Mi) ol the photons

Fig. 3. Angular correlation functions IV(0) for the spin sequences

(al 0-1-0. lb) 0-2-0 and fcl 0-3-0. compared with the experimental

results for the 3.254 MeV -/-lines exciting and deexciting the

3.254 MeV level in
2J*U. respectively

Table I. Differential cross sections l</<r dQ\, for nuclear resonance

scattering through the 3.254 MeV level of
;j,, U leading to final-

state levels with energies £,. For £,=0 the elastic differential cross

sections are given after subtracting the predicted coherent con-

tributions

E

1 MeV)
£,

(MeV)
[da.dQtf"'

0 '

Iph sr)

[da dd\“~ 1:0

Ipb sri

r

3.254 0.0 399(5) 505 (8) 0

3.209 0.045 118(4) 117(5) 2

1574 0.6X0 183(6) 142(7) i

1522 0.732 77 (5) 77(5) 3

2.327 0.927 133(8) 164(6) 0

2.323 0.931 193(8) 174(6) 1

2.303 0.950 78(6) 85(6)
>

1288 0.966 473 < 10) 485(10)

1256 0.998 34(6) 52(51

1217 1.037 48)7) 50(5) 2

2.125 1.129 230(10) 237(10) i

*) Spins used for calculating the branching ratios of Fig. 3
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w - M ° Schumacher, F. Smend, W. Miickenheim, P. Rullhusen, H.G. Borner
Z. Phys. A300 , 193 (1981)

EL EM. SVM„

238 92

METHOO REF. NO.

81 Sc 6 egf

REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,G ABX 2,3 2,7 SCD-D 90

Elastic scattering by nuclei in the range of mass numbers between 64 and 238 has been 2.75,6.42 MEV
studied with monochromatic photons in the energy range between 2 and 8 MeV. These

photons were provided either by a Ti(n,y) source installed in the tangential through

channel of the Grenoble high flux reactor, or by 2*Na and 56Co sources produced by

deuteron bombardment of A1 or Fe at the Gottingen cyclotron. The photoexcitation of

23 nuclear levels has been observed and the decay properties and groundstate widths of

the majority of these levels have been determined. For the lead scattering target the co-

herent elastic differential cross section has been studied in detail. There is evidence that

below the photo-neutron threshold the elastic scattering via virtual photoexcitation of

the nucleus can be approximated by extrapolating the real part of the Giant Dipole

Resonance amplitude along a Lorentzian curve. Coulomb corrections to Delbriick scat-

tering seem to play a small role at 6.5 MeV.

Table 1. Differential cross sections for elastic scattering (do/dQ)"* of photons from ,6Co and 24Na sources by different scattering targets,

in units of pb/sr. Errors in the last digits are given in parentheses.

&
deg

Scattering

targets

1599‘

(MeV)

2.754 4

(MeV)

3.010*

(MeV)

3.202*

(MeV)

3.254*

(MeV)

3.273*

(MeV)

3.452*

(MeV)

90 »«u 52.7(25) 57.5(25)' 56(16) 47(4) 456 (10)' 34(6) 49(14)
2°9B j 33.1(30) 32 (2) 33(11) 32(4) 25.6(20) 29(6) 33(15)
«.pb 31.5(23) 31.0(16) 35 (8) 27(3) 26.6(22) 25(4) 23 (8)

”T1 31.5(33) - 27(12) 32(5) 24 (3) 22(7) 34(15)
M,Hg 30.0(27) - 24(10) 28(5) 25.5(18) 26(8) 20 (8)

"*‘W 22.5(11) - 17 (7) 19(3) 18.4(15) 18(5) 21 (6)

1§,Ta 20.0(15) 19.2 (6) 193(20)' 20(4) 17.3(21) 18(5) 21 (8)

l45Ho 15.9(13) - 17(10) 13(6) 15.6(20) 18(8) -

M,Nd 11-4 (7) 14.2 (5)
d

15 (7) 14(3) 24.2(12)“ 13(3) 9 (6)

"“Ce 11.1 (9) 11.0 (5)
- 11(3) 9_5(13) 8(4) -

127j 8.4(10) 8.6 (5)
- 9(2) 7 (1) 5(3) -

"*‘Sb 8.0(11) - | 10(4) 6.8(19) - 1-270(50)'

“'Sn 6-5 (7) 7.0 (5)
- 5(2) 7.6 (8) 6(3) -

“Cd 6.2 (5)
- - 6(2) 6.6 (8) 7(3) -

120 «*u 55.1(25) 64 (4)‘ 43(15) 55(5) 574 (10)' 48(5) 48(11)

>«‘Ta 27.5(15) 25.0 (9) 227(20)' 22(5) 21 (2) 22(8) -

-Nd 17.9(30) 17.0 (9)“ 29.8(47)“ * *

* 5*Co source in Fe lattice
* J4Na source in A1 lattice (part of data have been published elsewhere)

c Transitions to excited states observed in addition to the ground-state transition
4
Photoexcitation of nuclear level identified from the size of the differential cross section
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Tabl« 2. Elastic differential cross sections da <(G(<9 = 90°) in pbsr measured with the Ti(n.y) source and compared with theoretical pre-

dictions. n
:
predicted number of levels in a J£ = 25 eV interval at 6.5 MeV. Errors in the last digits are given in parentheses

Scattering 6.418 MeV 6.555 MeV 6.759 MeV 7,168 MeV
"

target
esp. th. exp. th. exp. th. exp. th.

»»u 23 (12) 10.3 - *

:o,
*Bi

- 219(39)"-' 8.0

"**Pb 7.0(15) 8.6 -

—T1 2,586 (92)
a-c 7.5 - -

M,Hg 12 (3) 7.8 74(17)
b 6.5

“•W 159 (10)*-' 6.6 306(33)*-' 6.3

18lTa 68 (4)*-‘ 6.3 - -

lb5Ho 15 (3)
b 4.7 - -

"*'Ce 4.1(21) 4.1 - •

"*'Sn 4.2(13) 3.0 - -

“Mo 1,474 (44)*"* 15 407(39)*' 2.5

“Zn 2.4 (8) 1.6 - -

- - - - 45

12 (4) 7.4 1.5(3) 10
5 "'

5.7 0.1

6.5(11) 7.4 - - 0.05

13 (3)
b 6.0 - - 0.4

6.7(15) 6.4 - - 3.4

20 (2)*-' 5.6 - - 13

10.1(12)"-' 5.3 - - 28

9.5(14)" 3.9 - - 18

17 (I)"-' 3.6 - - 0.04

2.5 (5) 2.7 - - 1.9

8.5(151"' 2.3 817(258)"-' 2.0 0.5

1.8 (5) 1.5 - - 0.3

1 Transitions to excited states observed " Photoexcitation identified from size of differential cross section

* Photoexcitation reported in [11]

Tabled. Properties of levels observed by photoexcitation. (doyJfl)
N* F

: experimental differential cross section per iden-

tified isotope or element for resonance scattering through 0=90°. /*•: spin-parity of excited level; W{0): angular cor-

relation function; g=(2/„ + 11/(2/, + 1); r0 : radiative groundstate transition width, T: total level width. Errors in the

last digits are given in parentheses

Isotope

(MeV)

(da/dC2)
N*T

(pb/sr)

/* W iv(0) g ro
2/T

(meV)

r0
'

(meV)
V
(meV)

238U 1754 13 (4) (1) 0.77 0.145 0.084
238U 3.254 421 (5)

1- 0.24 0.83 1.5 0.52(1 5)
4

2°9B i 6.555 11 (4)102 - - 0.74 0.74" -

20,
Bi 7.168 1.7 (3)105 9/2** 1.00 710 786 820 (40)*

203
Tl 6.418 8.75(30)- 10

J 1/2* 0.28 30 102 82 (15)*

T1 6.759 7 (3)
- - - - -

Hg 6.555 68 (17) - - - -

l 86^y 6.418 5.2 <3)102
1
— 0.32 1.75 14 -

n*w 6.555 9.8 (10)- 10
2

(1) 0.52 3.44 2.9 -

18*w 6.759 46 (10) (1) 0.58 0.17 0.13 -

l8lTa 3.010 174 (17) - 0.72 0.42 0.59 -
,8lTa 6.418 62 (4) - 0.73 0.2 0.27' -

,8,Ta 6.759 4.8 (12) - - 0.018 0.018" -

lb5Ho 6.418 10.3 (30) - - 0.035 0.035" -

l65Ho 6.759 5.6 (14) - - 0.021 0.021" -

Nd 1754 16 (5) - - - - -

Nd 3.254 14.0 (10) - - - - -

Ce 6.759 13.4 (10) - - - - -

121 Sb 3.452 120 (5)- 10 3 - 0.60 2.9 4.9" -

100Mo 6.418 1.53 (4)- 10* 1-* 0.88 52 26 25 (8)*

"Mo 6.555 4.4 (4). 103
(1) 0.33 15 21 -

Mo 6.759 6.2 (15) - . - - - -

Mo 7.168 8.2 (26) 102 - - - -

1
[11]

b
I assumed ' lV(0)g = l assumed

4
[28] (a small correction has been applied to the data of [28])

* Upper limits in case not all the transitions to lower levels were observed
' Present work * Previous work
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„eP H. StrSher, R.D. Fischer, J. Drexler, K. Huber, U. Kneissl, R. Ratzek
Ho Ries, W. Wilke, H.J. Maier
Phys. Rev. Lett. 47, 318 (1981)

* EL EM. SYM. A Z

METHOD

U 238 92

HE*. NO.

81 St 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E,F ABX THR-35 D 10-35 SPK-I 90

E+,F ABX THR-27 D 10-27 SPK-I 90

ALSO RATIO E,F/E+,F
The controversial results for the fission decay of the isoscalar giant quadrupole reso-

—
nance in

:3
*U have been investigated by electron- and positron-induced fission experiments

(£* = 10—35 MeV). The measured cross-section ratio and absolute cross sections
were analyzed with use of available distorted-wave Born-approzimation virtual-photon

spectra. Within this analysis no fission decay of the giant quadropole resonance could be
detected, in contrast to a recent inclusive electrofission work.

PACS numbers: 25.85.Jg, 24.30. Cz, 27.90. + b

PIG. 1. Ratio c /o* as a function of bombarding
energy Ft . Hatched rectangles: results for a thick
target; full rectangles: results for a thin target; full
points: previous results (Refi 16) taken with track
etectors; broken line: plane-wave calculation; full

line; DWBA calculation for a pure £1 excitation;
hatched area: DWBA prediction including the £2
strength of Ref. 6.

FIG. 2. Comparison of absolute electron- and pos-
itron-induced fission cross sections for JM

U. The
error bars of the present results include both system-
atic and statistical errors. (Hatched areas: DWBA
calculation for a pure £1 excitation including the sys-
tematic uncertainties in the <j

Jf values of Ref. 14.)
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REF. NO.
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81 Vo 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPC RANGE TYPE PANGS

E,F ABX 4-275 D 97-275 TRK-I

G,F RLY 4-275 D 184-275 TRK-I 4.

5

RELATIVE BRMS/E YLD
Results are presented of cross-section measurements for the fission of 222Th, U3U, 2”U, 224U, 2MU, 2J7Np, and
*Pu by electrons with energies between 100 and 275 MeV; photofission and electrofission cross-section ratios

for the same nuclei are given as well.

PACS numbers; 25.85.Jg. 27.90. + b, 25.S3.Ge

TABLE IT. Electrofission cross sections (mb) for nuclei with
Z> 90 measured for electron energies between 100 and 275
MeV.

Nucleus

S
t . MeV

s»Th «*u *“U )St(« 1M pu

97 \2\ 8.12 5.6C 135 323 6.22 7J26
134 1.47 9.17 6.03 4.74 3.42 6.63 7.98
149 1.42 9.73 6.17 - 5.5*) 3.39 7.16 3.39
166 1.63 1036 7.01 3.29 4.13 7 70 9.13
184 1.78 9.61 7.13

'

3.C4 4.17 7,92 3.92
201 1.54 934 6.53 0 10 4.76 7.49 9.31
217 1.73 10.91 7.73 r..i4 4T7 7.99 9.56
240 1.91 10.25 7.26 3.92 449 734 9.43
253 1.83 9.89 7.00 6.17 4.76 7.30 9.73
273 2.22 tO.30 8.15 666 5.36 9.63 10.50

FIG. 2. Electrofission cross section for :3:Th (a),
38

t; ib), and
237Np (c). The points represent data as follows: C—Ref. 3 ,

—present work, C— Ref. 1, x— Ref. 2, and — Ref. 4.

TABLE IV. Cross sections (mb) for photo- aDd electrofission
(<r3/.l/ *<J,f) obtained in measurements with aluminum radiators
with a thickness of 0.023/, for 3SU, 3tU, a,U, and 3TNp and of
0.011/, for 39Pu.

£# .

MeV

Nucleus Nucleus

•*U =»U ;uNp
r
# .

uPn 8 MeV S*U -•u •NO •*CM

is; 1133 10.48 7 57 13.49 11.65
j

250 14.02 10.57 3.43 11.62 13.23
2ol 14.10 11JO 3.32 12.79 1146 1 253 1417 10.96 8.11 11.94 1190
217 14.36 10.76 8.07 1194 1198 i 275 1522 12.00 929 12-32 13.63

TABLE V. Cross-section ratios for photo-

and electrofission ((7^/(7^) for energies be-
tween 184 and 275 MeV.

Nucleus OQjlOtf Nucleus •QJ10tf

«*U 40x8 “TS'p 24*5
»«u 35*7 a.p„ 30*8
M«U 35*7

Average 33±3
Theoretical 353
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*

4PI

Summary

Hl*h intensity proton beans from the Dynamitron at
Brooklyn College are used to generate monochromatic
gamma rays from known (p,y) resonances in various
nuclei. The gamma rays, whose energy varies continu-
ously as a function of the angle with the proton beam,
are

238
e<* Co mea3ure photofission cross sections

in U and J Th. The number of suitable (p,Y) reso-
nances is sufficient to cover the 5-13 MeV range of
excitation energy with an average step of ^ 100 keV.
For a resonance of average strength the yield is 10 3
photons per ^uA of protons on target. The energy
spread is typically 20 - 40 keV and a gamma ray energy
resolution of 200 eV can easily be reached. This reso-
lution is adequate for investigating structure in the
photofission cross sections resulting from class II
states in the second well of the fission barrier.

PHOTONS FROM P,G

Fig. 3 Averaged photofission cross section Svi(Fv')
for 238u. The results of Caldwell et aiw and
Dickey and Axel 4 are shown for comparison.,
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Fig. 2 Photofission fragment .spectra at several (p,tf ) resonances
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Fig. 5 Comparison of the fission probabilities of
^Jau and 232th with results of statistical
model calculations.
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REF. NO.

82 De 4 egf

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TV R6 NANS* TVPB RANOE

G,F RLY 5-30 C 12-30 ACT-

1

4PI

A systematic study of the charge distribution for bremsstrahlung-induced photofission of
2J,U and 23*U with the end point energies ranging from 12 to 30 MeV was performed using

direct y-ray spectrometry of irradiated uranium samples or of fission product catcherfoils,

and also employing chemical separation techniques. For both fissioning systems the width

of the charge distribution was found to be practically independent of the average excitation

energy and the values obtained are in very good agreement with those reported in the litera-

ture for low-energy fission. The deviation of the most probable charge Zr from the un-

changed charge density value Zuco as a function of the fragment mass shows the influence

of the 50-proton shell in the charge distributions and a higher charge-to-mass ratio of the

light fragments independent of the compound nucleus excitation energy. For the necessary

conversion of postneutron into preneutron masses, neutron emission curves, vim*), were

deduced from previously measured postneutron and provisional mass distributions. Calcu-

lations following the scission-point model of Wilkins et al. and the predictions of the em-

pirical relation of Nethaway reproduce very well the experimentally determined Zp
behavior, except in the mass region affected by the Z = SO closed shell.

FRAG YLDS

NUCLEAR REACTIONS, FISSION aw3,U(y,£), £^ = 12, 15, 20,

30 MeV; measured product y-ray spectra deduced charge distributions,

width, and most probable charges; calculated vim*) from measured pro-

visional and postneutron mass distributions.

TABLE V. Values of the width parameter c determined for the photofission of
23
*U.

denotes the postneutron mass.

\ E, (MeV)

12 15 20 30

131 1.09 ±0.22 1.19±0. 27 1.43 ±0.32

132 1.23+0.29 0.97 ±0.06 0.94±0.05 1.05 ±0.05

133 0.75 ±0.16 1.12 ±0.21 1.03 ±0.19 1.31 ±0.32

134 0.65+0.02 0.63±0.03 0.69 ±0.05 0.64±0.32

135 0.82 ±0.22 0.90±0.23 1.06±0.21 l.06±0.04

136 0.67±0.02 0.68 ±0.02 0.73±0.03 0.70±0.04

<c> 0.82 ±0.21 0.90±0.23 0.94±0.20 1.03 ±0.31

<£«> (MeV) 9.7 11.6 13.4 14.7
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TABLE III. Fractional independent and cumulative chain yields for the photofission of 23,U. (c) denotes the fractional

cumulative chain yield.

\ E, (MeV)

Nuclide\ 12 15 20 30

”Br(c) 0.810+0.085 0.788 ±0.073 0.740±0.080 0.788±0.078

’’’Krtc) 0.853+0. 107 0.803±0. 101 0.838 ±0.093 0.772 ±0.098
9
'Kr(c) 0.725 ±0.107 0.655±0.063 0.665 ±0.087 0.683 ±0.133

,3
Rb<c) 0.862+0.190 0.625 ±0.162 0.736±0. 130

^Tic) 0.870±0.090 0.864±0.083 0.884±0.099 0.7^7±0.084
,5
Sr(c) 0.881 ±0.078 0.823 ±0.080 0.848 ±0.071 0.875±0.092

%Nb (7.3 ±2.5)Xt0" s
(1.1 ±0.5)X10~4

(2.4 ±0. 6)X 10
-4

,00Zr(c) 0.915±0. 1 16 0.915±0. 1 16 0.870±0. 108 0.920 ±0. 115
2<Sb (1.36 ±0.63)X 10

-3
(2.07 ±0.36) X10~ 3

(3.98 ±0.59)xl0~ 3

l26
Sb* (1.18 ±0.09)xl0“ 2

(1.45 ±0.07)X 10
-2

(1.81 ±0.10)X10~ 2
(2.96 ±0. 1 2 ) X 10

-2

l26Sbm (1.07 ±0.24)X 10
-2

(1.30 ±0.32)x 10
-2

(1.78 ±0.24)x 10
-2

l2,
Sn(r) 0.770 ±0.120 0.670±0. 1 10 0.700±0.090 0.702±0. 090

12,
Sb* (4.9 ±l.9)X 10

-2
(6.2 ±2.3)x lO

-2
(8.5 ±2.4)X 10

-2

,29S^(^-)(c) 0.475 ±0.056 0.363 ±0.044 0.297 ±0.036 CL304±0.036
129

Sn*( j
+

)(c) 0.316±0.043 0.263 ±0.034 0.277+0.033 0.250±0.030
l30

Sn(c> 0.453 ±0.036 0.410±0.031 0.400 ±0.046 0.380+0.040
l30
Sb^(5 + ) 0.20 ±0.10 0.14 ±0.07 0.17 ±0.10 0.18 3 0. 1

1

noSbs(8~) 0.292 ±0.034 0.229 ±0.023 0.296±0.017 0.329±0.014
,31

Sn(c) 0.380±0.035 0.349±0.028 0.334±0.050 0.341 ±0.021
l3lSb 0.507 ±0.075 0.506 ±0.054 0.494±0.058 0.457 ±0.054
l3,Te* (7.8 ±4.8)X 10

-2
(8.5 ±4.5)xl0" 2

(9.3 ±4.3)X10- 2

uiTe« (2.9 ±0.7)x 10
-2

(5.7 ±1.1)X10~ 2
(7.7 ± 1. 1 )x 10- 2 0.100±0.013

l32Sn 0.249±0. 021 0.222 ±0.017 0.181 ±0.019 0.182 ±0.017
l32
Sb* 0.1 86 ±0.049 0.202 ±0.023 0.1 69 ±0.037 0.2 17 ±0.033

132Sb" 0.328±0.055 0.3 12 ±0.075 0.339 ±0.051 0.317±0. 118
,32Te 0.24 ±0.12 0.25 ±0.11 0.31 ±0.10 0.28 ±0.17
I32jf

(5.7 ±1.4)x 10“ 3
(7.4 ±1.5)X 10

-3
(1.17 ±0.21)x 10

-2

I32jm
(3.9 ±1.2)x 10

-3
(5.7 ±0.9)X10~ 3

(1.26 ±0. 17) x 10
-2

l33
Sb(c) 0.487 ±0.032 0.498±0.032 0.450±0.046 0.492 ±0.054

,33Te* 0.1 73 ±0.031 0.156±0.041 0.1 47 ±0.040 0.135±0.039

0.302 ±0.026 0.267±0.035 0.348 ±0.034 0.277 ±0.034
,33

i (3.5 ±2.0) X10- 2
(7.4 ±2. 1 ) X 10~ 2

(9.5 ±2.6)X 10~ 2
0.101 ±0.031

,34Sb 0.136±0.008 0. 102±0.006 0. 102±0.006 (9.3 ±0.7)xl0~ 2

134Te 0.695±0.012 0.685 ±0.030 0.671+0.034 0.665±0.030

,34J 0.169±0.041 0.213±0.024 0.227 ±0.028 0.25 5 ±0.023
l34Cs (4.0 ± 1.5) X 10

-5
(8.6 ±3.4) x 10~ 5

135
Te(c) 0.532±0. 1 13 0.530±0.088 0.567±0.060 0.538±0.090

,35
I 0.433 ±0.128 0.426±0. 105 0.393±0. 078 0.402 x0.102

l35Xe 0.035±0.015 0.044±0.017 0.051 ±0.012 0.060 ±0.01

2

l3<Te 0.285±0.017 0.22S±0.018 0.230±0.028 0.1 67 ±0.026
I36jf

0.1 13±0.044 0.138±0.044 0.109±0.017 0.144±0.056
I36jm

0.269±0.015 0.256±0.015 0.304 ±0.039 0.364±0.051
l36Cs (4.6 ±1.1)X10- 4

(1.06 ±O.U)xlO- 3
(1.86 ±0.16>X10- 3

(3.62 ±0.32)X 10
-3

l37
I(c) 0.7 13 ±0.103 0.709 ±0.063 0.679 ±0.080 0.577 ±0.072

,37Xe 0.249±0. 106 0.234±0.051 0.266±0.056 0.42 ±0.18
,3,

I(c) 0.3 11 ±0.027 0.334±0.048 0.300+0.036 0.292+0.034
l39

Xe(c) 0.923 ±0.107 0.8 12 ±0.095 0.812+0.084
l40

Xe(c) 0.686±0.050 0.637±0.051 0.594±0.065 0.587+0.059
l40
Cs 0.314±0.055 0.363±0.056 0.416±0.053 0.413+0.064

l44
Ba(c) 0.756±0.068 0.789±0.054 0.788 ±0.084 0.790+0.067

144
La 0.244±0.067 0.244 ±0.061 0.237 ±0.078 0.210±0.025
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'

The :38U(e, e’f) cross section was measured for excitations between 5 and 11.7 MeV.
The sum of the E2 and E 0 strength functions was extracted with the aid of available

^Uty,/) data. The present results show that the E2/E0 strength in the fission channel
is spread almost uniformly from 7 to 11.7 MeV. The E2/E0 strength that is found in the

fission channel corresponds to 10% of the isoscalar E 2 sum rule; if the fission probabil-

ity is 0.22, this energy region contains 45% of this sum.

PACS numbers: 25.85.Ge, 24.30.Cz, 27.90.+b

FIG. 2. The E2/E0 strength in the fission channel as

determined from the present experiment, and the meas-

ured angular asymmetry.
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E,F

ABX
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4-27

4-35

10-27

10-35

SPK-I

SPK-I

Abstract: Absolute cross sections for electron- and positron-induced fission of
:JSU have been measured

in the energy range 10-35 MeV. The cross sections were compared with the corresponding
photo-fission cross sections using DWBA virtual-photon spectra. The reliability of the virtual-

photon formalism to extract E2 strength from inclusive electrodisintegration experiments is

critically discussed.

angle
NANCE

90

90

NUCLEAR REACTIONS. Fission
' 38

U(e , F), (e",F), E — 10-35 MeV, measured
absolute cr. Natural targets.

to
27

ffgffem'

10
2'

u-238
, e" !j

[It
" ^

j j
f

• !
“

\ Arruda Neto et al. (Ref 21)

1 Arruda Neto et al. (Ref 11)

f Aschenbach etal. (Ref 23)

D Shotter et al (Ref 22)

§ (thick target)

this work

I (thin target)

El - calculation (a^j Ref 24)

10 15

‘-v. I I I . I . , . I . I . I , I

20 25 30 35

Ee (MeV)

Fig. 3. Comparison of absolute electrofission cross sections (for details see text). Improved determina-
tions of the target thickness and the detector efficiencies led to a reduction of the systematic errors of

our cross sections when compared with the data reported in our previous letter
27

).
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Ftg. 8. Giessen electrofission results for
:3HU compared with DWBA predictions using Livermore '*)

and Saclay
4
*’) photofission data. The hatched areas represent the quoted statistical errors of the

photofission cross sections and the uncertainties of their extrapolations above 18 NfeV.
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82 Zu 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE

G,G ABX 3-6 D 3-6 SCD-D 90

'

SOURCE 141 PR(N,G)

A procedure is presented to determine total photoabsorption cross sections <r t
by resonant scattering of 7-rays. It is

shown that o
t
follows alone the GDR lorentzian line down to 3.5 McV. Indications for nonstatistical deviations from the

lorentzian line are observed.

I'ie. 1. Upper part: differential cross section lor elastic photon
scattering by 238 U through 9 = 90° versus energy. Curve a:

predicted differential cross sections for nonresonant elastic

scattering. Lower part: total photoabsorption cross section

for 238 U versus energy. Curve b: total photoabsorption cross

section predicted by the Weisskopf model with hindrance fac-

tor 3 X 10”5
. Curve c: extrapolated lorentzian accordine to

ref.
|
10 |.
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ENERGY
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N,G RLX 13- 19 D 7- 14 NAI-D UKN

FIG. 1. The total (n,y) cross section for ^^Ho and
2^U targets. The upper figs,

shov the data for transitions to the ground states of the final nucleus . The lover

figs, shov the data for transitions corresponding to the first peak found in the

observed spectra belov the one belonging to the ground state transition.
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REACTION RESULT EXCITATION
ENER6Y

SOURCE OETECTOR
ANGLE

TYPE RAN6C TYPE RANGE
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1

4PI

Fig. 1. Yield ratios "peak to trough" for

photoflssion. Data of present paper for the
reaction M3U (y. f): O) YllQBa/Y115cd; •)

Yi 4oBa/Yn3Ag; for the reaction a9Pu (

y

, f) :

A) YyoBa/Yii 7cd» Data in [1J for the reac-
tion a5U (y, f): ) YuoBa/Ymcd; 1“

[6] for the reaction M8U (y , f)s •

°) YuoBa/Yused.

TABLE 2. Relative Yields of a*Pu Photo-
fission Products

>
u
2
M

a
*

£
<

>

a
3

t

I
£

a
3

|
>

a
3
£
3

£

10
12
14

10
20
24

0,040±0.005
0.075±0.005

0,100
0,144
0,170
0,202

0,020±0,000
0.031±0.003

0,058
0,081
0,099
0,121

O,013±0,002
0,027±0.002

0,059
0,073
0,102
0,127

0,010±0.002
O,024±0,003

0,049
0,071
0,094
0,127
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The half-lives and yield ratios Y^,^ for the two :37Pu fission isomers have been investigated in the

photonuclear reaction
23
*Pu(y,2n). The observed half-lives (r,„ = 77 £ 16 ns, 1050+ 400 ns) agree well with

the data from particle induced fission. The measured yield ratios were ( Y^J = (6.4£ 1.7) X 10~*

and (r*/ ypmmpt)/"* = (0.83 £ 0.22) X 10"‘. From a statistical model analysis of the isomeric fission yield

ratio (yitaIt/y’i<11,l = 7.7 £2.9) a spin assignment of the two shape isomers was attempted. The analysis

provided, in the context of the statistical model, the most probable spin values / = 11/2 for the exicted,

long lived state and / = 5/2 for the short lived ground state in the second minimum of
237

Pu. Comparing
these spin values with single particle calculations, we tend to classify the excited state as the [615], l;2 ,.

Nilsson orbit and the short lived state as the [862],,2+ state.

ISOMERIC/ PROMPT YLD

Jnu<
CLEAR REACTIONS J3*Pu(y,2a), bremsstrahlung 45 MeV; measured

for Z5TPuml »"2 deduced isomeric ratio, spina.
't/t.j

TABLE lL Results.

Pulse length

(ns) r t/j(ns) y»/yprxio* S„,x 10** Assignment

50 80*20 6.2 *1.8 21.4 BTpyinl

11*6 • • • 21.4 0«Pu"( 7)

long-lived <1.5 21.4
1000 72*26 10.9 *8.5 236.0 07pu«t

1050*400 0.83*0.22 • • • atpu»ij

— -s

TABLE m. Comparison with previous results from particle induced reactions.

Tj/
j (ns) Reaction Method Ref.

Short-lived *60 (a, 2a) R * 5
component

100 * 30 (d ,2a) R 9
120 * 50 (a, 2a) pb

10
100 * 50 («, 2a) P 7
120 * 50 <a,a) P 7
82 * 8 (a ,2a) P 11
88 * 35 4 (d ,2a), (or, 2a) P 11
114 * 12 (d,2n) P 6
45 * 10 («, 2a) P 13
110 * 9 (a, 2a) P 14

Long-lived
77 * 16' (y ,2a) P this work

900 *150 (d ,2a) P 8
component

1120* 80 4 (a, 2a), (d ,2a) P 11
950*300 (d.2n) P 6
1310*260 (d ,2a) P 14
1050*400 (y ,2a) P this work

1 Recoil techniques.
bPulsed beam techniques.

'Weighted average of short and long beam pulse experiments.
4Weighted average of (d,2a) and (a ,2/1 ) results.
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Np

A=237

NEPTUNIM

Z=93

In 1940, while at the University of California, Edwin
McMillan was investigating the properties of a fission
product of uranium. He found a substance associated with it

that had a half-life of 2.3 days and he at once suspected
that this might be the element with atomic number 93 that
Fermi and his co-workers had looked for earlier.

In the spring of 1940, Philip Abelson came to Berkeley for a

short vacation; he was at the Carnegie Institution in

Washington, where, unknown to McMillan, he had also begun to

work on the 2.3-day half-life substance. McMillan and
Abelson found they had a common interest and decided to work
together on the problem. They were soon able to demonstrate
that they were dealing with the first transuranium element
number 93. McMillan decided to name it neptunium since it

was the element next to uranium, just as the planet Neptune
was next to Uranus.

Np

A=2 37

467

Np
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L. Katz, A. P. Baerg, and F. Brown
Peaceful Uses of Atomic Energy, Switzerland 1958

ELEM. SYM.

Np 237 93

METHOD

Fission chamber [Page 1 of 2] 58 Ka 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

. G,F ABX 5-18 C 5-18 ION-

1

DST

^ - Photofission, cross sections versus photon energy
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REF.

L. Katz, A. P. Baerg, and F. Brown
Peaceful Uses of Atomic Energy, Switzerland 1958

EL EM. SYM.

Np

A

237

Z

93

methoo

Fission chamber [Page 2 of 2]

REF. NO.

58 Ka 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 7 - Low-energy-yield curves: fissions per roentgen -nucleus versus maximum bremsstrahlung
energy. (The solid and dotted lines are samples of smoothed yield curves which fit the

experimental data.)

Table 4

Angular Distributions

Ratio, (Counts at 90 °) /(Counts at Q°)(a )

Nuclide 20 =8.0 Mev' 0 ^ =10.0 Mev =20.0 Me

v

U-233 1. 0481 0. 07 1. 032 + 0. 04 0. 994 1 0. 03

U -235 1. 024+0. 05

Np-237 1. 024+0. 10

Pu-239 1.002 + 0. 06 1. 013 + 0. 05 0. 952 + 0. 03

Am -241 0. 958+ 0. 07

(a) The ratio is the number of counts observed at 90 * per unit X-ray
dose divided by the number observed at 0* for the same dose.

(2J S0 “'•'2 maximum energy of the bremsstrahlung spectrum.
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REF. i ELEM. SYM. A z

A. P. 3aerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. B. Kowalski

|

Np
1

i

237 93Can. J. Phys. j[7, 1418 (1959) (A.E.C.L. No. 896)

METHOO

Betatron with ionization chamber detector, enriched samples.

REF. NO.

59 Ba 4 ZGF

EXCITATION
ENERGY

SOURCE detector
REACTION RESULT

TYPE RANGE TYPE RANGE
ANGLE

G ,F RLY THR - 20 C 6-20 ION-

1

DST

1

TABLE I

Angular distributions

Ratio, counts at 90#/counts at 0°*

Nuclide £„t = 6.0 Eo = 6.5 Eo =.3.0 Eo = 10.0 E„ = 20.0

U-233
U-235
N'p-237

Pu-239l
Am-241

1.034 ±0.26 0.927±0.12

1.048±0.07
1.024±0.05
1 .024±0. 10
1.002±0.06
0.958±0.07

1.032 ±0.04 0.994±0.03

1.013±0.05 0.952±0.03

•The ratio is the number of counts observed at 90° per unit X-ray dose divided by the
number observed at 0° for the same dose.

t£o is the maximum energy in million electron volts of the bremsstrahlung spectrum.
JThe 45

o/0° ratio at Eo = 6.5 Mev was 1.09 ±0.23.
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Ref. JoR. Huizenga, K.M. Clarke, J.E. Gindler, R. Vandenbosch
Nuclear Phys. Ji4, 439 (1962)

Elem. Sym.

Np 237

Ref. No.

62 Hu 1

93

Method IQ. . _ ...
Monoergic y's from F (p,aY)0 reaction; fission fragment ionization

chamber.
JHH

Reaction E or AE
s
a d E J rt Notes

Np257 (Y,f) 6.14

7.0

Photofission cross sections obtained with mono-energctic gamma
reaction

rays :rum 1the Fl,
(p. ayiOu

Target crT.jimb) £?aVMeV, •; £f
(MeV’, a

)

Tli 8,1 1.00-0.13 - 3 0 - 3 6 34 5.5

U'*3' 1.12—0.13 13— 5 13- 4 0.V4 5 3

u**# 0.3U— 0.10 23— !) 33- U 6.40 3.2

2.00-0.33 33-10 16- 3 3.24 3.3

L-m 10.0 -o.u 32— 10 31 !• 6.77 3.1

U5** 3.24-0.7!) 44—U 13-4 5.00 3 4

Xp»» 1.43-0.21 43— 14 31-10 6.76 3 3

*) From the compilation oi ref. :

b
) From the compilation of ref. :

Ref 20

Ref 26

Everling, Konig, Mattauch &
Wapstra - Nuclear Phys. 18, 529
(I960)

Vandenbasch & Seaborg - Phys. Rev.

110, 507 (1958)
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ref. R. Bergere, H. Beil, P. Carlos, A. Veyssiere, A. Lepretre
PICNS-72, p. 273 Sendai

ELEM. SVM.

Np 237 93

hvm

method REF. NO.

72 Be 15

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,N ABX 9- 17 D 9- 17 MOD-

1

4PI

G,2N ABX 9- 17 D 9- 17 MOD-

1

4PI

G,F ABX 9- 17 D 9- 17 MOD-

1

4PI

Fig. 5

TABLE I

LORENTZ LINE PARAMETRS AND INTRINSIC QUADRUPOLE MOMENTS

Target

nucleus

E
1

MsV
Cl

mb
n
MsV

E
2

MsV
Si

mb
S
MsV

ir/2 js i”
a • J) z

w/j ^
°0

b̂arns

A
°o .

**

barns

90

11.00
0.12

266
7

3.37
0.22

14.07
0.14

349

9

4. 62
0.16

1.1
0.15

10.2
l

9.66
0.1

> 10.96
0. 09

301

6
2. 90
0.14

14.04
0.13

369
6

4.53
*0.’ 1

3

1.9
0.1

11

1

11.3
0. 1

11.06
0.12

251
7

3.16
0.27

14.21
0.14

360

9

5.12

I0* 3

2.4
0.3

11.3
1

10. ?
o. 7

LORENTZ LINES PARAMETERS

* this experiment

** — EJLO. LORES, a. ESB, T. BSZO. - RieW tete ttklo, Tel. 7, 5 OsTO).

FORM N3S-4I8
(R IV. 7.14-S4I
USCOMM-NS5-OC PHOTONUCLEAR DATA SHEET 473

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.
M.Ya. Kondrat'ko, V.N. Korinets, K.A. Petrzhak, and

O.A. Teodorovich
At. Energ. _35, 211 (1972)

Sov. J. At. Energy 35, 862 (1973)

EL EM. STM.

Np 237 93

METHOD REF. NO.

72 Ko 9 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

-CU-E- J2LX- „IHRt 24 10- 24 ACT-I 4PI

FISSION PROD YIELDS

12
R. Stella e£ al. , J. Inorg. Nucl. Chem.

,

31, 3739 (1969).

Fig. 1. Curves of the distribution of yields of fission

fragments. Data of the present study for Np237
(y,f):

( - - ) 10 MeV; (
- x - ) 12 MeV; ( - O - ) 14

MeV; (
- 9 - ) 16 MeV; (

- A - ) 24 MeV;
( •-) data of (12) for Np237

(n, 0.

form N3S-418
IR e V. ?-1 4-44)
USCOMMoOC 26010*P«4

TABLE 1. Yields of Fragments for Photofission of Xp2?7
(%)

Maximum bren:::trahljr.g er.cr;y E.,
0 . MeV

Isotope
>; 12 Id

Br*'
|

— — f O,?*'. -n .05 |
j

I
) , Sri — u . t.Mj J

|

_
2.55=ii, IS —

•Sr« »

.

Zi«
Mo** 8.8i=*i. 59

Ktiioi », *7— 0. 3j 4. 88 -0.87 _ \ . i. i.5 --H. Si
!W>» 2.05=0, IS 2.S7—0. 13 —

ii. ii:'.=i>.o4iMi°» r. 20=0,11 O.S8=0.09 0.73=0,o<i (». iUrtn.07 0.22 -‘-0.03
Asm 0,7u=0.0l> 0.3*5—0, Hi 0. 47=0. "3 ".52= 0.03 0.20 - 0.02 0.095-o.uio
I’ll 111 n. 05—0,05 0,47±0.04 0.31=0.03 0. 21=".02 0.13=0.02 o.Ool j-O.OoS
\,U3 (1.51 =0,04 0.40±0.u3 0.31 -0.03 0.21 =0.02 o.U= 0 .o2 0.027 - 0,00.5
r.jm 0,50=0,04 0.43=0.03 0. 33-0.03 o. l2"*-O.IV) 0. 032- 0 oos
C.iu- 0,53=0,04 •

0,40=0.03 0.32=0.03 0.21=o. "2 0,11=0, "2 0.027 -0,007
Sntil — i.».21 r-J'.H-J

Sn‘» 0.32=0.03
•Sb>« 1 .30=0.08
SI,*-* 2.13=". 21
|1JI 3.90=".27
1 133 6.54=0. 40

4.91=".33
Ban* 5.'.9=0. 32 i»,02-fc0..35 5. 04=0,33 0.05=".3li 5,44:±0,.'52 14,37—0,33
Hall* 4,82=0,24 4,83±0,24 4,90=0,23 4.90=". 20 4,94-^0,23 4, 98 ±0, 20
Coin

j

— 4.99=". 31
— — — 4.0"= 42 — -



REF.
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A. Veyssiere, H. Beil, R. Bergere, P.

and K. Kembath
Nucl. Phys. A199 . 45 (1973)

Carlos, A. Lepretre EL EM. SYM.

Np 237 93

73 Ve 1 egf

REACTION RESULT EXCITATION SOURCE OETECTOR
ANGLE

ENERGY TYPE RANGE TYPE RANGE

G,N ABX 9- 17 D 9- 17 MOD-

1

4PI

G,2N ABX 9- 17 D 9- 17 MOD-

1

4 PI

G,P ABX 9- 17 D 9- 17 MOD-

1

4PI

(Y ,n)

49*
*-

(Y,2n) 500f

(r.f ) 501+

(r.tot) 502

Fig. 7. Partial and total photonuclear cross sections a(y, n), a(y, 2n). <x(y, F) and

aw =* *(7. n)+<r(y,2n)+«(p,F) of 3j]Np.

Table 3

Lorentzline parameters and quadrupole moments for 233Th, 23,U and 237Np

£.

(MeV) (mb)

r,

(MeV)
Ex

(MeV) (mb)
r

i

(MeV)
txi I\ Go

in a
,
J\ a

)
”)

^Th Il.08±0.l2 268+7 3.37+0.22 14.07+0.14 349+9 4.62+0.16 1.8+0.15 10.2+ 1 9.66+0.1

33,;u 10.96+0.09 301+6 2.90+0.14 14.04+0.13 369+6 4.53+0.13 1.9+0.1 II ±1 11.3 ±0.1

^Np 11.06+0.12 251+7 3.16+0.27 14.21+0.14 380+9 5.12+0.3 2.4+0.3 11.3+ 1 10.9 ±0.7

•) This experiment. 21 _ ___
*) Ref. 11

). K.B.G. Lobner et al. , Nucl. Data Tables 7^, 5 (1970).

Table 4

Integrated cross sections of 232Th, 23,U and 331Np

•To
1
) <T-i*) •T— 2 *) e'o =* i»(<T,rl +<r,A)

l>

) 0.06 NZIA <To a'o

(MeV • b) (mb) (mb • MeV -1
) (MeV • b) (MeV • b) 0.006 NZIA 0.006 NZIA

2.50+0.25 198+20 16+2 3.95+0.3 3.31 0.76+0.07 1.19+0.08

»‘U 2.98+0.15 235+ 15 19+ 1.5 3.99+0.15 3.39 0.88+0.05 1.18+0.04

”*NP 2.60+0.35 204+30 16+3 4.30+0.4 3.39 0.77+0.12 1.27+0.1

*) Values obtained by integrating a(y, total) from 8 to 18 MeV for 33,U and from 9 to- 16 MeV for
233Th and 237Np. 475

*) Surface under the two Lorentz lines.
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ELEM. SYM.

Np 237 93

METHOD REF. NO.

74 Iv 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F RLY 5- 12 C 5- 12 TRK-I 4PI

YIELD REL U-238

The curves for the relative photofission yield fractions

Yi(Eym)/Y238u(Eym) were obtained from experimental ratios

by least-square analysis. This method of analysis smooths
out observed structure but maxima are seen in the curves (with

an accuracy of ±0.16 MeV) at ihe following values of maximum
bremsstrahlung energy:

Nucleus Position of Maximum, MeV
232Th 5.3; 6.3; 6.6; 7.5; 10.8.
235U 5.1; 6.6; S.4.
237Np 5.5; 6.0; 7.1; 5.35; 9.S.
239pu 6.5.

Fig. 3. Relative photo fissility of 237Np: ©) present work; Cl) data from [5].

5
J. Huizenga et al . , Phys. Rev. 95, 1009 (1954).
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J.T. Caldwell and E.J. Dowdy
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«eF. EL CM. SYM. A Z

Np 237 31
method REF. NO.

75 Ca 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC HANOI TYPC HANOI

G,F NOX 6- 13 C 8- 13 MOD-I 4PI

The prompt- and delayed-neutron multiplicities for photofission of the eight NEUTRON MULTIPLICITIES
isotopes, 232Th ,

233U, a4U, mU, mU, ntV, a7Np, and 233Pu , have been measured
using bremsstrahlung with end-point energies ranging from 8 to 13 MeV. The

measured multiplicities are compared with those from the same compound nucleus

formed in neutron-induced fission where such data exist.

Fig. 5. 7p versus excitation energy for the eight iso-

topes studied in this experiment. The full curves shown
are from the evaluations of Davey2 with the excitation

energy determined as described in the text. For the

lower three isotopes shown, no previous experimental
values for 7p exist.

2
W.G. Davey, Nucl. Sci. Eng., 44, 345 (1971)

®L. Tomlinson, "Delayed Neutrons from Fission:

A Compilation and Evaluation of Experimental
Data," AERE-R-6993, Atomic Energy Research
Establishment, Harwell (1972)

FORM M8S-411
(R*V. 7.I4.44)

<JSCOMM-N«S-OC

Fig. 6. Delayed neutrons per fission versus the

parameter 3Z-A of the compound nucleus. The full

curve shown is the least-squares fit to the data shown
with In Yo = 10.61, K = -0.372. The dashed curve is the

least-squares fit tothe data provided by Tomlinson8
with

In Y0 = 11.35, K= -0.39.

TABLE IV

Least-Squares Linear Fit Expressions for 7p((Ey ))

Isotope VpUfiy ))
* + dVp/dE (Ey )

Correlation

Coefficient

“Th Vp((Fy)) - 1.310 +0.090 (Ey) 0.675

“u vp«Fy)) - 1.200 + 0.1709 (Ey) 0.947

“u Vp((Py)) » 2.222 + 0.0399 (Ey> 0.741

“u 'vp ((Ey)) - 0.9034 + 0.2292 (Ey) 0.967

“u Tp((Ey)) m 1.140 + 0.1788 (Ey) 0.986

Vp«Py)) - 1.502 + 0.1458 (Ey) 0.984

"Np 1>((Ey)) « 0.4027 + 0.2505 (Ey) 0.967

“Pu Vp((Ey ))
- 2.526 + 0.0930 (Ey) 0.777

over
' OF COMMERCE
OF STANOAROS
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TABLE IH

Prompt- and Deiayed-Neutxon Yields

E,, MeV (Ey), MeV TV
Delayed Neutrons
per 100 Fissions

“Th 8 6.44 1.96 ± 0.11 3.10 ± 0.28

(a * 1.15 ± 0.05) 10 7.02 1.89 ± 0.11 3.06 ± 0.31
10.2 7.10 1.89 ± 0.11 2.67 ± 0.21
12 8.06 2.08 ± 0.11 2.59 ± 0.31

av = 2.80 ± 0.28

“u 8 6.68 . 2.350 ± 0.112 0.455 * 0.040
(<r a 1.25 ± 0.05) 10 7.90 2.498 ± 0.108 0.518 ± 0.040

12 9.55 2.960 ± 0.096 0.640 * 0.044
13 10.27 2.870 ± 0.099 0.598 ± 0.051

av a 0.553 ± 0.044

**u 8 (6.67)* 2.536 ± 0.112 —
(

a

1.13 ± 0.05) 10 8.69 2.499 ± 0.107 0.92 ± 0.06
12 9.54 2.623 ± 0.105 0.97 * 0.12

av a o.94 ± 0.094

239U 8 6.67 2.456 ± 0.086 0.90 ± 0.08

(<r a 1.20 ± 0.05) 10 7.70 2.697 ± 0.081 0.88 ± 0.08

10.2 7.81 2.612 ± 0.079 1.13 ± 0.07

12 8.86 2.963 ± 0.072 1.12 ± 0.08

av a 1.02 ± 0.08

8 6.66 2.357 ± 0.111 1.43 ± 0.14

(o * 1.20 ± 0.05) 10 7.63 2.470 * 0.105 1.73 ± 0.12

12 8.86 2.744 4 0.095 1.64 ± 0.10
av a 1.60 ± 0.13

*“U , 8 6.53 2.457 ± 0.088 3.06 ± 0.24

(<r a 1.22 ± 0.05) 10 7.54 2.628 * 0.083 2.76 ± 0.17

10.2 7.66 2.585 * 0.082 3.06 ± 0.14

12 8.88 2.802 * 0.078 2.75 ±0.19
av = 2.91 ± 0.20

OTNp 10 7.68 2.35 ± 0.11 0.38 ± 0.04

(<r = 1.20 ± 0.05) 12 9.31 2.65 ± 0.10 0.50 ± 0.04

13 9.92 2.95 ± 0.10 0.54 ± 0.04

av = o.47 ± 0.04

“Pu 10 7.69 3.32 * 0.08 _
(<r a 1.18 ± 0.10) 10.2 7.84 3.17 * 0.14 0.37 ± 0.04

12 9.65 3.43 * 0.10 0.37 ± 0.04

av a 0.37 ± 0.04

‘Estimated value.

478
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Np

REF. NO.

237

75Zh 1

93

hmg

reaction EXCITATION
ENERGY

SOURCE OETECTOR
RESULT

TYPE RANGE TYPE RANGE
ANGLE

G,F NOX THR- 6 C 3-6 TRK-I 4PI

(Thr-5.5) (3.8-5. 5)
-

For the isotopes
232Th,

237Np, and 23,U, in the deep subbarrier region, we observed an abrupt diorer.se of the

slope of the energy dependence of the photcfission cross section, called the isomer shelf. An investigation of

this phenomenon uncovers a number of new possibilities for the refinement of our concepts concerning the

structure of the fission barrier of heavy nuclei.

r div./mg yA-'ec

and 2”.Vp.
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methoo

Np

REP. NO.

237 93

77 Ba 7 egf

REACTION RESUL

T

excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX CM1CO CM1COQ SCD-D DST

Abstract: Differentia! ctoss sections for clastic and inelastic Raman scattering from the deformed heavy

nuclei
:5
"Tb,

'
,,3 Ho and J,7N'p were measured at five energies between 8.5 and 11.4 Me'/. Angu’nr

distributions at four angles between 90' ar.d 140' for both elastic and inelastic scattering at 5.0 and
1 i .4 M.'V were also measured. The monoenergetic photons were obtained from thermal neutron

capture in Ni and Cr. All the angular distributions and the clastic and Raman scattering at the

higher energies are in good overall agreement with theoretical predictions. The theory is based on z

modified simple rotator mode! of the giant dipole resonance in which the effect ofDelbruch scattering

was included. A tree d of both the elastic and Raman scattering at lower energies to be stronger

than ex: acted cr.: suggested by the data However, the ratio between the Raman and clastic scattering

seem be •; rood agreement with th.ory throughout the whole energy range. This shows that there

is no tve-.’d to introduce a direct nonresor.ant component to the imaginary part of the clastic

scat.-: hog amplitude to explain the experimental data.

Fig. 3. Elastic and Raman inelastic differential scattering cross sections from J3TNp at 140’. The elastic

curve is obtained bv including the amplitudes ofThomson, Delbruck and nuclear resonance. The inelastic

Raman curves represent the results of eq. (10).
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RATIO

. ENERGY (MeV)

Fig. 6. Ratios of Raman/elastic scattering cross sections at 140 for JJ7Np, ,s5Ho and 15*Tb targets.

Here, R, and R 2 refer to the first and second Raman lines. In the solid and dashed lines, the nuclear
resonance amplitudes were obtained using parameters extracted from fits made to the Livermore and

Saclay measurements respectively. (See text, table 3 and caption to fig. 3.)

Fig. 7. Angular distributions of elastic and inelastic Raman scattered lines from "7
Np. The solid elastic

curves include the amplitudes of Thomson, Delbruck and nuclear resonance; the dashed curves

exclude the DelbrOck contribution. The theoretical cross sections were all normalized to unity at 0 - 90\
The experimental points were normalized to fit the theoretical curves. The nuclear resonance amplitudes

were obtained by using parameters extracted from the (y, n) dam of the Saclay group “). The Raman
inelastic curve has the form W(B) — 1 +^ cps; 0r

481
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Abstract: Measurements of the electrofission cross section for 232Th, 23iU and 237Np have been
made for an electron energy range from 20 to 120 MeV. A comparison is made between the

electrofission and photofission cross sections using the concept of virtual photons. It is deduced
that the electrofission reaction for these elements proceeds through a significant E2 contribution

as well as an El transition mode.

ELECTRON ENERGY (M«V)

Fig. 1 . Total electrofission cross sections versus electron energy. The solid circles are from the present

work. Data on 33,U from ref.
l
) (open circles) and ref.

3
) (crosses) are also shown. The curves arc

the best fit to the data as described in the text. The errors shown for the present data are relative

only.
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Table 1

Nucleus Normalisation

9 MeV 22 MeV 9 MeV 22 MeV

232Th 1.17 1.81 2.5 mb • MeV 12.8 mb • MeV
1.00 1.30 6.4 mb • MeV 38.8 mb • MeV

237Np 1.12 1.34 7.9 mb - MeV 52.3 mb • MeV

From table 1 it is observed that the normalisation factors for Et = 22 MeV are

higher than would be expected from the absolute experimental errors (± 20%).

This may indicate a preferential concentration of E2 strength at 9 MeV.USC OMM*N BS*OC
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REF. NO.
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78 A1 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR

TYPE RANGE type range
ANGLE

G,F RLY THR-999 C 100-999 TRK-D 4PI

The 300- and 2000-MeV electron linear accelerators have been used to measure the relative fissilities of 999 = 1 . 2 GEV
the nuclei

23 !
U, 23,

U, "rNp, :j
*Pu, -“Am, and Fragments were detected by glass detectors.

—
Photofission yields were obtained for the nuclei indicated at maximum brentsstrahlung energies 100. 240,

400, and 1200 MeV.

PACS numbers; 2J.85.Jg

..-'TABLE I. Relative photofission yields for Errwt = 10Q, 240,

400, and 1200 MeV.

Fosilcy of nuclei in inc Ratios of fncment yields flYC^
3
U> for

escitation-energy range
- S-12 MeV different maximum enerties

Nucleus

Of -r.-ir, + Relative

duality
106 MeV :w MeV m MeV 1200 MeV

««U 0.33(4) 1.45(h)

(.58(4)

115 (/)

212-0. IS 115*0.15 1.79*0.13 (.74*0.12

P*L’ 0.22*0.01 * 1.00 t.OO 1.00 1.00 1.00.

« ?Np 0.51(4) 153(4)
0.53(d) 116(e)

L39*0.14 1.92*0.13 L87*0.12 L61*0.10

134(d)
193(/)

>"Pu 0.70(4) 170(a)
151(4)

110*0.15 110*0.15 1.30=0.13 1.0=0.12

ISI(e)
145 tf)

n,Am (•.33(e) 1.68(e)
••

142(e)
127 (/)

L91±0.14 1.77*0.13 L 58*0.10 L«=0.10

iU.\m 0.52(f) 2.50(e)

159 (/) 1.81=0.13 1.31*0.13 L51*0.U 1.44*0.10

Note, a, b, e. d, and e denote that the data have been taken

respectively from the photofission studies of Refs. IS, 17, 13,

19, and 15. / are the average values for the data of a given

study on fission by neutrons
24

at nuclear excitation energy ~8

MeV.
The number given is an average over the results of a large

number of studies on photofission of 23*U.

••The authors of Ref. 18 point out that the value obtained by

them for
:,lAm is obviously underestimated.

r/Y(
a,

u)

Ejmax

•

FIG. 2. Relative yields F/F( 238U) for the nuclei 23SU (C),
237Xp Cl),

233Pu (•),
241Am (x), and 243Am (C) for maximum

bremsstrahlung energies -12, 100, 240, 400, and 1200

MeV.
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METHOD

A.S. Soldatov, EUEM. SYM. A Z

Np

REF. NO.

237 93

78 Zh 6 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYRE RANGE

G,F RLY THR-5 C 3-5 TRK-D 4PI

(THR-4.6) (3. 5-4. 6)

Yield measurements are reported for photofission of ”l
Th,

JM
U, :l,

U. and ;37Np in the ‘deep sub-barrier

energy region 3.J-4.6 MeV where anomalies in the cross section—isomeric shelfs—were previously

observed [Phys. Rev. C, 12. 863 (1975)]; Pis’ma. Zh. Eksp. Teor. Fiz. 22, 255 (1975), [JETP Len. 22,

118 (1975)]. The various sources of background, arising in this energy region, which is only with difficulty

accessible for measurements, are analyzed in detail. Analysis of the anomaiis in the behavior of the

integrated photofission yields in the case of the two nuclei
U*U and ::,U most favorable for study indicates

a resonance nature of the cross sections for delayed fission and a substantially more complicated physics of

the phenomenon than the simplified interpretation of Bowman [Phys. Rev. C, 12, 863 (1975)].

FIG. 2. The round points are the results of measurement of

the yields YiE^) (n fissions/mg-pC of the photoftsston

reaction: —present work and Ref, 7; C— Ref. 8. T and

dashed lines—respectively the experimental and theoretical

estimates of the background due to fissions by neutrons from

the reaction Be(y,n); C and dot-dash lines— the same for the

D(y, n) reaction. The shaded sections show the level of back-

ground from spontaneous fission and fission induced by
cosmic rays.
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METHOC

Smirenkin, A.S. Soldatov, ELEM. SYM. A

Np

REF. NO.

237 93

78 Zh 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
angle

TYPE RANGE TYPE RANGE

fia£ ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photofission yields of

nine nuclei

—

2j:Th,
23,

Np, J3, - 24l pu, and
:,,Am in the energy region 4.4-7.0 MeV. The method

of minimization of the directed deviation was used to reproduce the photofission cross sections from the

integrated yields. The following problems are discussed in terms of the experimental data: resonance

structure of the cross sections, effects of a two-humped shape of the fission barrier, and comparison of the

fissility in the (y/) and (n f) reactions and in direct reactions.

PACS numbers: 2S.8S.Jg

-5

5 5 7 5 6 7 5 5 7 5 6 ~

T

£v MeV

FIG. 4. Fissility P, In

the reactions (y,/)—•,
(n,/)—A (Ref. 14), and

in direct reactions—0. :

The dashed curve shows

the results of evaluation

of Pf in accordance with

Eq. (9).

(over)
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FIG. 3. Yields YIE^), fissions/mg-uC, and cross sections

<rr/(Er ). mb, for odd isotopes. The designations are the same
as in Fig. 2.

FIG. 6. Set of data on dipole photoabsorption cross sections

<7rt . The solid line (1)—the present work—Is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Er = 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for 238U; curve 4 is an estimate by

means of Axel’s formula. 15 Points: :232Th; A, A—235U;—23SU; C, •

—

218U; 7, r—237Np: O

—

218Pu. The hollow

points are from Refs. 16 and 17; the solid points are from

Ref. 6.
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REF.

METHOD

EL EM. SYM. A

Np

REF. NO.

93

79Mc2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPI MANGE TV ME MANGE

E,F N0X THR-110 d no SCD-D 120-210 90

Abstract: Fission of 232Th, 237Np, 20,
Bi,

235U and 23*U induced by 1 10 MeV electrons has been studied MASS AND EGY DISTRIB
by means of surface barrier detectors. The resulting mass and kinetic energy distributions are

presented. Comparison with the liquid drop model predictions shows reasonable agreement in the

case of *0,
Bi. The data are analysed in terms of a two component model of fission and the mean

total kinetic energies of the components are shown to depend linearly on Z,Z
J
(<4{'

J + /4j
3
).

Interesting differences are found when the present results are compared with the recent photo-
fission experiments of Areskoug el al. and features in both sets of data correlate with changes of
fragment deformation implied by the calculations of Wilkins at at.

NUCLEAR REACTIONS 237Np, 232Th. 20
»Bi,

23
*U. 335

U(e, f). E = 110 MeV; mea-
sured fission fragment £. deduced mass.

I-CAVY FRAGHENT P1ASS

Fig. 1. The HFM yield distributions for electrofission of
20,

Bi.
232Th and :j’Np and spontaneous

fission of :,2
Cf. Statistical uncertainties are shown where larger than the size of the points in this and

succeeding diagrams. The solid line in the :j2Cf case represents the experimental results of Schmidt
et aJ.

li
). In the

20,
Bi case the solid line represents a Gaussian fit to the data while the solid lines in the

other two cases are the result of a two component analysis (see text).

Table 2

Mean total KE (MeV)

Target

present work

semi-empirical [ref.
1 *)]

*) *>

JJ.y 171.8 + 3.4 168.5 169.4

ujjj 171.3 + 3.4 169.1 170.1

,32Th 1 67.0 ±3.3 163.4 163.5

237Np 174.3 ±3.0 171.9 173.3

l0*Bi 140 ±4 146.5 143.9

Width

present

work

11 .6 + 0.1

10 .8 + 0.1

9.6 1 0.1

ll.5±0.1

II.5 ±0.4

over
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANOAROS
•) 0. 1 07 1 Z :M 1 ,3 + 22.2.

») 0.1240Z 2M 1 ' 3
.

r nvivnvvbKMn vaia ancc 487



Fig. 2. Total fragment kinetic energy distributions in the electrofission of
20,

Bi.
23'Np and :j:Th.

The solid lines result from fitting a single Gaussian to the data in the
:0<>

Bi case and a double Gaussian

in the other cases.

15

la

100 120 1^0 160

Cavt FRACrCNT nass a.h.u.
180

200 -

>

100 -

4lt

< 160

5

|
’40

120

o He1”
. u 1”
. Th111

a Hi"
<3 CfM* l»* »

aft?/
* o ! a V

i i

ISO 170 190 210
Z1«Z2y<Al' . A2

1'
)

230

Fig. 3 Total fragment kinetic energy data from electrofission of 23,U. 235U.
23T

Np, 232
Th. 20,

Bi and
for spontaneous fission of J52

Cf. (A) Mean TKE versus HFM. The lines represent the LDM calculations
of Nix and Swiatecki * 3

)
- solid

23, U, short dash 235 U. long dash 20,
Bi, dot 23,Np and dot dash 23JTh

(B) Width of the TKE distribution versus heavy fragment mass. (C) Mean total fragment kinetic energy
versus Z,Z,/Ml ,3 + ^}' 3

). (D) Mean total fragment kinetic energy of the symmetric (enclosed by the 488
dashed line) and asymmetric components versus Z,Z

2/M!'
3 + /<i

3
). In (AHC) and (D) the relative

uncertainties between targets are ± 3 MeV and the absolute uncertainties are ±4 MeV.
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metmoo

V.G. Nedorezov,
Ranyuk, S.M. Solov'ev

Np

REF. NO.

Z

237 93

81 Vo 3 egf

REACTION RESULT EXCITATION
ENEROY

SOURCE OETECTOR
ANGLE

TYPl RANGE TYPE RANGE

E,F ABX 4-275 D 97-275 TRK-I 45

G,F RLY 4-275 D 184-275 TRK-I 45

Results are presented of cross-section measurements for the fission of 333Th, 133
U, >35U, 334

U, U
*U,

33,Np. and
13 Pu by electrons with energies between 100 and 275 MeV; photofission and electrofission cross-section ratios

for the same nuclei are given as well.

PACS numbers: 25.85Jg, 27.90. + b, 23.85.Ge

RELATIVE B RMS/E YLD

TABLE II. Electroflssion cross sections (mb) for nuclei with

Z-> 90 measured for electron energies between 100 and 275

MeV.

E,. M«V

97

134
149
166

IS-'*

201
217
240
253
275

t.2'i

1.47

1M
1.63

1.73

1.5;

1.7#

1.01

1.83

3.12

9.t7

9.75

10.36

9.61

9.S4

10.91

10.25

9.39

10.50

3.6G

6.03

6.17

7.01

7.13

H.53

7.73

7.2C

7.00

8.15

4.74

5.50

5.29

3.04

0 10

6.14

5.92

6.17

6.66

3.23

3.42

3,39

4.15

4.17

‘-25

449
4.76

5.36

5.22

6.63

7.16

7 70
7.92

7.49

7.99

7.S4

7.30

9.63

7.26

7.98

3.39

9.13

3.92

9.31

9.36

9.43

9.73

10.50

FIG. 2. Electroflssion cross section for :3:Th (a),
’J3U ib), and

!3TNp (c). The points represent data as follows: ~— Ref. 3,

—present work, C—Ref. 1. x— Ref. 2, and — Ref. 4.

TABLE [V. Cross sections (mb) for photo- and electroflssion

(cr0/At <r
rt

) obtained In measurements with aluminum radiatora

with a thickness of 0.023f, for a5U, a‘U, a*U, and alNp and of

0.0 Ilf, for a,Pu.

E
e

.

MeV

Nucleus Nucleus

•uNO ;* Pu I

.

> 1»U :t*\J ::*NO "•Pu

IS4 13.33 10.48 7 57 13.49 11.65 240 14.02 10.57 3.43 11.62 13.23

2Jl 14.10 11.50 8 82 12.79 1146 253 14.17 to.90 8.11 11.94 1190

217 14.30 1076 i».07 12.94 1190 1 275 15.22 12.00 919 1192 13.63

TABLE V. Cross-section ratios for photo-

and electroflssion (<ra/(7^) for energies be-

tween 184 and 275 MeV.

Nucleus Nucleus «Qp°'f

u»y 40*8 UTNp 24*5
35x7 “•Pu 30±6

*»u 35*7

Anns* 33±3
Thtoiraeal 35J
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Pu

A=238

PLUTONIUM

When McMillan left Berkeley in 1940, he was convinced that
another element was present in his neptunium fractions.
Glenn Seaborg continued these studies and with N. C. Wahl

and J. W. Kennedy separated from neptunium the new element
identified as having an atomic number of 94. The discovery
was reported to the journals early in 1941 but was not
published until 1946. Seaborg's group isolated a new
isotope in the spring of 1941. This was prepared by neutron
bombardment of lr 38 and was the basis for the plutonium
nuclear bomb. The Manhattan Project began concentrated work
on the new element at Chicago. Analogous to neptunium, the
element was named plutonium for Pluto, the planet next
beyond Neptune in the solar system.

491

Pu

A=238

Pu

A=238
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METHOD "

EL EM. SYM. A

Pu

REF. NO.

94

69 Ka 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-8 C 5-8 TRK-I DST

•
MeV-»

Fig. 2. Results of measurements of the fragment yields corresponding to

different components of the angular distribution, as functions of the end-

point energy of the bremsstrahlung spectrum (upper plots) and fission cross

section and values of the ratios b/a and c/b as functions or the energy

of the 7 quanta, obtained as a result of the reduction of the experimental

data (lower plot*).
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EL EM. SYM.

Pu 238 94

method ;

REF. NO.

!

j

70 Ra 1
- hmg

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-9 C 5-10 TRK-D DST

SEE 68RA1, 69KA1

Table n. Parameters of angular distributions

of the fragments

wmax'
McV

b
Y. fusion

mfid^cc
Table Q (cent.)

Tli“*

5.2 _ 4.5-10 • Emav Y.

r».i o.r* 000 0.991 ±0.027 0.050 a.0.025 0,<*»24 MeV
• * • Y, fusion

r*.r« O.OU-fc0.005 11.969*0.007 _0.<J05±0.<*4; 0,1*59
r».75

:,.o

U.015±0.0l0
0.010±0.»J»l5 0.000*0.016 0.0H4 tO.01

4

0.2'i Pu'“
0.014 ±0. <4)4 O.OHO-vO.iJOQ O.i/71±O.OIO 0,52 5.15 0.1112*0.014 0. 898 -*-0.056 1.147 ±0.070 0.15

0.2 0.01^ d-O.MU O.OHH*0.010 0.079 *-<i.oio 0,79 5.7 0.222 Ml. 054 0.778*0.042 0.710*0.032 0.19
o.r. 0. <>22 ±0.005 0.078 * 0.01.4 0.022 -0.011 5 4 5.95 0.5.1.1*0.010 0.467*0.011 O.:(31*0.Ol.i 2.3
6.7 u.024*0.002 0.077*0. <100 0.0»/>*D.<#lH 9.H 6.1 0.670*0.012 0.3.;0±0.012 0.096* 0.013 11.5
6.n 0.0:12 ^0.(07 O.OOH *-0.02'* 0.020 0.022 7,7 6.93 O.669±0.025 o./.tt *0.027 0.067*0. U20 40
7.0 o.0.:r>±o.(»i 0.06* 4-0.015 O.O/* *0.012 13.3 7.7 0.716*0.012 0.284*0.016 0.053 * 0.017 115
7..

4

d.0.',6* 0.006 0.944*0.020 0.0.ll*o.oi7 19.3 7.9 0.723 - 0.()I2 0. 273-0. U16 0.07-1 *11.1118 145
7.7 0.^88 4-0.005 0.9I2±0.()13 0.028*0.015 '•0,3 8.2 0.762 ±0.010 0.2.36*0.011 0.016*0.013 180
8.0 0.1U9±U.0:J6 0.691 ±0.01.1 0.0^6^0.012 55 8.5 0.779*0.020 0.221 *0.027 0.057 *0.029 240
8.5 0.161±0.001 0.8:16 ±0.UIJ8 U.017±O.OX 71 8.7 0.791*0.0)9 0.2O9-tO.tM2 0.0(2*0.014 Z'X)
10.0 0.301x0.009 0.696*0.011 —0.U31 ±0.01-1 _ 9.5 0.822 ±0.0tl 0.179*0.011 0.019*0.016 680

5.0 0.3.12*0.304 0.169 *0.372 3.702*0.421 0.0)55

L*» 5.25 0..',46*().033 Q.552±O.OG8 0. 903 *0, 0<2 0.056
5.0 0.052 to. 100 0.918-0.161 1 .206*0.205 o.onr.71 5- 5 0.4I»±0.018 0.5S2±0.<>59 t. 018*0. 069
5.2 ''0. 100 xO. 035 o.9oo±n.or,i 0.910 -o.iimi n.(*»i2 3.5 0.310*0.022 0. 090*0. *>29 0.7.11*0.031 0.26
5.3 0.020 - 0.0,15 o.omo*o.ot,; 0.0120 5.75 0.168*0.1X16 U.512±U.OIO 0.422-t0.012 1.0
5.1 0.007 *0.021 0.00/. -0.0.40 0. 1t2±0.oC6 0.0 J) 6.0 0.599*0.011 0.402*0.016 0.207 *0.018 2.7
5.45 o.o:ih-o.o>9

*

0.r62-c°.oi 7 0.I.V1 =o.02I 0.01* 6.23 0.669*0.012 o.:ui *0.017 0. i:iH*0.0l9 9.8
5.65 0.044 ±0.0< >5 0.966 -0.01

1

o.oio -n.nio 0 27 8.5 o.7oo±o.oe 0.:00*0.013 0.122 -*-0.014 17

5.05 0.078-^0.00.4 0.922±0.0I4 0.0:19 ±0.1114 1.7 7.0 0.710-0.003 O.20O±O.OO7 0.075 *0.003 50
6.'. 0.12“ —0.004 0.M7.I ±0.1*19 0 .044 - 0. 008 6.0 7.5 0.754 ±0.005 0 . 216*0.007 0.0 6 ±0.008 105

6.93 0 . 213*0.004 0 . 7H7 *0.(*H 0.047 *<>. 0*18 24.0 8.0 0 . 766 -*-0 . 0| J6 0 . 23-1 *0.009 0
.017 * 0 . 'xin 175

7.5 0..G»±0.*HW> 0.6 16 -*-0.010 0 .021 *0.011 47.0 8.5 0 . 614±0.003 0 . 166 *0.007 0.012 -0.908 223
H.O 0 .

',01 *0.005 0 . 500 * 0 . 0</6 '(.Ot 1*0.i)l7 71.0
9.23 0 . 370 *0 .

1X 16 0 . i:uj to .007 0 .dl3 ±0 . 0u7

Pu“
5.15 0. 408 —0 . JO?, 0.502 4-0. l.m * 1.112 -O.i. ;!> 0.041
5.5 o..;:io 4.0. or,?,

o.'.r. r‘>.".l7

0.070 *0.<H 4

o.:^6-"o.o',r,
1.515 -0.112
0.654 -to . 055

0.11
0.17

w(0) - a+b s in? 0 + c sin? 20
0.0 0.526 -to.oi 1 0.171 -0.1on 0.570 -O.OIH 1.7
G .15 O.liMi 4 O. 1 /OS 0 . 5/.4 H».OM 0 . 1 6(9 -0.013 5.9
6.5 0 . 7.LI- 0 . 0 I 2 0.267 t". "16 O.fiSO —O.OIH 11
7.0 0 . 772 *0.011 0.228 -O.otG 0

.
06H - 0.017 56

7.5 0 . 785 -^o.O| 2 0.215 -0.017 0.012 - 0.019 Hi 1

H.O o.hi.'i *0 . 01:1 0 . 167 -0.017 0.029 *0 0 |H IG»
8.5 0 .M28 *0.015 0.172 H*.»»2U 0 , 02:1 tO .<»22 270

3 .
0 " 0.000 4-0 . 2*«> 0 000 ^0.200 1 ±0.200 < 1 . 011*1

3.2 O.H5±o.U!l7
|

0 . 663 *0.111 2 .36 *0.13
1

0.017

"In this case W(i>) u described by a pure quadrupoie distribution,

*'sin
l
2d, and therefore the coefficient c is meaningless in the employed

normalization and is assumed equal to unity.

[ over

]
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Angular components of the yield . Knowledge of the
coefficients a, b, and c makes it possible to determine
the contribution of the individual components of the yield

^a> and Yc , the angular dependence of which corre-
sponds to three components in the expression (2): iso-
tropic, dipole, and quadrupole. Their meaning can be
understood from the following definitions

:

Y=Y, + Y>+Yc;

dY

dU

1

4nv
ytV-(O)

;

v

2 b
Yb =±—Y-

J V (4 )

Plots of Yi and Emax are shown in Fig. 3 together
with the data on the total yield. The experimental points
Yi(Emax) were determined by means of formulas (4)
from the coefficients W(^) listed in Table II and from
the total yield. The error of Yj indicated in Fig. 3 does
not include the error in the measurement of Y(Emov)
(-10%).

max

495



REF.

A. Shapiro and W. F. Stubblns
Nucl. Sci. & Engr. 45, 47 (1971)

EL EM. SYM.

Pu

A

238

z

94

METHOD REF. NO.

71 Sh 4 egf

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR

TYPE RANGE TYp E RANGE ANGLE

G, F ABX 7-11 C 4-12, SPK-I 2PI

Fig. 3. Photofission cross section of “•Pu and ““Pu
deduced from the Penfold-Leiss analysis. The dash-dot
curve for *"Pu is taken from Ref. 6.

L. Katz, A. P. Baerg, and F. Brown, Proc.

U. N. Intern. Conf. Peaceful Uses At.

Energy, 2nd, Geneva, 1958, L5, 188 (1958).

with respect to energy is unitless.]

TABLE I

Photofission Cross Sections Deduced
by Pcnfold-Lciss Analysis

(Indicated errors are standard deviations)

Energy
(MeV)

Cross Section (mb)

“*Pu “Pu

7.5 28 * 5 21 * 4

8.0 41 * 8 31 * 6

8.5 59 x 13 45 ± 10

9.0 85 * 21 64 * 16

9.5 120 32 90 4 24

10.0 1G6 ± 47 123 i 35
10.5 229 * 68 168 * 50

11.0 303 * 94 221 ± 69
FORM N3S-418
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REF. EL EM. SYM. A Z

L. Katz, K. G. McNeiLl, M. LeBlanc and F.
Can. J. Phys. 21 , 470 (1957)

METHOD

Brown
Pu 239 94

REF. NO.

57 Ka L JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G,XN ABX 6 - 23 C 6-23 BF3-I 4PI

(

Fig. 4. (y,N) yield and cross
section curves for Pu239 .

form MBS-4H
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REF.
L. Katz, A. P„ Baerg, and F. Brown
Peaceful Uses of Atomic Energy, Switzerland 1958

EL EM. SYM.

Pu 239 94

METHOD

Fission chamber [Page 1 of 2]

REF. NO.

58 Ka 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G^F ABX 5-18 C 5-18 . ION-

I

DST

^ - Photofission cross sections versus photon energy

form MBS-418
(RIV. 7-1 4-64)
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REF.

L. Katz, A. P. Baerg, and F. Brown
Peaceful Uses of Atomic Energy, Switzerland 1958

ELEM. SYM.

Pu

A

239

Z

METHOD

Fission chamber [Page 2 of 2]

REF. NO.

58 Ka 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 7 - Low-energy-yield curves: fissions per roentgen-nucleus versus maximum bremsstrahlung
energy. (The solid and dotted lines are samples of smoothed yield curves which fit the

experimental data.)

Table 4

Angular Distributions

Ratio, (Counts at 90 °) /(Counts at 0°)^a ^

Nuclide Z 0 =3. 0 Mev (b)
- 10. 0 Mev =20.0 Mev

U -233 1. 043 t 0. 07 1. 032 1 0. 04 0. 994+ 0. 03

U -255 1. 024+0. 05

No -23

7

1. 0243 0. 10

Pu-239 x. 002 1 0. 06 1. 013 + 0. 05 0. 952 + 0. 03

Am -241 0. 958+0. 07

(a) iiie ratio is tne numoer oi counts observed at 90° per unit X-ray
dose divided by the number observed at 0° for the same dose.

"o 13 rr*2’ximum energy of the bremsstrahlung spectrum.

form NBS-418
(R*V. 7*1 4.641
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REF. Z

A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. B. Kowalski

Can. J. Phys. 22> 1418 (1959) (A.E.C.L. No. 396)

METHOD

Betatron with ionization chamber detector, enriched samples.

. CLEM. S VM. A

I

Pu

i
REF. NO.

239

59 3a 4

i 94

EG?

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
angle

TV PC NANGC TYPE PANCE

G,F RLY THR - 20 C 6-20 ION-

1

DST

TABLE I

Angular distributions

Ratio, counts at 90®/counts at 0°*

Nuclide Eat - 6.0 E» =» 6.5 E» - S.O E, =• 10.0 £0 - 20.0

1.048±0.07 1.032±0.04 0.994±0.03
1.024±0.05
1 .024±0. 10

1.034±0.26 0.927±0.12 1.002±0.06 1.013±0.05 0.952±0 03
0.958±0.07

*The ratio is the number of counts observed at 90° per unit X-ray dose divided by the
number observed at 0® for the same dose.

f£o is the maximum energy in million electron volts of the bremsstrahlung spectrum.
+The 45 /0 ratio at £o =* 6.5 Mev was 1.09±0.23.

U-233
U-235
Xp-237
Pu-239t
Am-241

TABLE IV

Relative hssionabilities, U-238 «• 100 at 20 Mev

E, U-234 U-235 U-230 U-238 Pu-239 Pu-240

no 0 45±0.0S 0.303±0.013 0.387±0.040
6.5 1.105±0 .033 1. 134±0 025 1. 150±0.026 1 08±0 07 0 239±0 024 1 . 14o±0 051
7.0 2.515±0 053 2 282±0 038 2.358^0 037 2. 14±0. 14 4. 50±0.22 2 528±0 075
S.O 0 285±0.085 5 519±0 007 5. 285 3=0. 050 4 87±0.24 li.3S±0.34 0 09±0. 12

9.0 11. 00±0.33 8 94±n 13 8 05*0 2fl

10.

0

17.30±0.53 18.75±0 .10 1 4 29 ±0 . JO 14.41 ±0 28 45 1±2.2
14.0 88.0±4.5 43. It sell X\ 57 . 7± 1 4

15.0 84 3±1.9 1 19 0±0 9 73 58-0 78 70 S± 1 .

8

255 0±7 0 82 3±1.8
20.0 127 5±2.3 180. 8±2 .

2

109 lari 0 100±:2 5 352±10 120 8=2.3

FOAM N3S-413
IlCV. M4. «I4I

U.s. OtPARThitbTO? COvr.
fi* r a i. h*jli i <4 • • •

»” *; i a ;«
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ref. Nikotin and K. A. Petrzhak
Atomnaya Energiya 20, 268 (1966)
UDC 539.173.84, p. 300

ELEM. SVM.

Pu

!
z

239

method
j

PE*’. NO.

i 66 Ni 1

94

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

o*F RLY THR-15 C 10-15 TRK-D 0-1 API

» H 1 *— » o

Delayed Neutrons from Photofission (Ey max = IS MeV>

Total yield of delayed

neutrons, neutrons /100

fissions

Neutron group TV*. sec
Relative yield

of group, °lo

Absolute yield of

group, neutrons

per 100 fissions

1 55.04-1,5 4,404-0,20 0.17—0.03
2 30.3x0,3 1 11,3 - 1,0 0,02—0,10
a 5 , 45-0,50 15,04-1.5 0,00 1-0,10

3,S±0.G(Th*«) 4 1. OH 1-0. 20 37.54-3.0 1.43—0,30
5 0,43x0,10 17,2±2.0 0,00-0,10

.

G • 0,13x0.03 g --r2.0
8 ’ 7—4,0

o .,.,= 0.10
-0,20

i 54.74-2,5 5,4 i-0,5 0.052±0,010
v 20,3x1.0 20.0-2,0 0,193 -0,040
3 5.45—0.60 15,2±2,0 0,140-0.030

0,96±0,13 (U») "4" 2.01-0.25 3(5.9-4,0 0,354-0.070
5 0,50x0,10 13,0-2,0 0,134—0,(>:'.0

6 0,10x0,04 ® ,o -5,0 0 * U8 ' 1

_(),05U

1 56,2 >-0,8 1,98£0,08 0, 001—0, oip
2 21.3x0,3 15,7£0,5 0,489-1-0,070

3 5,50-0,20 17,5±0,7 0,5454-0,070

3,1±0.4(U«*) 4 2.15=0,10 31.1-0.8 0,970-0, ISO

5 0,70x0,0G 17,7x0.0 0.552=0,080

6 0,19±0,02 1G 0 50v"r ®’^**
0,200

1 54,04-3,0 6.05±0 60 0,022x0.004
2 20,G-i-l,0 20,0—2,0 0,075 -0,018
3 5. 7x0.

7

18,3x3.0 0,000-0,015
0.36i0.06(l'u«») 4 1 .044-0.30 20,5-4,0 0,105-0,020

5 <1.58 4-0. 10 14, ‘>±3,0 0,054 -0,012

6 0.20x0.04
i

®’®‘ --0,025

DELAYED N YIELDS

form NBS-4H
IR EV. 7-1 4-641

U9C OMM.DC 2601 0-P64 PHOTOHUCLEAR DATA SHEET 503

Fig. 3. Absolute yields of delayed neutrons
from fission of nuclei:

) [7]; •) present —
auchois.



REF.

N.S. Rabotnov, G.N. Smirenkin, A.S. Soldatov, L.N.
S.P. Kapitza and Yu. M. Tsipenyuk
Nuclear Phys. 77, 9'2 (1966)

METHOD

Microtron

Usachov,

ELEM. SYM. A

Pu 239 94

REF. NO.

66 Ra 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
angle

TYPE RANGE TYPE RANGE

G,F NOX 5-7 C 5-8 DST

W(9) = a + b sin2©
Table 1

Angular anisotropy of “*Pu photofission b/a as a function of and £•

^OA* b/a £•
(MeV) (MeV)

5.4 0.103 ±0.028 5.15

5.65 —0.192±0.010 5.38
5.v -0.161 ±0.012 5.52
6.4 -0.0 16 ±0.025 5.70
6.9 -0.011 ±0.015 »)

7.9 (iP 16 ±0.008 •)

*> ^or ” 6.9 and 7.9 MeV the values of the mean excitation
for the subsequent analysis were not calculated.

energies which are not required

Comparison of the angular anisotropy of the fragments from the «"Pufv mu' ron«wW-1K«) and -Pu(n.f)[W)/^(90-)-,] (.) reasons. Se diu are rep^nS »

^

function of the excitauon energy of the “'Pu compound nucleus £• (see text) The
ence of the ~Pu photofission cross section •) is presented in

form NBS-418
(REV. 7-14-84)
USC OMM-OC 2S010-P84 PHOTONUCLEAR DATA SHEET 504
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ref. N. S. Rabotnov, G. N. Smirenkin, A. S. Soldatov,
S, P. Kapitza and Yu. M. Tsipeniuk
Phys. Letters 26b, 218 (1968)

method

L. N. Ysachev, EL EM. SYM.

Pu

REF. NO.

239 94

68 Ra 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR-3 C 5-8 FRG-I DST

neutron data are taken from ref. 4. In the upper part

of the figure the energy dependence of the cross sec-
tions as measured in refs. 1 and 4 is shown. The
shaded regions indicate approximately the positions of

the observable and the real fission thresholds for the

compound nucleus 239pu; En is the neutron binding

energy in 239Pu.

form MBS-4H
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IJSC OMM-DC 29010-PS4 PHOTONUCLEAR DATA SHEET 505

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



REF.
A. S

Yad.
Sov.

method

Soldatov, Yu. M. Tsipenyuk, G.N.
Fiz. U., 992 (1970)
J. Nucl . Phys. U., 552 (1970)

Smirenkin ELEM. SYM. A

Pu

REF. NO.

239 94

70 So 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 5-3 C 5-8 FRG-D DST

FIG. I. Yiclti Y ami angular anisotropy A in photofisiion of Pum
aa a function of maximum bremutrahiung energy BmM .

I
;IG. 2. linergy dependence of '

the crow section Of(iLy) and angu-

lar anisotropy for mono
/f

chromatic photons. The solid

curves are experiment, and the

dashetfcand dot-dash curves are

theory.

FOftM NBS-418
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„ CF W. Gunther, K. Huber, U. Kneissl , H. Krieger, H. J. Maier

Phys. Rev. 09, 433 (1979)

00

ELEM. SYM.

Pu

PEP. NO.

79 Gu 1

239 94

hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TVPt RANGE TYPE RANGE

G,2n RLY 12-45 C 45 SCD-I 4PI

The half-lives and yield ratios Y^J for the two ::l7Pu fission isomers have been investigated in the
ISOMERIC/ PROMPT YLD

photonuclear reaction
33
"Pu(y.2n). The observed half-lives (r,,j = 77 16 ns, 1050 + 400 ns) agree well with

the data from panicle induced fission. The measured yield ratios were ( Y^/ = (6.4± 1-7) X 10'*

and (Y^J Y,,mJ;*1 = (0.83 ± 0.22) X 10'*. From a statistical model analysis of the isomeric fission yield

ratio 0**/ Iwiif = 7.7 -£2.9) a spin assignment of the two shape isomers was attempted. The analysis

provided, in the context of the statistical model, the most probable spin values / = 11/2 for the exicted,

long lived state and I = 5/2 for the shon lived ground state in the second minimum of 2”Pu. Comparing

these spin values with single particle calculations, we tend to classify the excited state as the [6l5]u,j,

Nilsson orbit and the shon lived state as the [862],,J+ state.

[NUCLEAR REACTIONS ,3,Pu(y,2n), bremsstrahlung 45 MeV; measured

Y^o/Yp, for ™Pu" l ."= deduced isomeric ratio, spins.
't/:.j

TABLE n. Results.

e length

(ns) r^j(ns) Y
i
«/lr

?.xlO» Npt x 10* « Assignment

50 80 ±20 6.2 *1.8 21.4 237pum I

11*6 • • • 21.4 ssPu"(?)

long-lived <1.5 21.4

1000 72*26 10.9 *8.5 236.0 37pum t

1050*400 0.83*0.22 • • • 8Tpu >«i 2

TABLE m. Comparison with previous results from particle induced reactions.

T {Jl (ns) Reaction Method Ref.

Short-lived *60 «*,

2

n) R

*

5

component
100 * 30 (d ,2 n) R 9

120 * 50 (a,2/t) P b 10

100 * 50 (a, 2n) P 7

120 * 50 (a,n) P 7

82 * 8 (at ,2/i) P 11

88 * 35 d (d ,2/t),(a,2/i) P 11

114 * 12 id.2n) P 6

45 * 10 (a ,2n) P 13

110 * 9 (a,2n) P 14

77 * 16' (y.2«) P this work

Long-lived 900 *150 (d ,2/i) P 8

component
1120* 80 J (or,2/i).(d ,2/i) P 11

950*300 (d ,2/i) P 6

1310*260 (

d

,2/i) P 14

1050*400 (y ,2/i) P this work

‘Recoil techniques.
bPulsed beam techniques.

'Weighted average of short and long beam pulse experiments.

^Weighted average of (d,2n) and [a,2n) results.
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REF.

A. Shapiro and W. F. Stubbins
Nucl. Sci. & Engr. 45, 47 (1971)

EL EM. SYM. A

Pu 239 94

METHOD REF. NO.

71 Sh 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX 7-11 C 4-12 SPK-I 2PI

Fig. 3. Photofission cross section of
234Pu and 239 Pu

deduced from the Penfold-Leiss analysis. The dash-dot
curve for

239Pu is taken from Ref. 6.

6 L. Katz, A. P. Baerg, and F. Brown, Proc.

U.N. Intern. Conf. Peaceful Uses At.

Energy, 2nd, Geneva, 1958, 15, 188 (1958).

TABLE I

Photofission Cross Sections Deduced
by Penfold-Leiss Analysis

( Indicated errors are standard deviations)

Energy
(MeV)

Cross Section (mb)

238Pu 239
Pu

7.5 28 ± 5 21 ± 4

8.0 41 ± 8 31 * 6

8.5 59 ± 13 45 ± 10
9.0 85 ± 21 64 ± 16
9.5 120 ± 32 90 ± 24

10.0 166 ± 47 123 ± 35
10.5 229 ± 68 168 ± 50
11.0 303 ± 94 221 ± 69

form N3S*418
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REF.

B„ Tamain, B. Pfeiffer, H. Wollnik, E. Konecny
Nucl. Phys. A173 , 465 (1971)

ELEM. SYM. A

Pu 239 94

METHOO REF. NO.

71 Ta 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F LFT THR-53 C 53 SCD-I 90

DELAYED FISSION

Fig. 7. Decay curve for delayed fission of ,, ’Pu-‘-y. A. refers to raw data, O includes correction

for the long-lived component. By dashed line the number of background events is shown as determined
from fission pulses measured between beam pulses outside the 2 /is time range which was recorded by

the TPHC.
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REF.

method

R.L. Bramblett, T. Gozani, R„0.

Nucl. Technology 1J3» 33 (1972)
Ginaven

,
D. E. Rundqulst

ELEM. SVM. A

Pu 239 94

REF. NO.

72 Br 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN RLY THR-11 C 5-11 BF3-I 4PI

Fig. 8. prompt- and delayed-neutron yield, induced by electron bremeetrahlung for

'

“Th.
M1

U.
;

*U, and
239

Pu.
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ref. J.T. Caldwell, G.M. Worth, and E. J. Dowdy
PICNS-73, Vol. I, p.651 Asllomar

EL EM. SYM.

Pu

A

239

z

94

METHOD REF. NO.

73 Ca 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N NOX THR- 12 C 10. 12 BF3-I API

G,F NOX THR- 12 C 10. 12 BF3-I 4PT

7A3LS I

Lor Energy Photoneutron and Photofission

Parameters Deduced from this Experiment

Isotope E
e
(>:ev) Proapt

~
rn /r

f
Delayed Neutrons Per

PhotoT iss ion

3 2.G831.C94 1.7651.136 0.03551.0015
23S

l, 10 2 . 6611.037 2.8131.161 0. 0358*. 0023
236„ 12 3. 0371. 079 3.2501.150 0.03131.0025

235, 8 2.6731.033 1.0611.103 0. 01011.0011
235, 10 2.9361.035 1.1611.067 0.01211.0017
233, 12 3.0361.079 1.2241.079 0.01101.0020

232
II, 3 2.021*. 112 1.0861.117 0.03241.0017

232
th 10 1.980*. 115 4.0171.266 0.03091.0019

232
-ll 12 2. 226*. 113 6.7641.577 0.02921.0038

233
PU 10 3.6031.083 ...... ....

239
Pu 12 3.7381.073 0.710.4 ——

.
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EL EM. SYM.

Pu 239

REF. NO.

73 Ru 1

94

hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XN RLY THR- 10 G 5- 10 BF3-I 4 PI

Fig. 1. Prompt and delayed neutron yields
In fissile and fertile material
produced by bremsstrahlung from
electrons of energy E

0
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ELEM. SYM.

Pu 239 94

METHOD REF. NO.

74 Gu 11 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MU-T ABX 7- 20 C 35 NAI-D 4PI

TABLE. Parameters for the approximation of the cross see-
tion by Lorentz lines.

Nu- »t It Et
CTj r, E,

Sdi
MeV

9 <?

cleus mb MeV MeV mb MeV

Th«J 247 3.90 10.99 362 4.67 13.9 1.75 0.28 10.0
U2JS 283 3.23 10.74 354 4.92 13.77 1.91 0.30 11.0

28S 2. 99 10.97351 5.10 14.25 2.09 0.31 11.7
Pu»> 227 3.47 11.05362 5.23 14.01 2.40 0.29 11.0

form M3S-418
(REV. 7-14-64)
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K.N. Ivanov and K.A. Petrzhak

At. Energ. 36 , 404 (1974)

Sov. J. At. Energy 36, 515 (1974)

EL EM. SYM.

Pu 239 94

METHOD REF. NO.

74 Iv 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F RLY 5- 12 C 5- 12 TRK-I 4PI

YIELD REL U-238

Nucleus

232-rh

•35u
237Np
233PU

The curves for the relative photofission yield functions

Y[(Eym)/Y 23su<Evm) were obtained from experimental ratios

by least-square analysis. This method of analysis smooths

out observed structure but maxima are seen in the curves (with

an accuracy of ±0.16 MeV) at the following values of maximum
bremsstrahlung energy:

Position of Maximum, MeV

5.3; 6.3; 6.6; 7.5; 10.8.

5.1; 6.6; 8.4.

5.5; 6.0; 7.1; 8.35; 9.8.

6.5.

ur

10 -

§ 20

II
CLrN

-a

—

t-

ii c.~. MeVS 5 7 t 9

Fig. 4. Relative photofissility of 239Pu:

•) present work; ) data from [5J.

\j. Huizenga et al . , Phys. Rev. £5, 1009 (1954)
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J.T. Caldwell and E.J. Dowdy
Nucl . Scl. & Eng. 56, 179 (1975)

EL EM. SYM. A

Pu 239 94

METHOD REF. NO.

75 Ca 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,F NOX 6- 13 C 8- 13 MOD-

1

dPT

The prompt- and delayed-neutron multiplicities for photofission of the eight NEUTRON MULTIPLICITIES
isotopes, mTh, ^U, mU, **17, 23SU, mU, a7Np, and a9Pu, have been measured

using bremsstrahlung with end-point energies ranging from 8 to 13 MeV. The

measured multiplicities are compared with those from the same compound nucleus

farmed in neutron-induced fission where such data exist.

<E
r
> (MeV)

Fig. 5. vp
versus excitation energy for the eight Iso-

topes studied in this experiment. The full curves shown

are from the evaluations of Davey with the excitation

energy determined as described in the text. For the

lower three isotopes shown, no previous experimental

values for vp exist.

^W.G. Davey, Nucl. Sci. Eng., 4£, 345 (1971)

6
L. Tomlinson, "Delayed Neutrons from Fission:

A Compilation and Evaluation of Experimental

Data," AERE-R-6993, Atomic Energy Research

Establishment, Harwell (1972)

FORM N8S-41S
IR«V. 7*1 4»#4I

USCOMM-NBS-OC

Fig. 6. Delayed neutrons per fission versus the

parameter 3Z-A of the compound nucleus. The full

curve shown is the least-squares fit to the data shown
with In Yo = 10.61, K = -0.372. The dashed curve is the

least-squares fit to the data provided by Tomlinson
8
with

In Y0 = 11.35, K = -0.39.

TABLE IV

Least-Squares Linear Fit Expressions for vp((Ey ))

Isotope Vp«jEy)) a Vo + dvp/dE (Ey)

Correlation

Coefficient

"Th v
f l<Py))

“ 1.310 +0.090 (Ey) 0.675

“u vplffy)) - 1.200 + 0.1709 <Ey )
0.947

“u Vp«Ey))- 2.222 + 0.0399 <Ey>
0.741

vp((Er)) - 0.9034 + 0.2292 (Ey)
0.967

•*0 7p((Ey )) - 1.140 + 0.1788 <Ey)
0.986

«U Vp((Ey)) - 1.502 + 0.1458 (Ey) 0.984

“Np 7p((Ey)) - 0.4027 + 0.2505 (Ey) 0.967

*“Pu vp((Ey )) - 2.526 + 0.0930 (Ey) 0.777

515 PHOTONUCLEA
F COMMERCE
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TABLE HI

Prompt- and Delayed-Neutron Yields

MeV (£y), MeV
Delayed Neutrons
per 100 Fissions

8 6.44 1.96 ± 0.11 3.10 ± 0.28
|

(a - 1.15 ± 0.05) 10 7.02 1.89 ± 0.11 3.06 ± 0.31
10.2 7.10 1.89 ± 0.11 2.67 ± 0.21
12 8.06 2.08 ± 0.11 2.59 ± 0.31

av a 2.80 ± 0.28

“u 8 6.68 2.350 ± 0.112 0.455 ± 0.040

(<r - 1.25 ± 0.05) 10 7.90 2.498 ± 0.108 0.518 ± 0.040

12 9.55 2.960 * 0.096 0.640 ± 0.044
13 10.27 2.870 ± 0.099 0.598 ± 0.051

av * 0.553 ± 0.044

“U 8 (6.67)* 2.536 ±0.112 —
(<r = 1.13 ± 0.05) 10 8.69 2.499 ± 0.107 0.92 ± 0.06

12 9.54 2.623 ± 0.105 0.97 ± 0.12
av a 0.94 ± 0.094

““U 8 6.67 2.456 ± 0.086 0.90 ± 0.08

(a = 1.20 ± 0.05) 10 7.70 2.697 ± 0.081 0.88 ± 0.08

10.2 7.81 2.612 ± 0.079 1.13 ± 0.07

12 8.86 2.963 ± 0.072 1.12 ± 0.08

av a 1.02 ± 0.08

“U 8 6.66 2.357 ± 0.111 1.43 ± 0.14

(a => 1.20 ± 0.05) 10 7.63 2.470 ± 0.105 1.73 ± 0.12

12 8.86 2.744 ± 0.095 1.64 ± 0.10

av > 1.60 ± 0.13

8 6.53 2.457 ± 0.088 3.06 ± 0.24

{a = 1.22 ± 0.05) 10 7.54 2.628 ± 0.083 2.76 ± 0.17

10.2 7.66 2.585 ± 0.082 3.06 ± 0.14

12 8.88 2.802 ± 0.078 2.75 ± 0.19

av > 2.91 ± 0.20

^Np 10 7.68 2.35 ± 0.11 0.38 ± 0.04

(<r « 1.20 ± 0.05) 12 9.31 2.65 ± 0.10 0.50 ± 0.04

13 9.92 2.95 ± 0 J.0 0.54 ± 0.04

av = 0.47 ± 0.04

“Pu 10 7.69 3.32 ± 0.08

(a = 1.18 ± 0.10) 10.2 7.84 3.17 ± 0.14 0.37 ± 0.04

12 9.65 3.43 ± 0.10 0.37 ± 0.04

av > 0.37 ± 0.04

‘Estimated value.
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G. V. Solodukhov, B. A. Tulupov
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EL EM . SYM.

Pu 239 94

METHOD REF. NO.

76 Gu 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,MUT ABX 7- 20 C UKN NAI-D 4PI

Fig. 1 Total photoabsorption cross sections for
232Th, 235- 23*U and 23,Pu and their respective best

two Lorentz line fits.

Table 1

Lorentz line parameters for
232Th, 235 ‘ 23*U and 23,Pu

Nucleus £, (MeV) o
x
(mb) T, (MeV) £, (MeV) ffj (mb) r2 (MeV)

232Th
«»U

»*Pu

10.59+0.16

10.74+0.18

10.97 ±0.13

11.05±0.13

247±26
2S3±39
286 ±30
227±39

3.90±0.4

3.23 ±0.55

2.99 ±0.48

3.47 ±0.57

13.9 ±0.13

I3.77±0.23

14.25±0.i8

14.01 ±0.21

362 ±26
354 ± 33

351 ±25
362 ±31

4.67 + 0. 38

4.92+0.58

5. 10 ±0.63

5.23 ±0.59

Table 2

Deformation parameters and quadrupole moments for
232Th, 233,23,U and 2,*Pu

Nucleus A., P
G.0»

this work refs.
*• *) ref. ‘0

2,2Th 0.28+0.03 0.274 10.0 ±0.8 10.2 ±1 9.66±0.1

«»u 0.30 ±0.03 0.285 11.0 ±0.9 12.8 ±1.3 U.12±0.2
* S*U 0.31 ±0.03 0.300 11.7 ±0.9 n ±i 11J ±0.1
23»Pu 0.29±0.C3 0.302 !1.0±0.9 11.02±0J
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Table 3

Integrated cross sections and mean energies of the dipole absorption

Nucleus (MeV • b) (mb) (mb - MeV"')
E

(MeV) (MeV) (MeV)
F

(MeV)

333Th 2.92 ±0.32 231 ±24 19±2 13.08 1264 1240 1216

2.99±0.39 238±31 20 ±2.5 12.91 12.56 1223 11.90

2.95+0.29 229 ±22 18±1.8 13.34 1288 12.80 1272

Z3*Pu 2.97 ±0.34 232 ±26 19 ±2 13.28 1280 12.50 1221

In table 3 various integrated cross sections are defined by the relations

ft® |*i*
i f

18
1

=
j

om(E)&E, =
J

- fftot(£)d£, =
J g e1 a'^E)dE-

Table 4

Comparison of various integrated cross sections for
J3,Th. Z3S - Z3,U and Z3*Pu

Z3ZTh Z3,Pu

*ol (MeV • b) 4.17 4.17 4.16 4.21

0.06 NZIA (MeV • b) 3.31 3.36 3.39 3.42

ffo/(0.06 SZIA

)

0.88+0.1 0.89±0.12 0.87 + 0.09 0.87 ±0.1

o0J{0.06 ,VZiA) 1.26 1.24 123 123

<r,rjoS ,
1.75 1.91 2.09 240

ff-uonb) 294 298 288 289

021 0.21 020 0.20

a_ Jt (mb MeV" 1

) 26.3 26.9 25.0 25.3

<r=2t xIO
3
//!

5 ' 3 3.00 3.01 274 276

5
C. D. Bowman et al., Phys. Rev. 133 (1964) B676

^A. Veyssiere et al., Nucl. Phys. A199 (1973) 45

14
K.E.G. Lobner et al., Nucl. Data Tables 7 (1970) 495
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'
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Nikitina, Yu.N. Ranyuk

Pu

REF. NO.

Z

239 94

78 A1 5 hg

REACTION RESULT EXCITATION
ENERGY

souRce OETECTOR

TYPE RANGE TYPE RANGE
ANGLE

G,F RLY THR-999 C 100-999 TRK-D 4PI

The 300- and 2000-MeV electron linear accelerators have been used to measure the relative fissiliries of
the nuclei

J5U, 2J,
U, M7Np, :w

Pu, :“Am, and “’Am. Fragments were detected by glass detectors.

Photofission yields were obtained for the nuclei indicated at minimum bremsstrahlung energies 100, 240.

400. and 1200 MeV.

999=1 .2 GEV

PACS numbers: 23.85Jg

TABLE L Relative photofission yields for £7bm = 100, 240,

400. and 1200 MeV.

Faaility of nuclei in (ft* (Uiiot of fn«m«nc yiewl* Y!Y(“
J3

U) for
tsc4ta(ioa-«ncr«y range

- S— 1 2 MeV
different muimum cnerfies c-rmax

0
,
- r,'<r, + Reftirvc

fbiiUty
100 MeV 240 MeV 400 MeV 125# MfV

OJS (4) 1.45U)
1.38(6)

115 (/)

122=0. 16 115*0.15 1.79*0.13 1.74*0.12

0.22*0.01 • 1.00 (.00 1.00 LOO LOO

0.51(41 153(6)
053(8) 118(e)

1.89=0.14 12)2*0.13 L57*0.12 151*0.10

134(8)
133 (/)

mpu 0.70(6) 170(a)
151(4)

110*0.15 110*0.13 150=0.13 153*0.12

151(e)

145(f)

«'AO l>.53(«) 1.88(e) ••

142(f)
3-27,/)

L91±0.14 1.77*0.13 L 48*0.10 L44x0.t0

0.62(f) 130(f)
159 </) 151=0.13 1.81*0.13 L53x0.il 1.44*0.10

Sote. a, b, e, d, and e denote that the data have been taken

respectively from the photofission studies of Refs. IS, 17, 18,

19, and 15. / are the average values for the data of a given

study on fission by neutrons
29

at nuclear excitation energy -8

MeV.
•The number given is an average over the results of a large

number of studies on photofission of
238

U.

••The authors of Ref. 18 point out that the value obtained by

them for
:,lAm is obviously underestimated.

tz wo zoom Izoo —
^ynni • M.V

FIG. 2. Relative yields F/F( 23SU) for the nuclei 333U O,
J3TNp Cl),

235Pu («),
21,Am (x), and !i3Am (C) for maximum

bremsstrahlung energies Erma -12, 100, 240, 400, and 1200

MeV.

15Yu. A. Vinogradov, V. I. Kasilov. L. E. Lazareva. V. G.
Nedorezov. X. V. Nikitina, X. 31. Parcvik, Yu. X.
Ranyuk, and P. V. Sorokin. Yad. Fiz. 24. 686 (1976) Sov.

J. Nucl. Phys. 24, 357 (1976).

'*J. McElhtnney and IV. E. Ogle, Phys. Rev. 81, 342 (1951).
17
J. R. Huizenga, Phys. Rev. 109, 484 (1953).

‘*L. Katz. A. P. Baerg, and F. Brown. Proc. of the Second
Intern. Conf. on the- Peaceful Uses of Atomic Energy,
Geneva, 1953, United Nations, Geneva, 1953. Yol. 15. p.

200 .

l,A. Veyssiere. H. Beil, R. Bergere, P. Carlos. A.
Lepretre. and K. Kembath, Nucl. Phys. AI99. 45 (1973).
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rep V.E. Zhuchko, Yu.B. Ostapenko, G.N.

Yu.M. Tsipenyuk . .

Yad. Fiz. 28, 1170 (1978)

Sov. J. Nucl. Phys. 28, 602 (1978)

Smirenkin, A.S. Soldatov, EL EM. SYM.

Pu 239 94

METHOD REF. NO.

78 Zh 7 hg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photofission yields of

nine nuclei—232Th.
237

Np, 239
“'Pu, and ;<lAm in the energy region 4.4-7.0 MeV. The method

of minimization of the directed deviation was used to reproduce the photofission cross sections from the

integrated yields. The following problems are discussed in terms of the experimental data: resonance

structure of the cross sections, effects of a two-humped shape of the fission barrier, and comparison of the

fissility in the (y/) and (n /) reactions and in direct reactions.

PACS numbers: 23.83.Jg

5 ~6 1 5 6 7 5 3 7 5 6 ~T
,
M.V

FIG. 4. Fissility Pf
in

die reactions (y,/)—•,

(*,/)—A (Ref. 14), and

in direct reactions—0. :

The dashed curve shows

the results of evaluation

of Pf
in accordance with

Eq. (9).
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as in Fig. 2.

The solid line (1)—the present work—is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Er
= 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for 239U: curve 4 is an estimate by

means of Axel’3 formula. 15 Points: Z, »—222Th: .1, a

—

:3]U;

•—23S U; C, •—238U; 7, T—237Np; O—239Pu. The hollow

points are from Refs. 16 and 17; the solid points are from

Ref. 6.
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method

H. Krieger, H.J. Maier €U EM. SYM.

Pu 239 94

REF. NO.

80 Gu 4 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TV»C RAN6C TYPE RANGE

G,F RLY THR-55 C 15-55 SCD-D 90

Measurements are presented for the mass and energy distributions of fragments from the

photofission of
232Th,

23i U.
238U and 239

Pu. The experiments were performed for M,E DST, SYM/ASYM YLD
bremsstrahlung endpoint energies between 15 and 55 MeV, using silicon surface barrier

detectors. The results are discussed with respect to the competition between the sym-

metric and asymmetric fission modes.

Table 2. Most probable heavy masses, most probable total kinetic energies and their variances (The variances have
been corrected tor the detector resolution and tor ••• and electron pile upi

Nucleus [EJ«.p *E.

a) b)

;j: Th
- 3

-"U
:3’C
3
**Pu

1141.7 t2l amu
1 1 .'S.s ; 3) amu
(140..’ ±2) amu
ll37.2r-l amu

16.1.3 MeV
169.1 MeV
168.5 MeV
174.7 MeV

163.5 MeV
170.1 MeV
169.4 MeV
176.6 MeV

(159.5±4) MeV
(168 + 3) MeV
( 164.5 — 4) MeV
(174 = 3(MeV

(9.0 ±0.8) MeV
( 1 l.l — l » MeV
(11.7 + 1) MeV
(11.9+1) MeV

;j:ac
185.5 MeV 11.6 MeV

* [£,] =(0.1071 Z:;A l 3 4. 22.2) MeV
" [EJ*m i;40 Z 1 A 1 3

) MeV
c
Calibration measurement

5- Saturation parameter c as a function of the fission probabil-
ity r, Cm

0.10 -

{

0.05

f

0
235

Mass number A
240

Fig. 6. Yv Ya at Ets =» 55 MeV as a function of the mass number .4
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yield

yielo

yield

yield

FpaG.iENT rtass mnu)

Ki". I. \li» distributions li»r the ph. •tolls,,,m ..I '*"Th. ' J
l . "’’I.

jnJ
' '

*Pu t Hremsstrahl endpoint enerey /., s
-
= 4j MeV i

0S - ENOrC

I

nT tNEBGT (n£V)

Fig. 4. S> mmciric to asymmetric fission

yield ratio as a function of £ss . The lines

are fils with an empirical function Vs,
V, =u

-che ‘ E *' is. text)
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Nucl . Phys. A350, 1 (1980)

ELEM. SVM. A

Pu 239 94

METHOD RET. NO.

80 Gu 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE PANGS

G,2N RLY THR-45 C 45 SPK 'jU 90

Abstract: Half-lives and yields in photonudear reactions have been measured for shape isomers in U and

Pu isotopes by pulsed-beam techniques bombarding
235 -23

*(j and
239 240 -242pu targets with brems-

strahlung. Isomeric fission cross sections have been deduced from the measured isomeric to prompt

yield ratios within an evaporation model using absolute prompt fission data. The results are

compared with data from particle-induced reactions.

YLD FISSION ISOMERS

E
NUCLEAR REACTIONS 240

Pu
233

U(y, xn).
23,

U,
239

Pu(y,2n),
242

Pu(y,n); brerns-

strahlung; measured Tl/2, isomeric to prompt yield ratios,
236

U,
237

Pu,
239

Pu,
24,

Pu levels,

deduced <r for isomeric fission. Natural and enriched targets.

Table 2

Results of isomeric fission experiments performed at Giessen

Reaction Isomer Half-life Y~JY„ Detector

232
Th(y, in) <10~* PPAD

235U(y,xn) <10-7 PPAD
23*U (y, 2n)

236u 115 ± 5 ns (2.02 ± 0. 16) x 10
-5

Si

118 ±7 ns (2.10 ± 0. 16) x 10~ 5 PPAD
239

Pu (y. 2n)
237

"'Pu 77 ± 16 ns (6.4 ± 1.7) x 10*4 Si

87±11 ns (4.9 ± 0.7) x 10~* PPAD
217"ipu 1050 ±400 ns (0.83 ± 0.22) xl0~* SiW

Pu (y, n)
239

”'Pu 6.5 ±0.4 us (7.9 ± 0.4) x 10
_s PPAD

240
Pu(y,xn) 7 4.5 ± 1.5 ns <1.1 x 10~* PPAD

242
Pu(y,n)

24,m>pu 20.5 ±2.5 us (9.2 ± 0.8) x 10' 5 PPAD
24,mjpu 34 ± 7 ns (3.7 ±0.7) x 10* 5 PPAD

Table 6

Isomeric fission cross sections for (y, 2n) reactions (this work)

Reaction E„ (MeV) Tlw/Vpr x 10* 5 <t™ (ub) (MeV)

23
"U(y.2n) 45 2.02 ±0.16 9.9 ±1.9 16+

239
Pu(y, 2n)

237m
'Pu

2.10±0.16 10.3 ±2.0 16+

45 0.64±0.017 17.5 +

239
Pu(y, 2n)

237
*»Pu

0.49 ±0.07 )

5.7 ± 1.7
17.5 +

45 0.083 ±0.022/ 17.5+

f The shape of the cross section was calculated (see text!.

roitM N8S-41S
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)

methoo

Petrzhak, O.A. Teodorovich EL CM. SYM. A Z

Pu 239

ref. no.

94

81 Ko 4 hg

REACTION RESULT EXCITATION
ENEROY

SOURCE detector
ANCLE

TYPE RAN6I TYPE RANGE

G,F RLY THR-28 C 28 ACT-D 4PI

FISS PROD, MASS PI ST
TABLE 2. Fractional Individual Yields and

Data on the Charge Distribution of the Photo-

fission Products of
239Pu (E 0 = 28 MeV)

Nuclide
Fractional in-

dividual yield

4

Most prob-

able charge

Z
p
(o=0.59)

OZp relative

“”*U(no,/>*

"Nb 0
, 011+0.002 39,15 +1 ,03

‘«I O,2l7±0,o44 52,05 + 1.52
“>Xe 0, 412-Ml, U25 53.42 +1,51

0,123*0,009 53,82 + 1,49
l4u La 0,032±o,U06 55,41 + 1,49

•Average value with respect to heavy products amounts to

1.50.

Fig. 1. Mass distribution of

the photofission products of
239Pu for a maximum brems-

strahlung enersr of E 0 = 28

MeV.

TABLE 1. Yields of Photofission Products of
239Pu (E 0 = 28 MeV)

Nuclide
Method
of deter-

Cumulative yield. Estimate of total i

Nuclide
Method
of deter-
mination!

Cumulative yield, Estimate of total

mi nation Vo yield of chain, ”1°
1 % yield of chain, 7

,mKr o.831±o,oG8 0,931+0,075 1STSb a 1,43+0,15 l,4C±o,15
”Kr » 1.92*0,21 — 13l[ » 4,67±0,15 4,67+0,15
•‘Sr a, c 2.89*0.23 2.91+0,23 132[ » 4.96+0,16 5,00+0,16
«Y 3.2o*iM0 3, 20±0,16 133

1

• 5, 43±0,21 5, 64±o,22
”Y b 4.02*0,20 4,04^-0,20 I3SXe » 6,32±o.26 6 , 55±o ,

27

'Vr il 4.39*0,13 4,40+0,13 “»Ba c 5,18+0,26 5,21±o.20
”/r • 4.l>3*o. 17 4,93+0,18 “•La a. b- c 4,55±o,18 4,55±o, 18

"-Mn « 5,70*0.22 5,76+0.22 “‘Cu a, b 4,23-0,14 4,23±o, 14

"'•llu 5,.00^0.28 5,35±o,28 i.i-Ce a, b. c 3,26±o, 13 3,26+0,13
"••Um » 3,90+0. 20 3,96+0.20 “‘Ce a 2,83+o.tl 2.86+0,11
"-Hu • 3.70+0,26 3,73-^0,26 i*spr c 2.33+0,15 2. 33±0.15
‘“As; b. c 1.242 +0.075 1,242+0,075 “’Nd a. b, c 1.642+0,064 1,642±o,064
“®Ai5 a 0,95H±o.o57 “Pm b, c 0,745+0,074 0,748+0,074
Il3

a\f2 b, c 0.710 *1,069 0.720+0.070 “•Sm » 0,385±o,o27 O,385±0,O27
“‘A'Cll u. b 0,394+0,027 0.421+0,030 “‘Sra • 0,161 ±0,018 0,179±0,021
“*mCil
i“»Cd

b
•

0,165*0,017 l

0,227 +0,016 /
0,412±0,035

“’Eu c 0,098+0,015 0,u99±0,ol5

•a) Gross-spectra, y-spectrometer; b) radiochemical analysis, y-spectrometer c) radiochemical analyis, -counter.

FOAM M8S-41*
(NIV. 7* I 4» #41

USCOMM-NIS-OC PHOTONUCLEAR DATA SHEET 525

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOAROS



A.S. Voronin, I.S. Koretskaya, V.L. Kuznetsov, V.G. Nedorezov,
N.V. Nikitina, V.I. Noga, S.A. Pashchuk, Yu.N. Ranyuk, S.M. Solov'ev
Yad. Fiz. 34, 1439 (1981)
Sov. J. NuFT. Phys. 34_, (1981)

EL EM. SYM. A

Pu 239 94

METHOO REP. NO.

81 Vo 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

E,F ABX 4-275 D 97-275 TRK-I 45

G,F RLY 4-275 D 184-275 TRK-I 45

RELATIVE BRMS/E YLD
Rauiu are presented of croj*-jecnon measurement! for the fission of iJ3Th, !J1U U,U 3“U ln

XJ
wNn and

by *‘eCtr°n* W'th Cn£rSI“ bet"'en 100 “d 2” MeV
; phocofiss.on and election erection ratiosfor the same nuclei are given as well.

PACS numbers: 25.85-Jg. 27.90. + b. 25.S5.Ge

TABLE II. Electrofission cross sections (mb) for nuclei with
Z? 90 measured for electron energies between 100 and 275
MeV.

Nucleus

£
e . MeV

,nTh ««u *M U »**U •«u **»Np is* p tt

37 1.24 8.12 5.6C 155 .723 8.22 7.26
134 1.47 3.17 6.08 4.71 : li 6.63 7.98
149 1.12 9.75 6.17 3.50 3.89 7.16 8.39
166 1.63 10.36 7.01 5.29 4.15 7 70 9.18
184 1.73 9.61 7.13 5.64 4 17 7.92 8.92
201 1.54 9.84 6.53 r» io 4.58 7.49 931
217 1.73 10.91 7.73 6.14 4 77 7.09 9-56
210 1.91 10.25

’

7.36 5.92 4 49 7.84 9.43
253 1.85 9.89 7.00 6.17 4.76 7.S0 9.78
275 2.22 1050 8.15 666 576 9.63 10.50

TABLE IV. Cross sections (mb) for photo- ami electroflssioo
(<rQ/±t * <t,

f
) obtained m measurements with aluminum radiators

with a thickness of O.O23f
0
for a*U, a‘U, a»U. and a3

.Vp and of

TABLE V. Cross-section ratios for photo-
and electrofission for energies be-
tween 184 and 275 MeV.

£
e

.

Nuclcus Nucleus Nucleus Nucleus OQjl'tf

MeV ;liU pu -‘'Np ^Pu ! MeV :uU •u -u *Np • TPxi my 40x8 “'Np
:,,Pu

24x5

IS* 13.33 10.48 7 37 13.40 2\0 14 02

35*7
35*7 I

30x6

2*Jl

217
1110
14.36

11.50

1076
S82
K.G7

12.79

12.94

12.46

12.98

253
275

14.17

15.22

10.96

12.00

Ml
9.29

11.94

12.32

1190
13.63

A»erate

TheorencaJ
33x3
357

FORM M8S*41t
(fttv. 7-1*. *4

»
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A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. B. Kowalski

Can. J. Phys. J7, 1418 (1959) (A.E.C.L. No. 296)
Pu

!
240

j
94

METHOD
“ ‘ "" ~ '

Betatron with ionization chamber detector,
[Page 1 of 2]

enriched samples.

REF. NO.

59 Ba 4 EGF
1

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR - 20 C 6-20 ION-

I

DST

TABLE II

Angular distributions

Relative fission fragment yields as a function of peak bremsstrahlung energy £, and angle 9
to X-ray beam

Eo,
Mev

Angle 9

0 25 45 60 90

Th-232
6.5 1 .00±0.3 20±5
7.0 1.00±0.04 4. 1±0.2 6.7±0.3 8. 4=0.

3

7.5 1.00±0.1 5. 1±0.4 6.0±0.4 7.9±0.5
8.0 1.00±0.09 2. 4±0.

2

3.6±0.3 5. 1=0.3
9.0 1.00±0.1 3.4±0.3
10.0 1 .00±0.04 1. 16 ±0.05 1 . 67±0 . 08 1.97±0.08 2.4±0.

1

14.0 1.00±0.05 1 .43 ±0.08
20.0 1 .00±0.05 1 . 13±0.06

U-238
6.0 1.00±0.3 6.0±1.4
6.3 1.00 ±0.1 3.6±0.4 5. 9=0.

6

6.5 1.00±0.2 4.5±0.7
7.0 1.00±0.08 1.5±0.1 2.0±0.2 2.4±0.2 2.9±0.2
8.0 1 .00±0.06 2. 1±0.

1

9.4 1.00±0.023 1.094 ±0.029 1.224 ±0.029 1.274±0.034* 1 452±0.033
10.0 1.00 ±0.04 1.38±0.04
14.0 1.00±0.04 1.08±0.04
20.0 1 .00±0.03 1 . 05±0 . 03

B — 65 in thi3 case -

U-236
6.0 1 .00±0.25 4.6±0.8
6.5 1.00±0.l 2.06±0.2 2 . 55±0 . 25
7.0 1.00±0.06 1.05±0.10 2. 1 1 ±0 . 12
8.0 1 .00±0.04 1.39±0.06 1.66±0.07
9.0 1 00±0.04 1.10±0 07 1. 15±0.04 1.31 ±0.08* 1.46±0.05
10.0 1 .00±0.03 1.07±0.03 1.28=0.04
14.0 1.00±0.02 1.03±0.02

*9 m 65° in this case

U-234
6.5 1.00±0.1 1 . 41 ±0 . 14 1 98=0.20
7.0 1 .00±0.05 1 . 19 ±0.06 1.53 ±0.08
8.0 1.00±0.03 1. U±0.03 1.30±0.04
10 0 1 .00±0.03 l . 12±0.03
15.0 1.00±0.03 1.01=0.03

Pu-240
6.5 1.00±0 10 1 .49±0. 15 1 55±0. 10
7.0 1.00±0 06 1 .03±0.00 1 ..‘55±0.08
8.0 1.00±0.03 1 .01 ±0.03 1 . 21 ±0.04
15.0 1 00±0.02 1 .01 ±0.02

The values quoted are counts observed for unit X-ray dose normalized to unit yield at
9 * 08. No corrections have been applied.

form N3S-413
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REF.

A. P. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. B. Kowalski

Can. J. Phys. J7, 1418 (1959) (A.E.C.L. No. 896)

METHOD

EL EM. SYM.

Pu 240 94

[Page 2 of 2]
REF. NO.

Betatron with ionization chamber detector, enriched samples.

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

TABLE IV

Relative fissionabilities, U-238 » 100 at 20 Mev

fit U-234 U-235 U-23G U-238 Pu-239 Pu-240

0.0 0.45±0 05 0.303±0.013 0.387±0.040

o.s 1 . 1G5±0.0.13 1. 134±0.025 1 . 159±0.026 1.08*0.07 0 . 239±0 . 024 1 . 145±0 .051

7.0 2.515±0.053 2.282±0.038 2 . 358±0 . 037 2. 14±0. 14 4. 50±0. 22 2. 528±0.075
8.0 0.285±0.085 5.519±0.007 5.285±0.056 4. 87±0.24 11. 35±0.34 6.09±0. 12

9.0 11.00±0.33 8.94±0. 13 8.05±0.26

10.0 17.30±0.53 18.75±0.30 14. 29±0 20 14.41*0.28 45 1±2.2

14 0 88.0±4.5 43. ll±0.53 57.7±l .4

15 0 8t.3±l 9 119.0*0.9 73. 58±0.78 70 . 5± 1 .

8

255 . 0±7 .

0

82.3±1.8
20.0 127.5±2.5 180 8*2.2 109. 4±1 .0 100±2 5 352±10 120 8±2.3

TABLE VI

Corrected values of a in W(9) - 1 +<* sin* 8

E« Th-232 U-238 U-236 U-234 Pu-240

6.0 6.6±2 6 0±2 3
6 3 6.7±1 .

1

6.5 >25 4.4±1 .0 2.1±0.4 2.3±0.6 0 . 65 ±0 20
7.0
7.5

11 0±0.8
10.3dbl 6

2. 05±0 24 1.33 ±0.17 0.90±0. 16 0. 49±0 12

8.0 4. 9 ±0.6 1.3±0 1 0.79±0.09 0.44±0 08 0.29-0 i)7
(> 0 2 8±0.

4

0.51±0 07
It 4 0.44 ±0.04
IU 0 1 . 61 ±0 12 0.41±0.05 0 32±0.06 0 17 -i-0.rt7
14 0 0.4C±0.09 0.09±0.04 0.04±0.03
15.0 0.02±0 04* 0 01 —0 03*
20 0 0 14±0.06 0.05±0 03

•These values, which do not differ from zero, have not been corrected for Lutoui, a„ u .

position.
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rep. N. S. Rabotnov, G. N. Smirenkin, A. S. Soldatov, L. N
S. P. Kapitza and Yu. M. Tsipeniuk
Phys. Letters 26B, 218 (1968)

METHOD

Ysachev

,

i

ELEM. STM. A Z

Pu 240 94

REP. NO.

68 Ra 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR-8 C 5-8 FRG-I DST

>

Fig. 1. The measured value of b/a as a function of en-
ergy. Photofission cross sections taken from ref. 1
are also shown for 232Th and 238u. E is the average
excitation energy of the fissioning nuclei and Tf the ob-

servable fission threshold.

porm NBS-418
(RIV. 7*t 4*64)
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^ C r . ELEM. SYM. A

S. P. Kapitza, N. S. Rabotnov, G. N. Smirenkin, A. S. Soldatov,
L. N. Usachev

,
Yu. M. Ysipenyuk

ZhETF Pis. Red. 2, 128 (1969); JETP Letters 2, 73 (1969) Pu

method REF. NO.

240 94

69 Ka 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-8 C 5-8 TRK-

1

DST

Fig. 2. Results of measurements of the fragment yields corresponding to
different components of the angular distribution, as functions of the end-
point energy of the bremsstrahlung spectrum (upper plots) and fission cross
section and values of the ratios b/a and c/b as functions of the energy
of the 7 quanta, obtained as a result of the reduction of the experimental
data (lower plots).
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REF.

METHOD

N.S. Rabotnov, G.N. Smirenkin, A.S. Soldatov, L.N. Usachev,
S.P. Kapitza, and Yu. M. Tsipenyuk

Yad. Fiz. 11, 508 (1970)
Sov. J. Nucl. Phys. 11, 285 (1970)

; re*. no.
I

I

z

I

2ko 9k

70 Ra 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-9 C 5-10 TRK-D DST

SEE 66RA1, 6^KA1

Table n. Parameters of angular distributions

of the fragments

E Y. riMMM

MeV

Th04 . Table n (cont.)

.'..2
1

_ — •

4.5. IO-*

3.4 • II. fX19*0.1)09 0.901 ±0.027 0.050 *0.025 0/#>24
5 . 6.3 0.1111*0.011.7 0.989 *0.007 —0.005±«».'*«i 0.059

5. 75 0.013*11.010 o.9sr>± 0 .0.11 0.0 •.9*0.o.l.’, 0,«i02

5.9 0.()l0±().c»i.', 0.990*0.010 o.nn; *o.ou 0,2*)

5.95 0.014*0.004 0.9*6*0.009 0.»/71 *0.oio 0.32
0.2 0.012*0.00:1 0.9HK*O.0Ml 0.079 *-0.010 0.79

6.:. 0.022*0.005 0.978*0.015 0.022 *0.014 5.1

6.7 0.02:1-0.002 0.977*0.009 0.009* 0.f#N 9.8
6.9 0.0:12-^0.007 0.968 0.020 *0.022 7.7
7.0 0.0:6 *0.004 o. or. 1* 0.013 0. •118*0.012 13.3

7.:t 0.056*0.006 0.911*0.020 0.0:11 *0.017 19,5

7.7 O.iJSH *0.005 0.9I2±‘J.OI5 ojtt8±o.ot:s lo,5

8.0 0.109*0.0)6 0. HOI**). 01.1 0.0,26*0.012 .13

8.5 0.161*0.004 0.836*0.1** 0.017*0.0* 71

40.0 0.30'. ±0.009 0.696*0. Oli

U“»

—0 .an ±o.otl

5.0 0.052 *0.100 0.91H*o. 16'* 1 .296*0.205 0.O0071

5.2 0. 100*0.935 0.900*0.061 0.910 ~0.mO o.*«*ii2

5.5 0.020*0.055 o.9so*o.nf»1 0.500 *0.070 0.0120

5.6 0.007 *0.024 o.99.i*o.a59 0 . 112 *0.066 o.a.o

5.45 0.0.18*0.000 0.962*0.017 0.155 -0.021 0.014

5.65 o.o.t4*o.(»r> 0.960 0.010 *.0.010 0 27

5.95 0.078*0.003 0.922±0.0f4 0.O59 *0,014 1.7

6.1 0.127 *0.004 0.873 ±0.0'*) 0.0.11-0.01)8 0.0

6.95 0.213*0.004 0.7H7 iO.OUH 0.017*0.008 21.0

7.5 0.. 64*0.(116 0.6 .6 ±0.0|i) 0.021 *0."tt 47.0

8.0 0.401 *0.(115 0.599*0.006 0.011*0.007 71.0

9.25 0.570*0.016 0. i3U *0.007

Pu*»

0.013*0.007 ““

5.25 0.408 *0.103 0.592*0.1.7) 1.112 -0.1. .9 0.011.

5.5 o.:2:o*o.(ir,3 0.670 Zo.OV# l.5i:i -n . 112 0.11

5.75 0. 41 4 *0.0.17 0.586*0.016 0.051 -*-0.o.V» 0.47

6.0 0.526*0.011 0.171*0.016 0.370*0.018 1.7

6.25 0.666 *0.008 0.334±<>.0M 0. t SO *0.013 5.9

6.5 0.7X1-0.613 0.267 -O. 0 I 6 0.080*0.018 It

7.0 0.772*0.011 0.22K—0,016 0.008—0.017 56

7.5 0.785-0.012 0.215 ±".01

7

0.0.12*0.019 HO

8.0 0.813*0.013 0, 1H7 —0.017 0.029 —0.018 16^»

8.5 0.828 *0.(115 0.172^0.020

p UM#

0.023*0.022 270

5.0* 1 0.000*0.201
1

0.000*0.200 1 1*0.200 I 0.00>1

5.2 1
0.115*0.097 |

0.685*0.111 1 2.58*0.15
1

0.017

.

y.

MeV
* e Y. fusion

mg-^i-scc

Pu«
5.15 0.102*0.014 0.89M -*-0.056 1.147*0.070 0.15
5.7 0.222 -('. 0.14 (I.77S-0.012 0.710*0.052 0.19
5.05 0. 33.1*0. OtO 0.167*0.011 0.331 *0.0t.l 2.3
6.1 0.6711-0.012 0.340*0.012 0.096*0.013 11.3
6.95 0.680 *0 .or. 0.311 *0.027 0.067*0.029 10
7,7 0.716*0.012 0.284*0.016 0.055*0.017 115
7.9 0.723 - 0.012 0.275*0.016 0.074 -o.oiH 145
8.2 0.762 -0.010 0.238*0.01

1

0.016*0.015 180
8T5 0.779Xo.(r20 0.221 *0.027 0.037 *0.029 210
8.7 0.791 Xo.iKO 0

. 2'^Zi).ot 2 0.0.12 4-0.014 230
9.5 0.822*0.011 0.1“s*o.on O.Oio a.o. 01 G GHO
5.0 0.3.12 --0.308 0.108*0.372 3.702*0.424 0.0055
5.23 0.448- 11 . ' (3:1 0.552-M).0GH 0.965 *0,ijs-2 0.056
5.5 0.418*0.046 0.5H2 Z0.059 1.018*0.069
o.5 (1.310—0.022 0.090*0.029 0. Til ±0.031 0.26
5.75 0. 488 -0.0)8 0.312*0.010 0.1224-0.012 1.0
6.0 0.598 *0.011 0.402 4-0. 0!6 0.207*0.013 2.7
6.25 0.669*0.012 0.33t-*-0.0l7 0. 138 -*-0.0t9 8.3
6.5 0.700*0.0)9 0.:’00±U.013 0.122*0.011 17
7.0 0.740 -0.003 0.260*0.007 0.075*0.004 5Q
7.5 0. 734*0. (J>)5 0.216*0.007 0.0:6*0.004 105
8.0 0.766*0.0)6 0.234 -*-0.008 0.0174-0.009 175
8.5 0.814—0.003 0.136*0.007 0.012*0.008 225

W(9) m a+b sir? d + c sir? 29

•In this esse W(i>) is described by a pure quadrupole distribution.

-sin
1 2d. and therefore the coefficient c is meaningless in the employed

normalization and is assumed equal to unity.

[ over]
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Angular components of the yield . Knowledge of the
coefficients a, b, and c makes it possible to determine
the contribution of the individual components of the yield
Ya , Yb* and Yc» 016 angular dependence of which corre-
sponds to three components in the expression (2): iso-
tropic, dipole, and quadrupole. Their meaning can be
understood from the following definitions:

r-r. + r.+ r.; ^-±rw«,y.

Y. =— Y; ^ =4— Y; y, =4— Y- (4)
v «J v 15 v '

Plots of Yj and Emax are shown in Fig. 3 together
with the data on the total yield. The experimental points
Yi(Emax) w*re determined by means of formulas (4)
from the coefficients W(J) listed in Table n and from
the total yield. The error of Yj indicated in Fig. 3 does
not include the error in the measurement of Y(Em o„)
(~io%).

max

534



"ef. W. Gunther, K. Huber, U. Kneissl
W* Wilke, H.J. Maier
Nucl . Phys. A350 , 1 (1980)

method

H. Krieger, H. Ries, H. Stroher, elem. sym

Pu

Her. no.

240 94

80 Gu 5 hg

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE MANGE

G,XN RLY THR-45 C 45 spk 'jr 4PI

Abstract: Half-lives and yields in photonuclear reactions have been measured for shape isomers in U and
Pu isotopes by pulsed-beam techniques bombarding

233 '23®U and
23, -240-242

pu targets with brems-

strahlung. Isomeric fission cross sections have been deduced from the measured isomeric to prompt
yield ratios within an evaporation model using absolute prompt fission data. The results are

compared with data from particle-induced reactions.

E
NUCLEAR REACTIONS 240

Pu
233

U(y, xn).
23t

U,
239

Pu(y,2n),
242

Pu(y,n); brems-
strahlung; measured Tu2 , isomeric to prompt yield ratios.

236
U,

237
Pu,

23,
Pu.

241
Pu levels,

deduced <r for isomeric fission. Natural and enriched targets.

YLD FISSION ISOMERS

Table 2

Results of isomeric fission experiments performed at Giessen

Reaction Isomer Half-life Y*,JY„ Detector

232
Th(y, xn)

<10"® PPAD
M5U(y.xn) <10'7 PPAD

“*U (y. 2n)
2iSu 115±5 ns (2.02 ±0. 16) x 10

-5
Si

118 ±7 ns (2. 10 ± 0. 16) x 10
-3 PPAD

“’Pu (y. 2n)
2J7m,p

u 77 ± 16 ns (6.4 ± 1.7) x 10
-4

Si

87 ± 1 1 ns (4.9±0.7)x 10"6 PPAD
»7m,p

u 1050 ±400 ns (0.83 ± 0.22) xlO
-6

Si

240
Pu (y. n)

MWn.pu 6.5 ±0.4 ns (7.9±0.4)xl0‘
5 PPAD

240
Pu(y,xn) 7 4.5 ± 1.5 ns <1.1 x 10~* PPAD

242
Pu(y,n)

24,m
>Pu 20.5 ±2.5 ns (9.2±0.8)xl0*

3 PPAD
24,m:pu 34 ± 7 ns (3.7 ± 0.7) x 10“ s PPAD

Table 5

Isomeric fission cross sections for (y, n) reactions

Reaction Eo (MeV) Yuo/^xlO5
o-”T( nb) Emu (MeV) Ref.

M5
U(y, n) 45 <0.01 <0.05 1 1.4+ this work

240
Pu(y, n) 15.5 170 ±60 11.5 Gangrsky et al.

3
)

45 7.9 ±0.4 49 ±3 12.3t this work

242
Pu(y, n)

24,“'Pu 12.5 115 ±25 200 ±60 10.5 Gangrsky et al.

3
)

40 9.2±0.8 54 ±5 12.0t this work

242Pu(yt n)
24lo,,Pu

241
Am(y, n)

48

13

3.7 ±0.7

40 ±10 150±50 11.2 Gangrsky et al.
3
)

41 13± 1.5 60 ±8 12.0 Kuznetsov et al.
4
)

243Am(y, n) 12.5 70±20 130±50 10.6 Gangrsky et al.
3
)

41 18.5 ±2.5 80 ±10 12.0 Kuznetsov et al.
4
)

t The shape of the cross section was calculated (see text).
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REF
‘ H. Thierens, A. De Clercq, E. Jacobs, D. De Frenne

P. De Gelder, A.J. Deruytter
Phys. Rev. C23, 2104 (1981)

METHOD

P. D'hondt,
EL EM. SYM. A

Pu 240 94

REF. NO.

81 Th 1 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G,F ABX THR-30 C 12-30 SCD-D 4PI

Energy correlation measurements were performed for
340

Pu($.f.), and the photofusion of
]<>aPu with 12-, ENERGY, MASS DISTRIB

15-, 20-, and 30-MeV bremistrahlung. The photofmion crow section for
34<>Pu waa determined up to 30 MeV, which

permitted the calculation of the average excitation energy <£„J> of the compound nucleus. The average total kinetic

energy <£, > of the fragments for
J4#

Pu(s.f.) waa found to be 1.2 *0.3 MeV higher than for
11
*Pu(n„/). A decrease of

<£, >, with <£„«>. d<£, >/d<£^> * — 0.37*0.08, is observed in the photofission of J,#
Pu. Fragment shell effects

are present in the kinetic energy and mass distributions for
1<a

Pu(s.f.). Changes in the measured distributions with

increasing excitation energy of the compound nucleus
!*°Pu are discussed in the framework of the scission point

model of Wilkins tt at.

PACS numbers: 25.85. — w, 24.75. + i

RADIOACTIVITY Fission l4®Pu(s.f.).

NUCLEAR REACTIONS Fission “’Puln,*./).
:<a

Pu(;y,/), £rOM *12. 15, 20, 30

MeV; measured: photofission yields, fragment energies £)t £*; deduced:

Mm. £*)/<£„.<£.».

l’.VBLE I. Parameters of the overall kinetic energy and mass distributions for M#Pu(sX), £5*Pu(n th ,/) and the
jtoflssioo of M,Pu.

’ ’

“•Pu(s.f) thwO £,-12 MeV

M0Pu(y,/)

£,-15 MeV £,-20 MeV £,-30 MeV

NEV 7262 101x10* 12 x 10s 51x10* 355 xlO* 113 x 10*

<£») (MeV) 177.25* 0.30 175.57 173.99 * 0.24 173.25 *0.24 172.46 *0.20 172.22*0.31

<£;> (MeV) 178.85 * 0.30 177.69 176.39 * 0.24 175.80*0.24 175.15 *0.20 174.98 *0.31

% (MeV) 11.99* 0.20 11.84 11.86*0.14 11.94 ±0.15 12.22 *0.12 12.37-±-0UO

(**t> (u) 101.53 * 0.20 100.68 100.50 * 0.14 100.48 * 0.09 100.57 *0.08 100J2.iO.i4

(u) 138.47 * 0.20 139.32 139.50 * 0.14 139.52 *0.09 139.43 *0.08 139.28 *0.14
7
UZ W 5.70* 0.12 6.69 7.16 * 0.10 7.36 *0.08 7.64 *0.06 7.82*0.08

(u> 101.26 * 0.20 100.33 100.12*0.14 100.08 *0.09 100.16 *0.08 100.29 * am
<"•;> («) 138.74 * 0.20 139.67 139.88 *0.14 139.92 *0.09 139.84 *0.08 139.71 i0a4
3/v 400 *180 100 *9 27 ±3 20.6 *1.3 13.1 *0.4 9.3 ±0.3

(MeV) 0 6.5 9.4 11.1 12.6 13.

J

EyIMtVI

FIG. 1. Photofission cross section of M*Pu, including,

second and multiple chance fission.

**J. T. Caldwell, E. J. Dowdy, B. L. Berman, R. A. Al-
varet, and P. Meyer, Phys. Rev. C 21, 1215 (1980). " -

’ j /
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/J (u)

nc. 6. Variance cr£*t«) of the total kinetic energy dis-

tributions, as a function of the provisional fragment
pass for :<0

Pu(s.f.), U9Pufn tb,/), and the photofission of
f*u. The end-point energy of the bremsstrahlung is

Seated by

Error bars show statistical uncertainty
only. Cross section normalized to that
of Caldwell et al . (16)

FIG. 7. Provisional mass distribution for :40
Pu(s.f.),

M*Pu<n Up /
r
) and the photoflssion of

JWPu with 20-MeV
bremsstrahlung.
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ref. V.E. Zhuchko, Yu.B. Ostapenko, G.N. Smirenkin, A.S. Soldatov,
Yad. Fiz. 28, 1170 (1978)
Sov. J. NucT. Phys. 28, 602 (1978)

I ELEM. SYM.

Pu 241 94

METHOD
l REF. NO.

!
78 Zh 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI

(4.4-7.)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photofission yields of
nine nuclei

332
Th, J3 '235 '36'J3'U i

'
1
Np, 22,2<1

Pu, and ;ilAm in the energy region 4.4-7.0 MeV. The method
of minimization of the directed deviation was used to reproduce the photofission cross sections from the
integrated yields. The following problems are discussed in terms of the experimental data: resonance
structure of the cross sections, effects of a two-humped shape of the fission barrier, and comparison of the
fissility in the (yf) and (n f) reactions and in direct reactions.

PACS numbers: 25.85.Jg

-5

5 ~S 7 5 6 7 5 6 7 5 6 7

FIG. 4. Fissility P, in

the reactions (y ,/)—•,

(n,f )—A CRef. 14), and

in direct reactions—G. 2

The dashed curve shows

the results of evaluation

of Pf in accordance with

Eq. (9).

(over)
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.• j (.a

FIG. 3. Yields Y ( . fissions/mg-aC, and cross sections

a
y/iEr ), mb, for odd isotopes. The designations are the same

as in Fig. 2.

FIG. 6. Set of data on dipole photoabsorption cross sections

The solid line (I)—the present work—is the result of

fitting the data of Ref. 6 by Eq. (2) in the region Ey = 6-10

MeV. Curves 2 and 3 are an extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for J38U; curve 4 is an estimate by

means of Axel’s formula. 15 Points: 3,
:333Th; <1, a

—

—336 U; C, •—

”

8U; 7, v_”7Np; O—21,Pu. The hollow

points are from Refs. 16 and 17; the solid points are from

Ref. 6.
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REF.
N. S. Rabotnov, G. N. Smirenkin, A. S.
S. P. Kapitza and Yu. M. Tsipeniuk
Phys. Letters 2£B, 218 (1963)

METHOD

Soldatov, L. N. Ysachev,
EL EM. SYM.

Pu 24

2

94

REF. NO.

68 Ra 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F NOX THR-8 C 5-8 FRG-I DST

Fig. 1. The measured value of b/a as a function of en-
ergy. Photofission cross sections taken from ref. 1
are also shown for 232xh and 238u. E is the average
excitation energy of the fissioning nuclei and Tf the ob-

servable fission threshold.
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CL CM. 5TM. A

S. P. Kapitza, N. S. Rabotnov, G. N. Smirenkin, A. S. Soldatov,
L. N. Usachev, Yu. M. Ysipenyuk

ZhETF Pis. Red. % 128 (1969); JETP Letters 2, 73 (1969)

method
"

Pu 242

REF. HO.

94

69 Ka 1 hrag

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
r
F ABX THR-8 C 5-8 TRK-I DST

•

^-x.MeV^

Fig. 2. Results of measurements of the fragment yields corresponding to

different components of the angular distribution, as functions of the end-

point energy of the bremsstrahlung spectrum (upper plots) and fission cross

section and values of the ratios b/a and c/b as functions of the energy

of the 7 quanta, obtained as a result of the reduction of the experimental

data (lower plots).
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REF.

METHOD

N.S. Rabotnov, G.N. Smirenkin, A.S. Soldatov, L.N.

S.P. Kapitza, and Yu. M. Tsipenyuk
Yad. Flz. 11, 508 (1970)
Sov. J. Nucl . Phys. 11, 285 (1970)

Usachev,
I ELEM. SVM.

Pu 242 94

RE^. NO.

70 Ra 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angleTYPE RANGE Type RANGE

G^E ABX THR-9 C 5-10 TRK-D DST

1

Table n. Parameters of angular distributions

of the fragments

^max»
McV

1

m

|

6 r
Y. fission

mg-ji-sec

r 0

•
Th1*

4.5. t0»
r».4 0.009*0.009 0.991*0.027 0.020 -0.025 0,0024
5.65 0.on ±0.005 0.989*0.1/07 —-0.0* 45*0.1* f, 0.059
:>.73 0.015±O.OIU 0. 985-0.034 0.0'.2 *0.0.1.; 0.D62
5.9 O.OIO±0.()05 0.990J-O.OlC 0.084 *0.014 0,20
5.95 0.01 4 ±0.17)4 0.9HG-0.«*0 0.074±0.0|n 0.32
0.2 O.OI2±O.OOJ 0.988-^0.010 0.079 *0.0|0 0,79
6.:» 0. 1 122 - O.IA35 0.978 * 0.015 0.022 -0.01-4

6.7 0.023±0.002 0.977 ±0.009 0.009±o.(*iS 9.8
0.1 0.032* 0.007 0.968 4-0.024 0.020* 0. «T22 7.7
7.0 o.o.tf+o.uo; 0.964-0.013 0.0.18—0,012 13.3
7.1 O.U5C±0.0<« 0.94 4 £0.020 0.0:il ±0.017 19,5
7.7 o.lpftf-u.005 0.912±0.»I5 0.021±0.0U 40,3
8.0 0.1U9±O.OJ6 0.891 ±0.013 0.0^6*0.012 35
8.5 O.l64±0.00i 0.8)16*0. (Ate 0 .017-0 . 01N 71

tu.o 0.504 ±0.009 0.696 ±0.0l4 —0.031 ±0.014 —

5.n 0.052 ±0.100
U*»

0.948 *-0.164 t .290 ±0.2' *5 0.00071
5.2 '0. ton ±0.025 0.90I>±0.061 0.910 -O.O'vO 0.O.42
5.3 0. 020-0. o:S5 0.980*0. 06# 0.566 ±0.076 0.0120
5.4 0.007 4.0.02* 0.09.1 -*-0.059 0.4I2±0.')C« 0.0. JO

5.45 0.05H ±0.009 .0.462*0.017 0. 1.55—0.021 0.014
5.65 0.034*0.005 O.966-0. Oil 0.040 ±0.010 0 27
5.95 0.078 ±0.0li:, 0.922±0.014 0 .0:19*0.014 1.7
6.4 0.127 ±0,004 0.87.1 -*-0.009 0.014-0.008 6.0
0.95 0.213*0.004 0.787 ±<).<X)8 0.047—0.008 24.0
7.5 0,..C4±0.006 0.6 :fi -0.010 0.024 *0.011 47.0
8.0 0.401 ±0.(715 0.591) -0.006 O.0l4±0.rt)7 74.0
9.33 0.570 ±0.(7I8 0. .:K) tO.007 0.0l3±0.007 —

5.23 O.'iOH ±0.102
Pu»

0.592 ±0.1.7* * 1.412 -0.1.21 0.041
r» . 5 0.330±O.OG3 0.07i> *11.044 t. 513*0. 112 0.14
5.75 o.-.r. -0.0.17 0.586 -0.046 0.(i51*0.'(45 11.47

6.0 0,520 f0.01

1

0.474 -0.0)6 0.270 -0.018 1.7
0.25 0.»KiG £ 0.i)08 0.334 ±0.011 0. ISO -0.012 5.9
6.5 0.733*0.012 0.267±o,oitt 0.u80±0.O18 It

7.0 0.772 *0.01

1

0.228 *0.016 O.OGH —0.017 56
7.5 0.785-0.012 0.215*0.017 0.012-O.U19 80
8.0 0.8t3--o.ot:i 0.187-0.017 0.029*0.018 I60

8.5 0.828 ±0.0I5 0.l72±O.O20 0.023*0.022 270

5.0*
|

().(J00-0.2‘*»

Pu*"

1

0 000 -0.200
| 1 ±0.200

I

o.miii

5.2
1

O.U5±o.(«7
|

0.885±0.m 1 2.58*0.15
1

0.017

SEE 6SRA1, 69KA1

Table n (cont.)

E Y.

« 8 e
1
Y, fission

McV
1

mg-/i-sec

Pu“
5.45 0.1O2 ±0.014 0.89K±0.U50 t.147±0.07U ".15
5.7 0.222 -0. 0.14 0.771 -0.042 0.710±0.052 0.49
3.95 0.5:11*0.010 0.467*0.011 0.:i31 *0.013 2.3
6.1 0.670-0.012 o.3.;o—0.012 0.096-0. 013 11.3
6.95 0.689*0.025 0.311 -0.027 0.067 *0.029 40

7.7 0.716*0.012 0.284-0.016 0. 055 - 0. U17 115
7.9 0.725-0.012 0.275 -0.U10 0.07-4*0.018 145
8.2 0.762*0.010 0.238—0.014 0.046-0.013 180
8.5 0.779*0.020 0.221-0.027 0.057*0.029 240
8.7 0.791-0.009 0. 2*9-0.012 0.0(2*0.014 220
9.5 0.822*0.011 0.1 ”8 *)).0t4 0.0|9 *0.016 681)

5.0 0.5.12*0.304 0.468*1). .172 3.702 —0.424 0.0055
5.25 0.448—0.05:1 0.552*O.OG8 0.905*0, '>>2 0.056

5. s 0.4 18 4-0.946 0.M2 ±0.059 1. 018-0. 0G9 —
0.5 0.310*0.022 0.090—0. *>29 O.T.V4 *0.o;;4 0.28
5.75 0. 488—O.OU8 0.512*0.010 0.422*0.012 1.0
6.0 0.598 ±0.011 0.402 ±0.016 0.207 —U.0t8 2.7
6.25 0.669±0.0l2 o.;i;tt*0.oi7 0. 1:18-0.019 8.8
6.5 0.700*0.0i)9 0. :'J0*0.013 0.122*0.0t4 t7

7.0 0.740-0.0(03 0.260±0.0»7 0.075 -0.001 50
7.5 0.754*0.005 0.24G —0.007 0.0 6*0. Oil 105

8.0 0.766 *0.006 0.234*0.008 0.047— o.yo 175

8.5 0.814*0.005 0.136—U.O07 0.042 -0.008 225

W(9) » a+b sin?0 + c sin? 29

•In this case W(d) is described by a pure quadrupole distribution,

~sin* 2i), and therefore the coefficient c is meaningless in the employed

normalization and is assumed equal to unity.
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.

fUUtMi/iMg

JiA-tri*

E„u.«*v
/ J / / 7 It 1 I

Angular components of the yield . Knowledge of the
coefficients a, b, and c makes it possible to determine
the contribution of the Individual components of the yield
Ya , Yfc, and Yc , the angular dependence of which corre-
sponds to three components in the expression (2): iso-
tropic, dipole, and quadrupole. Their meaning can be
understood from the following definitions:

y = y, + n + r«; yw^-
dii 4nv

Y.=— Y; Y„=±—Y- Y'=~Y. (4)
V .i V IS V

Plots of Yj and Emax are shown in Fig. 3 together
with the data on the total yield. The experimental points

Yi(Emax) w®re determined by means of formulas (4)
from the coefficients W(J) listed in Table II and from
the total yield. The error of Y[ indicated in Fig. 3 does
not include the error in the measurement of Y(Emav )

(-10%).
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«ef. W. Gunther, K. Huber, U. Kneissl, H. Krieger, H. Ries, H. Stroher,
W. Wilke, H.J. Maier
Nucl. Phys. A3 50, 1 (1980)

EL EM. SYM.

Pu 242 94

method REF. NO.

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY THR-48 C 40,48 SPK 'X 4PT

*

Abstract: Half-lives and yields in photonuciear reactions have been measured for shape isomers in U and
Pu isotopes by pulsed-beam techniques bombarding 233 -23g

(j and
239 -240 -24J

pu targets with brems-
strahlung. Isomeric fission cross sections have been deduced from the measured isomeric to prompt
yield ratios within an evaporation model using absolute prompt fission data. The results are

compared with data from particle-induced reactions.

YLD FISSION ISOMERS

E
NUCLEAR REACTIONS 240

Pu
235

U(y, xn).
M
*U,

23,
Pu(y.2n>,

242
Pu(y,n); brems-

strahlung; measured Tu2 , isomeric to prompt yield ratios,
236

U,
237

Pu,
239

Pu,
24,

Pu levels,

deduced <r for isomeric fission. Natural and enriched targets.

Table 2

Results of isomeric fission experiments performed at Giessen

Reaction Isomer Half-life y^/ypr Detector

232
Th(y, xn) <10'6 PPAD

235
Uty,xn) <10

-7 PPAD
23iU (y, 2n)

234u 115±5 ns (2.02±0.16)xl0*5
Si

118 ±7 ns (2.10 ± 0.16) x 10” 5 PPAD
23,

Pu (y, 2n)
237m

'Pu 77 ± 16 ns (6.4 ± 1.7) x 10~4 Si

87± 11 ns (4.9 ± 0.7) x 10~* PPAD
237mtpu 1050 ±400 ns (0.83±0.22)x 10~‘ Si

J40Pu (y, n)
239m

'Pu 6.5 ±0.4 ms (7.9 ±0.4) x 10“5 PPAD
240

Pu(y, xn) 7 4.5 ± 1.5 ns <1.1 x 10~* PPAD
242

Pul y, n)
J«l"i,p

u 20.5 ±2.5 ns (9.2 ± 0.8) x 107
5 PPAD

24,m2pU 34 ± 7 ns (3.7 ±0.7) x 10~ s PPAD

Table 5

Isomeric fission cross sections for (y, n) reactions

Reaction Eq (MeV) Y^o/Y^xlO 1S mu / .V
cr«o (nb) £m«(MeV) Ref.

235
U(y.n) 45 sO.Ol <0.05 11.4t this work

240
Pu(y. n) 15.5 170±60 11.5 Gangrsky el at.

3
)

45 7.9 ±0.4 49 ±3 12.3t this work
l42

Pu(y, n)
24,M,

Pu 12.5 115 ±25 200 ±60 10.5 Gangrsky et at.

3
)

40 9.2 ±0.8 54 ±5 12.0t this work
242

Pu(y, n)
24,m,

Pu 48 3.7 ±0.7
M1Am(y, n) 13 40 ±10 150±50 11.2 Gangrsky et at.

3
)

41 13 ±1.5 60 ±8 12.0 Kuznetsov et at. *)

243Am(y, n) 12.5 70 ±20 130±50 10.6 Gangrsky et at.
3
)

41 18.5 ±2.5 80 ± 10 12.0 Kuznetsov et at.
4
)

t The shape of the cross section was calculated (see text).

form NSS-4U
<R«V. 7-lfcMI

USC OMM-N SS-OC PHOTONUCLEAR DATA SHEET 549

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



ref. W. Gunther, K. Huber, U. Kneissl, H. Krieger, H.

W. Wilke
Nucl . Phys. A359 , 397 (1981)

METHOO

Ries, H. Stroher, EL EM. SYM.

Pu

REF. NO.

242 94

81 Gu 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPI MANGE

G,NF RLY THR-80 C 40,48 SPK-I 4PI

Abstract: The half-lives and yield ratios for the two 241 Pu fission isomers have been measured in the
24:

Pu(y. n) reaction. The observed half-life for the long-lived isomer ( 7, j
= 20.5 + 2.2 ms) is

in agreement with previous data, and the existence of a short-lived 34 + 7 ns isomer in
241 Pu could

be confirmed. The measured yield ratios are Yi%
jYpt = (9.2 +0.8) x 10* 5 and Yl%JY?l = (3.7 + 0.7)

x 10' \ respectively. From a statistical model analysis of the isomeric fission yield ratio. Y£*l =
2.5 + 0.6. a spin assignment for the two isomers is attempted. Possible spin combinations are com-

pared with single-particle shell-model calculations and with available spectroscopic data for the

other even-odd Pu isotopes.

ISOMER YIELD RATIO

NUCLEAR REACTIONS 242
Pu(y. n), E = 40-48 MeV bremsstrahlung: measured 1

isomeric to prompt yield ratio:
241 Pu levels deduced isomeric ratio, spins. Enriched target.

Table 1

Comparison of results obtained for

Reaction Half-life Y YJ
' *oi J pr it(Mb) Ref

24l Pu(d. pn)
240Pu(d, p)

27 -±3 ms
0.9 ±0.4

“)
'*)

242
Pu(y„ n) 23 ±1 ms (1.15 ±0.25) x I0' 3 “)

242
Pu(y, n) 20.5 ±2.2 ms (9.2 ±0.8 )x 10' 5

this work

240
Pu(d. p) 30 ±5 ns 0.5,±0.09 ,5

)

242
Pu(y, n) 34+7 ns (3.7 ±0.7 )x 10' 5

this work
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Am

A=241

Af'ERICIUM

Z=95

The nature and similarity in the chemical properties of
uranium, neptunium, and plutonium led Seaborg to realize
that as a group, the transuranium elements resembled the
rare earths, and that the higher transuranium elements
should have properties similar to the heavier rare earths.
Using this idea as a guide, element 96 was found almost at

once in a sample of Pu239 that had been bombarded with
helium ions in the cyclotron at Berkely. Element 95 was
found in the fall of 1944 as a result of neutron irridiation
of Pu239 . For nearly a year attempts at chemical separation
failed and Seaborg reports that the yet unnamed elements
were refered to as "pandemonium" and "delirium". The first
pure compound of element 95 was obtained by B. B. Cunningham
in 1945 and by analogue with europium, was named americium.

Am

A=241

551

Am

A=241
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RE^ EL EM. SYM. A

L. Katz, A. P. Baerg, and F. Brown
Peaceful Uses of Atomic Energy, Switzerland

METHOD

1958 Am 241 95

REF. NO.

Fission chamber [Page 1 of 2] 58 Ka 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,F ABX 5-18 C 5-18 ION -I DST

cr

Tig. 5 - Photofission cross sections versus photon energy

form NBS-41S
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REF.

L. Katz, A. P. Baerg, and F. Brown

Peaceful, Uses of Atomic Energy, Switzerland 1953

fcU C.W. 3 T m.

Am 241 95

METHOO

Fission chamber L^age 2 of 2]

REF. NO.

53 Ka 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN GE TYPE RANGE

pjtr 7 _ jjow-energy-yield curves; fissions per roentgen-nucleus versus maximum bremsstrahlung

energy. (The solid and dotted lines are samples of smoothed yield curves which fit the

experimental data.)

Table 4

Nuclide

U-253

U -235

Np-237

Pu-239

Am- 241

Angular Distributions

Ratio, (Counts at 90 °) /(Counts at 0°)^a ^

E Q = 8 . 0 Mev (o)

1. 043 T 0. 07

1. 024+0. 05-

1. 02410. 10

1 . 002 + 0 . 06

0. 953+ 0. 07

E q =10. 0 Mev

1. 032 + 0. 04

1. 013 + 0. 05

E^ =20.0 Mev
o

0. 994 1 0. 03

0. 952 + 0. 03

(a) The ratio is the number of counts observed at 90* per unit X-ray
dose divided by the number observed at 0 ° for the same dose.

(a) EQ is the maximum energy of the bremsstrahlung spectrum.

form MBS-41S
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A. ?. Baerg, R. M. Bartholomew, F. Brown, L. Katz, and
S. 3. Kowalski

Can. J. Phys. J7> U18 (1959) (A.E.C.L. No. £96)
Am 241 95

METHOO
I R£F. NO.
! !

Betatron with ionization chamber detector, enriched samples.
j

59 3a 4
[

8GF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.F RLY THR - 20 C 6-20 ION- 1 DST

TABLE I

Angular distributions

Ratio, counts at 908/counts at 0°*

Nuclide £ot - 6.0 £« - 6.5 £« - 8.0 £« - 10.0 Ed - 20.0

U-233
U-235
Np-237
Pu-239t
Am-241

1.034±0.26 0.927 ±0.12

1.048±0.07
1.024±0.05
1.024±0.10
1.002±0.06
0.958±0.07

1.032±0.04

1.013±0.05

0.994±0.03

0.952±0.03

•The ratio is the number of counts observed at 90° per unit X-ray dose divided by the

number observed at0° for the same dose.

f£o is the maximum energy in million electron volts of the bremsstrahlung spectrum.

.The 45°/0o ratio at £o = 6.5 Mev was 1.09±0.23.

i

"orm N 3 S- 4

3

in G v .

• ,*.c PhO * GNUCu w M.\ • A *
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ref. Yu. P. Gang rski i, B.N. Markov, and Yu. M. Tsipenyuk

Yad. Fiz. _11, 54 (1970)

Sov. J. Nucl. Phys. .11, 30 (1970)

EL EM. SYM.

Am 241 95

METHOD REF. NO.

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NF THR THR- 14 c 10 - 13 SPK-D 4PI

PROMPT AND DELAYED F

V. r.:. ta. V. id. un.

FIG. 2. Yield (Y) of prompt (O) and delayed (O) fission fragments

as a function of bremsstrahlung end-point energy (&,) in bombardment

of: a-Am 141
, b—Am 14*. Curves 1 were calculated for T 0.7 MeV, and

curves 2 for T 1.5 MeV.

By combining the delayed fission fragment yields

calculated in this way as a function of y-ray energy

with the experimental data (see Figs. 2a and b), we
can determine the thresholds of the reactions leading

to spontaneously fissile isomers. These thresholds

turned out to be 9 .35 = 0.15 MeV for the reaction

Am 24i
(y ,

n)A

m

24,iEi: and 9.55 = 0.15 MeV for the reac-

tion Am 243
(y, nhAm 242111

*. The thresholds of the reac-

tions leading to the ground states of Am 240
and AmM

obviously are equal to the neutron binding energies in

these nuclei, which are respectively 6.70 ± 0.20 and

6.27 = 0.03 MeV/* 1 The difference in the thresholds

can evidently be considered as the excitation energy

of the isomeric states, which is equal to 3.25 ± 0.25

MeV for Am 240111* and 3.30 ± 0.20 MeV for Am 24™.
Both these results agree within experimental error

with the previously measured excitation energies,

which are respectively 3.15 ± 0.25 MeV (Am240m* C3]
)

and 2.9 = 0.4 MeV (Am 242mfc#1
).

In our work we measured also the yield ratios of

delayed and prompt fission fragments, which turned

out to be (4 = 1) x 10*4 for Am 241
for a y-ray energy

of 13 MeV and (7 ± 2)x 10' 4
for Am 243

for an energy

of 12.5 MeV. By means of Eq. (1) we obtained the

following ratios of cross sections for these energies:

(1.0 = 0.25) x IQ'
3
for Am 241 and ( 1.3 ± 0.4) x 10' 3

for

Am 243
. Knowing the value of the Am 241

photofission

cross section,
81 we can determine the cross section

for formation of the isomer Am 24aml
,
which turned out

to be 150 = 40 Mb. If we use the value rf/(I" n + Tf)

= 0.32,-* J then the isomeric ratio for the reaction

Am^Cy, nlAm 240
will be (5± 1.2)x 10'4

,
which is

close to the values obtained in reactions with charged

particles and neutrons. In the case of Am 142
,
de-

tailed calculation of the isomeric ratio is

impossible because of the lack of absolute
J
S. Bj/(rnholm, J. Borggreen, L« Westgaard, and

values of and ^j=/(^n
+ ^ •

V. A. Karanukhov, Nucl. Phys. A^f, 513 (1967).e
L. Katz, A.P. Baerg, and F. Brown, PUAE, 15, 188
(P/200), 1958.

’ ’

S
J. H. £. Mattauch, W. Thiele, and A. H. Wapstra,
Nucl. Phys. 62, 1 (1965).

9
G. N. Flerov, A. A. Pleve, S. M. Polikanov, et al.,
Nucl. Phys. A27, 444 (1967).
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REF.

METHOD

Yu.A. Vinogradov, V.I. Kasilov, L.E.
N.V. Nikitina, N.M. Farovik, Yu.N.

Yad. Fiz. 24, 686 (1976)
Sov. J. Nucl. Phys. 24, 357 (1976)

Lazareva, V.G. Nedorezov,
Ranyuk, P.V. Sorokin

Am

REF. NO.

I

j
Z

241 95

76 Vi 2 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-999 C 50-999 SPK-I 4PI

The 300-MeV ar.d 2-GeV linear electron accelerators at the Physico-technical Institute, Academy of

Sciences, Ukrainian SSR, have been used to measure the yields of fragments from photofission for samples

of '“Am, and 1,3U in bombardment by bremsstrahlung with various maximum energies E,^, in the

intervals 50-300 and 3CO-1300 MeV. The relative fissilities of the nuclei have been obtained. Photofission

cross-section curves calculated from the experimental data for
331Am and J1,Am are compared with the total

cross section for hadronic absorption of y rays by these nuclei in the energy range invest’gated.

999= 1.3 GEV

3,. nb

FIG. 4. Photofission cross section of the isotope “^Am for y

rays* with energies 50-1300 MeV, calculated from the curve in

Fig. 3 for a photon spectrum -\JE.

FIG. 3. Ratios of fission fragment yields Yi
2itAm)/YX2aA.m)

(•) and F(
241Am)/y(23U) (o) for various bremsstrahlung maxi-

mum energies Erma in the range 50—300 and 300—1300 MeV

.

The values shown are experimental values of the ratios divided

by the arithmetic mean for these ratios in this interval of ener-

gies Er—..

(over)

form N3S-418
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TABLE I. Yield ratios Y/ for photofission fragments (per unit

dose, per gram-atom) obtained in irradiation of samples of

*»U, 241Am, and wAm by bremsstrahlung with maximum ener-
gies E7miI=X4.5, 16.6, 30, 39, and 56 MeV.

Sy M«V r
; i -\m) r

f
(*fin Yj (•“Am).

Its 2.42*0.05 150=0.10 0.57*0 03
(0.15) (0 22, (0.06)

16.6 2.15*0.07 165-0.12 0.32*0.03

(0.1 i ) (0212

1

(0.06)

20 1.93*0.01 2^5*0.05 0.56*0.02
(0.12) t0. 17) (0.05)

39 1£1*0.02 2.02*0.04 0.91*002
(0.111 (0.15) (0 06)

S« 1.71*0.02 1.90=0.01 0.66*0.02

(0.10) (0.15) (0.u5)

Note. 1) In the irradiations in the LU-50 MeV accelerator the diameters

of the samples were less than the size of the 7-ray beam, and therefore

in calculation of the ratios presented in this case we used the ratios of

the total weights of the corresponding layers. Z) In order to separate

the behavior of the measured ratios with change of the energy E1 max ,

we have given above only the statistical errors. The errors taking into

account the uncertainty in determination of the sample weight, which

are systematic in this case, are given in parentheses. 3) The weight of

the wAm layer was determined less reliably and may turn out to be

~ 10% higher. The ratio K/{I41 Am)/T/< 2*JAm) in this case is increased

by 10%, and yyt
zo

Am)/J'/-(usU) is correspondingly decreased by 10%.

O
t
mb

/

f, MeV

FIG. 6. Quasideuteron cross section <r,d = 10.3 (ZN/A)cr{y+d
—p + r), calculated for the mAm nucleus (dashed curve); the

total hadronic cross section for hydrogen <J
rf measured in Ref.

22, multiplied by A = 241 (points); the total hadronic absorption
cross section for y rays AJrp for “‘Am (solid curve).
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REF. B.M.
L.E.

Yad.

Sov.

METHOO

Aleksandrov, A.S. Krivokhatskii
Lazareva, V.G. Nedorezov, N.V.
Fiz. 28, 1165 (1978)
J. Nucl . Phys. 28, 600 (1978)

, V.L. Kuznetsov,
Nikitina, Yu.N. Ranyuk

Am

REF. NO.

Z

241 95

78 A1 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-999 C 100-999 TRK-D 4PI

The 300- and 2000-MeV electron linear accelerators have been used to measure the relative fissiliries of 999=1.2GEV
the nuclei

23 5U, 23,
U,

:3T
Np, :3

*Pu, ;“Am. and Fragments were detected by glass detectors.

Photoftssion yields were obtained for the nuclei indicated at maximum bremsstrahlung energies 100, 240,

400. and 1200 MeV.

PACS numbers: 25.85.Jg

TABLE I. Relative photofiss ion yields for Ers— =100, 240,

400. and 1200 MeV.

FuiiWty of nuclei ui the

fiC4(llion-«n«f<y range
•VI 2 MeV

Ratio* of frigmen* yield* K/y(*
J3

U) for

different maximum energies

IMP
0
,
- r.'ir, > Relate**

Ouilitr
100 MeV 240 M«V 400 M*V 1294 MaV

0.38(6). 1.45(a)

1.38(6)

1150)
122s0.16 115*0.15 1.79*0.13 1.74*0.12

052=0.01 • 1.00 t.oo 1.00 1.00 1.00

»*Xp 051(6)
053(4)

153(6)
116(c)

13414)
1930)

159=0.14 152*053 1.67*0.12 1*1*0.10

u.pa 0.70(6) 170(a)
151(6)

151(c)
1150)

110*0.15 110*0.13 1.80=0.13 1.83*0.12

n*Am U.53(e) 1.68fe) ••

143(a)
3570)

1.91*0.14 1.77*1). 13 L48*0.10 £.-64*0.10

<Ulm 0.63(0 3 80(a)

1590) 1.81=0.13 1.8l*ai3 153*0.11 1.44*0.10

Xote. a, b, c, d, and e denote that the data have been taken

respectively from the photofission studies of Refs. IS, 17, IS,

19, and 15. / are the average values for the data of a given

study on fission by neutrons
213

at nuclear excitation energy -8

MeV.
•The number given is an average over the results of a large

number of studies on photofission of J3,U.

•The authors of Ref. 18 point out that the value obtained by

them for
241Am is obviously underestimated.

r/r("'u)

Ejmaz ’ MeV

FIG. 2. Relative yields Y/Y (
MSU) for the nuclei J35U O,

:3TNp Cl),
nsPu (•),

2<1Am (x), and !,1Am (C) for maximum
bremsstrahlung energies £TBUB -12, 100, 240, 400, and 1200
MeV.

13Yu. A. Vinogradov, V. I. Kasilov. L. E. Lazareva. V. G.
Nedorezov. X. V. Nikitina. N. XI. Parovik, Vu. N.
Ranyuk, and P. V. Sorokin. Yad. Fiz. 24, 686 (1976) Sov.
J. Nucl. Phys. 24, 357 (1976).

“J. McElhinney and V. E. Ogle, Phys. Rev. 81, 342 (1931).
,;J. R. Huizenga, Phys. Rev. 109, 484 (1953).
‘•l. Katz. A. P. Baerg, and F. Brown. Proc. of the Second
totem. Conf. on the Peaceful Uses of Atomic Energy,
Geneva, 1933, United Nations, Geneva, 1953, Vol. 15 p
200 .

‘*A. Veysslere. H. Beil, R. Bergere, P. Carlos. A.
Lepretre. and K. Kembath, Nucl. Phys. A199. 43 (1973).
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ref. V„E. Zhuchko, Yu.B. Ostapenko, G.N.
Yu.M. Tsipenyuk
Yad. Fiz. 28, 1170 (1978)
Sov. J. Nucl . Phys. 28, 602 (1978)

METHOD

Smirenkin, A.S. Soldatov, EL EM. SYM. A Z

Am

REF. NO.

241 95

78 Zh 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-7 C 4-7 TRK-D 4PI
(4.4-7

.

)

The bremsstrahlung beam of the microtron at our Institute has been used to measure photofission yields of

nine nuclei—:jJ
Th. 2,1J” 23t 33I

U,
237Np, :M14l

Pu, and MIAm in the energy region 4.4-7.0 MeV. The method
of minimization of the directed deviation was used to reproduce the photofission cross sections from the

integrated yields. The following problems are discussed in terms of the experimental data: resonance

structure of the cross sections, effects of a two-humped shape of the fission barrier, and comparison of the

fissility in the (yj) and (n f) reactions and in direct reactions.

PACS numbers: 2S.8S.Jg

FIG. 4. Fissility P

,

in

the reactions

(n,f)—A ©ef. 14), and

in direct reactions—O. *

The dashed curve shows
the results of evaluation

of Pf In accordance with

Eq. (9).

FIG. 8. Comparison of

energy dependences of the

fisslllties of :3JU and !llAm.
In die insert is a com-
parison of the effective

curvature parameters
(10) (points) with calcula-

tions according to the

liquid-drop model35

(dot-dash curve).

form N3S-418
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;j e.i>

FIG. 3. Yields Y (£„.), fissions/mg-jiC , and cross sections

cr/(Er ), mb, for odd isotopes. The designations are the same
as in Fig. 2.

FIG. 6. Set of data on dipole photoabsorption cross sections

cTjj. The solid line (1)—the present work—is the result of

fitting the data of Ref. 6 by Eq. (2) in the region £T
= 6-10

MeV. Curves 2 and 3 are ar. extrapolation of the fit from

Ref. 16 (2) and Ref. 17 (3) for 238
tl: curve 4 is an estimate by

means of Axel’s formula. 15 Points: 232Th: A, a

—

233U:

—

238U; C, •

—

238U; 7, T—237Np; O—239Pu. The hollow

points are from Refs. 16 and 17; the solid points are from

Ref. 6.
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„eF .
I.S. Koretskaya, V.L. Kuznetsov, L.E. Lazareva, V.G.

N.V. Nikitina
Yad. Fiz. 30, 910 (1979)

Sov. J. Nucl . Phys. 3£, 472 (1979)

METHOD

Nedorezov,
EL EM. STM. A Z

Am

HE r. HO.

79 Ko

241 95

f hg

REACTION RESULT excitation
ENERGY

SOURCE oetector
angle

TYPE RANGE TYPE RANGE

S,F ABX THR-26 C 7-26 SPK-D 0

-

A 35-MeV synchrotron has been used to measure photofission yields in the range of bremsstrahlung

maximum energy ErmA,=:7~16 MeV for samples of
241Am and 242Am. The fission fragments were detected

by multiwire spark counters. From the yield curves we have obtained the fission cross sections and

fissilities of
241Am and }4>Am in the region of the £1 giant resonance.

PACS numbers: 23.85.Jg, 24.30.Cz, 27.90. + b

FIG. 1. Photofission yields of a,U (a),
MIAm (b), and a,Am (c)

for various maximum energies E
y

The dashed lines show
the yield ratios F>(M,Am)/y>(“«U) and y>(

:4>Am)/r,(«8U) (right-
hand scale).

FIG. 2. Photofission cross sections of M8U (a),
141Am (b), and

MSAm (c) in the region of the £1 giant resonance. In Flg^ i
the dashed line shows the <Jt curve measured for a8U In Ref. 9.

FIG. 4. Fissilities Df of the nuclei a*U, “'Am, and M,Am in
the region of the peak of the £1 giant resonance.

rsiw M8S.41S
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USCOMM-NSS-OC PHOTONUCLEAR DATA SHEET 552

U.S. DEPARTMENT or COMMERCE
NATIONAL SUNIAUOP ITANOAAOI



" er> - V. L. Kuznetsov, L. E. Lazareva, V. G. Nedorezov, N. V.
N. M. Parovic
Nucl . Phys. A324 , 29 (1979)

METHOD

Nikitina, EL EM. SYM. A

Am

REF. HO.

241

z

95

79Ku3 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPl RAN6C TYfC HANOI

G,F ABY THR-80 C 10-80 SPK-T apt

Abstract: The ratio of delayed to prompt fission yields has been measured for
WlAm and 241Am samples DELAYED/ PROMPT F YLD

irradiated by a bremsstrahlung photon pulsed beam over the energy range E/mu = 10-80 MeV.
The relative probabilities of '“"'Am and I4!m,Am isomer production and the cross sections of the
24lAm(y, n)

240“rfAm and 243Am(y, n)
24J”fAm reactions were deduced from the yields measured

in the El giant resonance region.

E
NUCLEAR REACTIONS, FISSION 24,Am, 243Am(y, F). £ = 10-80 MeV .brems-
strahlung; measured isomer/prompt yield ratio; deduced production a for J40"'’ J4i«'Am.

Enriched targets.

*.IO* * 2 ‘10*

Fig. 2. Ratio (a) of the
240m,Am and :42mfAm isomer yields to the prompt fission yields of ,4lAm and

241Am, respectively, for various bremsstrahlung limiting energies over the range from = 10-80 MeV. The
crosses are the mean values i = i[i(

241 Am)+s( 243Am)] (right scale).

Fig. 3. (a) Yields of 14<ta'Am and 241“'Am isomers as a function of £ „,,. rms error bars are shown, (b)

Cross sections of 24l Am(y, n)
240”'Am and 24JAm(y. n)

I4:*'Am calculated from smoothed yield curves

shown in fig. 3a.

ROMM M8S-41I
(MEV. 7-1 4- Ml
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REF Yu. P. Gangrskii, B.N. Markov, and Yu. M. Tsipenyuk
Yad. Fiz. U, 54 (1970)
Sov. J. Nucl. Phys. .11, 30 (1970)

I ELEM. SYM.

Am

: Z

243 95

MFTHOO
i

RE*. NO.

70 Ga L hmg

REACTION RESULT excitation
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,NF THR THR- 14 c 10-13 SPK-D 4P1

Y. rcL u.x Y. rcL un.

FIG. 2. Yield (Y) of prompt (O) and delayed (O) fission fragments

as a function of bremsstrahlung end-point energy (E,) in bombardment

of: a-AmMI
, b-Am 241

. Curves 1 were calculated for T * 0.7 MeV, anti

curves 2 for T a 1.5 MeV.

PROMPT AND DELAYED F

3y combining the delayed fission fragment yields

calculated in this way as a function of y-ray energy

with the experimental data (see Figs. 2a and b), we
can determine the thresholds of the reactions leading

to spontaneously fissile isomers. These thresholds

turned out to be 9.9.5 = 0.15 MeV for the reaction

Am 241
(y ,

n) Am 242*11 * and 9.55 = 0.15 MeV for the reac-

tion , n) Am 242311
. The thresholds of the reac-

tions leading to the ground states of Am 240 and Am 212

obviously are equal to the neutron binding energies in

these nuclei, which are respectively 6.70 = 0.20 and

6.27 = 0.03 MeV.‘
a] The difference in the thresholds

can evidently be considered as the excitation energy

of the isomeric states, which is equal to 3.25 ± 0.25

MeV for Am2<oCI and 3.30 = 0.20 MeV for Am 242m\
Both these results agree within experimental error

with the previously measured excitation energies,

which are respectively 3.15 = 0.25 MeV (Am240in1'

)

and 2.9 = 0.4 MeV (Am!<2mf[#1
).

In our work we measured also the yield ratios of

delayed and prompt fission fragments, which turned

out to be (4 = 1) x IQ*
4
for Am 241

for a y-ray energy

of 13 MeV and (7 ± 2) x 10' 4
for Am 3,3

for an energy

of 12.5 MeV. By means of Eq. (1) we obtained the

following ratios of cross sections for these energies:

(1.0 = 0.25) x 10' 3
for Am 241 and (1.3 ± 0.4)x 10‘ 3

for

Am 243
. Knowing the value of the Am 241

photofission

cross section, we can determine the cross section

for formation of the isomer Am 2,omt
,
which turned out

to be 150 = 40 Mb. If we use the value Tf/(r n t Tf)

= 0.32 then the isomeric ratio for the reaction

Am a41
(y, n) Am 343

will be (5± 1.2) x IQ'
4
,
which is

close to the values obtained in reactions with charged

particles and neutrons. In the case of AmM ,
de-

tailed calculation of the isomeric ratio is

impossible because of the lack of absolute
values of Cj and I^)

.

°L, Katz, A.P. Baerg, and F. Brown, PUAE, 15, 188
(P/200), 1958,

a
J. H. E. Mattauch, W. Thiele, and A. H. Wapstra,
Nucl. Phys. 67, 1 (1965)»

9 G. N. Flerov, A. A. Pleve, S. M. Polikanov, et al.,

Nucl. Phys. A97 . 444 (1967).

3
S. Bj/rnholm, J. Borggreen, L. Westgaard, and
V.A. Karanukhov, Nucl. Phys. A95

, 513 (1967).
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REACTION result excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,F ABX THR-999 C 50-999 SPK-I 4PI

The 300-MeV and 2-GcV linear electron accelerators at the Physico-technical Institute, Academy of
Sciences, Ukrainian S5R. have been used to measure the yields of fragments from photofission for.samples
of '"Am, 211Am, and 21IU in bombardment by bremsstrahlung with various maximum energies in the

intervals 50-300 and 3CO-1300 MeV. The relative fissilities of the nuclei have been obtained. Photofission 999= 1.3 GEV
cross-section curves calculated from the experimental data for

241Am and n,Aq are compared with the total

——- *”

cross section for hadronic absorption of y rays by these nuclei in the energy range investigated.

TABIJE I. Yield ratios Yf for photofission fragments (per unit

dose, per gram-atom) obtained iu irradiation of samples of

“^U, alAm, and a3Am by bremsstrahlung with maximum ener-

gies £rmit = 11. 5, 16.6, 30, 39, and 56 MeV.

e, MeV Y
f
r*Xxul Yfi-**]) Yf (“Wra).

115 2.42*0.08 250*0.10 0.37O 03

(O.ti) 10—) (0.00)

18.6 2.18*0.07 2.65 12 0.82*0.03

(0.14) (0.22 j (0.06)

30 1.93*0.93 (T. 0.86 *0 02

(0.12) I.C. 17) (0.05)

39 154*002 2.02*0.04 0.91*0 02

10.111 (0.15) (0 06)

58 1.71*0.02 1.99*0.04 0.86*0.02

(0.10) (9. to) (0.05)

Note. 1) In the irradiations in the LU-50 MeV accelerator the diameters

of the samples were less than the size of the 7-ray beam, and therefore

in calculation of the ratios presented in this case we used the ratios of

the total weights of the corresponding layers. 2) In order to separate

the behavior of the measured ratios with change of the energy ElKiX .

we have given above only the statistical errors. The errors taking into

account the uncertainty in determination of the sample weight, vhich

are systematic in this case, are given in parentheses. 3) The weight of

the
243Ain layer was determined less reliably and may turn out to be

~ 10% higher. The ratio Am )/ Y/i
2*1Am ) in this case is increased

by 10%, and Y/i.
1*3 Am)/Y;( 13i,J) is correspondingly decreased by 10%.

FIG. 2. Relative photofission cross sections <t0 per equivalent

quantum, obtained for the Isotopes 341Am (x) and 1X3Am (o) in

the energy range Ermax= 55—1300 MeV.

rPUmW'lm)

FIG. 3. Ratios of fission fragment yields Yl
lllAm)/F(a3Am)

(•) and (o) for various bremsstrahlung maxi-
mum energies ErK1I in the range 50-300 and 300-1300 MeV.
The values shown are experimental values of the ratios divided

by the arithmetic mean for these ratios in this interval of ener-

gies Ermax.
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REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,F RLY THR-999 C 100-999 TRK-D 4PI

The 300- and 2000-MeV electron- linear accelerators have been used to measure the relative fissilities of

the nuclei
ys
U, J3,

U. :rNp, 1J,Pu,
:ilAm, and Fragments were detected by glass detectors.

Photofission yields were obtained for the nuclei indicated at maximum bremsstranlung energies 100. 240,

400, and 1200 MeV.

999=1 .2 GEV

PACS numbers: 25.85.Jg

TABLE I. Relative photofission yields for Ervaa = 100, 240,

400. and 1200 MeV.

Futility of nuclei in t&e Ratio* of fn*menc yields YIY(.
mJS

U) for
•icititioa<«flrr«y range

— S— l 2 MeV different maximum energies tymax

Nucl*'**

a, - r,'(r, + Relative

fUulity 100 MeV :i0 MeV i00 MeV (200 MfV

058(6) 1.43(a)

1.88(6)

2.13 </)

222:0.18 1(5:0.15 1.79a). t3 1.74:0.12

="C 052:0.01 • 1.00 1.00 1.00 LOO 1.00

**;Np 0.51(6)

053 (4)

233(6)
216(c)

159:0.14 1.92*3.13 1.87*0.12 151:0.10

234(8)
293(/)

*"Pu 0.70(6) 170(a)
351(6)

210*). IS 110:0.13 150:0.13 153*1.12

151(c)
1430)

w,Am u.33(f) 1.68(e) ••

242(c)
137O)

L9 1:0.14 1.77:0.13 1.46:0.10 L44:0.i0

•Him 0.67(f) 280(f)
2390) 151:0.13 1.81*113 L53x0.il 1.44:0.10

Sote. a, b, e, d, and e denote that the data have been taken

respectively from the photofission studies of Refs. IS, 17, 18,

19, and 15. / are the average values for the data of a given

study on fission by neutrons 2 ® at nuclear excitation energy —8

MeV.
•The number given is an average over the results of a large

number of studies on photofission of
23,U.

••The authors of Ref. 18 point out ihat the value obtained by

them for
:*'Am is obviously underestimated.

r/Y(.
al

U)

FIG. 2. Relative yields F/F( 23
®U) for the nuclei 235U O,

23TNp Cl),
239Pu (*),

21,Am (x), and 243Ara (C) for maximum
bremsstrahlung energies -12, 100, 240, 400, and 1200
MeV.
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REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE PAN6C TYPE RANGE

G,F ABX THR-26 C 7-26 SPK-D 0

A 35-MeV synchrotron has been used to measure photofission yields in the range of bremsstrahlung

maximum energy ErWMXs7-26 MeV for samples of
24'Am and “‘Am. The fission fragments were detected

by multiwire spark counters. From the yield curves we have obtained the fission cross sections and

fissilities of
241Am and “‘Am in the region of the £ 1 giant resonance

PACS numbers: 25.85Jg. 24.30.Cz. 27.90. + b

FIG. 1. Photofission yields of 8,U (a),
a,Am (b). and 243Am (c)

for various maximum^ energies E
r

The dashed lines show
the yield ratios f/ (

2tlAm)/K/ (
!3,

i;i and K/(2,lAm)/K/(218
U) (right-

hand scale).

FIG. 2. Photofission cross sections of 23*U (a), “‘Am (b), and
,43Am (c) in the region of the £1 giant resonance. In Fig^a i

the dashed line shows the curve measured for
238U in Ref. 9.

FIG. 4. Fissilities D/ of the nuclei 23
*U, “‘Am, and 243Am In

the region of the peak of the £1 giant resonance.
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANQC TYPE PANGE

S.F ABY THR-80 C 10-80 SPK-I 4PI

Abstract: The ratio of delayed to prompt fission yields has been measured for
24lAm and !lJAm samples DELAYED/ PROMPT F YLD

irradiated by a bremsstrahlung photon pulsed beam over the energy range E./mzt = 10-80 MeV.
The relative probabilities of 240

'"'Am and !*Iln,Am isomer production and the cross sections of the
Am(y, n)

mfAm and 2*JAm(y, n)
2 * 2mfAm reactions were deduced from the yields measured

in the El giant resonance region.

E
NUCLEAR REACTIONS. FISSION 2“Am, 241Am(/, F). £ = 10-80 MeV brems-
strahlung; measured isomer/ prompt yield ratio; deduced production a for

2Wm'- 2‘2','Am.
Enriched targets.

‘ “ 1 ' . i
1

i . i

10 JO HO JO SO so WO
—— Efmai

Fig. 2. Ratio (i) of the 240mrAm and 242m'Am isomer yields to the prompt fission yields of 241Am and
!43Am, respectively, for various bremsstrahlung limiting energies over the range from 3: 10-80 MeV. The

crosses are the mean values i = i[a(
241 Am)+ 2(

242Am)] (right scale).

Fig. 3 (a) Yields of
240"'Ani and ‘“"'Am isomers as a function of £,„,,. rms error bars are shown, (b)

Cross sections of
24, Am(y. n/'^Ara and 24,Am(y. n)

242"fAm calculated from smoothed yield curves

shown in fig. 3a.
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DEFINITIONS OF ABBREVIATIONS AND SYMBOLS

Note: In this list definitions are given for various photoneutron
reactions in which the following symbols are used: N, NL, nN, SN and XN.

Corresponding definitions apply for reactions involving other nuclear particles
where the symbols N (neutron) is replaced by, e.g. P, D, T, HE, A etc. Where
unknown reactions result in the production of a specific radionuclide, the

chemical symbol and mass number is listed as the reaction product, e.g. a G,NA22
reaction in 59Co.

A alpha particle response function. Contrast
with D = discrete.

ANAL analysis
CCH cloud chamber

ABI absolute integrated cross-section
data CF compared with

ABX absolute cross-section data CHRGD charged

ABY absolute yield data. Often means
cross-section per equivalent

CMPT Compton

quantum is listed. COIN coincidence, coincide
COINC

ACT measurement of induced radio-
activity of the target COH coherent

ASM asymmetric, asymmetry CK Cerenkov

AVG average D deuteron or discrete. When
discrete, it is used to

BBL bubble chamber describe a photon source or

a detector response function.

BEL reduced electric radiative Contrast with C = continuous.

B ( EL

)

transition probability
DLTE energy loss

BF3 BF3 neutron counter with moder-
ator e.g., Halpern detector,
long counter

DLTQ momentum transfer

DST di stri buti on

BML reduced magnetic radiative
transition probability, B ( ML

)

DT BAL detailed balance

BREAKS levels located by "breaks" in the
yield curve

E electron

E/ inelastically scattered
BRKUP breakup electron

BRMS bremsstrahlung E+ positron

BTW between EDST energy distribution or
spectrum

C continuous. Used to describe a

photon source or a detector E/N used only to indicate a coinci-
dence experiment as in ( E , E/N )

.

575



N stands for any outgoing
particle measured in coinci-

KE kinetic energy

may be an integer or zerodence with an inelastically L

scattered electron. Distin- that always follows a reaction

guish from eg., (E,N) which is product symbol. This is used

used to represent an electron to indicate transitions to

induced reaction when only the
outgoing particle N is detected.

specific states in the residual

nuclide. When the letter is

used as in (G,NL) the cross

EMU emulsions (photographic plates) section given is that for the
sum of transitions to two or

EXCIT exci ted more specific final states.

F fi ssion LFT excited state lifetime

FMF form factor LIM 1 i mi t

FM-1 inverse femtometers LV ,LVS level, levels

FRAG fragment LQD 1 iquid

G photon MAG magnetic spectrometer

G/ inelastically scattered photon MEAS measurement(s)

G-WIDTH gamma-ray transition width MGC magnetic Compton spectrometer

HAD hadrons, hadron production MGP magnetic pair spectrometer

HE 3He particle MOD moderated neutron detector not

He3 employing a BF3 counter, e.g.
rhodium foil, Szilard-Chalmers

I NT interaction, integral,
intensity

reaction, 3He, 6Li reactions,
GD loaded liquid scintillator.
etc.

INC includes
MSP mass spectrometer

ION ionization chamber
MULT multiple, multipole, multiplicity

ISOB isobaric
MU-T used only in combination with G

ISM isomer to indicate a total photon
absorption cross section measure-

J multiplicity of particle ment, i.e. (G,MU-T)

defined by following symbol

e.g. (G,PJN) with remark N neutron (see also XN and SN).

J = 2, 3, 5,

7

The notation (G,N) is used to
indicate a reaction in which only

JPI spin and parity of a nuclear a single neutron is emitted, i.e.

J-PI state the reaction that can, in many
cases, be measured by observing

K second multiplicity index, e.g. the radioactive decay of the

(G.JPKN) with both J & K posi-
tive integers greater than 1

residual nuclide.
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nN where n is any integer. (G,nN)
indicates the sum over all
reaction cross sections in which
n neutrons are emitted.

NAI Nal(Tl) spectrometer

NEUT neutron(s)

NOX no cross-section data

P proton (see also XP)

PART parti cl e(s)

PHOT photon(s)

PI pi on, usually written as PI+,
PI-, PIO to indicate charge

POL polarized or polarization

Q-SQUAR momentum transfer squared (q
2

)

RCL recoi

1

REL rel ati ve

RLI relative integrated cross-
section data

RLX relative cross-section data

RSP reaction spectrometer

RLY relative yield data

SN sum of neutron producing
reactions, a( y,SN)=a(y,N)
+ a(y,NP) + a(Y,2N) + a(y,3N)
+ etc.

SPC photon or particle energy
spectrum

SPK spark chamber

SPL spallation

STAT stati stical

SYM symetric, symmetry

T tri ton

TEL counter telescope

THR threshold for reaction or
threshold detector, e.g.,
29 S i(n,p)29A l

.

TOF time-of-flight detector

TRK tracks of particles or frag-
ments observed in solid
materials (glass, mylar, etc.

TRNS transition

UKN
UNK

unknown

VIB vibrational

SCTD scattered

SCD semiconductor (solid state)
detector

SCI scintillator detector other than
Nal, e.g., Csl, KI, organic
(liquid or solid), stilbene. He

SEP separation

SEP ISOTP separated isotope used

VIR PHOT virtual photon(s)

XN all neutrons, total neutron
yield, a (y,XN) = a(y,N) + 2a
(Y,2N) + 3a(y,3N) +a(y,NP) + etc.

XP all protons, total proton yield
a (Y,XP) = a(y

f p) + a(y,NP) +

2a(Y,2P) + etc.

XX reaction products defined in
XXX REMARKS

SIG SIGMA (cross section) YLD yield

577



4PI a 4 tt geometry was used or a

method like radioactivity or a

total absorption measurement

999 energy defined in REMARKS

$ indicates the measurement
involved beams or targets
that were either polarized
or aligned, or that the polar-
ization of the reaction

products was determined.
The polarized particle is

indicated in REMARKS.

* or @ symbols used to indicate that
the units associated with the
numerals on one or both sides
of the symbol in a specific
column are not MeV. The units
are defined in REMARKS.
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