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Photonuclear Data-Abstract Sheets
1955-1982

ij I. Introduction

I

As used in connection with this collection of data-abstract sheets, the term
I, photonuclear data is taken to mean any data leading to information on the electro-
magnetic 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)»M jY )* m»pK W6ll as ground-state particle capture reactions, e«g.
t“>Yo^* Two reactions which fit the matrix element criterion are not included in

i
the compilation because of their rather special nature. These are heavy particle

I

Coulomb excitation and the thermal neutron capture reaction (n,Yn) • 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

I

listed are concerned with the excitation energy range from 8 to 30 MeV, the region
of the photonuclear giant resonance.

i
• k

hierarchical grouping of the photonuclear data-abstract sheets within the file
-V* 1* Target Element, 2. Target Isotope, and 3. by the Bibliographic

ReferenceCode assigned to the paper from which the data on the sheet were abstracted,
I

In this file, colored pages are used to mark the beginning and end of the sheets for
each chemical element. A brief historical sketch of the element is given on the divider
sheet marking the start of each section; the information for this sketch was derived
from references such as the Encyclopaedia Britannica. 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
;j

sections of the file, as delineated by two colored divider sheets, represents a27year
' history of the study of electromagnetic interactions in either a specific nuclide or a

I

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

in the elemental section of the copper file. On the other hand, a measurement
of the o^Cu 9.73 minute positron activity produced in the same sample by photons
with energies below the three-neutron separation energy for 65cu (28.68 MeV) would
be filed with the sheets for °^Cu. Similarly a measurement of the ground-state
neutron capture cross section in 12c would be filed under 13c while the corresponding
ground-state alpha-particle capture cross section would be filed under l^o.

i

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
jin the final published index, Photonuclear Data Index, 1973-1981

, NBSIR 82-2543,
issued 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!
iThe second entry is the abbreviation that was used in one or more of the earlier
published editions of the index.
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ALUMINUM

Z=13

Aluminum derives its name from the Latin alumen a naturally occurring
aluminous sulfate that was used as an astringent and mordant at least as

early as the 5th century B.C. Hans Christian Oersted is credited with
having been the first to prepare the metallic aluminum. This he did in

1825 by chemically creating an aluminum amalgam and distilling off the

mercury. Oersted's results were published in an obscure Danish journal

and made little impact on the scientific community. Friedrich Wohler

(1800-1882) improved upon the process and in 1845 he was able to make
large droplets of the metal and determine some of its physical properties.
The first pure sample was not made until 1854; the French chemist Henri

Sainte-Cl aire Devi lie (1818-1881) improved Wohler's method and developed
it into a successful commercial process until the advent of the cheaper
electrolytic method. This process was introduced by Charles Hall of

Oberlin College, Ohio, and Paul-Louis-Toussaint Heroult (1803-1914) of

France. Both were 22 years old at the time; both independently and almost
simultaneously discovered and patented the process. It remains to this
day the only method by which aluminum is produced in commercial
quantities

.

Al
A=25

Al
A=25

3





Ref. N.H. Gale; N. Tubbs, N. Nath, A.T.G. Ferguson
Phys. Letters ^ 3^4-5 (1963)

Elem. Sym<.

A£ 25 13

Method Van de Graaff; plastic scintillator; pulsed-beam, delayed
coincidence technique

Ref. Noo

65 Ga 1 JHH

Reaction E or AE (7dE J >r Notes

Mg^^(p,Y) 0.825 oMo Lifetime of 0.4>50 MeV level given in
Table I, below.

Table 1

Isomeric level (na) Reference

Al^S* (450 keV)

Al26* (418 keV)

2.6 + 0.4

2.71 ± 0,14

3.33 ± 0.07

3.25 i. O.IS

1,77 1 0.07
1.8S + 0.09

1)

2)

3)

present work

2)

present work
|

1) A.T.G. Ferguaon, M.A. Grace aad J.O. Newton, Nucleara
Phys.. 17 (I960) 1.

,
j

2) S . Gorodetzky et ai.
, Proc. of the Conf.on Electro- i

magnetic Lifetimes and Properties of Nuclear States, J

Gatlinburg (1962), p;79.
]

'

3) C.L.McClellandandJ.Lowe, Proc.of the Conf.on «

Electromagnetic Lifetimes and Properties of Nuclear
States, Gatlinburg (1962), p. 78.

’

^

^

FORM NBS-418
(a-i-«3i
usccMM'Oc tasse'Pes

PHOTONUCLEAR DATA SHEET 5

U.S. DEPARTMENT OF COMMERCE
NATIONAI. SURCAU OF STANOARD»



REF. G. C. Morrison, D, H, Youngblood, R. C. Bearse, R,

Phys. Rev. i2^, 1366 (1968)

METHOD

£. Segel EL EM. SYM. A

AI 25

REF. NO.

13

68 Mo 2 HMG

1

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYRK RANOK TYPE RANGE

1 P,G LFT 8.0 D 6.0 SCD-I DST
i

(7.916.7.985) (5.864,5.936)

G- WIDTH
Table I. Partial widths for the various *y-ray transitions from P=* § to J states that were observed in the present work. The ratie

of the observed width to the single-particle estimate* is given under the heading
|
iW [•. Where the E2 admixture is not determined^

there are three dots in place of the ^propriate entry and the transition was assumed to be pure if1.

Nucleus
r. a*

!

(MeV) (eV) {E2/MD
Al» 7.916 -*0 fT-JT 0.82 0.087 0.06 0.4
Al“ 7.916 -» 0.949 0.16 0.025 e • • t

Al» 7.916 -*1.610 1.02 0.21 » • . • ••

AI« 7.985 -*0 1.06^ 5.76« 0.11" 0.60* 0.045 0.4" 2.2"

Al» 7.985 -*0.455 OJl" 1.14* 0.025" 0.14* . • • • • •

Al“ 7.985— 0.949 0.23i> 1.25* 0.030" 0.16« • . • . F *

P» 8.374—1.277 0.16 0.024 . • . • • •

P» 8J74— 2.027 jT-JT 0.42 0.088 • •• • F •

P» 8J74— 2.425 0.22 0.055 ... ...

• Reference 14.
^ by use oT the value Tm/P from Ref. 10.
* Derived by ute of the electron ecatteriag data ojf Ref. 13.

FORM NBS*41S
(RSV. 7«14*e4)
USCOMM*OC 2e010*P64 PHOTONUCLEAR DATA SHEET 6

U.S. DEPARTMENT OF COMMERCE
NATIOMAI. BUREAU OF STANDARDS



Fig. 4. Exciution function* at Oj = 0“ and 90* for the transiliona to the 452 keV state (a) and 2485 keV state (b). The solid and dashed lines represent besl.

fits to the data (subsects. 3.2 and 3.3). Excitation functions at d, 90" for the transitions to the ground slate and to the 945 keV state are shown in (d) and (c).

The solid lines represent the best fits to the data {subsects. 3.4 and 3.5). The insets show the anisotropy of these transition* as observed at - 2.I-2.3 MeV
and the model predictit~«ns for ^ 2 (solid line).

PORM N8S-418
(REV. 7-14*«4>

USCOMM»NaS«OC

(over)

U.S. OEPARTHENTOF COMMERCE
NAT!ONAU BUREAUOF STANOAROS

PHOTONUCLEAR DATA SHEET ^



Tablr 1

Direct capture crow sections Tor **Mg(p,7)^^AI at 823 keV and absolute spectroscopic factora

Transition

(keV)

Direct capture

*‘Mg(p.y)«Al

Stripping Theory0
(Nilsson model)

C’S’*Mg(d,n)”AI ’*Mg(d,p)“Mg

<r«» (/rh) »!»..*) (Mb) «4 C’5‘) C’S*) C’S*) C’S') C‘S*) C’S*) »j=«2.0 2J 3.0

DC- 0 0.008 ±0.002 0.077 Id 0.10±0.03 0.18 0.58 0.60-0.42 0.26 0.40 0.33 0.33 0.33

DC- 452 0.052 ±0.011 0.12 2s 0.43 ±0.09 0.42 0.85 0.50-0.44 0.17 0.76 0.62 0.52 0.44

DC- 945 0.004 ±0.001 0.0.15 Id 0.1 1 ±0.03 0.14 0.45 0.14-0.32 0.12 0.42 0.13 0.16 0.18

1>C - 2485') 0.005+0.001 0.058 2s 0.08 ±0.02 ') 0.065 0.18 0.18 0.27 0.35

*) Square-well potential with ro » 1.36 fm [ref. ')].

*) Experimental erron only.

^ Bound-state formalism a.vsumed.

*) E4 = 2.3 MeV [ref. ')].

T Ei = 7-10 MeV [ref.’)].

') £’j = 5-6McV [ref.")J.

•) £•<=. 15 MeV [refs. '’•*’)].

*)£;,= 10 MeV [ref.*)].

*) From the observed proton width*) of r, ~ II ±2 meV, a valueoft:’5=a 0.0S±0.01 isdeduved at ro » 1.36 fm.

^ Ref.%

1) C. Rolfs, Nucl. Phys. A217 (1973) 29
2) O. Dietsch, D. Wilmore and P. E. Hodgson, NucL Phys. A106 (1968) 527

2 A a, B. Smith, Nucl. Phys. 86(1966) 353
4) A. Schetb, A. Hofmann, G. Philipp and F. Vogler, Nucl. Phys. A203 (1973) 177
5) P. M. Endt and C van der Leun, Nud. Phys. A2I4 (1973) 1

£ puSrf*“"’
^ Toronto (1973). and to

7) P. B. Oworkin, Thesis, Univ. of Toronto (1974)
8) M. Piiparinen, Z. Phys. 252 (1972) 206

9) ^
E. UAerlan^ E. B. I^ul, G. A. Bartholomew and H. E Gove, Phys. Rev. 102 (1956) 208;

im A
H. McMam^ E B. Paul, D. A. Bromley and H. E Gove, Can. J. Phys. 36(1958) 378

’ mlJX; “*• «• ="“«» «»< E. V,p

13) E. Rost, Phys, Rev. 154 (1967) 994

8



REF.
D.W.O. Rogers, N. Anyas-Weiss, S.P. Dolan, N.A. Jelley,

T.K. Alexander
Can. J. Phys. 55, 206 (1977)

EL EM. SYM.

A1 25 13

REF. NO.

77 Ro 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

PrG LET 7- 8 D 5, 6 SCD-D DST

7.90 AND 7.97 MEV STATES

Fig. 2. (a) Ar;:ular distributions of y decays from the 7901 keV level. Solid lines are best fits for

/ = 5/2. (b) Angular distribution of y decays from the 7969 keV level. Solid line is best fit for J = 3/2.

Table 4. Branching ratios from the T = 3/2 levels in ^’Al

compared with previous results

Transition Present Morrison et al. (1968)

7901 0(5/2*) 50 ± 3 41 ± 5

451(1/2*) <3 —
945(3/2*) 13 ± 2 8 + 5

1612(7/2*) 37 + 3 51 ± 7

7969 0(5/2*) 100 71 ± 7

451(1/2*) • <5 14 ± 4

945(3/2*) <5 15 ± 5

1612(7/2*) <5 —

Tahi.e 2. Radiative widths and estimates of F, for the T = 3/2

resonances in ^’Al

Level

(MeV)

toy = i(2J + i)rp,r,/r (ev>

Present Nioi risen e? af. (1968) r, (eV)«

7.93

7.97

0.25 ± 0.06

0.40 ± 0.09
1.0 ± 0.5

1.5 ± 0.8

0.50 ± 0.13

0.40 ± 0.12

•AiSuming J = 5/2 and j/2 resp«:uvc!y.

Table 3. Mixing ratios and implied transition strengths for the decay of the T — 3/2 levels in ^’Al and a comparison

to shell model calculations

Morrison, G.C. et al.,
Phys. Rev. 174, 1366
U968) .

Sogers, D.W.O. , Nucl.
Instnan. Methods 127 ,

253 (1975)

.

FORM N8S-418
IR EV. 7.1 4. 84 ) 9
USCOMM.NBS.OC

1A/|"(W.U.)

Expt. Theory'’

Transition 6* MI E2 Ml E2

7901 -» 0(5,2*) 5/2 0.9 -0.02 ± 0.03 0.024 ± 0.006 <0.007 0.24 0.26

7901 - 945t3/2*) 5<2 1.7 -0.07 ± 0.06 0.009 ± 0.002 <0.02 0.07 0.025

7901 -* 1612(7/2*) 5/2 8.6 -0.08 ± 0.06 0.035 ± 0.008 <0.1 0.22 0.003

7969 - 0(5/2*) 3/2 1.9 -0.11 ± 0.02 0.C42 ± 0.012 0.05 ± 0.C2 N/A

•ETors are given usins the + I mle corresponding to 6S^ enrSdiner iinti.s (see ,.g„ Sogers (197S)).

•Ti.mmer et al. (1976i), using their ASUI interaction results.
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Ref. D.R, Neher, F.W. Prosser, Jr,, R,W, Krone
Nuclear Phys. 31 . 251 (1962)

Elein, Sym. A Z

ki 26 15

Method
Protron capture; Nal

Reaction

Mg^^(p,Y)

E or AE

O. 95-I. 8C

s
<7d E

J w

Po
7.220

7.289

7 . 3^5

7 . 36^

7.396

7.^7

7.^2k

7.626

7.829

7.889

7.951

Ref. Noo

62 Ne 2 JHH

Notes

0.956 MeV 5^ to ground state,

1,027 MeV 65^ to ground state.

1.086 MeV 27^ to ground state.

1,105 MeV 8^ to ground state,

I0I59 MeV 9^ to ground state,

1,150 MeV 17^ to ground state,

1.168 MeV 57^ to ground state.

1.378 MeV ik^o to ground state.

1.589 MeV 7^^ to ground state.

1,651 MeV kkff) to ground state.

1,716 MeV 82^ to ground state.

I

i

1

PORM NBS-418

USCOMM'DC t(BSe*Pa3 73

tilj.

3
.

Energy
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(or
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has
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Ref. N.H. Gale, N. Tubbs, M. Nath, A.T.G. Ferguson
Phys. Letters ^ 54-5 (I963 )

EI«si. S^.

A1

Ref. No.

26 13

Method
Van de Graaff; plastic scintillator; pulsed-beam, delayed

coincidence technique 63 Ga 1 JHH

Reaction E or AH <7d E Notes

Mg^^(p,Y) 1.00 0.i<-l8 Lifetime of 0.i<-l8 MeV level given In
Table I, below.

Table 1

Isomerlo level

.

Tm (os) Reference

Al^S* (450 keV)

2.6 +0.4
2.71 ± 0.14

3.33 ± 0.07

3.25 ±0.15

1)
2)
3)

present work

A128* (418 keV)
1.77 + O.OT
1.86 + 0.09

2)

praaent work

1) A.T.G. Fergiuon, M.A.Grace aad J.O.Narwtoo, NuoImt
Phy«. 17 (I960) 1 .

2) S , Gorodetzky et al. , Proc. of the Conf. on Electro-
magnetic Lifetimes and Properties of Nuclear States.
Gatlinburg (1962), p.79.

3) C. L. McClellandand J.Lowe, IToc.of the Conf. on
Electromagnetic Lifetimes and Properties of Nuclear
States, Gatlinburg (1962), p. 78.

FORM NBS>418
(8-l-93»
USCOMM*OC lae96*P63

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 14



EoO. De Neijs, M.A. Meyer, JoP.L. Relnecke, D. Reitmann
RITE. Nucl. Phys. A230, 490 (1974) EL EM. SVM.

A1

A

26

z

13

METHOD

Page 1 of 4

REP. NO.

74 De 9 egf

REACTION RESULT EXCITATION
ENEROV

SOURCE DETECTOR
ANOLE

TV^C RAMaK TVPK RAMaC

P,G LFT 6~ 8 D 0-2 SCD-D DST

Table 1

Energies and strengths of '*Mg+p resonances for < 2 MeV

E, (keV) S-={u-\)ryrjr]
(eV>

1 E, (keV) s=. {2jJri)rjrjr‘)
(eV)

present

experiment

ref. *») present

experiment

ref. **)

Pi

316.6±0.7 316.4±0.5 0.2 985.7±0.6 988 ±3 2.6 0.2

387.4±A6 390.0±0.5 0.3 1025.2±0.7 1027 ±1 0.8 0.006

433.0±0.6 435.1 ±0.7 0.67±0.10*) 1042.4±0.7 1043.7 ±0.6 3.5

496.1 ±0.6 496.5 ±0.6 0.5 1084.3 ±0.7 1085 ±2 2.3 o.ot

502.1 ±0.6 501.7±0.8 0.4 1102.6±0.7 1105.9±1.3 0.9 0.006

514.3 ±0.6. 514.5 ±0.6 0.3 11 37.3 ±0.7 1137.3±1.0 3.1 0.2

532.5 ±0.6 532.8±0.5 0.1 1148.4±0.7 1149 ±2 1.9 0.02

535.4±I.O 1164.3 ±0.7 1165 ±2 0.9 0.02

568.0±0.7 566.3 ±0.7 2.0 1183.7 ±0.7 (1186 ±3) (10)

570.5±1J 1195.2±0.7 1196.6±0.7 2.0 0.9

591.9 ±0.7 591.7±0.4 1.7 1205.4±0.7 1209 ±5 2.4 0.1

654.9 ±0.7 655.7 ±0.8 0.2 1238.2±0.7 1238.3 ±0.8 3.9 16

684.6±0.7 684.0±0.8 3.1 1283.8 ±0.7 1284.8±0.6 3.6 strong

n\.i±oj 723.9±0.5 1.5 1302.1 ±0.7 2.2 yes 0.04

736.2±0.7 0.3 1306.5±0.7 1305.4±0.5 4.1 yes 0.2

773.7±0.7 778.1 ±0.7 I.l 1337.7±0.7 1332 yes

810.7±0.7 811.9±0.7 1.4 1342.3 ±0.7 (1341) yes

818.1 ±0.7 0.1 1351.6±0.7 (1354 ±3) yes

834.6±0.7 0.3 1370.9 ±0.7 yes

879.8 ±0.6 883.2±0.7 1.7 1375.5 ±0.7 1376 ±2 strong yes

888.0±0.8 890.8±1.5 0.3 1514.7±0.7 yes yes yes

895.1 ±0.8 (903 ±4) 0.4 1525.6±0.7 1531 ±4 1.3 4.1 0.3

927.6 ±0.6 929.5±0.6 1.8 1568.5 ±0.7 1573 ±4 strong

952.7±0.6 956 ±2 3.3 1587.5 ±1.0 1592 ±5 3.2 0.4

968.1 ±0.8 970 ±2 0.2 1633.6 ±1.7 2.4 1.7

1639.1±1.7 1638 ±4 strong

1651.1 ±0.8 1652 ±4 14 5.0 0.3

1700.5 ±1.2 1701 10 6.5 43
1716.1 ±1.4 1713 ±4 17 1.1 0.5

*) Present experiment; errors are of the order of 30 %.
Ref. “).

^^P.M. Endt and C. van der Leun, Nucl. Phys. A105 (1967) 1

^^G.A.P. Engelbertink and P.M. Endt, Nucl. Phys. ^ (1966) 12

(over)
roRM NSV4ti
(RCV. 7*I4>«4»
USCOMM»OC 2«010-P«4 PHOTONUO.EAR DATA SHEET 1
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I AULt • Page 2 of 4
Gomm* decay of *’Mg(p, y)“AI resonance* (the total decay to the triplet at £; = 2.07 MeV is given)

Decay in percentage* to E, (MeV) in **At -

£.•) J’’) 0 0.23 0.42 1.06 1.76 1.85 2.07 2.36 2.33 2.66 other levels

(IteV) (UV) 3* 0 *
(r - 1 ) 3* ! 1 * 1* 3* Z * (2. 3)" £.(%)

317 6609 2,3 < 0.4 < 0.3 34 < 0.9 18 < 0.4 7 2 2.91(3), 3.16(13), 3.60(4).

3.750(1), 4.19(18)

.187 6677 1.2,3 < 0.2 1 8 3 < 0.7 6 21 3.16(7), 4.19(30), 4.55(4).

4.60(18), 5.54(2)

433 6721 3*.

4

51 < 0.3 30 < 0.3 < 0.2 < 0.5 1 2 4.19(7), 4.60(5), 4.71(4)

496 6782 3 < 0.3 < 0.3 2 < 0.8 IS < 1 23 1 2.91(4), 3.07(10), 3.16(32).

4.19(6), 4.55(7)

502 6788 2 < 0.5 < 0.5 52 < 0.9 16 < 0.4 5 3.16(8), 3.60(1), 3.68(4),

4.19(5), 4.71(9)

514 6799 1.2.3 < 0.1 < 0.3 1 3 14 2 16 8 2.91(6), 3.16(26), 3.68(2),

3.72(2), 4.19(4), 4.55(9), 4.60(7)

333 6817 3*.

4

< 0.9 < 0.3 18 < 0.7 < 0.5 < 1 2*) 19 46 3.07(2), 3.40(3), 3.60(3), 3.67(2)

3.96(5)

568 6851 2.3 < 0.1 < 0;4 35 < 0.9 7 10') 24 2.91(8), 3.07(1), 3.16(2),

3.60(6), 4.35(4). 4.35(2), 4.95(1)

592 6874 2,3* < 0.1 1 30 I 8 2 9 24 2.91(6), 3.07(2), 3.16(3),

3.60(7), 3.72(1), 4.35(4).

4.55(1), 4.95(1)

635 6935 1.2 < 0.3 8 < 0.4 26 21 < 1 8 3 2.91(3), 3.16(15), 3.750(4),

3.753(1), 5.14(11)

685 6963 2.3 < 0.5 < 0.2 41 < 0.5 28 2 1 1 4 3.07(1). 3.16(1), 3.60(2),

3.67(1), 3.68(7), 4.19(1).

5.39(5), 5.67(5)

722 6999 I *.2. 3 < 0.2 < 0.2 10 < 0.6 2 1 44 5 2.91(2). 3.16(4), 3.60(1),

4.35(1), 4.35(27), 4.60(1),

5.14(2)

736 7013 3 6 < 0.2 5 < 0.7 < 0.5 < 0.4 3 2 1 3.60(1), 3.67(2). 3.96(8),

4.21(1). 4.71(12), 4.77(1),

5.13(31), 5.24(1), 3.73(26)

774 7049 2.3 < 0.2 < 0.1 3 <0.2 1 < 0.4 18 3.16(57). 4.71(12), 5.13(7)

811 7084 1 < 0.2 12 < 0.1 < 0.6 0.5 7 51 1 2.74(0.5), 2.91(3), 3,16(2),

3.72(11). 3.750(2), 3.753(1).

4.48(4), 4.94(3), 5.91(2)

818 7091 1.2.3" _< 0.7 2 3_ < 3 10 < 2 54 4.55(28). 5.14(3)

833 7107 3.4 9 <2 49 < 0.9 < 0.5 < 1 9 9 7 2.91(1), 3.60(2), i.68(3),

4.43(6), (4.60(3), 4.71(2))

880 7151 < 0.1 < 0.1 1 < 0.1 0.5 5 1.5 2 2.91(1). 3.16(83), 4.55(3),

4.60(1), 5.14(2)

888 7159 < 1 < 1 28 4 < 1 46 (3.16(6)), 3.67(6), 3.68(4),

4.35(1), 4.55(5)

893 7165 2*-.3.4 < 0.9 < 0.6 17 < 0.6 <r 1 27 !2 10 3.07(5). 3.60(6), 3.68(3).

4.60(7), 4.71(9), (5.13(4))

928 7197 1 < 0.2 72 < 2 < 1 0.5 0.2 23') 3.750(1), 3.753(3). 5.14(1)

953 7221 5 2 < 0.1 < 0.

1

< 0.4 < 2 < 0.5 82') 3.40(2), 3.67(9). 4.21(3), 5.24(2)

968 7236 1.2^ 0.3 < 0.4 3 < 1 8 < 0.5 24 2.91(6). 3.07(7), 3.16(37),

3.753(3), 4.19(3), 4.71(9)

986 7252 r . 2.

3

•' 0.1 < 0.1 6 1 43 < 0.2 5 4 2.74(1). 2.91(7), 3.07(1).

3.16(12), 3.60(4), 3.68(1),

3.750(7), 3.753(1), 4.19(1),

5.69(6)

1025 7290 3* 58 < 0.3 2 < 0.3 5 < 1 3.68(1), 3.750(5), 4.19(1).

4.60(12), 4.71(4), 5.13(12)

1042 7307 I *.2. 3* < 0.3 < 0.4 31 6 5 1 10 3 2 6 2.74(6), 2.91(12), 3.07(1).

3.60(9), 3.68(1), 3.72(2),

3.750(3), 4.35(0.5), 5.58(1.5)

1084 7347 3*-, 4. 5* 18 < 0.3 39 < 0.3 < 0.2 < 0.2 14 4 3.07(2), 3.60(3), 3.67(1),

3.68(4), 4.19(2), 4.60(1),

4.71(2), 5.46(1). 5.69(5), 6.08(4)

1103 7365 3 4 < 0.6 7 < 0.6 < 0.4 < 0.6 4 1 3.60(2), 3.96(2). 4.35(4),

4.71(8), 5.13(68)

1137 7398 < 0.2 < 0.7 37 < 0.3 16 0.5 3 1.5 0.5 7 2.91(4), 3.07(3), 3.16(6).

3.60(5), 3.67(0,3), 3.68(4.5).

3.750(0.5), 4.19(1.5), 4.60(3),

4.77(0.5), 5.46(6)

1148 7409 3*. 4. 5* 16 < 0.3 48 < 0.3 < 0.4 9 1 3.07(2), 3.40(1), 3.60(3),

3.67(1), 3.68(3), 4.19(1),

4.71(2), 5.69(7), 6.08(6)

1164 7424 3 32 < 0.4 0.3 < 0.4 1
A 2 2.91(7), 3.40(0.5), 4.60(2),

4.71(3), 5.13(30)

1195 7434 1.2 < 0.1 2 1 1 < 0.5 2 67') 3.16(26), 3.750(0.3), 5.14(0.5)

1203 7464 2. 3.
4* < 0.2 <0.1 2 < 0.4 6 . 10 7 9 7 3.16(6), 3.60(1), 3.67(20).

3.68(3), 3.750(1), 4.21(14),

4.60(1), 4.71(3), 4.93(3),



REF.
E,0. De Neijs, M.A. Meyer, J.P.Lc Reinecke, D. Reitmann

Nucl. Physc A230, 490 (1974) EL. EM. SYM.

A1 26 13

METHOD

Page 3 of 4

REF. NO.

74 De 9 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

-Table 2 (continued)

Resonances Decay in percentages to £. (MeV) in ^*AI

£»•)

(keV)

£.•)

(keV)

/'•) 0 0.23 0.42 1.06 1.76 1.85 2.07 2.36 2.55 2.66 Other levels

5* 0* (T= 1) 3* 1* 2* 1* i* 3* (2.3)* £. (%)

1238 7495 •C 0.2 < 0.3 8 < 0.3 4 1 8 8 8 6 2.74(1), 3.07(1), 3.16(14).

3.67(13), 3.68(2). 3.750(2),

3.96(3), 4.21(13), 4.60(1),

4.71(1). 4.95(3), 5.13(2), 5.14(1)

1284 7539 1**) < 0.4 < 0.5 5 < I 13 10 19 5 5 2.74(18), 3.72(4). 3,750(4).

4.35(2), 4.62(15)

1302 7557 |,2,3'" 1 I 3 3 23 12 4 1 2.74(3), 2.91(1), 3.16(37),

3.60(6), 4.35(2), 4.60(3)

1307 7561 !. 2, 3* 1 3 1 6 6 21 24 II 3 2.74(5), 3.07(1), 3.60(13),

3.96(2), 4.35(3)

1376 7627 4*. 5.6* 7 < 0.7 < 0.7 <0.7 < 1 5 3.40(2), 3.51(6), 3.67(9).

4.21(45), 4.60(1), 4.77(15).

5.24(10)

1526 7771 1 < 0.1 5 1 4 1 7 3 2.74(1), 2.91(1). 3.16(33).

3.72(1), 4.19(11). 4.55(1),

4.60(18), 5.13(5). 5.14(1).

5.54(5), 5.73(1)

1588 7831 3*- 58 • <0.3 3 < 0.4 < 0.6 0.5 2 1 1 3.07(5), 3.16(1), 3.40(0.5).

3.67(1), 3.750(1), 4.19(6).

4.21(1), 4.60(7). 5.13(10).

5.51(1), 5.730)

1634 7875 < 0.5 1 < 0.7 < 1 69 1 3,16(5), 3.750(2), 4.19(1),

4.55(8), 4.60(7), 5.14(4), 5.54(2)

1651 7892 4-) 40 < 0.3 5 < 0.4 < 0.4 3.5 28 I 3.07(6), 3.40(1). 3.67(1),

3.68(1), 3.96(0.5), 4.21(4.5).

4.35(1). 4.77(4), 4.95(3).

5.24(0.5)

1701 7940 3.4,5’- < 0.1 < 0.2 5 < 0.5 75 3 6 3 3.68(0.5), 3.750(3), 3.96(2).

4.35(1). 4.77(1). 5.85(0.5)

1716 7955 4<*) 77 < 0.4 1 < 0.6 < 0.3 3 9 0.5 3.16(0.5), 3.40(4), 3.68(0.5),

3.96(1), 5.51(3.5)

') Present experiment.

•) Calculated with present values for and Q * 6305.0±l.2 keV,

‘) Present experiment unless otherwise indicated. Sec also subsects. 3.6 and 4.1.

“) Ref. >*).

•) Decays to the E, =» 2.0695 MeV level only.

') Decays to the E, = 2.0687 MeV level only.

(over)

FORM N8S-418
(REV, 7.I4.M)
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Table 5

Angular distribution coefficients

(keV)

Transition A^±JA^‘)
(keV)

Transition At~JAi‘) A^±AA^ •)

317 r -.0.42 -0.43 ±0.03 0.08 ±0.05 655 r — 0.23 -0.31 ±0.07 0.16±0.12

/ — 1.76 0.24±0.04 0.03 ±0.06 r— 1.06 -0.14±0.06 0.13±0.09

r -.3.16 0.11 ±0.06 -0.19±0.09 r— 1.76 -0.1 6 ±0.03 0.I2±0.06

387 r — 0.42 -0.08 ±0.06 -0.07±0.10 685 r — 0.42 -0.25 ±0.02 0.04±0.04

r — 1.85 -0.08 ±0.06 -0.08 ±0.09 / — 1.76 -0.03 ±0.01 -0.01 ±0.02

433 r — 0 -0.22±0.0l 0.01 ±0.02 722 r — 0.42 0.01 -0.02 0.08 ±0.03

r — 0.42 -0.38 ±0.06 0.05 ±0.09 r — 2.0695 -0.14±0.0I 0.03 ±0.01

496 r — 0.42 -0.07 ±0.08 0.05±0.12 736 r —

0

-0.06 ±0.06 -0.17±0.10

r — 1.76 -0.58 ±0.03 0.17±0.04 r — 0.42 0.33 ±0.1

3

-0.24±0.19

r — 3.16 -0.52±0.06 0.07 ±0.09 774 r — 0.42 -0.26±0.03 0.08 ±0.05

502 r — 0.42 -0.49±0.05 0.08 ±0.07 r — 3.16 -0.06 ±0.03 -0.02 ±0.04

r — 1.76 0.11 ±0.06 -0.11 ±6.08 811 r — 0.23 -0.05 ±0.02 0.04±0.03

514 r — 1.06 -0.30±0.07 -0.07 ±0.11 r— 1.85 0.14±0.04 -0.08±0.06

r — 1.76 -0.10±0.05 0.03 ±0.08 835 r —

0

0.01 ±0.04 0.05 ±0.07
r — 1.85 0.04±0.16 -0.16±0.24 r — 0.42 -0.28 ±0.02 0.00±0.03

533 r — 0.42 -0.19±0.04 0.04±0.06 928 r— 0.23 -0.09 ±0.02 -0.04±0.04

r — 2.36 -0.14±0.04 -0.02 ±0.06 r — 2.0695 0.04±0.02 -0.06±0.03

r — 2.55 -0.22±0.05 0.02 ±0.08 953 r —

0

0.46±0.02 -0.13±0.03
568 r — 0.42 -0.11 ±0.04 -0.02±0.07 r — 2.0687 -0.26±0.00 0.00±0.00

r — 1.76 -0.17±0.03 -0.04±0.05 986 r — 0.42 0.00±0.03 0.07 ±0.04
r -*1.55 -0.13 ±0.03 -0.01 ±0.05 r — 1.76 -0.39±0.02 0.01 ±0.03

592 r — 0.42 -0.07 ±0.01 -0.01 ±0.02

r — 1.76 -0.1 8 ±0.05 0.06±0.08

r — 2.55 -0.15±0.02 0.12±0.04

*) Corrected for finite size of the detector.
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P.S. Baranov, V. 1. Gol<ian8kli

Zhuro Ek#p. 1 Teoret. Fiz, 28, 746 (1955)

]
Soviet Phy«. JETP 1, 6l3 (1955)

A1 27 13

1

METHOD

Synchrotron; Ion chambe
12

r olonitor: CCri-2nV threshold detector

REF. NO.

55 Ba 5 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPe RANQE TYPE NANQS

G,XN ABY 30-200 C 150-250 THR 30- DST

CBi'g * ate?aii

'

—

—

1

>
'

1

r/

i
/

j

i

?
1 !

Fig . 4 . The dependence of the yield
of photoneutrons with energies hi^er
than 30 mev at an angle of 90“(in
units 10 *®cni^ per eff. quant steradian
on tae maas number A)s

roMM NBS»418
(RKV. 7*14««4)
USCOMM*OC 2e010*P«4 PHOTONUCLEAR DATA SHEET 21

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



Ref- W.R. Dixon
Can. J. Phya. ^ ?85 (1955)

Elem. Synio

A1 27 15

Ref. No.

55 Di 1

Method
S3rnchrotron; neutron angular distribution; scintillator; ion

chamber NVB

Reaction E or AE ad E J ff Notes

Al(Y,xn) 70 Curves fitted to a + b sin‘^0

TABLE II

Experimental values for b/'a

Correction factor Corrected
Target for self-scattering b/a

Lead 1.10 -0.08±0 08
fin 1.08 0. 12±0 17
Copper
Iron

. 1.48 0.23±0 15
1.35 O.OOiU 25

Aluminum 1.17 0 36±0 29
Carbon
Ber\ llium (1)

1.8
2.6

1.6 =0 S

Beryllium (2) 1 35 1.2 iO 4

J 1- L

40* 00* i20* 160* 40* 80* l20* 160*

ANGLE ANGLE

FORM

U8COMM*OC

PHOTONUCLEAR DATA SHEET 22

U.S. DEPARTMENT OP COMMCRCK
NATIONAL BUREAM OP STANDARtSS



Sven A. E. Johansson

Phys. Rev. 22, 434-43 (1955)

method
Synchrotron; ZnS counter; Ion chamber

Al 27 13

[Page 1 of 2]

REF. NO.

55 Jo I NVB

RESULT
EXCITATION SOURCE DETECTOR

REACTION ENERGY TYPE RANOB TVPB RANGE
ANGLE

G,P RLY THR - 65 C 65 SCI-D 14 - + DST

G^N RLY 15 - 65 C 65 SCI=D 2 - DST

G.N RLY 18 - 65 C 65 SCI-D 5 - + DST

G,N RLY 23 - 65 C 65 SCI-D 10 - DST

(Aluminum)

FORM NBS-418
(RKV. 7*I4»«4>

' USCOMMmOC 2d010op64

TABii I. Target thickness and the constants a and i in the
angular distribution curve a+(siaS+b sintf costf)*.

Element
Target thicknea

mg/cm> a b

Carbon 182 0.32 0.80
Aluminum 274 0.58 1.35
Nickel 3S2 0;94 1.4S
Molylxlcnum 295 0.62 2.00

(For Protons)

U.S. DEPARTMENT OF COMMERCE
NATION AL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 23



Afigir -dtfrm

Fic. 7. The angular distributions of the neutrons from aiuminum.
Center threshaids at ZS, 5, and 10 Mev.

Curves of form a + b Sin

Fig 1-2. The ratio between the number of high-eneiand the^uvity of the monitor foil as a function of the
energy. The top curve is for aluminum and the bottom
pnospoorus.

rgy protons
syenrotron
curve is for

Fio. 11. The relative yield per mole for neutrons above 7.5 Mev .nuiiri Pap nara cucct oaas a function of the neutron number. ONUCUcAK DATA dHCET 24

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



D. Reagan
Physo Rev. iOQ, 113-120 (1955)

bUbM. bTM.

Al 27 13

METHOO

Llnac; counted delayed neutrons from N
17

REP. NO.

55 Re 1 NVB

‘‘1

i

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGK TYPE NANQE

G.N17 ABl THR - 400 C 80-400 ACT-1 4PI
1

Fic. 5. Graphs a, b, and c shn
activalion points for yields u

magnesium and aluminum. Graphi

d, e, and f are the calculatcil

photon cross sections, from whid

the solid lines in a, b, and c

have been reconstruct^. The thi.’d

cross-section curve is actually the

slightly modified result of an early

aluminum run, and is included to

illustrate the effects of moderate

errors in data, upon the pbotoa

cross section results.

t

i

FORM NBS-41*
(REV. 7.<4-e4)
USCOMM.OC 2aOtO.P«4 PHOTONUCLEAR DATA SHEET 25

U.S. DEPARTMENT OF COMMERCE
NATIONAU BUREAU OP STANDARDS



W.K. Dawson
Can. J. Phys. ^ l480 (1956)

Elem. Sym.

A1

Ref. No.

56 Da 2

27 13

Method
Synchrotron; proton yield; spectrtjm; angular distribution;

nuclear emulsion; ion chamber Ji NVB

!

i
Reactioo E or AE (7d E Notes

Al^^(7,xp) 70

^ smooth curve ii the energy distnbution calculated aanming cnmpoiind-
tm-P-wr. o< J.1 M«r. The lu«o.»i

Yield = 4.0 X 10^ protons (up to
14 MeV)/r-mole

±30^ from 70 MeV bremss.

I FORM NBV4IS
I (s>i-e3i

;
USCOMM-OC ISHO.RSS

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 26



Ret. B.G, Fuller, B. Hayward
Phys. Reve 101, 692 (1956)

Elem. Sfm„

A1 27 15

Method
Betatron; photon scattering; Nal spectrometer

Teil SoT
"

56 Fu 1 NVB

I Reaction E or AE adE Notes

Ai2'7(Y,7) Bremss,

4-4o

Detector at 120 .

Cross sections given here are to<

high due to erroneous cos 0 factor ii

denominator of Eq, 5. [See Footnote
8 in Physe Rev. I06. 995 (1957)].

Fig. 4. The elastic scattering cross sections for Na, Mg, Al, S, Ca, and Mn. The indicated spread in energy is the width of

differential discriminator channel, and the standard deviations are ba^ only on the number of counts. The vertical lines at the
represent the particle thresholds for the most important isotopes. The ofm circles at the extreme right indicate the magnitude of

Thomson cross section for Z free protons scattering coherently. The solid curve superimposed on Uie Al data is the scattering cross

section calculated from the disperrioa relation by substituting for «•(£) in Eq. (6) the sum of the neutron and proton yield'***

cross sections.

I FORM NBS-418
I (s-i>e3>
I uscomm-dc tesss'Pss

PHOTONUCLEAR DATA SHEET 27

U.S. DEPARTMENT OP COMMERCE
NATIONAL. aUREAU OF STANDARDS



C.W CM. ^ I

A1 27 13

REF. NO.

56 He 1 EGP

F. Heinrich and H. Waffler

Helv. Phya. Acta 29. 232 (1956)

METHOD

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYRE RANOB TYPE RANGE

? G.T RLY THR-31 C 31 ACT-I 4PI

Yields relative to (G,N) yields.

Tahcile 1.

Experimentclle and theoretiMhe nnkleore Ausbeute der (y, T)*ProzeaM.

Element ne»p X 10* »7Uieor X 10*

A1 240 ± 14 200

Co .6 ± 1,7 4

Cu 4.6 ± 1,6 3

FORM NBS«41t
(REV. 7*14-64)
USCOMM-OC 260tO-P64 PHOTONUCLEAR DATA SHEET 28

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



H. Waffler and F. Heinrich
Physica 1146 (1956) A1 27 13

t METHOD REF. NO.

56 Wa 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.T RLY THR - 31 C 31. ACT-I 4P1

Detected activity of tritium. Yields are relative to ®^Cu(Y}n)

Reactioa
Threshold energy

MeV >J,xp X 10» X 10*

A1 13.2 ± 0.2 34 ±2 31
Co 16.S ± 0.3 7 ±2 5

«Cu 16.2 ± 0.3l

•*Cii 1S.1 i 0.3/
6 ±2 4

13.9 ± 0.6l

io»Ag 13.1 ± 0.6/
6.5 ^ i 0.4

The table shows the calculated yield ratios (according to statistical theory) as well
as the measured relative yield

, - CLE^//31 MeV ^-CU) dEy
taking the (y, n) yield on «3Cu as unity. The good agreement between the experimental
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REF.
E, B, Bazhanovy lu. M, Volkov, A, P, Komar, L.

and V. P. Chishev
Dokl. Akad. Nauk SSSR 113. 65 (1957)
Soviet Pfav. Dokl. 2, 107 (1957)

METHOD

A. Kul'chltskii

A1 ^7 13

REF. NO.

57 Bar 2 • EGP

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE RANQB

G.XP SPG THR - 85 C 85 TEL-D 15-60 DST

N

Fig. 2. Energy dktribiitJoa of pliotoprotons from AU
The vertical axis gives the number of protons in a
1 Mev interval per monitor unit, in arbitrary units.

Only the statistical errors are indicated.
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F. Bobard, G« Boulegue, and P. Chanson

CompC. Rend. 244. 1761 (L957)

METHOD

Al 27

REF. NO.

57 B6 L

13

EGF

RESUL.T
EXCITATION SOURCE DETECTOR

REACTION ENEROY TYPE RANQE TYPE RANDS
ANGLE

G.A SPC THR - 30 C 31 EMU“D 5-15

NO ANG DST DATA

Yield per milligram per roentgen Cu 0.86, Ni 0.99, Al 1,15 for

Fig. a. — Nombra dc particulcs a/ing/stiradian/ROatgcn/intervalle de t MeV.

Fom4 N6S-418
. (RBV. 7*t4>e4l
* U9COMM»OC 26010-P64 PHOTONUCLEAR DATA SHEET 31

U.5. DEPARTMENT OF COMMERCE
NATtONAU aUREAgOF STANDARDS







PHOTONUCLEAR DATA SHEET 34



R. BasiLe and M. Gusakow
Compte Rendo 246 « 588 (1958)

METHOD

ELEM. SYM.

AL 27

REF. NO.

58 Ba 5

13

EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPK RANaE TYPE RANGE

G,XN RLY THR - L5 C 12-15 BF3"I 4PI

BREAKS

"Af

Racing carrw de !activation

Figo s. — Courbe d’activatioa dc I’aluminiam.
voisin.'ige do seiiil; 6, discontinnitus; c, racine carrce dc I’activaiion.
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REF.

E. B. Bazh«nov^ lu. M. Volkov^ and L. A. Kul'ChlCskil
J. Exptl. Theoret. Phy«. (USSR) 322 (1958)
Soviet Phy«. JETP 21y 224 (1958)

METHOD

ELEM. SYM.

Al

REF. NO.

27 13

58 Ba 6 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANOB TYPE RAN6K

G,XP SPG THR - 85 C 85.90 TEL-D 13-40 DST

FIG. 3. Angular distributiona of photoprotons from Al. Tho
solid curves give the results of calculaUoo. Only staUstical
errors are shown. 1) Ep - 13.7-17.S; ^ Ep - 17.5-2LS; 3) Ep
** 21*5*4 1«0

FIG. S. Energy distributions of photoprotons from Al for
various angles. Eymaa “ 90 Mev. Only statistical errors are
shown. •-> d - 30®; 0- 90®; A-d 130".
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1

i

Reaction

Al"(y. »)Al**

MEASCTBS TROTONEtmtOM THRESHOLDS

Measured
O' value, Mev.

Other Q values,
Mev. Method Reference

12.08d^.08
(12.93^0.08)

14.4 diO.3
14.0 d=0.1
12.75 ±0.20
13.00 ±0.06

12.98 ±0.11

Threshold
Threshold
Threshold
Mass data
0* value
Mass data

Becker elal. ( 1947)
McElhinney et ai. (1949)
Sher ei of. (1951)
Wapstra (1955)
Laubicz (1955)
Mattauch et al. (1956)

TABLE H
Comparison op thresholds from mass data and from photoneutrok reactions

Reaction
Photoneutron

threshold, Mev.
Mass data

threshold. Mev.
Difference,

Mev.

.\a»(7 , «).Va» 12. 47±0.05 12.417±0.014 -0.05±0.05
Al”(v. «)A1" 12.96±0.06 13.0:j ±0.06 +0.07±0.08
P**(t. «)P“ 12.48±0.05 12..39 ±0.03 -0.09±0.06
Co**(t, »)Co“ 10.44±0.05 10.49 ±0.01 +0.05±0.0S
Pr‘«Kv. »)Pr‘« 9.46±0.05 9.30 ±0.06 -0.16±0.08

;r.M N3S°418
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Ref. Fo Ferrero, R, Malvano, S. Menardi, Oo Terracini
Nuclear Phys. (I958)

Method
Moderyatlon with Rh detectors; activation^ SI detector.

Reaction

(y^q)

(Y,30i)

E or AE

13-30 ~ 21

- 18

S
<7dE

Elem. Sym.

A1

Ref. No.

27

58 Fe 1

13

EH

Notes

Figure !<• ; Dotted line calculated
using Wilkinson theory.

(OVER)
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the independent particle model.

39
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— REF.

I
W« C« Barber and U« D« George

i Phyi. Rev. U6, 1551 (1959)

i METHOD
]

REACTION

E.N

RESULT

ABY

EXCITATION
ENERGY

THR - 36

TYPE

D

SOURCE

RANGE

AL

REF. NO.

59 Ba 3

DETECTOR

TYPE RANGE

10 - 36 BF3-1

27 13

EGF

ANGLE

4PI

Imo. S. Yield of neutrons per incident electron as s function <<

initial electron energy for the low-Z dements. The concrete Urpt
is a simple 3:1 sand: cement mixture. The numbers at the l<v

right refer to the Cu-I curve at the indicated energies.

Table I. Thicknesses of the targets used in the experiment,
with the exception of heavy water, all targets contained isotopes
in their naturaJly-occurring projjortions.

Target
Thickness
ig/cm*)

Thickness
(radiation lengths)

Heavy water 0.698 “thin”
Be 0.589 0.00867
c-r 38.91 0.88
Al-I 24.19 1.00
Cu-A 1.372 0.108
Cu-I 13.26 1.04
Cu-n 26.56 2.08
cu-ni 39.86 3.13
Cu-IV 53.13 4.17
Ta-I 6.21 0.98
Pb-I 5.88 1.01

Pb-n 11.42 1.97
Pb-ni 17-30 2.98
Pb-rv 22.89 3.94
Pb-VI 34.42 5.93
U-I 6.17 1.14
u-n 12.42 2.30
u-rn 18.61 3.46
Concrete 28.5 1.19

ATOMIC NUMBER Z

Fig. 14. Experimental and expected yields of neutrons per
incident electron for 1-radiation-Iength targets at 34.3 Mev, as a
function of atomic number Z. The experimental yields were
obtained by dividing the measured yields from the Urgets labeled
I by the actual target thicknesses listed in Table L The expected
yields were calculated from expression (8).

“ A. I. Berman and K. L. Brown, Phys. Rev. 96, 83 (1954).
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G. Cortini, C. Milone, T. Papa, R. Rinzivillo
Muovo Clmento 5^ (1959)

METHOD

A1

REF. NO.

27 13

Betatron; neutron
59 Co 3 EH

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANCE TYPE RANGE

G,XN SPG 15-50 C 2k, 30 EMU-D 2-15 90

Differences between 2k- MeV and 30 MeV (bremss. energies) prove that above 2k- MeV n's are
emitted mainly by direct effect.

Neutron spectrum measiired at 90° to beam.

Fig. 1. — Energy spectrum of pLotoiieuirons from A1 at 24 MeV (Pig. la) and

E^^ = oO MeV (Fig. 16). For tlie ciirves see text.

Fig. 2. - The ratio

{E2a(Ea) — F.,(E^)) {F^(E^) ~ F..,{E„))

plotted against E^.
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Ref. J, Dular, G. Kernel, M, ^Kyegar, M.V. Mihailovic, G. Pregl,

M. Roslna, C. Zupanclc
Nuclear Phys. I3 I (1959)

£lem« Sym.

A1 27

Ref. No.

59 Du 1

13

Method
Compton spectrometer; 5O MeV Betatron EH

Reaction E or AE ad E J
"• Notes

Bremss.
28.9
30.5

r‘t

,:ir

i i

Fi». 4. Nncitar ilMorption crau !«cticn (or Al. This (I'cure is essonciljv tho s4me u in rri. *1

except for an irbitruy shift of the ordinate scale. It differs some-ehat from the figure given in
ref. ), which is the result of a preliminary evaluation of the r rp..iwii..i ,i.e.

Ref, ff-; Mihailovic, Pregl, Kernel, and
Kregar, Phys. Rev., llA, 1621 (1959)

Ref. t2: Comptes rendus du Congres inter-
national de Physique nucleaire
(Paris, juillet I958 ) 15?.
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Ref. J. Kodcuni; N. Starfelt

Nucl. Instruments ^ 37 (1959)

£leni« Sym.

A1 27 15

Method
jjgy synchrotron; Nal(Ti) scintillator spectrometer; photon

spectrum

Ref. No.

59 Ko 1 EH

Reaction E or AE <7d E Jfr Notes

AI^'^CcTj.) Bremss,

50.5 21.5 7.8
27

J = 0.2i<- MeV-
10 mb

|S0

•40

30

20

Experimentally detenniaed: nisniwsiinii • data; paalli

aaeTgy..EL.^rwidth at half height;^?,, and intet^rated crooi

.27MsV _
'>•

sectioD.
I

<jd£. and values of I aids' predicted by tb«

ALUMINIUM •

In
•

• /•
/

! /

1

/

T
lL 1

1

. !

20 30 40

JlOKeV

fif. 4. r i |—i
I sad the lUM sqaar

cxtzim Krem the total phmmarli
I th» ty.Mpt 4- (y.d>

photon onoray, MoV

a (eroH^. The epM cmia ikBV t

dipole snm rota.

Absorber £naa
(MeV)

J£
(MeV)

fXJlUV
1 adE

• JteiiSiF;

- ledoet j;r

Carboa
Alwminiimoi

Sulphur

Iioa

23

2r.5

21

19.5

.

4.61^:

7.8"
6.8

9.4

0-lZ

. 0.24
"^

a3<7

078

; 0.» -

- a4«^ •*

0.R
0.14

a, Ziegler. Z. Physic 182J 198ft S^r

J. Halpem and A. S. Maimt
u) R. Montalbetti. L. Kata sad J< Ci:irdwi(|lii|^'

Eov. M (1953) 659s.-' --

'•) L. W. Jones and K. If. Termil^v^

(1953) 699/ - --

*) W. C. Barber, W. D;- GeotBOt aa4b|!l0^
Phys. Rev. 9S (1955) 73; "—

• ^
‘

*^) F. Fenrero, R. Malvanaii S.

Nuclear Physics 9 (1958) 32. 7
*) L. Katx and A. S. Penfold. PhyfcRiiiK

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANDARDS p
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I
Ref. L.A. Kul 'chitskii, V. Presperin

I

Zhur. Eksp. i Teoret. Fiz. 1524 (1959)

I
Soviet Phys. JETP 10, 1082 (I960)

Elem. Sym. A Z

A1 27 15

1

Method Ref. No.

88 MeV Synchr.
;
proton recoil telescopes 59 Ku 1 JH

Reaction E or AE

Bremss;
E =88l^v;
'ymair

“

E > 10 Hev
n —

CTd E J rr Notes

Angular distribution; results con-

sistent with quasi-deutron model,

but some direct resonance abs. may
be present.

FIG. 6. Angalat dis-

Mbatiooof photoneutrons

froin Al*'. Solid curve—
date calcnlated in refer-

ence 14.
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REF.

P« Paul and U* Stlarlln
Nucl. Phytic* ii, 576 (1959)

MCTHOO

EL EM. SYM.

A1 27 13

REF. NO.

59 Pa 3 EGF

reaction RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOS TYPE RANGE

G • G ABX 17 D 15.18 NAI-D 17 90

Source Li(p,Y) with = 500 keV,

Tabelle 1

Dio gemessenen totalen Streuquerschnitte in cm* nnter Annahme von El- und E2-StreuuDg

Element eigene Werte
Fuller und
Hayward *’)

Steams *)

Pb (5.6±l)x 10-** (4-8)xl0-»» (6-9)xl0-*»

A1 (2 ±l)xl0-“ (2-6)xl0-*»

0 (1 -5)xl0-“

C (5.8±2)xl0-»*

Durch die Wahl der .MeOgeometrieergibt sich fureine El- wieeine E2-Winkelverteilting innerhalb
dor Fehlergrenzcn dcr numerischen Rechnung der gleiche Wert fur den totalen Streuquer-
schnitt Dio angcgcbenen Fehler enthalten nvr den Fehler in der Bestimmung des primaren
y-Flusses und die statistischen Fehler der Streuraten. Zum Vergleich sind die entsprechenden
^gebnisse von Fuller und Hayward »») und Steams •) gegenubergestellt; Die angegebeoen
Werto geh6rea jeweils zu den Fehlergrenzcn.
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Ref. Elem. Sym.

A1 27

ke^. No.

6»Qml

15

Method

Reaction E or^AE ad E Notes

B«0-a0«5 No observed structure.

/av. (nuclear) = 37 ± i)-.5 mb.

Calculated atomic cross-sections
subtracted, using Borsellino for
triplet.
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T.P. ChlxhoT
Zhur. Eksp^. i Teoret. Fix. 38 , 809 (i960 )

SoTlftt Ph7«. JKTP 567 (19^)

Elem. Sym.

Al-

A

27

Z

13

Mechod . - .

90 MaV Breaasi^sclntlllfttor counter telescope
Kef. No.

60 Ch 1 JHH

1

Reaction E or AE Eo r Notes

Al^'^(T,d)

1

Bremss.

90

Ratio:

<y(Yrd)/a(7,p), e = 90®

Energy range of particles detected:

E^: 15.5-30 MeV

FIG. 3. Ratio of (y, d) to (y, p) cross sections for

protons and deuterons of energies 15.5—30 Mev as func>

tion of atomic weight A. The solid curve shows the

dependence given by Eq. (2), arbitrarily normalized.

FORM N6^418

USCOMM-OC 1S886*PeS

YIEL^^ TABLE:
ft should be noted that the yield of photoprotons

of the energy considered rises smoothly with Z
for the elements plotted in Fig. 3, and that start-
ing already with Al, no direct proportionality to
Z is observed on account of the effect of the Cou-
lomb barrier. For illustraUon. we give the 3rields
of photoprotons Y (y. p) per proton in the nucleus
for several elements in relative units (the error
in dMse measurements was estimated to be ±10%):.

Li*

1.4S.

Li»

J.57

a»

1.5

C

1.31

Al

1.00

Cu

0.56
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lUJU CkriMtt A»H* Mmmim
BMW 12^ 7%e (I960)

Reaction

(fftt) iSi 11.7-20.6

(T>f)"l5 i

^(E = 20 MeV) = 21 mb

= 20 MeV) = 19.mb; 12-20.

8

m)|
av'

= 7*6 mb

Ratio ^Y,p)/^(Y[n) ^5 times ratio
calculated by compound nucleus assump-
tions (compare reciprocal of curve in
Figure 7 with Al27 column in Table II)

1

I

1

I

I

i

. pormNBS-418
(e* i *6 a )

I

USCOMM-OC l6Q9e*P63

. .
*

• * I - -

Table IL Calculated ratios of photoproton to
I photoneutron cross secnons.
(

[
Er(Mw) Al» Cu« Cu*» Ca“

12 . • • 0.20 . . • 0.14
13 ... 0.16 0.014 0.11

14 0.83 0.16 0.017 0.11

15 0.54 0.16 0.021 0.12

16 0.44 0.18 0.026 0.13

17 0.39 0.19 0.032 0.14
18 0.35 0.22 0.038 0.17

19 0.32 0.24 0.046 0. 1S
20

-
0.30 0.26 0.053 0.20

21 0.28 0.29 0.062 0.22

22 0.27 0.29 0.072 0.23

Fig. 7. The photoneutron to photoproton )deld ratio for
aluminum aaa function of b^tion

-PHOTON ENOieV (M«4

nit 9i Thephotooeution cross section and the
( seetuB’for ahanivna.as a function of
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<. N. Geller, J. Halpern. and E. G. Muirhead

?hys. Rev. Uj, 1302-12 (I960)

£LEM. SYM.

A1 27 13

MCTHOO

Betatron; neutron threshold; Ion chamber

RCF. NO.

60 Ge 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYRE RANOC

G,N H0X THR C THR BF3-1 4 PI

THRESI^LD

Tabu L SumniBry biuI comp«riaon of neutnm aqwntion energies inferred from present threshold measurements with values predicted
from mass data and reaction energies. All energies are espressed in the center-of-masa system in Mev.

KmcUtin No. runs I’resent results Other results Method Referenoa

2 13.26 d:0.07(13.03) 13.06 db0.06 LSA c
13.037rii0.0U msM data d

Q(fi+) t
13.038^:0.015 reaction cycle

threshold
e

12.98 d:0.08 f

• A. n. Wapstra. Phyilca 21. 367 (IMS). mT* novo
< T. T. Scolman. K. S. Quisenberry, and A. O- NIer. Phyfc Re»^02. 1076

• P. M. Van Patter and W. Whaling, Reva. Modem Phyi. 20. 402 (19S4), 29, 7SO (1937).

< Sm r^erence 4.

Fio. 5. Neutron yield data for aluminum from
11.8 Mev to 14.2 Mev.

ronM NBS»41B
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4UEi SHtaHO, r.F» BMiMT, VeA« loloiMHCi Elem. Sym> A z

mm- Brk i Tamm fis»jSf loib (19«>>
f8iM lhgps» -m (I9e0y Al 27 13

Method

aid Mbf lyaMpitfwi aottoocloai 8 «tn» *Viocoo dlfforwoo*

Ref. No.

80 Go a

f'-J

JRI
L .i

Reaction E or AE
s
ad E Jfr Notes

Al'
A
yhOiO

150

(fim gr«plu I.B.I)

/

1

— jA
i

X .srr
r';

r<’> iJ

y
' _Aj^ j

1

ifltivttlM proMily
(Y#2p»).

also poMlbla.

fmimta to ”<puui«'

.-aayg^ii^ -JiMife-

-

Vn*«
FIG. 1. Acttw yioUa ol tbo Al* - Wo*. Co" - Mn". tmA

P** -* Mo* rooctiooo oo o faoctlao at tbo pook btoasstniilooc

ener^. Tho valueo.of B4(E«) am givoa by tho continnoM
cnnroB, of B|(EJ-.by tho daobod cuiooo [tho voIimo of B|(B»)

ato giveo ia arbiltaiy oaits).

— L . ._- —>/v>fitarc«-./ ’•-
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Ref. L.A. Kul'chitskii, V. Presperin

Zhur. Kksp. i Teoret. Fiz. ^ 1001 (I96O);

Soviet Phys. JETP 696 (I96I)

Elem. Sym.

A1 27

Ref. No.

60 Ku 2

13

Method

90 MeV Synchr. ; proton recoil counter telescopes JH

Reaction AE ad E J Notes

Al^’^(Y,xn)
Bremss.

;

Yinaz
,=90MjV

Relative yields In table are per
nuclear neutron.

Elmaat Relative
nentroa yield Elemaat Relative

nentroa yield

Li 1.00±0.05 Cu 0.37 ±0.02
Be 1.22±0.09 Cd 0.35±0.02
0 0.74±0.05 I 0.39 ±0.02
AI
Ca

0,49±0.03
0.33±0;02

Bi 0.41±0.03

roRM NBS-418
(8*1 3)
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RH. K, Relbel, A.K. Mann

Phys. Rey. 118, ?01 (i960)

Elem. Sjrm.

A1 27

Ref. No.

60 Re 1

13

Method

7*8 from F^^(y,cTy) reaction; protons from Van de Graaff; Nal JHH

! Reaction E or AE
S

<7d E J fr Notes

ai^’^(t,y) < a > (Ep = 2.05 MeV) = < 0.008 mb

Detector at 90 .
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ReL P.C. Stein, A.C. Odlan, A. Wkttenberg, R. ITIelnsteln

Phy*. Rev. U2, 5^ (I96O)

Method
5B0 MeV synchrotron; proton telascopo; neutron counter

Elem. Sjm.

AX'
'

ii»L No.

27

60 St 1

13

JHH

Reactioa E or AE
s
<7dR Jr Notea

Al^’^(7,np) Bremss.

320

(<j/a )
«* ^A±0.6

» 63 Iib]

Mean ^oton energy 262 MeV

Proton counter at 76
°

u
I
^

I

;5«
' 3 Ml

3**
i!e.
SI a.
&|

I'.

* i
4 •

0 30 40 90
ATOMIC NUMoae

Fio. itive crota sectioraper neutron>^ton pair in the
nucleus versus stomic number. The cro« section of tne element
of interest is divided by the cross section for deutssiam and by the
fietor yZ/A.

‘ '

Fm. 3. Tbs relativt eraas sections per neutron-proton po^
oortected for tbs profasbiUtjr of esouic is plotted againu atomic
minifasr. The protisbility of escape factor is calculated usinsr

rs-IJOXKT" cm and cm. The probability of.

escape factoris liven in r nirrsmiin (>)• The data ihoivn are those

ofFls. 2 ihvidsdW i*C2itAl>

FORM HSM18
ls-t«sai
useoMMroe «

U.«. DCPARTMKNT OF COMMERCE
NATIOMAk BUREAU OF STANOAR9S

PHOtONUCteAli'DATA SHEET 58



G. Tamasy J. Miller, C.G. Schuhl, C. Tzara

J. Phys. Raditnn 21^ 552 {lS6o)

METHOD
Llnac; total absorption; magnetic compton spectrometer;

chamber

Al 27 13

Ion
REF. NO.

60 Ta 2 NVB
"

1

RCACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPK RANGK

G, -MU-T ABX 7-28 C 28 MAG-D 4PI

28 *t!2l

*^nucl
" 580±100 MeV-mb

28

J f dE = 51±7 mb

Fiu. 5. — Scclions cincuccs d’absorplioa
do piioloiis pour *^A1.

FORM NBS-41S
(REV. 7*1 4.641
USCO)4M>OC 200I0.P64 PHOTONUCLEAR DATA SHEET 59

U.S. DEPARTMENT OF COMMERCE
NATIONAI. BUREAUOF STANDARDS



i

t

t

t

i-

I

i

FORM NBS-41S
(RKV.
USCOMM>OC M010>P«« PHOTONUCLEAR DATA SHEET 60

U.S. DEPARTMENT OF COMMERCE
NATIOMAk. BUREAU OF STANOAROS



REF.

T.G. Walker, W.T. Morton
proe. Phps. Soc. 75

t

^ (i960)

METHOD
Synchrotron; proton-neutron cross section; radioactivity

EL EM. SYM. A

A1 27

REF. NO.

60 Wa 2

15

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVFK RANGK TYP8 RANGE

G,fl8 ABX THR-240 C 120-240 ACT-

1

4PI

(120,180,240)

j *2T 2
' a = (0.12±0.0l) 10 cm /equivalent quantum

In Table, data below 120 MeV from other workers; 50 MeV

j

data is that of Barber et al. Phys. Rev. 73 (1955).

I

(

J

* « YiaU o£ »P fiRim “C(y.n)«C
SPEfgy (MOV) “F •*N« •»A1 TmU

i 240 1-83(17) 0-18(9) 0-062(13) 1-62
**

180 1-78(16) 0-18(16) 04)58(16) 1-50

120 1-6(14) 0-15(14) 0-045(14) 1-34

j

100 1-5 — 1-27

j
70 1-4 0-11 — 1-15

50 1-22 0-07 1-0

I
FORM NBS^W

! msv. 7-t^«4i

I
USCOMM*Oe PHOTOHUCLEAR DATA SHEET 61

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ref.
J.M. Wyckoff, H.W. Koch
Phys. Rer. 117, 1261 (i960)

Eletn. Sym.

A1 27

Ref. l4o.

60 Wy 1

13

Method Synchrotros; total absorption; Nal
JHH

Reaction E or AE
s
ad E Notea

Bremss.

35-90

FORM NBS-418
(6-1-6S)
USCOMM*OC 1$696*P6S

0.373±15^1 ~ li^

(7, meson thr)

Substractlon of a elecytonic as
base-line.

PHOTONUCLEAR DATA SHEET 62

U.S. oepartmemt of commerce
NATIONAU BUREAU OF tTANOAROS



Ref. B. Ziegler
Nuclear Phys. IJ^ 258 (i960)

Method
32 MeV betatron; magnetic pair spectrometer

Elem. Sym.

A1

Ref. No.

60 Zi 1

A

27

Z

15

JHH

Reactioa E or AE

Bremss.

10-30

(7d E J»r Notes
?4(,

I

I

I

i

I

I

Fig. 8. KeroabsorptionsqaeTschnitt von Aluminium,
a) berechnet nach (3). VVird an der Summe {c^+tr^) eine Korrektur von +1% angebracht, um
zwischen 10 und 15 MeV bessere Ubereinstimmung zwischen und I zu erhalten (s. Fig. 7),

so riickt die Nullinie fiir um 11 mb nach oben.
b) 1) o’(y, p) nach Halpem “) et ai.;

2. ff(y, u) nach Montaibetti ef “);

3. Summe a(y, p)+o’(y, n).

4. Kurve aus 8a;

3. Kurve aus 8a, verachoben um 11 mb.
U.S. DEPARTMENT OP COMMERCE

NATIONAU BUREAU OP STANOAROS
PORM NBS-418

uscOMM-oc tasse-Pes

PHOTONUCLEAR DATA SHEET 63



Rei. J.E.E. Baglin, M.N. Thompson, B.M. Spicer
nuclear Phys. ^ 20? (I96I)

Method Melbourne I9 MeV synchrotron; 25 r Victoreen ionization chamber;
BF, neutron counters.

5

Reaction

(7,n) Bremss.
11.6-18.6

16.25

E or AE
s
adE

18.5

J
=28 MeV-mb

Jfr

Elem. Sjm.

A1 27

Ref. No.

61 Ba 1

Notes

13

EGF

Cross section for the n)Al** reaction plotted aa a function of photon energy. The

1 Une is the curve of best fit consistent with the experimental points. The dotted lines define an

estimated error band (see text).

j
FORM NB^418

i uscoMM>oc is88e*Pes

U.S. OCPARTMKNT OF COMMERCE
HATIONAC euNSAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 64



REF. ELEM. SYM. A L

' A. Busslere de Nercy
J. Fhys. Radium 22, 535 (1961)

A1 27 13
(See 61 Bu 4)

METHOD

Betatron; photon scattering; MAI

REF. NO.

61 Bu 3 Nvb
4

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,G ABX 14-32 C 32 NAI-D DST

1

FORM N3S*418
(R ev. 7*1 4-64)
USCOMM-OC 26010-P64

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAUOF STANDARDS

PHOTONUCLEAR DATA SHEET 65



A. Busalere de Nercy
Amu Phya. (Faria) Third Serlea 6, 1379 (1961)

a T M.

Al 27 13

METHOD REF. NO.

61 Bu 4 _egf_

REACTION RESUL.T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE i

TYPE RANGE TYPE range

6,6 ABX 15-30 C 27.32 NAI-D 140 f'

1
i

i

1

Ki«. w. . - »w.
li'Ht rdlrarK

•li<IrrriilirHF

(7, T» 1 iw>
t»H»r r»l«.

minimn.

!.«•» muHn
<* n trail
plrin iv|w*.

•oniml In
•«H inn* rflb

(wn

FORM H3S°418
(REV. 7>I4>64>
USCOMM.OC 2a010.PS4 PHOTONUCLEAR DATA SHEET 66

U.S. OEPARTMENTOF COMMERCE
NATIONAI. BUREAU OF STANDARDS
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Rcr.

M. Masuda
J. Phys. Soc. 1801 (1961)

MBTHOO

Betatron; proton angular distribution; ZnS scintillator

ELEM. SYM. A

A1 27

REP. NO.

61 Ma 2

13

NVB

REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLETYRE RANOE TYPK RANOS

G,XP N(|)X 8-21 C 21 SCI-I 1 - 10 DST

Fig. 5. Angular diatributkm of photo-protooa from
aluminuiB.

Interpreted as isotropic.

FORM NBS-41*
(REV.
USCOMM.OC M010-R44 PHOTOHUCLEAR DATA SHEET 68

U.S. QEC AHTMEN7 OF COMMERCE
NATIONAI. BUREAU OF STANDARDS



Ref. R. Nordhagen
Nticlear Phys. 2J, 112 (196I)

Elem. Sym.

kl

Ref. No.

61 No 1

27 15

Method

See "Notes" belot». JHH

Reaction E or AE <7d E Notes

(p^y) 648 kev r^=0.023eV\
5/2' = 8.9 MeV

This tentative spin assignment is an
addendum to the results of S.L.
Anderson et al [Nuclear Phys, 13 .

310 , ( 1959717"

ol % 8.0 MeV 100 % gronod stat» tr«astkiQ ia tba decay of the

848 keV 1

PcMBble tgbm
Coneepnndmg

rr
IM[* ia W.U.

t O.OS5~eV

t o.oss «v
El ; 7.*-I0r» .

Ml : 1J • 10-«

FORM NBS-4I8
(a-i-s3)
USCOMM-OC ISBS8.P«3

U.S. DEPARTMENT OF COMMERCE
NATIONAL BURKAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 69



V. Presperln, L.A. Kul 'chitskli

Zhur. Eksp. 1 Teoret. Fiz. 60 ( 196I)

Soviet Phys. JETP l4, k6 (19^)

Elem. SyiD. A Z

A1 27

^*'**®‘* Cu^^(n,2n) threshold detectors; posltroiiB. counted; neutron cross

section; quantometer

TTSTUS:
—

—

61 Pr 1

15

JHH

Reaction

AI^Ct^xx)

E or AE

Bremss.

25-85

ffdE Jn- Notes

In figure, cxirve 2 Is calculated
(using Penfold-Lelss) fron curve 1,

CT(7,n) for all > 11 MeV; ciirve 5

Is a(Y,n) for B^ > 11-21 MeV.

Yields analyzed in terms of Cu
62

(n,2n)Cu° cross section and

65

assumed neutron spectrum of form

B n = 1.5 (curve 2); n = 2.5
(curve 5)*

PORM NBS>418
(s>t-e3i
USCOMM-OC iassa<P43

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 70



PHOTONUCLEAR DATA SHEET 71





1

Ljr.BoUxt,

Fhy JL«v 9_y 458 (1962)

Method

70 Me? aynckrotroa. ** IF^

Reaction E or AE

(7,n) 14-30 U.6

16.4

18.1

19.8

21.4

sea Table U

Elem. Sym.

41

A

27 U

No.

621o2

ad E J rr Notes
S’© I

FIG. 2. Al”(y,«)Al“ cross section. DaU poinU

are the result of this experimental determination.

solid line is the resultant of five Gaussian resonances

used to synthesize the cross section.

TaHeSr Ibessfcas eC Ifee patiMSam of the Oeoe-I

If sTse MBS ti ijalh tim lfii All* ezeee sectlaa

la Flc. 2. £„ is the energy at which the maximum
eras* saetten occurs, 9,, Is the maximum cross sec/-

UmW’ nd r Is the width at half maximum of the Gaus-

sian curve. The experimental values of B„ deter-

mined from a total absorption experiment^ are also

glvm.

£
m-

(MeV)

<rm
(MeV)

r

(MeV)

fodE

(MeV-mb)

E *
m

(MeV)

14.6 1 1.7 1.77

16.4 3.6 1.7 6.37 15.8

18.1 10.6 1.7 18.8 18.5

19.8 11;2 1.2 13.9 20.3

21.4 "12.5 1.7 22.1 21.8

a
See retecDce 21.

FORM NBS*418
(8-1*63)
USCOMM-DC 18686-P63

PHOTONUCLEAR DATA SHEET 73

U.S. DEPARTMCNT OP COMMERCE
NATIONAU BURKAU OF STANDARDS



M. E.C« Booth, K.A* Wright

Nuclear Phya. 21* *^72 (1962)

EUo. SjTB.

u 2T.

2

15
R-

'12

Method i|, MIev electron Van de Graaff; bremaa.; nuclear resonance
acattering, ring acatterer; Nal JHH

Reaction Eot AB
s
<rdB Jfr Notes

A£^{y,y)
Bremaa.

0-4 tv

V'rm
..

.

|-

“ --
jj

:

t>i»±im'! I'i,

' -iar*

^ ’

"f

..Mk-xi-
•.at

m
(I)

w

^ 4

- <

Table 1

CompAiisoii of mean lifetime

'1 .'•: .-

,

»“ 1 at-' ’5

h -.-I- V
•’i'.'rs Wrij;

y - J-Uixy

>urtfvn*
•attfUHF

' r

"-I ' t ' \ r :
-

-I
v- jv-3:--^

|-|•

K-l
f .

.

1

•JiatTeiD*
•Wi/n«

. >ar4«uurr
>Liatrym
*>ur
>aiaf(ivn»

Nnclens Energy % Spiu f A/r »"(»)

Thii work Other

U> 3.M 7 !- 0 t (1) 1 0.012
^^,+0.0015 “7
®«"»-0.0013 .

0.0105^:0.001 “1
B“ 2.14 81 i--(t) i 1 1 0.63 0.47 ±0.08 “1
Al*» 2.21 100 f-4- (1) 1 3.2 2.7 ±0.1 “J
AS" 1.01 100 i 0.08 1 620 170 ±«0 “>
St« 1.78 92 0+-2* 5 1 0.63 88 73 ±M
S» 2.24 95 0^-2^ 5 1 0.63 26 «16
Mf“ 1,37 78.6 (>-* 5 1 0.63 220 165 ±40

M,“ l.Ol 25 t (U 1 3.6 2.5
±0.8
-0.4

Ca« 0.963 60 t-t t 1 0.03 230 72 ±1* -1
00 ±i»

C«“ 0.67 60 t-+ t 1 1 100 31 ±3 )

>«vtr - - I, 5
•.larOUn^ * ^
>9^jTF^ hr

tf

7-^
-r;v§

S'C

f'a

nt^ssjuansjiiasiilBllte

The factor g equals (2/+l)(3/a+l)-*.

ORM Nas>418
«>4>aai
iscoMM>oe ti8a«>Pea

U.S. OePARTMCNT Of COMMERCC
NATtONAk. HUnCAU Of STAMOAROn

PHOTONUCLEAR DATA SHEET 74



R£F.

E. Brdiin

Z. Phylk 166. 62 (1962)

C.M. &.V1. d >

A1 27 13

METHOD REF. NO.

Van de Graaff; proton spectrxjm, angular distribution; nuclear

emulsion.
1

62 Br 3 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPft RANQC TYPE RANGE

G,P SPG 18 D 18 EMU-D 2-10 DST

( 17 . 6 ) (17.6)

2
In Figure 5» W(0) = a + b sin 9

I

t

I

2* 2* t*
-u. I L I I L.

nc. 3. Aalio«ro(ite-FaIctart/aiaAbUnsic
rwiHiwuimla mit itotl*

Fafela; dmalv Niveus des
»tl— M(« («« mkU aaeh Uoks)

I
FORM NBS>41t

I
(RKV. 7-l^ 64 l

USCOMM-OC 2e010-P«4

U.S. DEPARTMBMTOF COMMERCE
NATIONAU BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 75



Refc- V.P» Chizhov, A.?, Komar, L.A. Kulchitsky, A.V. Kulikov,
' .E.D. Makhnovsfcy, Yu.M. Volkov

-Nuclear PhySe 562 (I962 )

Elein. Syn.

. A1 2? 15

Method

90 MeV Synchrotron; magnetic spectrometer; emulsions;
Ref. No.

62 Ch 2 JHH

Reaction E or AE ad E J Notes

(7,d)

(y,p)

Bremss.

35

Fif . 4. Tbe ntio of tbo rwldi of deu ttraoo aad praeoM witk «wnpe» 15.5 to 30 MeV <ieprmHf
oa the maa Dumber ol aocim .4 (or ^ ^ MeV. 1310 aolid stands for tbe rwjrnnlimd

Tama I

Experimental data

Elements
^7 OMS Particle energy V(y. d)

6 Method
• (MeV^ interval (MeV) V(y, p)

30 7 5 to 15 0.003-^0.006

Li' 43 0.007:^0.006 90* I

M 0.C97^0.0ti

20- 0.020 ±0.030
U» 43 7.5 to 15 0.056-0.000 90* I

90 0.1d0±0.064

40 7.5 CO 19 0.00«±0.003 90* 1

Ai" 35 2.9 to 10 0.009 ±0.007 50*^120* ll

(a** 35 3.7 to 10 0 036±0.017 50*±100*^ U

34 4.5 CO 15 0.007 -0.003 90* (

34 7.5 to 15 0 007 - 0.003 90* r

Oi«. “ 70 3 CO 10 0.05 ±0.01 20*4-50’ (I

TO 4 CO 10 0.04 -0.01 iiS"-5<r II

90 7 to 19 0.021 ±0.006 90* I

[' ScintillaaoD telescope method.
rt. .Ml tniKl '>( liclleciinz charred particles in magnetic fieid.

' ' a ! ^ —
U.S. DEPARTMENT OF COMMERCE

NATIONAU eURSAU OF STANOARM
FORM ^iBS•41S

USCOMM«Oe t8K9«*P«a

PHOTONUCLEAR DATA SHEET 76
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Ref. Bj:. Lawergren, T.R. Ophel Elena. Sjrm. A Z
Phys. Letters ^ 265 (I962)

u 27 15

Method Ref. No.

(source not given); Nal 62 La 1 JHH

Reacttoa E or AE
s
ad E Notes

,

Mg^^(p,y) 2.81 10.98 (5/2)

In the cascade, the level at 2,21
MeV is inferred to have tt _ 2̂w “ ^

I

!

TSUel
Correlatlaii measurements at the 2.81 MeV resonaaoe

of the Mg28(p, Y) reacti<m.

Gamma ray
transition (sequence)

Observed dlstribottoa

r-0
r- 1.01

r-2.21
2.21 - 0

r-» 2.21-0
ffSeocietry A)
r- 2.21-0
(Geometry B)

l + (0.49±0.02)l>5f-(0.08±0.02).P4 i

1-(O.39±O.O0>P2
l + (0.05±0.04)Pi i

l + (0.39±0.03>P2-(9.03±0.0S>P|r i

i-(o.o3±o.io)j^ - -

l + (0.48±0.9T)i^
^

^
i

1
FORM NBS-418

USCOMM'OC 1888e-P»3

PHOTONUCLEAR DATA SHEET 78

U.S. OEPARTMCNT OP COMMERCa
NATtONAU BURCAU OP STANOAROS



FORM NBS>418
te-1-63)
USCOMM'OC I88S6-PSS

PHOTONUCLEAR DATA SHEET 79

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROA



Rrf T.R. Ophel, B.T. Lawergren

Nuclear Phys. ^0, 215 (19^2)
Elem. Sym.

kl 27 13

Method
2^ 2 MeV Cockraft-Walton generator; Nal

Re^. No.

62 Op 1 JHH

Reaction E or AE adE J Notea

(p^y) 710-960

kev

9.03 MeV

*^RM NBS-418
H-l-63)
USCOMM'OC 1SBS4*PeS

5/2 E = 9.05±0.05 MeV

For angular distributions, see

Table 5.

Resonance also at E = 839 kev, but
Po

ground-state transition (E^ =9*05

MeV) is s; 0.%, °

MeV e0VheV-tO3Mty

)««l S« 2 21 10 «aS«T n C t3«3 «• IS 22 l5 4

SlM •

s^oa
2J0--
ITS
2^1 -

!
I

t
440
440

-L4-

,1.1

f nf
"n
i t t _L»_

Fi<. Summan' o( the de-excitations of the 72!, 809. 839 and^SM kcV resonances.

Table 3

Gamma ray

energy (MeV'J
Interpretation

Calculated

energy

Relative

intensity
Angular distribunoo

9.03i0.05 r —

0

9.03 lUO n-(o.:#io.oi)/>,j.io.oj£0 osti’,

8.04±0.05 r -• 0.84 8.19

8.04*0.05 r -* l.Ol 8.02 102 1 - (0.37 i0.03) A>, (0.01 iO.OS) /*,

«.92i0.l0 f —2.21 8.83 .7 Small negative anisotropy

8 34*0.05 r — 2.73 l».30 80 1 - (0.32i0.0«) P, - (0. 13±0. 1") P.

3.41^0.10
5.17-0.10

Levels at nr 5.4 -•

)

0 10

<2.5

2.25±0 05 2.21 — 0 2.2 17*1

l.72i:0.03 2.73 — 1.01 1.72 42 •)

1.01-^0.03 1.01 —0 1.01 100»*

0 94^0.03 0.84 —0 0 84 S3*)

•) Relative intensities at 90*. Intensity scale not reiated to relative iotenstbee of gamma rays oS

energies greater than 3 MoV.

U.S. oepartmemt of coMwem;*
NATIONAU BURKAiAOF 9TAN0AR09

PHOTONUCLEAR DATA SHEET 80



W. Sebaoun
J. Phys. Radium^ 989 (19^2) A1 27 13

MKTMOO

proton cross section; CSI; Cu^^(7, n) reaction

KCP. NO.

62 Se 2 NVB

RKACTtOM RESULT
EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

rv^K fiAHaK

G.P ABX 15. 18 D 15, 18 SCI

(ik.d. 11.6) (U.8) (17.6)

a = (7 . 211 . 1 ) mb, assuming a (Cu^^(7,n)] = 82±8 mb.

i

i

I

FOffM N8$-41t
(RCV. 7*l4»64l
USCOMMnOC 2«010>P«4 PHOTOMUCLEAR DATA SHEET 81

U.S. department OF COMMERCE
NATIONAC BUREAU OP STANDAROa



Re£. K. Shoda, T. Ishiziika^ K. Shimizu, M. Akashl

J. Phys. Soc. Japan jj, 1556 (1962)

Elem. Sym.

A1 27 15

Method
Betatron; proton spectrum, angular distribution; nuclear emulsion

Reaction E or AE

Tet. Mo.

62 Sh 8 NVB

S
<7d E Notes

Al^'^('YrP) Bremss.

2i«.

0 1 2 3 4 5 6 7 8 9 O II 12 i3 W 15 16

PROTON ENERGY IMeV)

Fig. 1. The energy distribution of photoprotons

emitted from Al*^ (histogram). The solid and

broken curve is the smoothed one. The broken-

curve is a calculated one using the statistical

model with the Weisskopf level density and a

classical Coulomb barrier height.

O 304040 OOO BOMOIBHD 0 S 40 O 40 OO CD HO flDOO~ — $ ium. yrrrzm. ocsHcnr - ^

Ftf. 2. Aacutar
AP>. Fun 1<

of photoprotons
vaioea of 6/a were

tm a-t-*ta>*«.

FORM NBS-418
(a-i-«3)
U3COMM-OC I888s-Pes

PHOTONUCLEAR DATA SHEET 82

U.S. PCPARTMCNT Or COMMERCE
NATIOMAC BURKAU OF STANDARDS



Ref. K. Shoda, T. Ishizuka^ K. Shimizu. M. Akashi

J. Phys. Soc. Japan IJ, ^7 (1962)

Elem. Sym.

A1 27 13

Method
Betatron; proton spectrum; nuclear emulsion

Ref. (to.

62 Sh 10 NVB

Reaction E or AE (7d E ]»• Notes

ai^'^(y,p) Bremss,

24

Index entry listed as 62 Sh 8.

Bibliography listed as 62 Sh 10.

Fi?. 1. The photoproton energy distributions from

Al*’. The solid curve is a smoothed one. The
broken curve is a calculated one using the

statistical model with the Wetsskopf level density

a>=Cexp[2Vor^'ir] Mev*> and a classical Cou*

lomb barrier height of 4.49 MeV.

FORM NBS*418
( 6- 1 *63 )

USCOMM-OC 18686-P63

PHOTONUCLEAR DATA SHEET 83

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



1

Ref. K. Shoda, K. Abe, T. Ishlzuka, H. Kawamtira, M. Rlmura
J. Phys. Soc. Japan 755 (I962)

Elem. Sym.

A1 27

Ref. No.

62 Sh 11

13

Method

2^ MeV betatron; proton yield; scintillator; ion chamber
. NVB

Reaction E or AE
s
<7dE Notes

ai^'^(t,p) Bremss.

Thr*2l». 20 7 MeV
23

j* =0.11 MeV-b a = 17»5 nib,
max ' ^

6 detectors at angles: 20^, 55°, 90°,

125°, 160°.

Measured all protons above = l,5MeV

•. f^o lip iin ricM

Atnm ta dc«a
tarsetrm A.

FORM HBS-418
(8-1-esi
USCOMM-OC I8ssa-P63
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Ref.

(a «i

Method

Elem. Sym.

A1 27 13

Reaction E or AE (7d E Notes

Vl.f

4.8

8.0

10.6

12.8

laoP

0.10 MtV.hV)

0.50

0.23

0.65

0.7±30^

1.9±50^

0.6±40^

1.4±30^

Croat aartao (cb*/«)

Ofooatf Eirilrt

.O-

•Na*

«Ai»

NUClEAn MAOMTIC TBAMmOM

E

£

C
li;

If

0.7t

aa

a«s

0.4S

O.M

OJO

0.0T

o.:o

O.M

rJ7J
113

\ 7J

|

3U
15.«

ua4
<23.4

i24.<

IJ
\ 4.9

|0.09

laois

043
4.4

fill

I
«.*

21.0

aa;
\ 0.S9

ii4.a

1“^

0.U
0.24

O.SI

I 0.33

4.0

0.74

PI» 13. S|

*

of 41.3 MoV etoctrono tcadand from an AP tarfot at I Tbo rcuiia la ihit co<ai a ilanvaO ia tba **Ionf *

FORM NB$>418
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Ref. J. Goldemberg, Y. Torizuka, W.C, Barber, J.D. Walecka

Ifuclear Phys. 2k2 (19^3)

Elea. Sym.

kJL 27 15

Ref. No.

65 Go k-

Method
Llnac; electron scattering; magnetic spectrometer

JHH

Reaction E or AE <7d E Notes

A£2T( e ,is
'

Table 1

Summary of experimental and theoretical inelastic electron scattering cross sections at 180°

£]c0ient Target
Density

(g/cm’)

Thickness

(mg/cm*)

Thickness

(radiation

(do^T

in

10” sr

cm*

/d(T\T //d(T\T

IdKVin
(measured)

lengths)
measured calculated maximum average minimum

C,H,
(Styrofoam)

0.033 466 0.0105 00d-H
00

i
16.7 5.6 4.4 3.6

Slack of
'J 0.013 cm

foils

2.70 380 0.016 4 ±2 25 12.5 6.2 4.1

ge. Gas ’ 0.016 460 0.041 8 i4 36 9 4.5 3

1

1 1 L.
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1

Ref. C. Mllone
Nuclear Phys. 607 (1963)

Elem. Sym,

a£ 27 15

Method
Betatron; nuclear emulsions

Ref. No.

63 JHH

' Reaction E or AE ad E Notes

1

Bremss.

2k

30

Fig. 2. S'euiron energy ^pectnim for = 30
McV. The points i.ndicate e\perimenul results

(ordinates m arbitrary umisi. The cur%e is ihc

calculated evaporaium distribution.

F^4. Contribution of mainly direct emission for £mui " <«l 30 MeV, (b> 24 MeV. (e) The funcsion

CiEJ •<Hy,aUi£y,£j^). See the text. The units are arbitrary.

PORM NB$»418
(0«1-03l
USCOMM-OC laB86-P63

Fig. 3. Neutron energy spectrum for = 24 MeV. Points: experimental results (ordiaata «•

arbitrary unitsL CurW: calrulaind evaporation distribution.

Table I

Summary of resonances

y absorption

experimental

Ref. «>

(MeV)

calculated

Ref. •)

(MeV)

cxpenmental

Ref. •)

(McV)

Neutron spectra

present paper

(MeV)

15.5 14. 15.5
(16)

18.3 1
several 18.2 18 iOJ

20.3
19

1 energies 19.9 I9.4±0J

21 21.5 21.4 21.2i<U

22.3 22.1 (22.6 hump) (22.5)

25.5 26
(26.5)

Energies in parenthesis are probable energies

ReferesKc*

G Cortini. C. Milone. T. Papa and R Rinaivillo, Nuovo Cim. 14 (1959) 54

U N. Bolen and W. D. Whitehead. Phyj. Rev. Lett. 9 (1962) 458

L. Roien. Nucleonici H (1955) 58

V F Wei«l.oppf and D. E, Ewinf. Phyj. Rev. 76 (1949) 1550

H. Feahbach and V. F. Weiaskopf. Phya. Rev. 76 (1949) 1550

V EimM. C. Milone. A. Rubbino. S. Jannelli and F. Meaianara. Nuovo Cim ^ (1961) 155

j' E. E. Baglin. M. N. Thompaon and B. M. Spicer. Nuclear Physua U (1961) .16

H. E. Johnv L. Katz, R. Douglai and R. Haalan. Phya. Rev. 80 (19501 1062

U *r.t. and A. G. Cameron. Can. J. Phya. 29 (1951) 518

J H. Carter and K. H. Loltan. AuMr. J. Phya. 10 (1957) 512

C Milone, S. Milone Tamburtno, R. Rinzivillo. A Rubbino and C. Tribuno. Nuovo Cim. 7

(1958) 729
^
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Ref. O.M.M. Mitchell, K.G. McNeill

Can. J. Phys. 87 I (I963 )

Elem. Sym.

A1 27

Ref. No.

65 Mi 5

15

Method Betatron; proton yields, angular distribution; scintillator;

ion chamber NVB

Reaction E or AE <7d E Notes

A1^'^(Y,xp) Bremss.

22

d3/2 f7/2 a 9/2

Z 10

« 8-

Z 4
O
o
z^ 2

- XIO*

1 1

I YIELD OF FAST PHOTOPROTONS

-

-

1 * ^

0

0
0 0

1_8
0

1 1 i

10 20 30

Z

40 90

Fig. The yields of fast photoprotons (Ep > 8 Mev) obtained from targets of various
elements when irradiated with 22-Mev bremsstnihlung. The target thicknesses range from
351 to 572 mg/cm* (about 8 Mev for protons). The errors noted are statistical.
Fw, 3. The anisotropy coetficient b/a for fast photoprotons (£» > 8 Mev) from 16 elements.

The errore noted are statnucal.

Angular distribution:

Y(0) = a + b sin^0 (l+P cos 0)^

where a = 75±10; b = 22±l6; p = 0.il-±a5

and b/a = 0.5±0.2.

Yield (Bp > 8 MeV):

(l.0±0.2) 10^ protons/mole-r

Yield (5.7 < Ep < 1^):

(6 . 8±0 . 7 ) 10^

niirh'or3^#T!;nd
anlwtropy roemcient'6 'a found bv the present

The den,arcn.',onnri exjunri i7th” St

FORM N8^41t
(8*1-69)
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Ref- M.Odara, H. YauBiro

J.lhya.Soc .Japan 325 (1963)

.

Elem. Sym.

A1

Ref. N’o.

630dl

27 n

1 Method

Synchrotron; folia; enulalona

Reaction E or AE
s

<7d E ]fr Notes

(7rP)

E
7oax

22 MeV

3.9±I0 protonsj/

mole/roentgen

FORM NBS»418

USCOMM-OC 18996«P63

Angular distributions:

2 MeV < E <4 MeV— p
—

E >6 MeV
P

“

total

Forward peak

Rg. 2. Angular diitributlon ot photo-proton*

trout AL Open circle* am the renlu ot

Hoffman and Cameron.'’ Ermr* Indicated am

stadnical ones. Solid curve drawn for S,^6Mev

ia~calcnlated from

H»)=.l-l-0.64 ainMfl-l-l.S coatO*

? (
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Ref. V. J. Vanhuyse. G. J. Vanpraet
Nuclear Phys. 602 (I965 )

Elem. Sym.

Ai 27 13

Ref. No.

63 Va 3

Method
Llnac; photon scattering ,

self- absorption; Nal
JHH

Reaction E or AE ad E J Notes

A£^'^(y,y) Bremss.

2.85 2.21 gr=

1.8±0,i4-

eV

)(0) = l+(O.26±O.O5)Po(cos0)

!

I

Fig. 4. Theoretical coefficients of the Fj-terms in the angular distribution function (FfS) = I -A,Pt
(cos 0) for mixed dipole-quadrupole resonance radiation for the spin sequence
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(8*1*63)
USCOMM*OC 18SS6*P63

PHOTONUCLEAR DATA SHEET 91

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



Ref. V.J. Vanhuyse, G.J. Vanpraet, K.J. Van Camp

Phys, Letters ^ 89 (I965 )

Elem. Sym.

U 27 13

Ket. lio.

65 Va i(.

Method Llnac; self-absorption method; Nal
JHH

Remction E or AE ad E Jjr Notes

Bremss.

3.65

2.2

2.98

0
^

= 120
'

Electron energy ±2^

FORM NBS.418
(8 . 1 .63 I

uscoMM'OC lassa.^es

Fig. 1. Pulae-height distribution of photons scattered

from an A1 scatterer and from a Mg scatterar.
1) E.C. Booth and K.A.Wrl^, Nuclear PhsfS. 35 (1962^..

472.
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1
A.K. Val'ter, E.G, Kopanets, A.N. L'vov, A. Stegner, S.P. Tsytko

Izv. Akad. Nauk SSSR^ 1^^(1963)

e.uc.M« ;»TM. A

A1 27 13

MCTHOO
Van de Graaff; Inverse; Nal spectrometer

REF. NO.

63 Va 5 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANaK TYPE RANOK

> P,G RLY 9-10 D 1-2 NAI-D DST

(1. 8-2.0)

Excitation Energy (MeV)

9.995

10.087

10.160

A'

- 0.3810.05

+ 0.kK),l

+ 0.26±0.003

SEP is(brps

f

i A
i

iu1 w,
tut ism mm

Phc. 1. (PyBKQRR H036y)KfleiiHR D peaKniiti Mg**(p, y)W b UHTepBaae
aaepniH nporoBOB or 1,78 ao 2,0 MeV Puc. 7. CxoMa ypoBuea a nopoxoAos a
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(REV. 7.I4-04I
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REF. EUEM. SYM.

F.R. Allum, T.W. Quirk, and B.M.

Nucl. Phy«. il, 545 ( 1964)

METHOD

Spicer
AL

REF. NO.

L

Z1 13

64 A1 5 JOC

j

REACTION RESUL.T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAMOS TYPE RAMOS

I
G,XN THR-34 C 34 THR-I 6- DST

1

Tabu I

Summary of present experimental data at 34 MeV bremsstrahlunK

Element
o*

ft

«•

.Be 0.43±0.02 0.05 ±o.o:

0.61 ±0.04 o.09ioo:
j»Al 0.39±0.03 0.05 ±0.01
f^ri 0.34±0.02 0.06 ±0.01

uCr 34 MeV 0.33±0.02 0.02±0.0l
22 MeV 0.13±0.07 -0.02±0.0l

mCu 0.36±0.02 0.10±0.01

i«Sn 0.38±0.02 0.11 ±0.01

uBa 0.39±0.03 0.11 ±0.0:

t.Ta Before installation of iron shielding 0.26±0.04 o.i3±ao:
AAer installation of iron shielding 0.27±0.02 O.I2±OOI

aPb target diameter 3.0 cm 0.39±0.03 o.i5±o.o:

target diameter 1.5 cm 0.40±0.03 o.i9±o.o:

«Bl 0.42±0.03 o.i7±o.o:

Y = Oi+a|COS0+a|COt*0

1?

4

I

i
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U. AmaLdly Jr., G. Caopos Venuti, G.

A. Reale, P. Salvadorl, P. Hillman
Phye. Rev. Letters 341 (1964)

MKTMOD
Synchrotron

Cortellessa, C. Fronterotta,
ELEM. SYM.

A1 27

REP. NO.

64 Am 1

13

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPK RANOK TYPE RAN6K

E,E/P RLX THR - 150 D 550 MAG-0 51

1

-

FIG. 2. Electron-proton coincidence counting rate

per 10‘* equivalent quanta at 550 MeV as a function of

the incident energy. The dashed lines indicate the

contributions of the various shells and the background

as explained in the text.

i FORM NBS-418
,
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U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OP STANDARDS

PHOTONUCLEAR DATA SHEET 95



E.C. Booth, B. Chasan and K. A. Wright
Nucl. Phys. 57_, 403-420 (1964)

men. ELCM. SYM. A Z

METNOO

A1 27

MSr. NO.

13

Van de Graaff; resonance fluorescence 64 Bo 1 NVB

REACTION RESULT
EXCITATION
ENEROV

SOURCE DETECTOR
ANGLE

rymm TV»C MANaC

G,G LFT 1-3 C 1-3 NAI-D 100

(0.5 - 3.0) (0.5 - 3.0 I

ABI

Table 1

Cases of observed resonance fluorescence

Nucleus

multipol.

State

(MeV)
Spin rjr T(pi.r,«/r‘)-‘

(sec).

Mean lifetime T
BCW
(sec)

Mean lifetime T
other

(sec)

Ref. BCW

Al" 0.00

El 2.21 i- 0.98 absorption 20± 3 xl0-“ 18 .2±2.3 xl0-“ “) 3 .6 x 10-*

41 ± 13 x 10-“ 27±9 x 10-“

MI zn |<T. 0.9 absorption 7.6±i.4xio-“rjr 5.4±!.8xlO-“ro/r “) 0.16

8.3±3xl0r»» 5.7±2x\0-'»rjr

FORM NSS>41t
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1

K.W. Chen, J.R. Dunning, Jr., J.R. Rees, W. Shlaer, J.K. Walker
and R. Wilson
Phyi. Rev. 4B B1030 (1964)

EL£M. SYM.

A1 27 13

UCTMOO REF. NO.

64 Ch 1 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANOK TYPE RANGE

* E,P ABX D 4 BEV MAG-D 110-450 DST

Tablx I. Crost sections for production of protons by elecuc:.

Electron
target

Energy
angle
(deg)

4BeV
proton energy

(MeV) 10^ cmVsr Mt‘.

H 59.8 374 3.8*

Li, 59.8 448 0.082
Li. . 59.8 368 0.175
Li, 59.8 332 0.280
C 59.8 374 0.425
A1 59.8 374 1.19

H 63.1 291 7.5*

Li, 63.1 355 0.146
Li« 63.1 319 0.204
Li, 63.1 290 0.313
C 63.1 291 1.01
A1 63.1 291 2.42

H 67.1 208 16*
, Li. 67.1 226 0.6

Li. 67.1 206 0.92
C 67.1 209 2J7
A1 67.1 209 6.4

H 72.1 124 46*
Li, 72.1 166 1.20
Li, 72.1 144 1.53
Li* 72.1 124 2.46
Li* 72.1 119 2.80
Lit 72.1 109 2.90
c 72.1 123 6.6
A1 72.1 124 16.9
Cu 72.1 124 42J

H 44.8 291 2.9*
Li‘ 44.8 337 0.16
Li* 44.8 293 0.29,
C 44.8 291 0.76
A1 44.8 291 1.58

H 52.3 208 8.5*
Li* 52.3 200 0.91
c 52J 208 2.13
A1 52.3 208 4.95

H 61.1 124 25*
C 61.1 145 3.95
C 61.1 124 5.75
c 61.1 115 6.43
A1 61.1 145 10.7
A1 61.1 124 16.0

• la mb/v; Uulde a S.5% raonaeatam interval.

Fio. 4. Cross section, divided by ^4, as a function of A
,
for produc-

ing protons of 124 McV from 4-BeV electrons at 72.1®.

p^OftM NBS-418
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REP
B. S. Dolbllklriy V. A. Zapevalov, V. I.

F. A. Nikolaev
Proc, Paris Ck>n£erence 1060 (1964)

MCTHOO

Synchrotron

Korin, L. E. Lazareva and
EL EM. SYM.

A1 27 13

REF. NO.

64 Do 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MD-T ABX 9-29 c 250 MGP-D 9-29 4PI

38 *6

J

odE = 360 ± 60 MeV.mb

T5(t>

Av„,. (MeV) 10.7 12.9 21.4 26.6

fo.d (Av) (MeV-mb) 28 23 280 26

Fia.- 1. — Nnclear y~nj absorption cross-section of MgfMg"— 78.6, Mg*— 10.1, Mg*— 11.3 per cent).

The cross sections for Mg in the above flgure have to be raised by 2.6 mb.

Fia. 2. — Nuclear f-nys absorption cross-section of Al*.
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USCOMM-OC 2e010-PS4 PHOTGNUCLEAR DATA SHEET 98

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANOAROS



M» M««uday M* Kondo^ S. Takcda, M. Olcumura, and J. Ookuna

J. Phy«* Soc, Japan 19^ 2339 (1964)

EL EM. SYM.

A1 27 13

MKTHOO REF. NO.

64 Ma 2 EGF

REACTION RESULT
EXCITATION
ENERSY

SOURCE DETECTOR
ANGLE

TYPE RAN6E TYPE RANOB

G.XP SPG THR - 20 C 20 SCD-D 3-9

Fig. 1. Energy spectrum of emitted protons from

aluminum foil irradiated by 20 MeV brems*

strahlnna.

i

Table L Resonance energies of exciutioa
for AlCr. p) in MeV.

Solid State
Detector

Nuclear
Emulsion"

Csl
SdntillatkMt"

11.8
12.1
12.5 12.4

12.8
13.1
13.3

13.1 13.1

13.6 13.5 13.6
14.0
14.2

13.9 14.0

14.5 14.4 14.6
14.7 14.6 •

15.0 14.9
15.2 15.1 15.3
15.7 15.5

15.8
16.0 16.1
16.3 16.5 16.3
16.8 16.9 16.7
17.0

j

17.3 17.3 17.3
17.8 17.9 17.8
18.4 18.2

1

18.3
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REF.
Akira Masaike
J. Phys. Soc* Japan _12 , 427 (1964)

METHOD

EUEM. SYM.

AI

REF. NO.

27 13

64 Ma 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANGS TYPE PANGS

G,PI+ ABY 150-720 C 150-720 ACT-

1

4PI

G,XXX ABY 150-720 C 150-720 ACT-

1

4PI

G,YYY ABY 150-720 C 150-720 ACT-

1

4PI

Table I.

Al«(r, s+)Mg« Al«-»Na*« '

AI*r-t.F‘» C“-*C“

Integrated Cross Section

(200 MeV~400 MeV)
2.2x10-**

cm*-MeV
6.2x10-** i

cm*-MeV
i

2.4x10-**
cm*-MeV

2.0x10-**
cm*-MeV

XXX=NA2Z. FINAL
YYY=F 18 FINAL

Fig. 4. The yield curve per equivalent quanta

for the reaction Al*’(r,

a/

Fig. 9. The excitation curve for the reaction Al*'-*

Na>« calculated by the photon difference method.

The long dashed line shows- the total cross

section per nucleon for photo-pion production

from a nucleon and the solid line shows the

cross section for the photo-disintegration of

denteron. The short dashed line shows the

effect of nuclear motion in the nucleus.

cm'

Fig. 5. The yield curve per equivalent quanta
for the reaction Al^-^Na**.

PHOTONUCLEAR DATA SHEET 1 00

cv' .

Fig. 10. The excitation curve for the reaction

Al*’(r, ff-^)Mg*T calculated by the photon difference

method. The solid line shows the cross section

for the positive pion photo-production from
proton.

I

f

i

i

i

f

1

i.



. r»EF. ELEM. SYM. A Z

I

F, R. Metzger
Proc. Parti Conference 392 (1964)

METMOD

Resonance Scattering ^®N(p,aY)^*C

Al

REF. NO.

64 Me 2

27 13

JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPK RANOK TYPE RANGE

Gf G LFT 4 D 4 NAI-D 4 DST

The 4.403 MeV state in ®’’'A1 has spin 5/2 and = (0.24±0.03)eV,
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REF.
G. Tessler, W.£. Stephens
Phy*. Rev. 135 . 5129-36 (1964)

ci. C.M. d r M.

A1 27 13

METHOD

Tanden, i (p,y)

REF. NO.

64 Te 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE PANGS TYPE PANGS

' G,MU-T ABX 20-21 D 20-21 NAI-I 96

Fig. 11. Nuclear absorption cross

section in Al” as a function of photon

energy. The results of this experiment

are plotted as dots. Other results are

shown for comparison.

80

70

1
J 50

40

30

20

10

0

w

1 I 1 r

I
This Experiment

” Kockum and Storfell—>—“Wyckoff and Koch

' Carroll and Stephens

(/,n) Montalbetti et ol

(/,p) Holpern and Monn

Ei==q344±i
-h-H-

I

/-Synthesis —

20.2 20.3 20.4 205 20.C 20.7 20.8

Photon Energy (MoV)
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\

I

j

M, N. Thompton, J, M, Taylor and B.M.

Proc. Paris Conference 1008 (1964)

MBTHOD

Spicer
ELEM. SVM.

A1 27 13

64 Th 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE MANGE TYPE RANGE

G.N ABX 15-24 C 15-24 ACT-1 4PI

Fw. 1. — Least ttrnetiira analysis of yield data, in 100 keV Inteirals
from 13^ MeV npward.
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«&r. CL. &M. ^ r M.

A.K. VaL'ter, E.G. Kopanets, A.N. L'vov, S.P. Tsytko
Izv. Akad. Nauk.SSSR, Ser.Fiz., 2?l (1964)

j

M&THOO

- Van de Graaff; Mg^^(p,Y)Al^'^ [Page

A1

REF. NO.

1 of 2 pages] 64 Va I

27 13

NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANSE TYPE PANOa

P,G N0X 10-11 D 2-3 NAI-D DST

(2. 0-2. 3)

J-PI

Asymmetry
in

Angular
Distribution

TaGiinaa 2

Pc.ny.n.Ta-n.i ann.iii.in v-cncKTpoit a.in p.i.i.iiinm>n pnnoii.mcon

M n pe.Kio.i.'irarMN it PacicTiiaa Aci'MMeTpiin D 7T- OTnocirrc.ifc-

£p. keV Ey. MeV Y*ncpcxon Mcmay oiirpniH no »o.M pacnpeac- Kan ntrrcR*/
n/n ypoDnnMif napa T-ncpftxoaa, a> ana v.iTiea. CaBHOCTb

Al» .M(sV ^OKcri T'.Tjnea

1 2015 9.4±0,1 10,212—0,842 9,.370 0,0:t0.1
0,84x0,03 0,842—0 0,842 0,0±0,05

2 2047 10,2±0,1 10,243-0 10,243 0,15
9,3±0,1
9,3±0,1

10,24.3—0,842
10,243—1,013

9,401
9,2:50

\ 0,30±0,07
} 1.0

1,01 ±0,03 1,01.3—0 1,013 —0,10±0,7 1.0
0,84±0,03 0,842-0 0,842 0,00±0,05 0.5

3 2148 9,4±0,1
9,4+0,

1

10,341-0,842
10, .341— 1.013

‘9,409

9, .328 1
0,30±0,05 —

1,01 ±0,03 1 ,01.3-0 1.01.3 0,1±0,1. 1,0
0,84±0,03 0,842-0 0,842 — 0.15

4 2183 10,4±0,1 10,3,4-0 10,.374 0,1
9,5±0,1 10,374—0,842 9,5.32 —

}
1.0

9,5±0,1 10,.374—1,013 9,361 —
1,01±0,03 1,013-0 1,013 —0,10±0,07 1.0
0,84±0,03 0,842-0 0,342 — 0,3

5 2185 10,4±0,1 10..376-0 10,.376 0,2
9,5±0,1 10,376-0,842 9,5.34

] -0,3±0,1
}9,5±0,1 10,376—1,013 9,.36.3

1,01 ±0,03 1,013—0 1,013 —1,9±0,1 1,0
0,84±0,03 0,842—0 0,842 0,00±0,05 4,0

6 2221 9,4±0,1 10,411—1,013 9,398 -
1,01 ±0,03 1,013-0 1,013 —
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A.K. Val'ter, E.G. Kopanets, A.N. L'vov, S.P. Tsytko

Izv. Akad. Nauk.SSSR, Ser.Fiz., 28, 271 (1964)

CLcM. STM. A i.

A1 27 13

I
MSTHOO

I oA 27
J

. Van de Graaff; Mg (p,y)Al [Page 2 of 2 pages]

REF. NO.

64 Va 1 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Level Proposed J
TT

10.212 MeV

10.243

10.374

10.376

1/2

3/2 or

3/2 or

3/2 or

5/2

5/2 50.263-

J

—

!/z

5/2 'too /

rOJif-
mm

I I

10751$

167'

3.00-

US'

2.73'

Ut-

t,83-

f.6S-

W '

0, 86 '

ia,*il-rr

50,376
I ,

I
I

I I I I

I I I I

^1560/513 SOW

Heudemn.

He udturn.

Heuimm.

He udemit.
HeuJemn.

AV
Z7

‘VZ

-r

'Ve*

Vz^

Pac. 3. Cxesia pacnana pcaonancnbix cocToaniiii aapn Al”. Iln(f)pH

3 paapbiaax cTpanoK yKaauoaiOT OTHOcuTc.ibBue iiKTcacunnocTa
Y-ncpox(>AOB
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A.K, Val'ter, E,G. Kopanets, A.N. L'vov, S.P. Tsytko
Izv. Akad. Nauk.SSSR, Ser.Fiz., 268 ( 1964 )

i>rM.

A1 27 13

METHOD

I
Mg^^(p,Y)Al^'^

REF. NO.

64 Va 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G N0X 10 D 2 NAI-D

J-PI

Level

2.2 MeV

Proposed

7/2^

Possibly these levels
form a new bond
with k = 1/2 .

C:
1.65

83

< 7/2 ,
perhaps l/2

< 7/2 ,
perhaps 3/2

tojs

'

•V

so IS 7 s IS g

S,S7-

3M.
J.S3-

2.7J-

2,2!
•

1J3'
I.6S-

1,01'

0.8* •

Ht uOexiTt

'/Z

Vz

•V

K
Vz

Al"

Pnc. 3. Cx0Ma pacnaaa pcn(>

nancnoro cocTonnus 10,16 M0V

HHpa AF. IlH(f)pM n paapunax

CTpo.iOK yicaawnaiOT othoch-

TOJitnue nnTencHanocTn y-no

pOXOAOB

FORM NBS-418
(REV. 7* 14» 64 )
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F. 1. HavliCek and M. Modesto
Energ. Nucl. U, 77 (1965)

C.M. d T M. A L

A1 27 13

1

METHOD REF. NO.

65 Ha 2 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.A SPC THR-31 C 31 EMU-D 5-20 4PI

Exp. cut off at 4 MeV.

Fig. 3.
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(REV. 7>14*e4)
USCOMM*DC 26010-Pe4 PHOTONUCLEAR DATASHEET 107

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



N. A. Khan, V. K. Rasmussen

Phys, Rev. 138 . B1385 (1965) A1 27 13

METHOD

Van de Graaff; Al^"^(p,p' )A1^'^ (2,98) source

REF. NO.

65 Kh 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANGE TYPE RANGE

G,G LET 2, 3 D 2,3 NAI-D DST

(2.21, 2.98) (2.21, 2.98)
1 ¥
?

2.98 MeV level;

15
mean life t = (6.6 ± 0,7) x 10 sec,

angular distribution W(9) = 1 + (0.06 ± 0.04)P2(Cos6]
E2/M1 mixing ratio 6: -0.36 < 6 < + 0.20

Fig. 1. Decay scheme of the 'ow-!yin5 levels of Al”. The spin
ass'-rnments and br.anching ratios up to 2.73 MeV arc from Ophcl
and Lawer-ren, Ref. 11. For the 2.9S- and 3.00-.MeV levels they
are from Lawereren, Ref. 5. The mode of decay of the 3.03-MeV
level shown has been reported only in Ref. 3.

100̂

2.58
*

2.73-

2.21-

LOI •

OM-

TT
I

I

I
I

II

l<£

V|V.

I

r
'r
I*

1*
t

k*

Al
27

2.21 MeV level ;

At E = 5.00 MeV, W(9) = 1 + (0.37 dh 0.02)P.-(cos9)
P

At E = 4.155 MeV, W(9) = 1 + (0.21 ± 0.04)P,(cos9)
P

Difference may be due to a partial linear polarization of Che x-ray source.

Fio. 6. The angular distribution for resonant scattering of

2.21-MeV radiation at £,-5.00 MeV. The aoUd curve is the func-

tion IV(9)-1-H).37 £s(cos0), the least-squares fit to the experi-

mental points. This is indistinguishable from IF(*)— l-hO^
/’j(cosfl)—0.0S3£i*(cosd), which includes a polarixation term. The
broken curve is the distribution 1V(8)— l-1^.23£i(cos#) obtained

at £,-4.115 MeV by MeUger e< al. (Ref. 8) and in the present

work. The normaiisatioR of the two curves at 140* is arbitrary.
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' B. MacDonald, J. A. Diaz, S. N. Kaplan, and R. V. PyU

Phys. Rev. 122, B1253 (1965)

c.m. o <

A1 27 13

METHOD

Cyclotron; pL capture

REF. NO.

65 Ma 2 NVB

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

Mil- YN NCi'X 10 - 20 oQ SCI-1 API

[DO NOT PUT IN DATA INDEX]

Tries to fit data with Fermi gas and Gaussian

momentum distributions.

NEUT MULTIPLICITY

Tabu IV. Corrected experimentAl results.

AYertce MultlpUdty dlttrlbutloa (adjtuted to 0.545 cAcleaey)

(> F, Ft F, Ft Ft Ft Ft Ft

Al 1.262 ±0.059 0.449 ±0.027 0.464 ±0.028 0.052*0.015 0.056 *0.007 -0.0025 *0.004 -0.001 *0.004 0.005 *0.004
SI O.S«4 ±0.072 0.611 ±0.042 0J58 ±0.042 0.045*0.018 >0.002 *0.008 0.005 *0.005 0.002 *0.005 0.001 *0.004
Ca 0.746 ±0.052 0.655 ±0.021 0J5S ±0.022 0.025 *0.009 0.004 *0.004 0.005 *0.005
Fe 1.125 ±0.041 0.495 ±0.018 0.416±0.019 0.074 db0.01t 0.014*0.005 -0.0001*0.005 0.002 *0.005
Af
1

1.615*0.060 0J60 ±0.021 0.454*0.038 0.144*0.017 0.021 *0.009 0.007 *0.008 0.002 *0M4 0.001 *aoo8
1.456 ±0.05« 0J96±0.02t 0.474 *0.028 0.047 *aoi8 0.055*0.009 0.007 *0.008 0.0002*0.004

An 1.662 ±0.044 0J70±a0IS 0.425 *0.014 0.154*0.012 0.052 *0.004 0.014 *0.004 0.008 *0.005 0.0005*aoos
Pb 1.709^.OM OJ24±0.022 a482 ±0.028 0.157*0.018 0.045*0.010 aoit *0.004
Al* 1.60 ±0.1S 0J89 ±0.100 0.455*05178 ai20*0.055 0.050*0.015 0.001 *0.005 0.009 *0.004 aooo *0.007 0.010*0.007
Pb» 1.64 ±0.14 0J4S ±0.100 0.479 *0.057 0.157 *0.027 05)18*0.012 0.010 *0.005 0.005 *0.004 0.005 *0.002 0.002 *0.002

• RmUU of KapUn. Hoytr, and Pyle (Ret. I).

Fig. II. Comparison of the observed neutron multiplicities with
histograms calculated by using the Gaussian momentum distribu*

tion,o*/2J/-20 MeV.
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A1 27 13

REF. NO.

65 Me 3 NVB

F. R, Metzger
Phys. Rev. 139 . BI464 (1965)

METHOD

N’^(p,a)C* source

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 4 D 4 NAI-D DST

(4.403) (4.403)

Mean life T = 1.57 x 10 sec., using J = 5/2.

(width r = ( 0.42 ± 0.06)eV

Angular distribution W(9) = 1 + (0.30 ± 0.05) P2(Cos0) + A^P^(Cos6), A^ < 0.07.

J = 5/2 ±, or 7/2 +, probably 5/2 ±.

FORM NB$«418
(REV. 7>I4*«4I
USCOMM«OC 26010*Pe4 PHOTONUCLEAR DATA SHEET 1 1

0

U.S. DEPARTMENT OF COMMERCE
NATIONAU 0UREAUOF STANDARDS



1
M.N, Thompson, J.M. Taylor, B.M. Spicer and J.E.E. Baglin
Nuclear Phys. 486 (1965)

EL EM. SrM. A

A1 27 13

METHOD

Betatron; NBS chamber monitor

REF. NO.

[Page 1 of 65 Th 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOe TYPE RANGE

GfN ABX 13 - 24 C 13-25 ACT-

1

4PI

THRESHC^LD Tfe

Fig. 1. The threshold for the Al*’(y, n)Al**® reaction.

PHOTON CNEROY (MeV)

Fig. 2. Cross section points calculated from the yield data using the method of Penfold and Leist.

as described in the text.
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M.N. Thompson, J.M. Taylor, B.M. Spicer and J.E.E.
Nuclear Phys. 486 (1965)

METHOD

Baglin
Al 27 13

REF. NO.

Betatron; NBS chamber monitor >age 2 of 2] 65 Th 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

'

Fig. 3. The cross section, as given by the least-structure analysis of the yield data, in 100 keV inter-

vals from IZS MeV upward, and, on the second curve, from 12.SS MeV upward. The width of the

resolution function is indicated at a number of energies along the top of the figure.

Fig. 4. The yield of coincidence counts plotted as a function of betatron energy, showing “breaks”

at the energies indicated.
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A. K. Val'ter, E. G. Kopanets and S. P. Tsytko

Izv, Akad. Nauk. SSSR Ser. Fiz. 803 (1965)
Bull. Acad. Sci. USSR (phys. Sci.) 806 (1965)

EL EM. SYM.

A1 27 13

METHOD REF. NO.

65 Va 5 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G SPG 10 D 2 NAI-D 1 - 10 DST

to, iSS

tg -2293 * • »

I I I

iS H W 23

Vz

1--0'

Mg
Z6

i.OS
3.9S

2.2f

f,0>

0

1

1

!

j

1
1

j
1

1 1

i
!

r

Fig.l. Gazsaa-ray spectra recorded by means of the one-crystal and two-crystal
^
spectrometers and decay scheme for the 10.495 KeV state of Al^^. Above - the
soft (for ,d ss 0 ) and the hard (for 9 = 90 ) parts of the spectra measured by
means of the one-crystal y spectraaeter. Below - y-ray spectrum measured by
means of the two-crystal summing spectrometer (coincidence spectrum)

.

Results of analysis of the spectra

Sr.
M a V

10,50±0.07
9. 50—0,07
8,35=1^,07
6,55±0.07
4,00±0,07

2,21±0,03
1,82±0.03
1,0I±0,03

A s s u a 0 d ICa 1 cu 1 a t a d
1

!
* sy nm e t r y

^ 6 1 a ( i V 8

. in the
d i a e r am

jd n e r j

i t i 0 n

y .
M. »

1

In angular
;dl5trjd,,Aaip
1

V - f ay
i n t on s i t y

lO.-lOS-H 0 '

10, 495 —0.42±0,07 1,00
10, ;95— 1,013 9, 482 0,30
10,-195-.2,213

i
8. 282 0,35

10 ,-i‘J5—»3,9ol
1

e. 544 —0,12-1-0,07 0.50
3.951-, 0 3, 951 0.845). 07 0.50

2,213- 0 2, 213 0,87±0, 15 0,25—
1

0 ,55±0, 15 1,00
1,013- 0

1

1. 013 0.42±0,15 0,20
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J.M, Wyckoff, B. Ziegler, H.W, Koch, and R, Uhlig
Phys. Rev. 122, B576-94 (l965) A1 27 13

METHOD

Synchrotron; ion chamber monitor

RET. NO.

65 Wy 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MU-T ABX 10-70 C 90 SCI-D

FORM NBS-418
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' G. Bishop, S. Costa, S. Ferroni, R. Malvano and G. Ricco

Nuovo Cimento, LJ2S> , 158 (1966)

EL EM. SYM.

A1

A
1

27

Z

13

METHOD

Linac; S.E.M. Monitor; NBS Ionization Chamber
e 1 of 2] 66 Bi 1 JDM

reaction result
excitation
energy

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 20 - 200 c 20 - 200 BF3-1 API

Tabi.k I. - In Ihie Table are aiven tlte croee-eretione measured in milHbam averao

over the energy rangee iwlicaUd in column 1. The contributions from the internal

(i) and external {E) counters add together to give the total (T) cros8>section.

»*C ”A1 S

T 3.66 10.15 7.15

Three, -j- 40MeV IJ 0.38 0.80 0.70

1 3.28 9.35 6.45

T 2.52 7.80 6.78

(40 -r 80)MeV li 0.94 1.35 1.48

I 1.58 6.45 5.30

T 2.55 7.70 6.12

(80-;- 120) MeV E 1.13 1.87 2.37

I 1.42 5.83 3.73

T 2.80 9.18 6.58

(120-;- 160) MeV K 1.36 3.00 3.66

1

I 1.44 6.18 2.92

T 3.18 13.40 12

( 160 -r200) MeV E 1.48 5.25 3.60

1
I 1.70

1
8.15 8.6

Fig. 9. - Total neutron integral cross*

sections.

Fig. 10. - Total neutron differential cross-

seetions.
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'’ef. g. Bishop, S. Costa, S. Ferroni,

Nuovo Cimento, 42B . 158 (1966)

METHOD

R. Malvano and G. Ricco EL EM. SYM. A Z

A1 27

REF. NO.

13

Linac; S.E.M. Monitor; NBS Ionization Chamber [Page 2 of 2] 66 Bi 1 JDM

Table II. - In Ihit table the data from Table I are treated, at ditcusted in tlie text to give

croet-eeetioni eorretponding to pAotonetUrons tn Ute approximate energy ranget (0-^15) MeV
and above ISMeV. Thus the result a) corresponds to the relation a — I—O.iB, and

b) corresponds to b= \A-E.

t*C »A1 S

Three. -r 40 MeV
a) 3.13 9.03 6.17

b) 0.63 1.12 0.98

(40 -r 80) MeV
a) 1.20 5.91 4.71

b) 1.32 1.89 2.07
.

(80 -r 120} MeV
0.97 5.08 3.36

b) 1.58 2.62 3.36

( 120 -r 160) MeV
a) 0.90 4.98 1.46

b) 1.90 4.20 5.12

( 160 -r200) MeV

{

a) --I-0AS. I >lnt

1 ») JS-oxt

a) 1.11 6.06 6.95

b)

oountor.

. counter.

2.07 7.36
1

5.05

DETECTOR
ANGLE

RANGE

Table IV. — Tlte toted aheorplion eroMt-trriion for '(•rnyt i» calculated by dividing the

total neutron production crott-terlion by the neutron multiplicity. Tlie result is given

in the first column under ench clement iiiul. for compnriHon, in the second column the

value of b is inserted from Table II.

‘*C
1

«A1 j S

(40 -r 80) MeV 2.2

1

1

1.3
;

6.0 1.9 5.2 2.1

(80-rl20) MoV 1.8 1.6
,

4.7 2.6 3.7 3.4

( 120 -r 160) MeV 1.8 1.9 ! 4.6 4.2 3.4 6.1

( 160 -r200) MeV 1.7 2.1
1

6.7 7.4 6.1 5.1

Taiu.k V.

E a {t\\)lrr (C) NZfA

40 3.1

70 2.7.7

100 2.62 2.26

130 V 2.64

160 3.16

Table VI.

ftmUMP (“)

0-(-35

<t|aUT»

36-^140
ff.at (“) ®i«i (B.L.)

1 t 9 .4 6 •

C 144 220 364 X 40 373 262
AI 344 690 934 ± 100 840 567
S 466 382 848 ± 90 990 670

RORM NBS-4I8
(REV. 7.t4-S4l
USCOMM.OC ZS0I0.PS4 PHOTONUCLEAR DATA hHEbl li6



F. W. K. Firk
Proc, Gatlinburg Conference 352 (1966)

EL EM. SYM.

A1 27 13

METHOD REF. NO.

66 Fi 2 hrag

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,XN SPC THR-65 C 65 TOF-D 5-40 90

Neutron Energy — MeV
r~i -

I I

Channel Number

Fig. 1 . Observed photoneutron Ume-of-flighl spectTk oI C, O, Mg, Si, Ca, Co,V, and Tx
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«£F.

S.C. Fultz, J.T. Caldwell, B.L. Berman, R.L. Bramblett,
R.R. Harvey

Phys. Rev. 143. B790 (1966)

METHOD

Nearly monochromatic x-rays from phsitron annihilation

and
EL EM. SYM.

A1 27 15

REF. NO.

66 Fu 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPC RANOE TYPE RANSE

G.N ABX 15 - 37 D 13 - 3' BF’i-T ii.PT

G,2N ABX 25 - 37 D 25-3' BF3-I 4pi

^'^Al emits neutrons mostly by direct interactions. 1154-

Hi*

Fio. S. Photoneutron-cross-section data for aluminum. The
upper; data and curve represent the photoneutron yield cross

section Za(y,n)+9(y,Hp)+29(y,2n)'] for Al”. The lower data and
curve lepremt the crosa section for the reaction Al”(y,2>t)Al**.

Fig. 6. Data points are values of <r(y,2n)/9t»* for Al*f (where
Ftot denote the total cross section for photon absorption) at
varioiu incident photon energies. The curves are calculated values
for this ratio corresp>onding to values of the level-density parame-
ter 0=3.6 (top curve), 0.9, 0.6, and 0.2 MeV^ (tettom curve).

(G,N) #115
(G,2N) #116
(G,SN) #516
(G.NfNP) #517

Table iV. Energy levels observed in Al” (MeV).

Present Thompson Bolen and
worlc el al. Whitehead

(y,n)+(y,np) {y,n) (y,n)+ (y,np)

Masuda
el al.

(y,P) Theory®

13.8 13.6
*

14.2 14.0, 14.2

14.S 14.5 14.6 14.5, 14.7 14.3

15.4 15.2 IS.0, 15.2 15.5

15.7 15.6 15.7 15.7

16.1 16.0

'6.4 16.4 16.4 16.3, 16.8 16.4, 16.6

17.0 17.0 17.0, 17.3 17.0, 17.2

.7.7 17.6 17.8

18.2 18.1 18.1 18.4 18.1, 18.3, 18.4

19.6 19.4, 19.6, 19.7

20.0 20.5 19.8 20.0,20.1,20.2

21.5 21.2 21.4 21.0

22.0 22.4

23.1

27.2

• .AU theoretical values are givea in Ref. 29.

I Thompson, J.M. Taylor, B.M. Spicer, and J.E.E.

! Bag 1 in, Nucl.Phys . 64, 486 (I963 ).

j
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BEF. EL EM. SYM. A Z

J.H, Hough and W.L. Mouton
Nucl. Phys, 76, 248 (1966) Al 27

METHOD REF. NO.

13

1,4 MeV Linac; self- absorption 66 Ho 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G • G LFT 1 C 1 NAT-D 0-1 117

Table 1

Mean lifetimes

Nucleus State Spin Mean lifetime Mean lifetime Ref.

(MeV) (psec) (psec)

(Hough and (Other workers)

Mouton)

«A1 1.01 3.2 ±1.7 •)

0 041
-0.016

•)

1.7+ 1-2
*• -0.5

•)

Sip 1.26 0.73l°;|| 0.46 ±0.23 •)

0.22±0.07 ‘)

0.96:O;|® ')

’)

"Cl 1.22 i 0.30 ±0.10 •)

I

FORM NBS-418
(REV. 7-l4*64l
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H. Hoffmann, B. Prowe and H, Ullrich
Nuclear Phys. 631 (1966)

ELEM. SYM.

A1 27 13

METHOD

Betatron

REF. NO.

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE NANSK type RANOE

G,A SPC THR-31 C 31 SCD-D 2-13 130

—
Table 1

Experimental data and results

Element Mg A1 S Ni Cu Zn Error (%)

target thickness(mg/cm**) 0.81 1.54 0.80 2.50 2.68 3.00 5»)

dose (r) 6190 25400 23200 3880 5840 4220 10

yield absolute (10*/mole r)

for > 3.16 MeV 0.61 0.93 1.46 1.65 0.92 2.42 11*)

yield relative to Ni 0.36 0.56 0.88 1 0.55 1.43 5‘)

Yy.JYj.xJX) 9.6 11.4 12.4 7.0 3.2 *)

nuclear temp. 9 (MeV) 1.43 1.48 1.46 1.04 0.91 10

level density parameter a

(MeV-‘) 5.1 4.8 4.9 8.6 10.8 10

*) For S, the error of the target thicicness has been 10 %. of the absolute yield 14 % and of the relative yield 10 %.
*) For Zn ffy.io* i» not known.



I
REF.

H. Llchtblau and B.M. Spicer
Aust. J. Phys. 297 (1966)

EL EM. SYM.

A1 27 13

METHOD

35 MeV Betatron; NBS Ionization chamber

REF. NO.

66 Li I JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPE RANGE type range

G,P SPC TIR- 32 C 32 .Sc;-D 1 - 20 90

EnRffgy ipootruni of photoprotons froin aiumiiutun, with bnnw*
•trlhlung and-point energy 32 MeV.

Fig. 5.

—

Log-linear plot of
njET versua proton energy
E, constructed from the

date of Figure 4.
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REF-

C, Van der Leun and N, C, Burhoven Jaspers
Nuclear Phys. 235 (1966)

EL EM. SYM. A

AL 27 13

METHOD

Doppler recoil

REF. NO.

66 Va 4 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

6,G ABI 10 D 10 NAI-D 0- 10 30
'

/

i

Used ^®Mg(p,Y) with = 1966 keV,

(aj+OrpPy^r = 5.6ti.8 ev = l.Q±0.3 eV

r = 22 ± 5 eV
P
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R. Wendllng and R. Koslek
Z. fur Physlk i22, 502 (1966)

METHOD

EUEM. SVM.

A1 27 13

REF. NO.

66 We 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANCLETYPE RANGE type range

G,A ABX 10-33 C 33 SCD-D 4-16 90

(32.5)

Tabeile

Element Dick*
(mgyonZ)

Gesaml*
au/lOsung
(kcV)

GesamtzaJil
gemessener
o-Teilcbca

Ausbeuts
(ub/MeV • stcr)

Ausbeuts

Mol • r

r.m..(cxp)
(MeV) (McV)

A1 2,35 770 14600 1.3 ±0.2 3,5 +0,6 (»3.5) 3.5

Ar 200Torr4«0 5200 3.0 ±0.5 8.3 ±1.3 5,2 3.5

Se 3.72 790 12200 0,28 + 0.04 0,76+0,12 9.2 4.5

Ag 3.12 670 3150 0.12 ±0,02 0,33 ±0,05 11.8 6.5

Fig. 1. a Histogramm: Gemessene Energieverteilung und dilferentielle Ausbeute der Photo-a-Teilchen.

b Kurve; Berechnetes Spektrurn. Ndhere Angaben im Text
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REF. Yu, P. Antuf'ev, I. I, Miroshnichenko, V.
Sorokin

Yad. Fiz. 6, 431 (1967)
Sov, J, Nucl. Phys, 6, 312 (1968)

METHOD

I. Noga, and P. V. EL EM. SYM.

A1 27 13

67 An I HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPC PANQE TYPE range

G,N2P RLX THR-999 C THR-999 ACT-

I

4PI

999= 1.25 GEV

Fig. 2. CroH Mction ir^ of the reactiona Al” -* Na” and
Si”-* Na**per eqtuYalent'yqiiannuiiaa a function of the maximum
brenuatrahlung energy.

FORM NBS>4I8
(REV. 7.l4.«4t
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G. P. Antropov, 1, E, Mitrofanov, V. S. Russkikh
Izv. Akad. Nauk SSR Elz, 336 (196?)
Bull. Acad. Sci. USSR 21 j 320 (196?) Al 27 13

METHOD REF. NO.

67 An 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,XN ABX THR-26 C 13-26 BF3-I 4PI

5-£ri

Fig. 3. Total cross section r^tTn) + 2<T(t. *n) + . . .1 for the ( 7 ,n) reaction on ^^a1.
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j

H. M. Gerstenberg and E.

NBS Tech. Note 416, June

i

METHOD

G, EXiller

1967

EL EM. SYM.

A1 27

REF. NO.

13

I':

I
r'

fl

67 Ge 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABY THR-27 C 22,27 BF3-I 4PI

Tabl« 7. Coaparlaon of neutron yields. Yields are given In units of (neutron cwfl/HeV nucleus)xLO'^*

.

The estlauted uncertainties in Y and Y^ are of the order of 6% and 10%, respectively.

Element z
o

UCRl. Sac lay Va. NBS(Old) UCRL Saclay Va. NBS(Old) Ref.

Exp Exp Exp Exp

^c

Pb 27 103 36 0.83 26,30
22 111 92 116 0.83 1.05

Au 27 89 97 1.09 24,30,
22 92 98 88 115 1.07 0.96 1.25 38

Ta 27 81 82 77 1.01 0.95 27,30,
22 S5 79 80 113 0.93 0.94 1.33 38

Ho 27 67 75 1.12 27,31,
22 69 77 82 103 1.12 1.19 1.49 39

Ag 27 36
22 34.3

Cu 27 14.4 13.2 0.92 28,30
22 12.6 11.5 12.4 0.91 0.98

Co 27 12.7 12,1 0.95 29,34
22 10.6 9.9 13.5 0.94 1.27

Ca 27 1.69 1.13 l.Ol 0.67 0.60 32,35

P 27 2.35 1.76 0.75 36

A1 27 1.92 1.62 1.38 0.34 0.72 25,37

QlS 27 0.54 0.42 0.48 0,42 0.78 0.89 16,32,
37

c 27 0.50 0.35 0.33 0.46 0.70 0.6b 25,32,

(OVER)

form NBS-418
(RKV. 7-14>«4l

I
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Fig. 31. Absolute neutron yield as a function of atoalc nuaber. The neutron yield froa ealclua
(Z = 20) la particularly low in coaparlson with the other eleaents because Its thresholil
Is high coapared to the mean energy of the giant resonance.
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R. M. Lombard and G. R. Bishop
Nucl. Phys. AlOl . 601 (196?)

METHOD

EUEM. SYM.

A1

REF. NO.

27 13

[Page 1 of 4

]

67 Lo 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 0-3 D 90- 190 MAG-D 85-190 DST

Level (MeV) B(E2 t)

.84 + 1.01
2.21

2.73

^*°°( 2 .98+3.00

5Ctfc6

86fcl0

201:10

^^10

(e^fm^) B(Ml)(e^fm^)

1.5±0.8xl0"^

Table 2

The cross sections measured for the scattering ofelectrons of various incident energies through various

angles by the nucleus ''Al

Incident

energy

(MeV)

Scattering

angle

0

Momentum
transfer

g(fm-‘)

Elastic cross section

(/db sr~')

Inelastic cross section (10'

0.84 MeV+ 1.01 MeV Z2I MeV

’ fm’ • sr*)

2.73 MeV 3 MeV

99.04 60 0.510 484 ±50
150.31

2

44 0.570 541 ±54 3200 ±2300 3730 ±1500 416 ±30
79.78 90 0.570 96 ±10 453 ± 232 839 ± 330 415 ± 290
99.29 70 0.576 169 ±16
89.47 100 0.693 21.8 ± 2

180.28 45 0.698 183 ±30 2740 ± 930 3620 ±1370 910 ±70 2870 ±1150
151.91 60 0.769 49.9 ± 4.9

99.58 100 0.771 12.7 ± 1

180.24 55 0.842 33.6 ± 6 450 ± 156 1310 ± 300 874 ±260
149.10 70 0.865 12.8 ± 1.3

111.94 100 0.867 5.4 ± 0.5

119.84 105 0.961 1.79 ± 0.18
-

179.33 65 0.978 5.75 ± 0.60 254 ± 99 408 ± 84 126 ±63 460 ± no
149.84 90 1.071 0.64 ± 0.12

119.58 135 1.115 0.067 ± 0.007 10 ± 2.2 19.4± 3 3.35± 2.3 20 ± 8

181.88 75 1.119 0.92 ± 0.030 88.4 ± 18 165 ± 33 175 ± 26

190.157 75 1.169 0.67 ± 0.2 67.6 ± 32 128.4± 30 25.4±18 114 ± 28

128.61 135 1.199 0.019 ± 0.004

179.887 85 1.227 0.109 ± 0.011 36.2 ± 10

190.23S 80 1.235 0.253 ± 0.09 37.9 ± 6.4 67.5± 24 17.7 ±13.6 59.7 ± 12.6

178.92 90 1.277 0.043 ± 0.006

179.75 95 1.338 0.031 ± 0.005 8.5 ± 4.9 14.9± 3 4.1 ± 0.3

150.06 135 1.39 0.0069± 0.0016

179.83 105 1.439 0.027 ± 0.005 2.41 ± 0.85 5.6± 2.4

158.66 135 1.477 0.0079 ± 0.0016

190.16 no 1.571 0.0175± 0.0035

170.44 135 1.587 0.0054± 0.001 1.99± 1.73 2.1± 0.8 1.57± 0.30

I

i
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oa&2 Mrv . 1 on Mev

o Multichannel detector

• Cerenkov counter

\

\

10' I I I 1 I .

2 3 4 5 6 q'R

Fig. 7. The experimenul form factors obtained for the levels at 0.84 MeV and 1.01 MeV. The full

line represents the expression F*, ‘°*>,'(f^)exp(—9V) multiplied by the normaliziag factor

A - (2.78±0.33) • 10-*.

Fig. 8. The inelastic form factor for scattering from the 2.21 MeV level compared with the functions

5 =;,(<jr/f)exp(-i9»^») and A = Ji(qR)exp(,—iq*g*).
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R. M, Lombard and G, R, Bishop

Nucl, Phys, AlOl . 601 (196?)

ELEM. SYM. A

A1 27 13

METHOD

[Page 3 of 4]

REF. NO.

67 Lo 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPK RANOC TYPE range

PONM NBS-418
IRKV. 7>IA-«4)
USCOMM-OC 26C10>P«4 PHOTONUCLEAR DATA SHEET 1 30

U.S. OEPARTMENTOF COMMERCE
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i

I

I

i

Fig. 11. The experimental form factor obuined for the peak observed at 3 MeV. The full line-

represents the expression F, multiplied by /?* = (5.01 ±0.56) • 10-*.
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D. M. Sheppard and C. Van Der Leun
Nucl. Phys. AlOO . 333 (196?)

EL EM. SYM.

A1 27 13

METHOD

[Page 1 of 4

]

REE. NO.

67 Sh 2 BGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LET 8-11 D 0-3 SCD-D 0-10 DST

Table 1

Angular distribution coefficients and 04 of gamma rays de^xciting resonance ievelsin the reaction

“Mg(p, y)«Ai

E,')

(kcV)

Transition

")

On

*)

«4

•)

292 8.55-F0.84 -0.01 ±0.08 +0.06 ±0.09
33S 8.60-*0.84 -0.74 ±0.06 +0.04 ±0.07
4S4 8.71 -*(0.84+ 1.01) +0.002±0.005 -0.002±0.006
479 8.73-0 -0.19 ±0.02 -0.04 ±0.03
301 8.75-*0 +0.43 ±0.03 -0.02 ±0.03
522 8.77—0 +0.59 ±0.12 -0.05 ±0.12
650 8.90-*0 +0.12 ±0.02 -0.01 ±0.02
1249 9.48—0 -0.27 ±0.01 +0.04 ±0.02

9.48—2.21 +0.47 ±0.03 +0.02 ±0.03
1409 9.63-*0 +0.01 ±0.01 -0.01 ±0.01

1548 9.76—0 +0.66 ±0.01 -0.02 ±0.02
1609 9.82-m +0.12 ±0.06 +0.01 ±0.06

9.82—1.01 +0.17 ±0.01 +0.00 ±0.01

1733 9.94—0 +0.08 ±0.04 -0.03 ±0.05
9.94—3.00 -0.20 ±0.03 -0.01 ±0.04

1785 9.99-*0 -0.34 ±0.02 -0.02 ±0.02
9.99-4.81 -0.29 ±0.01 -0.01 ±0.01

1965 10.16—0 +0.20 ±0.01 -0.04 ±0.01

2141 10.33—0.84 +0.46 ±0.09 -0.16 ±0.09

2220 10.41—0 +0.67 ±0.02 -0.06 ±0.02

2293 10.48-0 -0.37 ±0.01 -0.03 ±0.01

10.48—6.48 +0.45 ±0.04 -0.02 ±0.05

2323 10.51—0 -0.25 ±0.01 +0.01 ±0.01

*) Resonance energies from ref. *)• corrected for the new recommended value **) of the ”AI(p, y)^i
calibration resonance.

”) Excitation energies of the initial and final states (in MeV).
') After correction for eccentricity, background and random coincidences, but without solid angle

attenuation correction.

I

i

I’

Id

I

I

I

I

j

(Over)
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Table 4

Quadrupole/dipole amplitude mixine ratios of primary gamma rays de*exciting **AI resonance*

Transition y,« — /,« Mixing ratio

(keV) (£, in MeV)

338 8.60—0.84 +0.10±0.03
8.60—2.98 +0.02 ±0.03

SOI 8.75-0 5 -5* +0.00 ±0.03 (or -1.3 ±0.3)
322 8.77—0 -0.1 8 ±0.1 8 (or -0.9 ±0.4)
630 8.90—0 i -r +0.29 ±0.08

8.90—1.01 i
-5* +0.06 ±0.07

8.90-2.98 +0.00 ±0.01
1249 9.47-0 1 -i* -0.07 ±0.02

9.47—2.21 a +0.04 ±0.02
1348 9.76-0 -0.16±0.02

9.76—2.21 .i*— +0.06 ±0.02
1609 9.82-0 a a +0.21 ±0.06 (or +2.2±0.3)

9.82—1.01 a a +0.14±0.0l (or -8.9±0.3)
9.82—2.73 -0.1 3 ±0.03

1733 9.94-0 j -j* -0.20 ±0.02
9.94—3.00 i -s* -0.02 ±0.01

1783 9.99—0 i--j* +0.00 ±0.02
9.99—4.81 j--i -0.02 ±0.02

1965 10.16-0 +0.23±0.01
10.16—2.21 +0.12±0.0I

2141 10.33—0.84 j -i^ -0.55 ±0.07 (or +50±20)
10.33—2.98 3. ^3<*»

a +0.02 ±0.02 (or -4.3 ±0.3)
2220 10.41-0 5+-P -0.39 ±0.07

10.41—2.98 -0.03 ±0.02
2293 10.48-0 5--j> +0.03 ±0.01

10.48—6.48 i--(i) +0.01 ±0.03
2323 10.51-0 5--‘> -0.04 ±0.01

10.51—2.21 i--i* +0.06 ±0.04
10.51—3.00 j--r +0.00±0.02

2574 10.75—2.21 } -j+ +0.10±0.04
10.75—3.00 1 -r +0.05 ±0.07

I
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i REF. D, M, Sheppard and C. Van Der Leun

I

Nucl. Phys, AiOO, 333 (196?)
EL EM. SYM. A Z

A1 27 13

METHOD

[Page 3 of 4]

REF. NO.

67 Sh 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANGB TYPE MANGE

Table S

Quadru|M)lc/dipole amplitude mixing ratios of gamma transitions between bound states of *’AI

Transition

in MeV)
Resonance

investigated

(£p in keV)

Mixing ratio Average

1.0l-*0 J*-|* 650 +0.40±0.08 +0.37 ±0.03

1380 +0.39 ±0.05
1609 +0.33 ±0.05

1.01 -*0.84 338 -0.05 ±0.06*)

2.21-»0 i*-i* 1249 -0.42 ±0.02 -0.40±0.01

1548 -0.41 ±0.04
1965 -0.40±0.02
2323 -0.36±0.03
2574 -0.40±0.02

2.73-*0 1609 -0.09 ±0.03
2.73—1.01 1609 -0.09 ±0.03
2.98-*0 338 -0.04±0.05 +0.01 ±0.01

650 +0.08 ±0.09

2141 +0.02 ±0.02
2220 +0.00±0.02

3.00-*0 {*-1* 1733 00

2323 00

2574 00

3.00—2.21 1733 -0.00 ±0.03
4.81—0 1785 +0.29±0.03 (or 2.7±1.0)

4.81—1.01 1785 +0.06±0.02
4.81—2.21 i 1785 +0.05±0.02 (or 5.5±1.0)

*) Se« subsect. 4.2.2.

Table 6

Transition strengths of gamma rays dc-exciting =*Mg(p, v)"AI resonance levels

Transition .ff*

(£» in MeV) (meV)

[A/l'xIO*

El Ml E2 M2

9.76-0 100 5 7

9.76—2.21 i*-}* 135 15 5

9.82—2,73 130 17 30

9.99—0 2.S0 0.45

10.16-0 620 25 70

10.16—2.21 190 18 20

10.41-0 J*-J* 130 5 35

10.41—2.98 j*-3* 150 17 (2)

10.48-*0 j--i* 1000*) 1.7 50

10.5 1-*0 J-— j* 530 *) 0.75 45

10.51—2.21 230 *) 0.65 150

10.51—3.00 i--5* 150 0.60

») Calculated using the resonance strength of ref. *) (as corrected in refs.”-**)) and the branching

ratios of ref. ’).

*’) For resonance strengths, see sect. 5.3.
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Tabu 7

Strengths of gamma transitions between bound states of *^A1

Transition

(£, in MeV)
/,* — y,« ^t‘)

(meV)
IWIVMI)
(X10»)

1M1*(E2)

0.84-*0 0.02 *•) 13

1.01-0 0.3 •) 12 9
1.01—0.84 0.01 100

2.21—0 17 '*) 65 11

2.73-0 15 •) 35 0.2

2.73—1.01 45 •) 430 6

2.98-0 no «) 200 < 0.05

3.00-0 6 •) 6

3.00-2.21 0.6 ) 60 < OJ

*) Widths based on the averages ofthe lifetimes reported in the literature (for a few typical references,

see below) and the branchings reported in this article.

") Ref.”).

•) Ref.'»).

«) Ref.“).

*) Ref. ”); the lifetime reported in ref. ”), however, leads to widths that are about a factor of 25
lower than the values listed here.

') Re.'s."-**).

«) Refs.«.‘»).
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C. Van der Leun, D. M. Sheppard and P. M.

Nucl. Phys. A 100 . 316 (196?)

METHOD

Endt
EL EM. SYM.

A1

REF. NO.

27 13

[Page 1 of 2]
67 Va 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G NOX 8-11 D 0-3 SCD-D 0-lQ

Note: See Sheppard and Van der Leun, NP AlOO . 333 (1967) for analysis of angular
distribution.

E,(MeV) aRANCHlNGSC’/o)

6.81 i 2 20:5 70:6 <1 it <1 il 10:3 1/2*

6.78 20 :

5

55:7 <2 <4 i6 25:

5

<10 (20 C:/2l

6 65 85:5 5:2 10:4 <2 <1 <2 <4 <6 C3/a]

6.61 15:4 75:5 10 :

3

t4 <3 <3 (2 iS [3/2]

6.48 70:6 ’5:4 <6 1514 <2 <2 <2 7/2(5/a)

6.16 10:4 7016 15:4 « 3 5:2 <1 <2 il [3/2]

6.11 65:5 <2 35:5 <2 <4 iS <8 <2 [3/2,5/2]

5.25 10:4 it 70:6 20:4 i2 <5 t3 <4 [s/2]

4.81 4o:s <2 25:7 35:8 <12 tS (1 <3 5/2

4.41 55:5 <1 20:5 25:5 <1 <2 <2 <1 [5/2]

4 05 <3 85:4 15:4 i3 (3 <3 <4 <3 [1/2.3/2]

3.96 100 <3 id i3 <3 <3 <3 <2 [3/2]

3.68 0 65:4 35:4 < 1 < 1 it <1 1/2*

3.00 91:3 <2 <4 9:3 <1 —^

—

9/2*

2.98 100 <3 il (1 — 3/2*

2.73 24:3 *3 76:3 :3 .. . ... 5/2*

2.21 100 (1 <1 — — ,

—

7/2*

1.01 96:

2

4:2 . .... ..— 3 /2
*

0 84 100
i

» w 9

*3w"(MeV> 0 0.84 1.01 2.21 2.73 2.98 3.00 3.68

S/2* 1/2* 3/ 2
*

7/2* 5/2* 3/2* 9/2* 1/2*

Fig. 6. Branching ratios of bound states of deduced from gamma-ray spectra measured at

thirty ”Mg(p, y)”Al resonances. For spins, sec paper il. Ground-state transitions were observed
from the levels at £, = 4.58, 5.16, 5.43, 5.55. 5.75, 6.08, 6.28, 6.47, 6.82, 7.00 and 7.29 MeV. The

levels at £( = 7.00, 723 and 7.47 MeV decay at least partly through ”A1* = 2.21 MeV.
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C. Van der Leun, D. M, Sheppard and P, M. Endt
EL EM. SYM. A z

Nucl. Phv8. AlOO. 3l6 ( 1967 )

A1 27 13

METHOD REF. NO.

[Page 2 of 2 ]

67 Va 1 BGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOK TYPE RAN6B

£p Ex J"* BRANCHING RATIO C/o)

i;»eV) (keV)

jrt ^ 5;2* 3/2* s/2* 9/2* [3/2] [5/2] 5/2 [5/2] [5/2] [3/2] [3/2] [3/2]

1/2* 7/2* 3/2* 1/2* [1/2, 3/2] [3/2.5Z2] 7/2(5/2j[3«] 1/2*

Fig. 4. Branching ratios of resonance levels in the reaction “Mg(p, v)*’Al. Typical errors range from
50 % for weak 3 %) y-rays to about 10 % for •/ rays with intensities of «* 50 %. Upper limits for
the intensities of unobserved transitions are indicated by one dot (< 1 %) or two dots (< 2%).

For a discussion of the level spins, see paper II.
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K. Abe, N. Kawamura and N. MuCsuro
J. Phys, Soc, Japan 2^, 1724 (1968)

METHOD

EL EM. SYM.

AI 27

68 Ab 3

13

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLETYPK range TYPE RANGE

G,XP SPC THR- 27 C 22.27 SCD-D 90

(21.6.26.6)

Fig. 1. Energy spectrum of photoprotons from
aluminium at 90®, with bremsstrartlung end-point

energy 21.6 MeV.
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Fig. 2. Energy spectrum of photoprotons from
aluminium at 90®, with bremsstrahlung end-point
energy 26.6MeV.
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B, C. Cookj 0. W, Anderson, T. J. Englert
Phys, Letters 26B

, 341 (1968)

ELEM. SYM.

A1 27 13

METHOD REF. NO.

68 Co 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPC RANGE TYPE RANGE

G,N RLX THR- 65 c 13-65 ACT-

1

4PI

40 «0 80 no 120 140 IM 180 200 220

tA^

Fig. 1. Cross section for elements In the s-c shell as
a function of SA'^\ Tho vertical line is only an aid to
the eye. Universal curves expected for the hydrody-

namical model are not evident.

70r»

8 ‘6 '~24
' 32 ' AO

MASS NUMBER A

Fig. Z. A dependence of structure. A qualitative esti-
mate for the statistical validity for structure is also
Indicated. The solid straight lines have the form mA t
+ 8 MeV while the dashed line represents the position
of the Is level as determined from (e.e'rt experiments.
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N. N. Kaushal, E, J. Winhold, P. F. Yergin, H. A, Medicus and
R, H, Augustson

Phys. Rev. i7f, 1330 (1968)

EUEM. SYM.

A1 27 13

METHOD

[Page 1 of 2]

REF. NO.

68 Ka 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE RANGE

G,N AfiX 50-85 C 55,85 TOF-D 10-85 67

(67.5)

i

I
<

1 “
. lilR

•

1

•

"lie- A

a

T
- ^ -

H

*''**.

T1

h

C Cm

1
l.te,.

^ f ,

-h
'Ji.

0

. >il
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1

1 rt
'* b*' ' > •i

NnniMH CNOMV.HIV

Fte. 6k Otaemd neuLxon gpcctr* doe to 55-85>MeV diffenace

photm mctra. Tbe effecthre cnae nctfana bsvo bees dMded bjr

VZ/A.

Fio. 7. Effective cross sections for production of fast neutrons

with energies greater than 10 MeV (solid circles) and 30 MeV
(open drcles) by the S5-85-MeV photon difference spectrum. The
daued curves are modified quaaideuteron model predictions as

discussed in the text.

NEUT ENGY SPEC

Tabix L Compuma of present aosMectioa values in mb %
for production of high-energy photoneotnms by 55-85-MeV pho- ^
tons with messuied cross sectums e(y,7W), sIm in mb, for total ^

photonratroQ prodnctiai. The present cross-section ^ues are
uncertain by 8 to 10^ because of counting statistics and normali*
zadonetrm; in addition all values depend on an absolute normatt- ^
xation in terms of the deuteron photodiaintegradon cross section. F
which is known to about 10% at thm energies.

’

Target

(£>10 MeV)
CPresent

experimeat]
‘

*(y,Tn)

Tones and
rerwilligei* Costa efsl.^

Other
results

U 0.7S 1.0

Be 1.0 2.7 2J 2J«
B 1.0 1.4

C 1.S U 1.4 2.4f*

0 U 1.6

A1 2.8 S.S 46 8*

S 2.1 44 6l5<

Fe 4.2 16 12
Cu 20 19
Zn 4.4 15
la 7.4

Sn 7.0

Ts ia7 95
n 10.7

Pb 8.3 100
Bi 13

u 16 65

• Averate croM KcUoaa between S5 uid 85 MeV, u rewl from FIs*. 4
and 5 of Ref. 4*

^ —/i»»rf5/SO, as taken from FI*. 4 of Ref. 5 and Table I of
KCI. o.

« S. Costa. L. Pasquaiini. G. Pirsfino. and L. Roaslo* Nuovo CUnentn
42. 306 (1966).

Bishop. S. Costa. S. Ferroal. R. MalvanOt and G. Rlcco. Nuoto
Cimento42. 146 (1966).
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N. N. Kaushal, E. J. Winhold, P. F. Yergin, H. A. Medicus and

R. H. Augustson
Phys. Rev. i25, 1330 (1968)

EUEM. SYM.

A1 27 13

[.Page 2 of 2

REF. NO.

68 Ka 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

10 30 SO 70

Fio. 8. Neutron energy spectra for beryllium, aluminum, and
lead. The dashed cdrves are Oedricic’s quasideuteron model calcu-
lations of the primary neutron spectra, arbitrarily multiplied by
1.15. For aluminum and lead these have been modified by esti-

mates of the effects of secondary interactions on the outgoing
neutrons, as discussed in the text, to produce the solid curves.
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HEF.

R. A. Meyer, W. B. Walters, J. P. Hummel

Nucl. Phys, A122 . 606 (1968)

C.U &M. :> Y K

A1 27 13

method REF. NO.

68 Me 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPt RANOE TYPE RANGE

G,2PN ABX THR- 300 C 20-300 ACT-

1

4PI

311

Table 1

Summary of integrated cross sections ffd£(MeV • mb), for the reactions studied

Reaction/£*„(MeV) 65 105 145 215 295

W0(y, 2n)‘*0 0.42=0.02 0.57 ±0.04 0.56 ±0.05 0.63 ±0.09 1.29±0.16

«F(y, 2pn)"N II-p 5.0 ±0.3 6.1 ±0.5 8.4 ±1.0 13.6 ±1.5

”Al(y, 2pn)«Na 8.3 ±0.3 13.3 ±0.7 17.1 ±1-2 24.1 !:2.3 31.2 ±3.3 »)

“V(y. a)«Sc 12.3 ±1.7 20.2 ±3.5 32.5 .j2.6 68.4 ::3.S 112 ±14

«V(y. ot3n)«S« 0.7 ±0.2 6.0 ±0.9 12.2 ±1.3 34.1 ';:4.I 91 ±11

•) £»« - 275 McV.

The dashed lines show the cross sections ex-

pected for quasi- deuteron processes (curve A)

FORM MBS and the sum of the cross sections expected for

uscoMMo quasi- deuteron and pion emission processes
(curve B)

.

Fig. 3. Yields and cross sections for the ”Al(y, 2pn)”Na reaction. The
zero yield value at 20 MeV was obtained from an irradiation using

the University of Illinois 22 MeV betatron. The dashed lines have the

same significance as in fig.' I.



G, Nydahl and B, Forkman
Nucl. Phys. B2, 97 (1968)

EUEM. SYM.

A1 27 13

68 Ny 1 egf

EXCITATION SOURCE OETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE range

ANGLE

G,PI+ ABX 14D-700 c 140-700 ACT-

1

4PI

so

3»
3>

r
i

I
»50

M-

•••••

• ••••
•

.
• •

• • • ••

• •
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Fig. 3. Abaoluta yields for the measured reactions.

MG- 27 ACT

Fig. 4. Experimentally determined true and integrated cross sections. Theoretical
calculations of the cross sections are marked with dashed linest
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S. W. Robinson, C. P. Swann, V. K. Rasmussen
Phys. Rev. 1320 (1968)

EL EM. SYM.

A1 27 13

METHOD REF. NO.

68 Ro 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANOe TYPE RANGE

G,G LFT 3.0 C 3 NAI-I

(3.0,2.98,2.21)

SELF-ABSORPTION
Energy(MeV) ^ (MeV)

3.00 0.87 6.1 ± 1.2

2.98 ~ 1.0 125. + 14
13

2.21 ~ 1.0 17.6 + 2.9
- 3.3

Note - Analysis based on single scattered photon spectrum measured with 30-cc Ge(Li)
detector.
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D. W. Anderson, A, J. Bureau, B. C. Cook, T.

Phys. Rev. 978 (1969)

METHOD

J. Englert
C.I. d T M.

A1 27 13

REF. NO.

69 An 3 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPE RANGE TYPE RANGE

G,N RLX 13-65 C 13-65 ACT-

1

4P1

Data normalized to measurements previously reported.

l-'io. 4. The least-structure cross-section solution, (r = <r,-f-0.9iri.,

for aluminum. Vertical bars indicate errors in cross section. The
experimental liminR was such that the contribution due to the

reaction Al^fv, 2n) Al“ was depressed relative to the contribution

due to the Al”(% »)A1”* reaction. A likelihood estimate of the

statistical certainty of the indicated structure is also shown.

“A. S. Penfold and J. E. Uiss, Phys. Rev. 114, 1332 (1959).

Table I. Peak enc^es for the cross-section maiima of Figs.

4 and 5. All maxima with greater than 70% likelihood as computed
from the cross-section errors* are shown. Maxima with less than
90% likelihood are doubtful.

Al"
Energy (MeV) Likelihood

Si»
Energy (MeV) Likelihood

(41.6±1.0) 0.72 (27.1±0.5) 0:90

49.4±0.8 0.96 (31.4±0.4) 0.88

S6.3±0.9 0.98 (3.47±0.6) 0.86

(40.1±0.9) 0.89

(46.4±0.8) 1.00

52.2±0.8 1.00

58.2±1.0 0.98

^ B. C. Cook (to be published).
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S, Costa, L. Ferrero, L. Pasqualini, C. Manfredotti
Lettere al Nuovo Cimento 2, 313 (1969)

CL. CM. d V M. A

Al 27 13

METHOD REF. NO.

69 Co 2 egf
;

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

JTYpe pANce TYPC RANGE

G,XN AfiX 15-35 D 15-35 BF3-I 4PI

- i

'

15 20 25 30 35

photon energy (MeV)

Kie. I. - Photoneutron croea-ecction for "Al. The solid lino represents a at obtained with eisht l.n*

rents enrves.

Tabu I. - Energy levels observed in *’AI.

(r. Tn) (•) (y. n) + (r. np) (‘) {r-n)(') (Y. n) + (y. np) (')

r <fm Em
1

Em
j

<Tm Em <fm

(MeV) (MeV) (mb) (mb) (MeV) (mb) (MeV)
1

(mb) (MeV) (mb)

13.8 1.2

i

1

14.5 1.5-
;

i5.3 1.2 3.4 3.7 15.4 2.5 15.2 1 1.3

16.1
!

6.0

16.5 0.5 2.2 7.6 16.4 5.2 16.4 6.0 16.4 4.2

17.0 5.7 17.0 i 6.3

17.7 1.7 11.8 11.8 17.7 8.5 17.6 ! 10.7
•

13.2 11.0 18.1
1

17.3 18.1 10.6

18.7 0.4 3.4 12.5 !

19.5 0.8 u 16.4

20.0 12.9

19.6 !

i

17.3

19.8 12.6

20.3 0.6 12 18.7 20.5 17.3

21.4 1.2 19 19.1 21.0 14.8 21.2 18.3 21.4 12.2

22.0 13.8

22.3 0.6 10 16.6 22.4
1

13.3

(a) Present work; Em is the energy at which the Tnazimum cross-section occuis. f and «« are
the \vidth at halt maximom and the maximum of the Lorentz curre, Is the experimental
cross-section st Em. , vr

< ) L. .V. BOLEX and \V. D. Whitehead: PAys. /fee. Lelt.. 9, Ii8 ( 1902 ).

iLI.N: Xiirl. Vhijs.. 64, 486 (1963).
Bramblett and It. It. Harvey: PAps.

(6) See ref. (•).

(c) See ref. (•).

W) See ref. (*).

( ) .M. X. THO.AWOX. J. jr. T.vtlor. 11. 3f. Spicer and J. E. 1!ai;i

» t-. Uerma.v. R. L. Bramb

146
Her.. 143, 790 (i960).
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S. Costa, L. Ferrero, R. Garfagnini, G. Piragino and A. Zanini

Letters al Nuovo Cimento 2, 336 (1969)

A1 27 13

method REF. NO.

69 Co 4 hmg

i

)
REACTION RESULT

EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RAN6C TYPE RANGE

G,P ABY 8-85 C 85 CCH-D 4-21 180

Flv. 1. - EmrtT speotnun and abwtata yield (pro*
tons/MeV sr<em'/MeV mol)) of photoprotoM from "Al
at 180* of 0.0 ir eolld ansle, prodoced with an £ywu “
— 83 MeV bremaetnhlunc epeetram. In the upper part
the location of the proton oronpa found In our export*

mont and In ref. ('") Is Indicated.
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REF. EU EM. S rM. A 1.

C. B. Fulmer, 'I. R. Williams, K. S. Toth, G. F.

Phys. Rev. 1^, 1752 (1969)

METHOD

Dell

A1

REF. HO.

27 13

69 Fu 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,SPL RLY THR-999 D 999 ACT-I
i|

DST I

(THR- 3 GEV) (3 GEV) #1

0

s
>

t

Relative thick target yield as a function of target thickness.
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Fig. 5. Relative yields of ^Be, **Na, and **Xa produced in alu-
mimim foUs in * thick lead tusec bombarded with 3.0-GeV
etectrona. The data for the varioua nuclides are normalised at
the peaks of the yield curves.
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Fig. 6. Relative yields of ’tya. produced in thick targets bom-
barded with i.O^GeV electrons.
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B. S. Ishkhanov, I.M. Kapitonov, E.V. Lazutin, I.M. Piskarev
and V. G. Shevchenko

Izv. Akad. Nauk. Plz. 33, 1742 (1969)
Bull. Acad. Scl. USSR-Phya. 33 , 1594 (1969)

I CL. CM. d f M.

A1 27 13

METHOD REF. NO.

69 Is 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN ABX 13-30 C 5-30 BP3-I 4PI

odE = 185± 20 MeV mb

453

(over)
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Positions (MeV) ot Resonances in ^ and ^•‘P(7,n)

AlaBinaa Rhoaphorous

Oar work Raf .4 Re£.»|R#£.10 Ra£,7 Oar work Re f • 6 Ra£. 8

13,3 12,8
13,313,8 13,7 13,7

14,1 14,2
14,314,5 14,5 14,6

14,7
14.75
15.75

14,6

15,8

14,9

15,6

15,4
15,7

15,2
15,6

16,1

15,75

14,8
15,4
16,2

16,5 16,4 16,4 16,4
17,7 17,25

17,1

17,0 17,0 17,1 17,5

18,0 17,7 17,6
18,4 18,2518,2 18,1 18,1 18,25

19,0
19,1 19,1 1-9,3 19,25

19,6
20,3

20,0 20,0 19,8 20,5 20,25

20,5 21,3 21,25

21,1 •21,2 21,4 22,0

21,5
22,0 23,6

22,73

24,25
22,0

22,4 24,6

23,0 23,1
27,524,1

25,0
27,8 27,2

4
A, N. Tikhonov, V.G. Shevchenko, V, Ya, Galkin, B.I. Goryachev, P, N. Zaikln,

B. S. Ishkhwov & I.M. Kapitonov, Program and Abstracts for the Eighteenth
Annual Conference on Nuclear Spectroscopy and Nuclear Structure, Riga, M.-L.

,

1968, p. 268.

®L.N. Bolen & W.D. Whitehead, Ibid. 132, 5 (1965).
7
N. Mutsuro, K. Kageyama, M. Mishina, E. Tanaka & M. Klmura, J. Phys. Soc.

Japan 17, 1673 (1962).
o

N. Mutsuro, K. Kageyama, M. Mishina, T. Nakagawa, E. Tanaka & M. Klmura,
Ibid. jJ, 1672 (1962).

9
M.N. Thompson, J.M. Taylor, B.M. Spicer 6e J. E.E. Baglln, Nuclear Hiys. 64 ,

486 (1965).

^^L.N, Bolen & W.D, Whitehead, Phys. Riv, Letters £, 458 (1962), I

^^J,B,E. Baglln, Nuclear Phys. 22^ 216 (1961).
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V. I. Noga, Yu. N. Ranyuk, and P. V. Sorokin

Yad. Fiz. (1969)
Sov. J. Nucl. Phys. 673 (1969)

A1 27 13

METHOD RCF. NO.

69 No 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE' RAN«C TYPE RANSe

G,NA24 ABY 31-999 C 100-999 ACT-

1

4PI

999 = 1.2 GEV

.«?•

Table!

amctlo.

FIG. 2. Cross sections as a function of
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j

FIG. 3. Dependence of P on number of nu*
! Cleons which have left the nucleus.

u »

Table IL Cross sections for

reactions in the saturation

region

RetetiOA Reaccioa J
to-«cra10

Al"- Na* 1

185±2l' Cl*-Na*» 684-7
Si» -p Na>« 72+S K»— .15*5
P«-*Na** 71-*-8

1 22*5
b"- .\a" S2±6

According to the photomesonic mechanism, the cross
section for the reaction can be written in the form

<T = U’AP. (1)

Here <To is the total cross section for interaction of
the photon with a free nucleon with inclusion of the
nucleon motion in the nucleus (Oo, as has been shown by
Roos and Petersen, depends only weakly on photon
energy for Ey ^ 300 MeV); A is the number of nucleons
in the nucleus, and P is the probability that the reaction
will proceed by a given channel.

FORM NBS>418
(ACV. 7-l4*«4>
USCOMM»OC 26CIO«P64 PHOTONUCLEAR DATA SHEET 151

U.S. department OF COMMERCE
NATIONAL BUREAU OF STANDARDS



. BEF. V, V.

^ Phys.

METHOD

Verbinski and W, R, Burrus

Rev. i77, 1671 (1969)

EL EM. SYM. A

A1

REF. NO.

69 Ve 1

z

27 13

hmg

REACTION RESULT
excitation
energy

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN SPC thr-33 C 33 TOF-D 0-14 DST

Table II. (r^) remetiooB induced by 33-MeV end-point

tlMB-Urgat bcctnMtrmhhinK.

£r
ictooancc peal

Tarcet (MaV)
K

$
r*

(M*V)

ThreahoMa

(•y.a) (t.#b)

PAI ~u 55* 3.07 ±0.1 13.1 19.4 24.4

93* 3.07 ±0.1

• P*Pb ~I3 90* 1.30 ±0.1 8.0 14B 14B
141* 1.43 ±0.1

Mpb ~I3 90* 1.32 dbai 7A 14B H.2
141* 1.32 ±0.1

~I3 90* 1.66 ±0.1 7.4 11.

t

I4J

I4I» 1.47 ±ai

• from plo* at lmC4<S)/a$lC^3 vctme &

P'lO. 7. Evaporation-analysis

plots of neutron spectra from
(y,n) reactions. The logarithmic

plots of ^ (E)/(F./i*'“) show
moderately good straight-line

6ts. Values of T, the magnitude
of the reciprocal slope, are

shown. In some cases, T is

slightly Ugher at 90* than at
141*, indicating that a weak
component of direct emissions

is present. These are preferen-

tiaily emitted at 90*, the direc-

tion of the electromagnetic

field.
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Yu, P, Antuf'ev, V. L. Agranovich, V. G, Ganenko, V. S, Kuz'menko,
I» I. Miroshnichenko, and P. V. Sorokin

Yad. Flz. U, 1143 (1970); Sov. J. Nucl. Phys. 12, 627 (1971)

EL EM. 5YM.

A1 27 13

METHOD REF. NO.

70 An 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P RLY 88-999 C 999 TEL-D 80-265 DST

999 = 1140 mPV

and 285 MeV produced from C”, Al”. Ni”, and Ta'*' nuclei by pho-

fona with maximum energy 1 140 MeV. Only the statistical errors are

shown.

e./

jfj

fj

-
¥ r

.

•n i

i I It it Jtm ttmm m
4

FIG. 3

11

FIG. 3. Total cross section for proton production per nucleon.

Ey max * 1 140 McV. Dashed curve-theory from ref. II. _

K. S. Kolblg and B. Margolis, Nucl. Phys. 85 (1968).
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S. Costa, L, Ferrero, G. Garfagninl, L, Paaqual Inl, G.

and A. Zanlnl

Nuovo Clmento 72A , 517 (1970)

MCTHOO

Plraglno
A1 27 13

70 Co 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE range

G,P RLY 8-34 C -85 TEL-D 6-20 DST

ojl—i—1—I—<—I— ! --——'
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f -1 *1 I
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~
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i
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'
i
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'•

I
•! I "•*
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,AivV;r .

o|| *i
I

^

*
‘
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‘^fv4* *
*

*
‘

I 'i.

•Vl

33 -

t;

2 -

1—t- 1_J I I L

6 a 10 12 14 16 18 20

proton energy (MeV)
. I I I I . I 1 I I 1

22 24 26 23 30 32 34

photon energy (MeV)

Fig. 1. - Integrated yield of photoprotons from

*’A1 (bottom) and Legendre expansion coeffi-

cients o,, o,, Oj (top), as a function of proton

energy. The photon energy scale is drawn

according to ref. (*®).

Fig. 2. - Comparison among the stnie-

turcs observed in ’^Al pliotodisintogra-

tion: o) (y, Tn) total neutron cross-sec-

tion (ref. (•*)), b) (y, n) cross-acction

(ref. (*»)), fl) photoprotoii spectrum
(ref. (*•)), il) photoproton spectrum,

present work, e) photuprotoiis spcctmm,
virtual photons (ref. (*•)).

cosS

Fig. 3. - Quasi-dcutoron model, dotted

line, and one-particlo direct-interac-

tion, solid line, angular distributions

(calculated as described in the text)

fitting the experimental data for

G<£,<20MeV (bottom) and 12

<

<.B,<20M€V (top). The open circles

represent solid-state detector meas-

urements, the dots are data obtained

with the diffusion cloud chamber.

K- Shoda, T. Ishlzuka, K. Shimizu and M. Akashl: Joum. Phys.
Soc. Japan 1536 (1962).
20

W. K. Dodge and W. C. Barher: Phys. Rev. 127 , 1746 (1962).
28

S. Costa, L. Fetrero, L. Pasquallni and C. Manfredotti:
Lett. Nuovo Clmento 2, 318 (1969).
29

“
S. C. Fultz, J. T. Caldwell, B. L. Berman, R. L. Bramblett

and R. R. Harvey: Phys. Rev. 143, 790 (1966).
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L. A, Currie and R. H. Rodriguez- Basques

Nucl. Phys. A152, 49 (1970)

ELEM. SVM.

Al

A

27

Z

13

METHOD REF. NO.

70 Cu 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

type RANGE TYPE RANGE

G-T ABY THR-qO C 90 ACT-

1

4PI

Tabu 4

Bremsstrahlung-weighted and integrated (>>, t) cross sections (90 MeV)

”AI Zn Sn *“»Bi

ff-i(mb) 0.072 0.007. 0.06S 0.007,

<To(MeV • mb) 4.0 0.4s 3.8 0.4,

Fig. 3. Experimental (o) and statistical mode! (x) absolute phototriton yields (90 MeV). Yields,

expressed in terms of “eflcctive cross sections” (/ib), arc plotted versus mass number. Limits for th*

experimental yields represent ± one standard deviation; those for the calculated yields correspond to

limiting values for the level density parameter (— ) and for the photon absorption cross sectioa (c).
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C, B, Fulmer, K. S. .Toth, I. R, Williams, T. H. Handley,
G. F. Dell, E, L, Callis, T. M. Jenkins, and J. M, Wyckoff

Phys. Rev. C2, 1371 (1970)

ELEM. SVM.

A1 27 13

method «EF. NO.

70 FU 1 hmg

RESULT EXCITATION SOURCE DETECTOR
REACTION ENERGY TYPE RANGE TYPE RANGE

ANGLE

E.F RLY 999 D 999 ACT-D 4PI

Evidence of a fissionlike process for nuclides
with a mass < 35»

999 = 1,5-16.0 GEV
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TABLE I. Ratio of ylelda of noelldoo oaad to detormlaa Talaafl of K. ylelda Inelndo 4.0-h and 3.4-day **Sc*,

which for tho l.S-t 3U1-. aad 5.0-QeV data won aaaained to bo twleo tbo yield of **So*.

Eneriy
(GoV) Target NucUdea

Ratio of yloldo

(eaperlmeiital) K

l.S iron ”Cr/^*Sc 6.2 3 1.86

3.0 Iroa ••Cr/^'So 8.4 3 2.03

5.0 iroa »Cr/“So 5.96 3 1.83

16 Iron ‘•Ct/^^Sb 4.0 3 1.50

16 hrmlaum »Na/*r 3.7 3 1.64

0.33 areeofci (Halporaaf of

"'t.f'. '1

3.9

«^^^^|^*''*I^Slp'ern^"Rr^T^ebs^TjT'TT*Eisinge^'"^"wT"'Fair^TT^'*a^
H. G. Richter, Phys. Rev. ^7, 1327 (L955).
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J, iUirens, H. Borchert, H.B. Eppler, H, Ginnn, H. Gxindxrijm, P. Rlehn,

*G. Slta Ram, Zleger, and B. Ziegler

Elba-71, Tagungsbericht Elektronen Beschleuniger Arbelta Gruppen
rsept. 1971) Justus Lleblg-Unlversltat Giessen.

EUEM. SYM.

A1 27 13

i
METHOD REF. NO.

71 Ah 1 hmg

reaction RESUUT
EXCITATION
ENERGY

SOURCE DETECTOR
angleTYPE RANGE TYPE RANGE

G ,MIT-T ABX THR-150 C 10-150 MGC-D 4PI

fif . ^
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REF.
Yu. P. Antuf ev, V.’’.. Agranovich, V. B. Ganenko, V. S. Kuz menko,

I. I. Miroshnichenko, and P.V. Sorokin

Yad. Flz. 14, 898 (1971)

Spy. J. Nucl, Phys. l4, 502 (1972)
METHOD

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
angleTYPE RANGE type range

G.XD ABX 107-999 C 999 MAG-D Dsr

ELEM. SYM.

A1 27

REF. NO.

71 An 2

13

hmg

999= 1. 14 -GET"

FIG. 1 . Angular distributions of deuterons in (7, d) reactions in

nuclei for E® = 620 MeV (a-c) and E® = 1 140 MeV (d-k). The sUCisti-

cal errors are shown, a-g-angular distributions of deuterons with energies

of 90 MeV, h—k—with energy 160 MeV.
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S, Coata, L. Ferrero, L. Paaquallnl, and Manclnl
Letcere al Nuovo Clmento 665 (1971)

&I. CM. d f M. A

Al 27 13

CTHOO REr. NO.

71 Co 2 egf

reaction RESULT EXCITATION
energy

SOURCE detector
angleTYPE range TYPE RANGE

G,XN ABI 36-64 C 10-64 BF3-I 4PI

FAST N YIELD

'Igr 2. - Experimental photoncutron cron-aections integrated over photon energy between 36 and
4 3IcV and divided by NZIA arc plotted as a function of tho mass number. Black dots are total cross-

actions not corrected for neutron multiplicity; open circles represent fast neutron cross-sections (see

Bxt). The dashed lines are drawn only to guide the eye.

Ig. 3. — The ratio between < fast • and total photoneutron integrated cross-sections as a function of

he mass number A. The solid line represents a fit of the ratios calculated for some nuclei by taking

ito account the theoretical neutron energy spectra given by (Iabriei, and Ai^titu^R (*) and the etfl-

ienciss of our detector (see Fig. 1).
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V, DiNapoli, Asil. Lacerenza, F. Salve'tti, H,G. de Carvalho,
EL EM. SYM. A z '

J. Benuzzi Martins
i

Lettere al Nuovo Cimento _1, 835 (1971) Al 27 13
I

METHOD REF. NO.

t

71 Di 3
.

=s£ nil

' REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.NA22 ABY THR-999 C 300-999 ACT-I 4PI

G.NA2A ABY THR-999 c 300-999 ACT-I 4PI

999 = 1 GEV
9

r •

T'

? V

1 1

Fiv. 1. - OownectioB data for the "AKT) 2pnr*Na rcaetioa: opea circle*,Uwm etml. (*); triaacles,

Mahaikk (’); miunrcM, Kiiiuiciio and Korxmax (•); flllcd cliclc*. pnaent work. The itraicht line ia a
IcaMt-NqiiariM tit u( tho latter values.

R.A. Meyer, U*B« (falters, JeP. Hummel:
Nucla Phys. I22A

, 606 (1968).
7
A. Masalke: Journ. Phys. Soc. Japan,
12 , 427

( 1964).
g
B. Frlberg and B. Forkman: Annual
Report 1969 j

University of Lund,
Lund Institute of Technology (jan,70)

.

1 I

bremsstraniung or photon «oergy(GeV)

KUc, 2. - Thu Hmnotli curve (doHliod lino) la a pulynninlal lit of the data reported In 1. Tho hlatocnun

(full lino) rcprcauiita tho a, values obtained from the curve by means of the photon-dllTeronoe method.

F'iv. 3. - Cross-scetioii values for the ‘'AKy, 2p 3n)“Na reaction. Tho straight lino is a least-squares,

at of these values. 161
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„gp V. Di Napoli, D. Margadonna, F. Salvetti

J.B. Martins
Nucl. Inst. Meth. 77 (1971)

METHOD

H.G. De Carvalho,
EL EM. SYM. A Z

A1

REF. NO.

71 Di 5

27 13

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NA24 ABY 23-999 C 300-999 ACT-

1

4PI

The use of the ^^F(Y,n)^®F, ^^Al (y,x)^^Na , ^^^Au(Y,n)^^®Au, and ^^C(Y,x)^Be

reactions as absolute monitors for high-energy, high-intensity bremsstrahlung

beams is discussed. The cross sections per equivalent quantum and the absolute

cross sections, in the energy range 300-1000 MeV, are reported for these reactions.

19 18 27 24 12 7F(Y,n) F, A1 (Y,x) Na , and C(Y,x) Be reactions are proposed as very simple

and suitable systems for monitoring purposes.

Fig. 2. -^Al—.-^Na reaction cross sections per e.q. The straight

line is a least>squares fit of the experimental values.

Table 2

Energy ffq(mb)

(MeV)
2^Al-,^Na '•’Au—i®*Au*

260 270±I4
300 5.90±0.20 0.37±0.0I 258±13 0.37±0.0l

320 0.39±0.01

350 5.90±0.20 0.39±0.0I 0.38±0.0I

380 5.95±0.20 0.41 ±0.01
400 0.42±0.01

420 0.45±0.0I

450 5.95±0.20 0.48±0.0I 249±12 0.44±0.02

500 6.65 ±0.20 0.49±0.01

550 6.65 ±0.20 0.50±0.02 0.47±0.02
600 6.80±0.20 0.52±0.02

650 0.52±0.02 266±I3 0.47±0.02

700 7.20±0.30 0.56 ±0.02
750 0.55±0.02

850 7.60-0.30 0.60±0.02 246±12 0.49±0.03

900 0.59±0.02

1000 7.10±0.30 0.66±0.02 249±12 0.51 ±0.03

• The values given in the last two columns are, in most cases, an

average of two or more measurements (see tigs. 3 and 4).
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C. B. Fulmer, K. S, Toth, I. R. Williams, and G. F. Dell

Phya. Rev. CA, 2123 (1971)

EL EM. SYM. A

A1 27 13

METHOD REF. NO.

71 Fu 4 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,SPL RLX THR-999 D 999 ACT-I 4PI

(5 GEV) (5 GEV)

Measurement of F values (the ratio of
photodlslntegratlon to electrodlsln-
tegratlon cross sections).

999 = 5 GEV

TABLE I. Experimentally measured F ralnea for aer-

eral nuclides prodooed in Urgets bomlMirded with 5-GeV
electrons

.

Target Nuclide F

Aluminum «Na 2.410.4

Aluminum ’Be 3.310.S

Iron ”Mn 2.010.3

Iron «Cr 2.010.2

Iron «^So 2.410.4

Iron «Na 3.210.4

Tantalum ‘"M 2.010.3

Tantalum ‘"Lu 1.010.4
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I.A. Grishaev, A.N. Krlnltsyn, N.I. Lapin, V.I. Nikiforov,
G. D. Pugachev, and B. I. Shramenko

Yad. Pl2. 14, 35 (1971)
Sov. J. Nucl. Phys. 14, 20 (1972)

EL EM. SYM. A Z

A1 27 13

METHOD REF. NO.

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYPE RANGE TYPE RANGE

G,PI+ ABY 150-560 560 EMU-D DST

G.PI- ABY 150-560 560 QflJ-D DST

PI-/PI+ YIELD RATIO

CrtMS section for ptaotoproduction of r* and r* mesons for

Eo » 560 MeV
IQT** ew*

t «r • « isr

Ditaaf
wt t.T«
MMaV

OmM*.
Tf4«M(V

OweM* M

T«4«M*V r«MM«V

* <r- tt* ••

c
Al
Gan

si.4±as
414±IS
7MSI.6

»a±ij
aaa*j
n.a*M

2U±3
47J±4
9aau

r.s*zi
I7±4
ra9*7A
M±ias

36.8*26
76±S4
I.U±I0.S
3G9±27

*<2±3A
ai.5*8«
I70±I9

2E8±2.8
52*4.7

•M.$±I0 7

2M±2M 1lr»n rie*.e^

anicbl Une u the Uw. i-tf • 60*. T • 40 MeV; b-S - 1 20*. Mats:

O-T » 40 MeV, A-T - 65 MeV.

N/I

FIG. 3. r/e* yield nlio aa a fusctioe of

N/Z. a-d-60*,T-40MeV;b-d- 120*.

T - 40 MeV; c-d - 1 20*. T - 65 MeV.
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REF.

METHOD

G. J. Kumbartzkl, Ung Kim and Ch* K*

Nucl. Phys. A160 . 237 (1971)

Kwan EL EM. SYM. A

A1

REF. NO.

Z

27

71 Ku 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANCLE

TYPE RANGE TYPE range

G,SPL ABY thr-999 C 800-999 ACT- I 4P1

j
j

0^(A,Z) Kexp [PA-R(A-SZ+TZ^)®]
,
cross section per equivalent quantum. 999 = 2.1 GEV

2

03

02

03

02

1

3

2

I

f

i

[over]
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REF.

Tatsuya Salto

Bull. Chan. Soc. Japan 44 , 1800 (1971)

C.C &M. d r M. A

A1 27 13

METHOD REF. NO.

71 Sa 2 egf

REACTION
1

RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

6.NA24 ABX THR-250 G 20-250 Acrr-i 4PI

1

Fig. 3. Tlie yirld curvn for the rractioiis “Mg( r.p)-*X3,

•’AI-»”Na, and ‘HJ(/,n)“C as a monitor. •

•; “Mf<y,p)»*Na, Q; «Ai—“Na, : •*C(;-.n)‘'C

2S00 50 130 200

Photon energy (MeV)

Fig. 6. The exciution function for the reaction **AI-^*Na.
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: REF. V, G. Vlasenko, N. G. Afanas'ev, V« A,

j

and B. L. Kuplennlkov

j

Yad. Flz. 13 » 259 (1971); Sov. J. Nucl.

i__

METHOD

Gol'dshteln, S, V« Demencll, EUEM. SYM. A

Phys. 13, 144 (1971) A1

REF. NO.

27 13

71 VI 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 0-300 D 592- 999 MAG-D DST

999 = 1143
QUASIELASTIC SCTNG

J'.:

#iiiiiii(i h it

k 1 l‘
^ 1 . ^ . . .

-r
* t '
f;,r*

FIG. 2. Ratios of cross sections for scattering of electrons, /0|"
ami at the maximum of the continuum, as a function of
Hjuarcd momentum transfer. The solid lines arc the result of Fitting a

linear function to the experimental points, and the dashed linos corre-

spond to calculations using Eq. (S) for the cross section. The followl^
designations are used for the experimental ratios at the various initial

electron energies: *-592 MeV, 0-690 MeV, A-802 MeV, 0-969
McV. X ll4.tMev.

FIG. I . Cross sections for scattering of 690-MeV electrons by B“
(a) and Al” (b) at angles 17, 21, 27, 3S, and 40*, as a function of scat-

tered-electron energy. The dashed and solid curves have been calailated

from Eqt. (I ), (2), (4) and (IX (3). (4X respectively.

FIG. 3. Inelastic electromagnetic form factors of B". Al’*, and Si^,

NvclMt

Quiudjktic dcctrufiBcaiUffing
tuuic dccuoa measured in the region of the continum. The dashed curves are the re-

L'aiuiinc suit of a Calculation based on Eqs. (2X (7X and (8X and the solid curvesPamU pnAcipla not (Jlcm

info account
Pauli priiiciplc takea into account

^ M,V/c W-l F
xa

<rh''\ F F
oueo on cqs. K’>h\.fh ^<1 lo).

p«. M«V/c

Al»
ISO^kS
14S4:A

t.6
1.*

2,07+0,07
2,39H;0,07

1U.(;S
149 14

t.s
1.2

2,0t t0,07
2,33jb0.07

2,42+0,12 1«*)

2,96 +0,09 (uj
123+6
il4+»
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H. J. Von Eyas, H. Schler, and B. Schoch

£L£M. SYM. A z

Elba-71, Tagungaberlcht Elektronen Beschleunlger Arbelta Gruppen
(Sept. 1971) Justus Lleblg-Unlversltat Giessen, p. 391 Al 27 13

METHOD REF. NO.

71 Vo 1 hmg i

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle iTYPE range TYPE RANGE

E.N ABX THR-266 C 150-266 TOF-D
s

90

See over for figure.
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v

I
5
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J Abrmnm, H, Borchert, E, B. Eppler, H. Glmm, H, Gundrum,
P, Slt» RABy A. ZlegOTy H,. Kronlng, B, Zleglar

Froe. Incernaclonal Gonferencs on Nueloar Striictura Stndlaa
Ualng Bleetron Scattering and Fhotoreactlon, Sendai, Japan
p. 213 (1972)

EL CM. SYM. A

A1

REF. NO.

27

z

13

72 Ah 7

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TVPC RANOe TYPE RANCE

GyMOT AB2 10-140 C 140 MSG-O 4PI

595

Pig. 9. Total nuclear cross-
sectlona for AL.

• NBS !ii3SM.V, a k> 3S M.V, o hiK.MaV

Pig. 11 Integrated orosa-seotione
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HEF.
G. Andersaon, I. Blomqvist, B. Fdrkman, G. G. Jonaaon, A, Jarund

I, Krooxif K. Llndgren and B. Schrodor
*

Nucl. Phys. A197 . 44 (1972)

CLEM. SVM.

A1 27 13

METHOD REP. NO.

72 An 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPS PANOK TYPE RANGE

G.PI+ ABZ 1- 7 G 1-7 Acr-i 4PI

G.2PN ABX 1- 7 C 1-7 Acr-i llPT

Fig. 16. Yield and cross section for the *''Al(y,»+)*’Mg and ”Al(v, 2pn)^-‘Na reactions: o this

work, • data from refs. “• data from ref. *•). data from ref. and v data from ref. *).

G. Kumbartzkl et al. , Nucl. Phya.
A160 (1971) 237.

I. Blomqvlat et al. , Nucl. Phya.
A162 (1971) 193.
27

B. Prlberg, Lund, private coma.
28
A, Maaalke, J. Phya. Soc, Jap. 19

(1964) 427.
29
V, dl Napoli et al. , Nucl. Inatr.

93 (1971) 77.
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Tabu 6

Partial reaction cross sections relative to the total photoabsorption cross section, a/Otst (in %)

Reaction 0.3 GeV 1.0 GeV 5.0 GeV

**C(y,n) 10 ± 5 6.8± 3.4 0 ± 5

-^Al(y,n*) 0.2± 0.1 0.1 ± 0.1 0.04± 0.02

(y. 2pn) 1.7± 0.9 1.5± 0.8 1.7 ± 0.6

‘>"I(y,3n) 1.6± 0.8 0 ± 3 5.5 ± 2.8

(y. 6n) 0.9± 0.5 1.2± 0.6 1.5 ± 0.8

(y. 7n) 0.9± 0.5 0.5± 0.3 0.1 ± 0.1

(y. 8n) 0.7± 0.4 0.6± 0.3 0.4 ± 0.2

(y, 9n) 0.3± 0.2 0.2± 0.1 0.5 ± 0.3

S(y, xn) 4.4± 2.2 2.6± 1.3 7.8 ± 3.9

(y, p5n) 1.7± 0.9 1.7± 0.9 0.9 ± 0.5

(y. P7n) 1.9± 1.0 2.1± 1.1 0.9 ± 0.5

(y. p9n) 1.6± 0.8 1.6± 0.8 1.3 ± 0.7

S(y, pjcn) 5.2± 2.6 5.4± 2.7 3.1 ± 1.6

(y, 2p3n) 0.6± OJ 0.3± 0.2 0.3 ± 0.2

(y, 2p5n) 0.5± 0.3 0.6± 0.3 0.8 ± 0.4

(y.2p7n) 1.3 db 0.7 1.0± 0.5 0.4 ± 0.2

(y.2p9n) 1.1± 0.6 1.7± 0.9 2.4 ± 1.2

(y,2pl0n) zn± 1.4 1.9± I.O 5.0 ± 2.5

ZO', 2pj:n) 6.3± 3.2 5.6± 2.8 8.8 ± 4.4

(y, 4pl2n) 1.5± 0.8 2.4± 1.2 2.0 ± 1.0

(y, 4pl4n) 0.8± 0.4 1.9± 1.0 2.5 ± 1.3

(y, 4pl5n) 0.4± 0.2 0.6± 0.3 1.5 ± 0.8

I(y, 4pxn) 2.7± 1.4 4.9± 2.5 6.0 ± 3.0

(y, 6pl7n) 0.5± 0.3 1.5 ± 0.8

(y, 6pl8n) 0.1± 0.1 0.2± 0.1 0.1 ± 0.1

-(y. 6pxn) 0.1 ± 0.1 0.7± 0.4 1.6 ± 0.3

(y, 8pl8n) 0.8± 0.4 2.3 ± 1.3

-(y.yp^n) 19 ±10 20 ±10 30 ±15

*”Au(y, 3n) 0.9± 0.5 2.2± 1.1 1.5 ± 0.8

(y. 7n) 0.8± 0.4 1.3± 0.7 2.4 ± 1.2

(y. 9n) 0.8± 0.4 0.6± 0.3 0.3 ± 0.2

(y, lln) 0.4± 0.2 0.9± 0.5 0.3 ± 0.3

^:(y.jfn) 2.9± 1.5 5.1± 2.6 4.6 ± Z3

Au(y, f) 1.5± 0.4 2.7± 0.7 6.9 ± 2.0

Pb(y.f) 3.1 ± 0.8 6.9± 1.7 17 ± 5
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D. Hlramatsu, T. Kamaet H. Itjramacsut EC. Nakamura, N.

and Y. Watase
PIGNS-72, p.429 Sendai (see 73Hi5)

METHOD

Izutsu, EL EM. SYM.

A1 27 13

REF. NO.

72 Hi 8 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

E.E/P NOX 0* 60 D 700 MAG-0 Dsr

*SEP ENERGY RANGE

i

Fig. 6. The separation energy of

Is and Ip states as a function of

the mass number.
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REF. V, P. Kovalev, V.P, KharIt a, V.V. Gordeev, V.I, Isaev (USSR)
Atomnaya Energlya 496 (1972)

EL EM. SYM.

A1 27 13

METHOD REF. NO.

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE range

G.N NOX 13- 22 G 22 THR-I DST

Mn-
UlCHb

3kpP-
rtin

3.ii.nvo

TpO-
noa.
Mm

JtercK-
TOP

yroii, zpaO

b/a

30 SO 70 90 110 130 ISO

Al

22,5 P31(r.P) 1,05=0,08 1,03±0,08 0,97±0,03 1,0±0,08- 0,98=0,08 1,02±0,08 1 ,04±0,08 ll30Tpon>
noo

22,3 AI”(k,p) 0,00±0,15 0,93=0, 15 1,02±0,15 1,00=0,14 0,OG±0,13 1,07±0,13 »

Ti

22,0 (/». P) 1,0-1±0,07 0,9G±0,07 l,03±0,07 1,00±0,07 0,98=0,07 1,05±0,07 1.03±0,07 »

22,5 Al” (n, p) 1,06±0,13 0,94±0,I3 1,04±0,12 1,00±0,12 0,93±0,11 0,98±0,11 1,02=0,10 *»

Cu

12,8 l’3l (n,p) 0,97±0,10 l,0i±0,10 1,02=0,10 1,00±0,10 1,01±0,10 0,90±0,10 0,9G±0,10 »

17,0 {n, p) 1,03±0.07 0,"07*0,07 1,00±0,07 1,00=0,07 1,0G±0,07 0,95±0,07 0,83=0,07 »

22,5 (n,p) Qf87-H0.05 0,94=0,05 0,97±0,05 1 ,00^0,05 0,99±0,05 0,93-f~0,Q«> 0,9I±0,05 0,18±0,0-1

22,5 Al”(«, p) Q|75-rr0 ,09 0,SGi0,07 0,9G±0,0G 1 999:t0 ,05 1.02=0,05 0 ,91±0 , 0-1 jo
,90=0 ,01 jO ,28=0 ,00

Mo

22,3 pai (n, p) 0,90±0,05 0,93±0,05 0,93±0,05 1,00±0,05 0,99±0,05 0,92=0.05 0,Sl±0,03j0,21=0,ai

22,5 Al”(/i,p) 0,80=0,08
j

0,93=0,08 0,05±0,07 1,00±0,0G 0,91=0,05 0,83±0.04jo,72±0,0ljo,44=0,0s

22,5 Al-^ (n, a) 0,72=0,08 0,84=0,03 0,39=0,08 1,00=0,08 0,05=0,03 0,87=0,08 l0,C3-i-0,0S';0,78-0, IS

W
22,5i p3iK/>) 0,85=0,0-1 0,00=0,04 0,93=0,04 1,00=0,04 0,93=0,04 0,92±0,04 jo.OS7±0,04jo,25±0,04

22,5 Al”(.i,p)i0,78±0,0C 0,S-1±O.OG 0,S0±0,05j l,Q0±0,05 0,97=0,01 0,SG=0,04 0,75=0,04|0,54-0,00
1

“

Pb
22,5 P=*i(/i,p) 0,70=0,04 0,85=0,04 0,9G=0,04 1,00=0,04 0,93=0,04 0 ,SS=0 ,01 [o,S4±0 ,04|0 ,3G=0 ,05

22,5 Al”(«,p) 0,70±0,09 0,81=0,03 0,94=0,07 1,00=0,00 0,94=0,06 0,80=0,05 0,69±0,05j0,69±0,I2

(over)

F^ORM NSS*418
(REV. 7*f4«e4>
USCOMM-N8S-OC PHOTONUCLEAR DATA SHEET 1 75

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



%

/,2

1,0

0,8
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1,0
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1,2

1,0

0,8

1,2

1,0
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1,2

1.0

0.8

1,1

W
4fl[-

4^—i—
I I I I I I I

30 50 W 90 110 130 150

8, zpad

Vrjioniiie paenpejiemiiMa Cuerpux jiOTOHcrirpoHOB iia Al, Ti, Cu,
M((, W. I’b, o&RyvnrMux ueicrpoiiaMii c anepnici'i 23,» Ham. Actck>
TOP (M, /») Si**.
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V.I. Noga, Yu. N. Ranyuk, P.V. Sorokin, V.A.

Yad. Flz. 14, 904 (1971)

Sov. J. Nucl. Phys. lA, 506 (1972)

METHOD

Tkachenko

ELEM. SYM.

A1 27 13

REF. NO.

72 No 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,PI+ * ABX 150-999 C 150-999 ACT-I 4PI

E,PI+ ** RLY 150-999 C 150-999 ACT-I 4PI r'

<

* 999=1. 2 GEV
** 999=1. 2 GEV RLY TO G

HG. 2. Yields ofC" and Mg^'’ activities from B" and AP'' targets.

Points: 0-B"(7. »")C" ; A-A1”(t, ir*)Mg*’. The dashed curves are

the corresponding background activities.

•q/».

FIG. 4. Cross section per real photon <r<UEy) for the reaction Al*'’

(t. »*)Mg*'’. Curves: dashed-theory (’1, solid-experimental data (’J.

Points •-experimental data of the present work, points with error

bars-experimental data of Walters and Hummel.
HG. 5. The ratio as a function of electron energy. Solid

curves—theoretical results; points-vahtes obtained experimentally for ^

the reactions: t

o - B“ C -
t

\

I

I

i

^G. Nydahl et al. , Nucl. Phys. B7 « 97 (1968).

^W. B, Walters et al. , Phys. Rev. 143 . 833 (1966).
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Y. Oda, M. Rondo, and H. Hirabayashi

J, Phys. Soc. Japan 3^, 869 (1972)

EL EM. SYM.

A1 27 13

METHOD REF. NO.

72 Od 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

P,G ABY 9- 11 0 1 NAI-D DST

758

Fig. 6. E.xciintion functions of tlic ="Mgr/>, ;)=^AI reactions. Tlie data with low backgrounds in the

region of MeV arc that revised witlt tlio new macliine in the text.

•* (2J 1 1)
^^F8)*7'(ro)
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REF.

METHOD
i

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

;TYPE RANGE TYPE RANGE

G^GZ SPG 0-14 C 14 SCD-D
. 87

!

Table 3

Gamma-rays resulting from the photon bombardment ofan Al target

Observed Relative Transition

(MeV) peak intensity

^P.M. Endt et al. Nticl, Phys. A105 .

(1967)1.

®P.M. Endt et al. Nucl.Phys. A105
(1967) 1.

^W, Bohne et al, Nucl. Phys. A131
(1969 ) 273.

van der Leun et al. Nucl.Phys. AlOC

(1967) 316.

Table 7

Excitation energies and ground state transition widths obtained from the ^''Al(x,y')^^^i reaction

Excitation energy (keV) /•

•

(2/-rl)r^ (eV) *)

present

work
previous

work
present

work
previous

work

3955=6 3955.9=1.3*) (!)*• 1.0 2.1 ±0.5
4409=3 4409 ±2 *) (i)* 0.55 •) 1.44±0.18*)
6654= 5 6653 ±3 *) (i) ') 0.85=0.05 ') 3.2±0.4
6826= 5 6831 ±2 •) 1.0 2.4±0.4
7419 = 6 1.0 4.0±0.6
7486= 6 (}.i) 0.32=0.04 8±2
7591 =6 0.50 ±0.08 3.4±0.9
8042±6 1.0 6.0 ±1.0
8447= 8 1.0 6.0 ±1.0 •)

8696i 8 (i. i) 0.32 ±0.03 20 ±4 •)

9604= 8 9599 •) (i) *) 0.25 •) 8 ±3 *)

9842 = 8 9838 •) 1.0 2.7±1.0*)
9966= 8 9961 •) (1. D* ') 0.21 ') 25 ±6 •)

’) The branchings are obtained from the relative intensities observed at the scattering angle of

87*
*.

The elTect of the angular distribution of the y-rays is. not taken into account.
•) The error for (Z/+l)r^o includes the statistical error. An estimate of the uncertainty

associated with the shape of the incident bremsstrahlung is not included.

') Ref. *).

*) Ref. ’*).

•) Ref. •); this value was used for the normalization of ^’Al(y,y')*’AI intensities in the present

work.

') Ref. ”).

•) The value given is not the (2J+l)r.,0 but the (2J-i- i )r^0ry/r value.

*) The value of (ZZ+Or^r./r from ref. *) has been used to estimate the value of (IZ-f- ur^.

3.96 D.S. F 32 ±6 3.96 — 0

4.41 D. F 9 ±3 4.41 0

6.47 D.S 8.2±0.8 7.49 1.01

6.58 D 2.8 =0.8 7.59 I.OI

6.65 D, S.F 8.3 =0.8 6.65 — 0

6.83 D 5.9 =0.7 6.83 — 0

7.42 D. (S). F 6.9 =0.7 7.42 — 0

7.49 D.S 39= 0.7 7.49 — 0

7.59 D 2.8 =0.6 7.59—0
7.68 D.S 9.4 =0.7 8.70 — 1.01

8.04 D. S, F 6.9 =0.7 8.04 — 0

8.45 D. (S> 5.3 =0.6 8.45 — 0

8.70 D,(F) 4.4 =0.6 8.70 — 0

9.60 D l.0±0.4 . 9.60-0
9.84 D 1.1 ±0.4 9.84-0
9.97 D 2.2 ±0.5 9.97 — 0

EL EM. SYM.

Al 27 13

REF. NO.

72 Sh 2 egf

N. Shlkazono and Y. Kawarasakl
Nucl. Phys. A188 . 461 (1972)
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REF. J. Ahrens t H. B. Gliasy H^,6undrum> ^£ Kronlhg,'
P. Rlehn, 6. 9itslt^, A. Zleger^ and Bv Ziegler

PICNS-73, Vol.I, p;23*Asllcouur-u.r- -

CL El*. $VM.

A1 27 13

METHOD REF. NO.

73 Ah A. hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,M0-T ABX 10-140 C 140 m;c-D 4PI

Statistics ma7 have been improved over those of 72Ah7.

See figure on other side.
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_A6/ mb

g, 6.- Saiae as Pig. 2 for Al.
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^ M.N. Thompson et al., NucL. Phys.

486 (1965)

Fig. 3 2®Si and [(Y,n) + (Y,pn>l

sections compared to ^^AL(p,Y^)^ Si

measured by Singh.®

S p^p, Singh ec al., Nucl. Phys. 577

Fig. 13 Integrated photoneutron cross-sec-
tions for s-d shell nuclei.
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V. dl Napoli, P. Salvettl, M. L. Terranova, H.G.

and J.B. Martina
Phya. Rev. C8, 206 (1973)

MBTHOO

de Carvalho,
EUEM. SYM.

A1 27 13

REr. NO.

73 Dl 4 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.SPL ABY THR-999 C 999 ACT-I 4PI

999 » 1 GBP

MASS NUMBER A

nc. 1. 'Helds of radionuclides observed In a thin

aluminium target Irradiated with 1-GeV bremsstrahlung
versus the mass number, Is Qie difference between
the atomic number of the target nucleus (Z =13) and the

atomic number of the produced radionuclide.

G. Anderson et al. , Nucl.Phya. A197,
44 (1972).

V, dl Napoli et al. , Nuovo Clmento 55B.
95 (1968).

r

A. Masalke, J. Phys. Soc. Japan 19. 427
(1964).

—

’

MASS NUMBER A

FIG. 3. Yields of and ^Be versus the mass number
of the target nucleus. Filled circle: Ref. 16. Filled

triangle: Ref. 17. Filled square: ReL 8. Open
circles: present work. Reversed open triangles:

'Be, present 'woxIe.
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REF.

V. diNapoll, A.M. Lacerenza, F. Salvettl, S.M. Terenzl,
H. 6. deCarvalho and J. B. Martins

J. Inorg. Nucl. Chem. 1419 (1973)

ELEM. SYM. A

A1 27 13

METHOD REF. NO.

73 W 12 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

G.F18 ABY THR-999 300-999 ACT-I ML

999= 1 GEV

ptioten energy <GeV)

Rg. 4. Average absolute cross-section vs photon energy. Dashed line: Masaike(10].

Full line with dashed areas: present work (the dashed areas represent the error which

affects 5y. The smoothed curve (full line) represents the trend of the cross-section for

both single and double pion photoproduction (1 1,13].

Fig. 3. Cross-section per equivalent quantum vs the natural log of the bremsstrahlung

maximum energy. Full circles and dashed line: Maaaike[IOj. Open circles and full line:

present work.

10

11

13

A, Maaalka, J. phys. Soc. Japan 4^ (1964)

J.T. Beale, S.O. Ecklund, K. L. Uklker, GALT-68,
108 (1968).

C.E. Rooa and 7.Z. Peterson, Phys. Rev. 124 .

1610 (1961).

Fig. 5. R(E») vs the bremsstrahlung maximum energy. Experimental points were fitted

by the least-squares method by polynomials of the form the highest power of SHEET 1 84
£, was determined from observation of the probability of the fit for different values of i.
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REF. P. Doogan and W. Stlefler
Z. Phyalk 1 (1973)

EL EM. SYM.

AI

A

27

z

13

METHOO REF. NO.

73 Do 9 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANQK TYPC RANGK

ABY 88-400 C 400 TKL-D Dsr

Table 6. Aluminium. Bremsstrahliing endpoint energy: 400 MeV. Diffcrcntial cross-

sections in microDams/stcrraa ‘ Me v * cq
.
quantum, i^^uotcu errors : statistical in percent

Energy Angle

22 30 40 50 60 74 90 no

812 6.81 6.03 5.17 4J2 3.51 181 118 1.74

Z3 2.0 1.9 1.7 1.8 10 1.9 20

100.1 5.76 4.53 3.79 3.27 159 1.99 1.52 1.12

2.8 2.5 14 12 13 16 15 3.0

104.9 4.71 128 1.83 1.43 0.966n 17 11 10 3.1

106.9 4.22

2J

110.6 3.15 144
14 12

117.1 4.09 3.26 171 124 1.87 1.47 0,932 0.708

4.4 4.2 4.1 4.0 4.1 4.3 4.3 4.7

127.6 3J3 1.67 1.23 0.866 0.586

4.1 30 17 18 4.1

129.4 Z64
3.4

13Z8 109 1.74

3.1 17

148.9 Zll 1.05 0.798 0.469 0078
6.7 40 3.5 3.9 60

150J 1.76

4a

153.4 1.37 1.08 15

33 3.6

169.8 1.53 U6 1.09 0.971 0.784 0.512 0082 h a
63 Z6 4.6 18 18 30 5.7 SP

CD
UJ-
•o

186.8 1.16 0.976 0.865 0.643 0.512 0.285 0.168 S 10

7.8 3a 5J 3.6 3.7 4.7 7.8
Q

203.7- 0.829 0.710 0.612 0.443 0.296 0.174 0.0654

f
$
b

o
9.5 3.7 6J 4.3 4.3 6.0 114 UJ 4 1 Ep = 200MeV .

222.4 0.568 0.557 0.421 0.346 Ct 5

5.7 5.1 5.1 6.5 •o is I Ep=150MeV
^

238.8 0.451

6.6

0.400

5.3

0.290

6.4

0036
7.9

n

Ep = lCX3MeV

255.1 0.331 0034 0.161 0.137 c 20 40 60 80
7.6 9.1 8.5 10.3 Atomic number

Fig. 6. The ratios of the experimental cross*sections at 40 and 90 degrees for selected

proton energies as a function of atomic number

(over)
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Fie* 9. In tbls fleure, the straight lines show the experimental cross<$ectlons at 40*

and 74* for £“^=» 150 MeV. The other curves arc the same cross-sections divided by
atopic weight

Fig. 8. Experimental cross-sections at various angles for £‘pSl50MeV divided by
NZIA plotted as a function of atomic weight
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REF. H. J. von Syss and 6. liihrs

2. Physlk 393 (1973)
EL EM. SVM.

AI 27 13

METHOD REF. NO.

73 By 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TVPC rangk TYPE range

6.XN SPC THR-23A C 234 TOF-D 90

Fig. 8. Comparison of the shape of the high-energy part of the photoneutron spectra

from C, AI, Cu, Cd and Pb. These measurements were performed with the same
y-shower spectrum, produced in a 0.3 cm thick lead sheet (see Fig. 2b). All spectra

were fitted to the value for carbon at £,= 100 MeV. Tlie values predicted by a quasi*

deuteron model (solid lines), which are also fitted at f^slOO MeV, were calculated

with the parameters (defined in the te.xt): £»=— lOMeV, £„j„=30MeV and
C'2,3:19.0 for different impulse parameters a=:100, 120, 140, 160 and 180MeV/c

Fig. 9. Dependence of the production cross section on the mass number A with the

neutron energy as parameter, measured at £,=234 MeV. The y-quanta were produced
in a 0.3 cm thick lead sheet (see Fig. 2b) in front of the target of mass numba A. The
solid lines are fit curves through the measured values. The dashed lines are values

calculated using a quasi*deuteron model with the parameters (defined in the text):

£j= — lOMeV, £^,11=30 MeV, a=140MeV/c and C'£=19.0. The dotted curve

represents the dependence NZIA, fitted at /(= 12. The error bars correspond to the

statistical error

NEUTS B ABV 12 MBV

(over)
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Fig. 10. Neutron yield from targets of mass number A relative to carbon, measured at

E,= '2M MeV. The target arrangement is that of Fig. 2b. The solid lines are fit curves

through the experimental values. The dashed curve shows the energy dependence of

the ratio of the nuclear absorption factors /,(Pb)//a(Q, taken from Fig. 6. The error

ban correspond to the statistical error
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B. Frlberg, I. Blomqylst, and B. Forkman
Z. Phyalk 262 . 255 (1973) EL CM. SYM.

A1 27 13

METHOP REF. NO.

73 Fr 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.PI+ ABX 150-800 G 250-800 AGT-I 4PI

Measured range of Mg-27 recoils. lC-27 ACT

Fig. 5. The calculated cross-^ecdons for the reaction ^Al(y, from this work

(curve a) compared with the calculations in [2] (curve b) and the experimental cross*

sections from [2] (histogram) and [3] (open circles). Calculated cross-sections refer to

one available nucleon, experimental data are normalized with the factor 5.4 from [2]

^lomqvlst ,1.

193 (1971).

Nydahl.G. Forkman ,B. : Nucl. Phys. A162 .

PORM N8$-41t
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A. Jarmid, B. Frlberg, and B. Forkman
’ef. z. Phyalk 15 (1973) EL CM. SYM.

A1 27 13

MCTHOO REF. NO.

73 Ja 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOK TYPE RANOe

G,NA24 ABY THR-999 G 100-999 ACT-

1

API

999=1 GKF

Fig. 1

Fig. 1. The detennined yield for the reaction ”Al-» ^Na (filled circles). Dashed line

represents the yield arising from low energy processes, open circles give the difference

between the detennined yield and the yield from low energy processes. Solid line gives

the least-squares fit for the a determination

Fig. 7. Mean cross sections for ^Na production as a function of target mass number.
Present work filled circles. Noga et al. [3] open triangles, Kumbartiki et at. (13J cross
and Korteling e# of. [1] 400 MeV protons open circles. The solid line gives the mean

cross sections calculated by Jonsson et al. [17]

^Korteling, R.G. et al. , J. Inorg.
Nucl. Ghent. 2863 (1967).

3
Nbga, V.I. et al. , Sov. J. Nucl. Phys.

9, 637 (1969).

13
Kumbartzkl, G. et al. , Nucl. Phys. A176 .

23 (1971).

Jonsson, G.G. et al. ,
LUNP7212, Oct. 1972,

to be published in Physica Scripta.
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REF.

T.

J.

METHOD

Salto
Phys. Soc. Japan 35 , 1 (1973) A1 27 13

REP. NO.

73 Sa 14 egf

- EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,G LBT 3 G 5 NAI-D 120

Self-absorption measurements 3=2. 98

The bremsstrahlung beam from a 5 MeV electron linear accelerator was

used to excite and study low-lying levels in ‘Li. “B and sfAl. A self-absorp-

tion method was used to find the widths F of these levels. The following

level widths are obtained; r= (6.5^J;l) eV for the 3.56 MeV level in ‘Li;r=

(0.23* 0.09) eV for the 2.12 MeV level, and T =(0.53 + 0.21) eV for the 4.44

MeV level in “B. For the 2.98 MeV level in *^A1, the level width is found

to be /’=(0.10±0.04) eV assuming that the lower energy member of the

doublet at 3 MeV is excited.
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P. David, J. Debrus, F. Lubke, H. Mommsen, R.

and 6. Stein
Nucl, Phys. A221 , 145 (1974)

METHOD

Schoenmackers

,

tiU £.M. la YM. A

A1 27

REF. NO.

13

i

74 Da 2 egf

REACTION RESULT
EXCITATION SOURCE DETECTOR
ENERGY TYPE RANGE TYPE RANGE

ANGLE

G.P ABY 12-450 c 450 TKL-D 90

G,T ABY 23-450 c 450 TEL-D 90

G,HE* ABY 34-450 c 450 TEL-D 90

G,A ABY 20-450 G 45Q TH.-D 90

*HE=HE3

S:

He from the target nuclei "**Ag, ^®^Au.

I

(over)
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Fig. 6. Experimental data with statistical model calculations for the reactions ’^AI(y, p) and
*®Ca(y, p). Broken line for £y"“‘ =» 50 MeV (calculation). Full line for = 450 MeV (fit).
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REF.

V. DiNapoli and M.L. Terranova
J. Inorg. Nucl. Chem. 36, 3633 (1974)

&<vi. r r

A1 27 13

METHOD REF. NO.

74 Di 7 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.3P3N ABY THR* ] C -300* 1 ACT-I 4PT

V. di Napoli, A.M. Lacerenza,
F. Salvetti, H.G. de Carvalho,
and J.B. Martins, Nuovo Cimento
Lettere 1 , 835 (1971)

.

18
V. di Napoli, D. Margadonna,

F. Salvetti, H.G. de Carvalho, and
J.B. Martins, Nucl. Inst. Meth. 93 ,

77 (1971).
20

V. di Napoli, F. Dobici, 0. Forina,
F. Salvetti and H.G. de Carvalho, Lett.
Nuovo Cimento 55B , 95 (1968)

.

di Napoli, Nucl. Inst. Meth. 69 ,

155 (1969).

^^V.I.Noga, Yu.N. Elanyuk, P.V. Sorokin,
and V.A. Tkachenko, Ukrainian J. Phys.

16, 1850 (1971) in Russian.

1=1 GEV

Fig. 1. Cross section per equivalent quantum <Tq vs the

bremsstrahlung maximum energy. Curve a is an eye-ht of

the present work values (open circles) .^or the reaction

^^Natv, 2p3»t)'’F. Curve b is an eye-fit of the present work
values (open triangles) and the values taken from Ref. [2]

(filled triangles) for the reaction "’Ally. 2p 3n)’^Na. Curve c

is the best-fit ofthe present work values and values taken from

Refs. '18. 20-22' for the reaction ‘'Clv- 2p 3n)'Be; for the

sake of simplicity, experimental points have not been

reported. Curve d is an eye-fit of the present work values

(reversed open triangles) for the reaction “0(v, 2p3n)“C.
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V.I. Noga, Yu.N. Ranyuk, and P.V. Sorokin
Yad. Fiz. 19, 945 (1974)

Sov. J. Nucl. Phys. 19 , 484 (1974)

ELEM. SYM. A

A1 27 13

REF. NO.

74 No 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N2P RLX THR-999 C 300*999 ACT-I 4PI

E,N2P RLX THR-999 C 300*999 ACT-I 4PI

*999“1.2GEV, E/G

Tlie induMd-Mtivity method his been used to study the ratio of the ctom sections fw pho^ ind

electrodisintegratioo of nuclei for the reactions *’A1—•**Na tnd ‘^’Cu—»**Co in the energy interval

300-1200 MeV. The results of the measuienieBts ate compared inth calculations with various

assumptions regarding the spectra of virtual and real photons,

FIG. 4. The ratio oQ/oe
as a function of Eq for various

reactions. Points: +—’’aI -*

="Na;®-“-«Cu-*5»Co.
Tliese points represent the

data of the present work
and of ref. 3. The other

designations are given in

ref. 9.

FIG. 1 . Target activity as a function of radiator thickness.

PoinU: o-Eo = 800 Mev, +- 1 1 70 MeV. e-600 MeV.
FIG. 2. The ratio OQ/oe as a function of electron energy Eo-

PoinU: o-J’Al -* ^‘Na; •-“•«Cu - **Co. The thin vertical Une shows
the data of ref. 4, and the heavy vertical line with end bars shows the

data of ref. 5. The curves ate theoretical.

Noga^^., Ukr. Fiz. Zh. IJ, 2003 (1968).

^F.D.S. Butement, H.M.A. Karim, U.V. Ifyint, and M.B. Zaman,

J. Inorg. Nucl. Chem. 33 , 2791 (1971).

^C.B. Fulmer, K.S. Toth, I.R. Williams, and G.F. Dell,

Phys. Rev. C4 , 2123 (1971)

.

^G.G. Jonsson and K. Lindgren, Physica Scripta 7^, 49 (1973) .
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H. Tsubota, N. Kawamura, S. Olkawa, and K. Shoda

REF. J. Phys. Soc. Jap. 37 , 17 (1974) CL CM. SYM.

A1 27 13

METHOO RKF. NO.

74 Ts 4 egf

REACTION RKSUUT
EXCITATION
ENEROV

SOURCE DETECTOR
ANCLE-

F,P ABX CM00 D 16- 26 MAG-D 90

540o|.

470ol- PfJOTON SPECTRA

Fig. I. The proton energy spectra for -^AI(e, e'p)

'“Mg reaction at 90“ with a thick target (7.59

mgycm*). The arrows in the each spectrum

indicate the ma.\imum energies for po pr and

P;- protons and photoalphas.

1 Fig. 4. Tlie differential cross- section for

;

-'Al(r, p(i)-’Mg reaction at 90® which was ex-

1 tracted from proton energy spectra of a thick

target.

Fig. 6. A comparison of the structures for

the "Al(r. Pol'^Mg. "AKr. pPMg (ref. 15).

"Al(r, n)=»Al (ref. 14), ”Al(p, ro)"Si (ref. 2) and

’^Si(r, n)^Si (ref. 16) reactions. The (p, To) cross

section is that smoothed by using an averaging

interval of 600 kcV.

Fig. 5. The differential cross section for the

-^AKt. pi)“Mg reaction at 90’.

(over)
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Table I. The integrated differential cross sections (MeV-mb/sr) at 90*.

s

—

fdo(^
) dfl

mm

R

='AI

a)

25.5
0.45±0.06

14.5

26.0
0.92±0.21

16.1

b)

23
7.69

0

0.05

:‘Si

c)

23.2
4.68

0

b)

23
11.15

0

0.42

• The subscripts and superscripts in the value of this column give the limits of integration in MeV.

>• R is defined as .

a) Present data.

b) Deduced ftom the (r, p) cross section by ref. 15 assuming an isotropic angular distribution.

c) Calculated from the data of ref. 2.

2

P.P. Singh et al., Phys. Rev. Lett. 13 ,

2

P.P. Singh et al., Nucl. Phsy. 6^, 577 (1965).

14

S.C. Fultz et al., Phys. Rev. 143 , 790 (1966).

15
K. Shoda et al., J.Phys.Soc. Jap. 17 , 735 (1962).

16

J.T. Caldwell et al., Phys. Lett. 6_, 213 (1963).
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REF.

A. Veysslere, H. Bell, R. Bergera, P. Carlos, A, Lepretre, and
A. De Mlniac

Noel. Phys. A227 , 513 (1974)

ELEM. SYM.

A1 27 13

method REF. NO.

74 Ve 1 egf

REACTION
1

RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N * ABX 13- 31 0 13- 31 m-i 4PI n

G.2N * ABX 24- 31 D 24- 31 BP3-I 4P1 1

J

* 886 -f*

** 887

|i

i

I

{

1

I

i

Fig. 6. Photoneutron cross sections [a(y, n)+a(y, pn)] and a(y, 2n) of ^''Al.

i
j

Fig. 22. Ratio of e.xperirTtenial integrated photoneuiron cross section ffo" over the Thomas. Reiche

Si and Kuhn sum rule (0.06 NZIA]. Numerical values .and upper integration limits £m are taken from

! l table 3. Also duo" = ±7% for all nuclei.
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I
-

0.7.

0 . 6 .

0.5.

I I I I I LZl
0 Vj 3/j 5/j T

0.4

0.3

0.2

0.1

I- 'V.2^aij”no

26.

*32c

«Co+

20Ne

r>\

40Ar

f ^5,
Sc

Fig. 24. The [<To"/(0-06 NZfA)] ratio as a function of isospiii T. Possible overall errors of ±7% aie

to be applied to all nuclei shown.

Table 3

Experimental integrated photoneutron cross sections = J^''‘o'^^(£)d£ compared with the

classical sum rule [0.06 NZIA] ofThomas, Reich and Kuhn

r= 0 r= i r= i r=2| r = :

Nucleus 16Q “Ne ^»Si *°Ci 19p “Na ”A1 3lp ”K *>Sc »A,| jiV

ffo“ 58 42 94 98 100 108 137 158 182 210 383 393 602

(MeV • mb) ±4 ±7 ±7 ±7 -t-7 ±9 ±10 ±12 ±14 ±25 ±28 ±42

<XoV(.0.06NZIA) 0.24 0.14 0.22 0.21 0.17 0.38 0.40 0.39 0.39 0.36 0.57 0.66 O.S

E» (MeV) 30 26.7 30 30 29.5 29 30 30 29 30 28.1 26.7 28



REF.

METHOD

J. Ahrens, H. Borchert, K-H. Czock, H.B. Eppler, H.

H. Gundrum, M. Kroning, P. Riehn, G. Sita Ram, A.
and B. Ziegler

Nucl. Phys. A251 , 479 (1975)

Gimm,
Zleger,

EUEM. SYM. A

A1

REF. NO.

Z

27 13

75 Ah 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,MU-T ABX 10-160 C 140-275 MGC-D 4PI

Table 2
928+

The moments of the experimental nuclear cross section distributions integrated from 10 MeV to the

energy £, and their statistical errors

E I-r S- 1 lo I*.
(MeV) (mb/MeV) ±(%) (mb) H-s (mb - MeV) ±(%) (b-MeVO ±{%) (b-MeV») ±(%)

U 100 0.196 1.1 4.64 I.O 143 1.7 5.82 3.1 305 5
140 0.197 1.1 4.79 1.0 161 1.9 8.03 3.4 577 5
210 0.198 1.1 5.03 1.0 206 2.0 16.60 3.7 2220 5

Be 100 0.192 2.5 5.19 1.5 173 2.0 7.11 3.4 362 5
140 0.194 2.5 5.33 1.5 189 2.1 9.09 3.6 600 6
210 0.195 2.5 5.58 1.5 236 2.1 17.80 3J 2240 5

C 100 0.313 1.7 8.81 1.1 291 1.6 12.00 2.9 630 4
140 0.316 1.7 9.18 1.2 334 2.2 17.10 5 1250 7

O 100 0.580 1.6 14.50 1.3 432 2.0 16.00 4 748 8
140 0.585 1.6 15.10 1.3 508 2.5 25.20 5 1880 8

A1 100 1.10 1.8 25.70 1.5 739 2.6 27.9 5 1400 8
140 1.11 1.8 26.3 1.7 807 3.9 36.4 9 2450 16

Ca 100 2.22 1.2 45.5 1.5 1120 3.6 34.9 9 1430 18

140 2.23 1.2 46.8 1.7 1290 4.6 56.6 11 3710 19

Fig. i Total photonudcar cross section for natural Li. The error bars

indicate one standard deviation of counting statistics from the main
spectrometer. The dashed lines along the abscissa indicate the uncertainty

due to counting statistics in the normalizing spectrometer. Oscillations of
the base line within this area are possible, the period of these oscillations,

however, must not be smaller than 10% in photon energy. The dashed

and dotted lines through the cross section values have been drawn to guide

the eye.
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V. di Napolif G. Rosa» F. Salvetti» M- L.

H. G. de Carvalho, J. B. Martins, O. A.

j. inorg. Nucl. Chem. 37 , 1101 (1975)

METHOn

Terranova

,

P . Taveures

EL EM. SYM.

A1

REF. NO.

A

27

z

13

75 Di 4 egf

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE range TYPE range

ANGLE

G,F18 ABY THR-999 C 300-999 ACT-I 5FI

G,NA22 ABY THR-999 c 300-999 ACT-I 4PI

G,NA24 ABY THR-999 c 300-999 ACT-I 4PI

999 = 1 GEV

Target moss Ojmoer

Fig. 2. Mean absolute cross section of "F photoproduction vs the

arget mass number. Open triangle; energy range 0-1 5-0-72 GeV.

?ef. (18). Filled circle: energy range 0-3-1 GeV. Ref. (3], Open

:ircles; present work. The curve has been calculated by means of

Eqn(l).

25 30 35 ao

Target moss numser

iQl-

25

Target ^ass number

Fig. 3. .Mean absolute cross section of *^Na photoproduction vs

the target mass number. The curve has been calculated by means
of Eqn(l).

Fig. 4. Mean absolute cross section of “Na photoprcduction vs

the target mass number. Filled circles: energy range 0-1-1 GeV.

Ref. [20]. Reversed open triangle: energy range O-.T-l GeV. Ref.

[8). Open triangles: energy range 0-25-1 GeV, Ref. [19]. Open

circles: present work. The curve has been calculated by means of

Eqn(l).

Table 2. Cross-section per eq-jj-v-alent quantum o-pf/ib) of

photoproduction of "F

Sremsstrahlung ma.vimum energy EjCtV)
Target

cuclsus 0-30 0-40 0-55 0-’5 100

”Na 590 = 50 640 = 30 720 = 30 780 = 30 830 = 30
”A1* 116 = 7 172 = 6 202 = 6 245 = 5 270 = 5

“Si 80=10 110=10 145=10 170=10 200= 10
ji?

60 = 10 90=10 130=10 150=10 180 = 10

”S 55 = 10 90=10 125=10 160 = 10 190 = 10

’”’C! 185=20 230 = 20 270 = 20 310 = 20 350 = 20
“K 35 = 5 50 = 5 65=5 75 = 5 90 = 5
-Ca 5 = 2 20 = 3 35 = 5 45 = 5 60 = 5

'The results for have already been published fseef3]) and
are reported for comparison. (over)
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Table 3. CiOM-section per equivalent quantum <r<i((ib) ot

pbotoproduction o(°Na

Btenmtrahhing nmimnm energy Ea (GeV)

Target —
nucleus 0-30 0-40 0-33 0-75 I -00

-’.M 490s20 J60£20 667±20 690 £20 745 £20

=*St 290±20 330 ±20 380£20 430 £20 470 £20

”P 230 ±20 230±20 290 £20 330£20 330£20

’’s 206±I0 240£10 280£10 320£10 350 £10

230s 10 260£l0 290£l0 320 £10 330 £10

30s3 50±5 63£3 80£5 100£5

*“Ca 3s2 20±3 45 £3 60£5 60£5

Table 4. Cross-section per equivalent quantum OQiiib) ot

photoproduciion of

DI Bremsstrahlung maximum energy £o (GeV)

0-73 100nucleus 0-30 0-40 0-55

"Al* 370±10 440£l0 500 £20 350 £20 660 £20

"Si 100±10 140 £ 10 160£l0 210 £ 10 240 £ 10

i.p
100 i 20 160 £20 200 £20 270 £20 310 £20

”S 120 £10 160 £10 180 £ 10 210£10 240 £ 10

’’•"a 63£l0 100 £ 10 140 £ 10 190 £ 10 220 £10

"K 20£5 33 £5 35 £5 65 £5 80£5

*Ca 12£3 23£5 33£3 30£5 60£3

•The results for ”A1 have already been published (see [8]) and

are reported for comparison.

Table 3. Mean absolute cross-section 7>(fib)

in the energy tangeO-3-l GeV

Target

nucleus

Produced radionuclide

•*F "Na "Na

"Na
”A1*

190±30

120 £10 200±20 220 ±20
"Si 100 £10 150±20 120 ±10

”P 100 £10 100±20 180 ±20

”S no ±10 120 ±10 100 ±10

"’a 135±20 100±10 130 ±10

"K 45±5 60±5 50±5
"Ca 46±5 60±5 40±5

•The results Hr the photoproduction of "F
and ”Na from ”A1 have already been

published (ReL[3] and [8], respectively).
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REF.

B. Johnsson, A. Janind, B. ForJcmcm

Z. Physik A273, 97 (1975)

ELEM. SYM.

A1 27 13

METHOD

75 Jo 4 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G.2PN ABY 31-965 C 95-965 ACT-I 4PI

Fig. 1. survey of the yields of *’Al(y, 2prt)^*Na; • is the present

work, c Ref. 5. x Ref. 6, & Ref. 7, Ref. 8, Ref. 3. v Ref. 4 and

a Ref. 9. The bars of the present work and of Refs. 3, 4 and 9 show

the standard deviations of the total errors, while these of Refs. 5-7

give the statistical errors. The error bars of Ref. 3 are taken from a

figure in the Ref.

Table 1. The absolutely-measured yield per Eq. quantiun (mb| with

their errors (non-systetnahcall and the ratio of the absolute to the

relative yields

Energy

(MeV)
4
(mb)

Enor
(mb)

Ratio

95 0J37 ±0.017 0.95

120 0J73 0.013 1.04

170 0.333 0.012 0.96

195 0.347 0.014 1.15

240 0.395 0.010 1.00

290 0.454 0.010 1.00

340 0.501 0.004 1.02

385 0.555 0.010 1.04

43S 0.568 0.014 0.94

480 0.606 0.008 1.00

580 0.650 0.009 1.03

625 0.675 0.004 1.04

675 0.685 0.010 1.02

700 0.690 0.010 1.02

725 0.705 0.011 1.09

750 0.691 0.010 1.11

770 0.725 0.012 1.02

795 0.731 0.014 0.99

870 0.714 0.013 1.15

915 0.757 0.016 1.06

965 0.726 0.014 0.97

Mean value 1.03
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I. Blomqvist, P. Janecek,’ G.6. Jonsson,
H. Dinter and K. Tesch
Z. Physik A278 , 83 (1976)

METHOD

R. Peterson,
EL EM. SYM. •A Z

A1

ref7TIo7

27 13

76 B1 12 egf

REACTION RESULT
EXCITATION SOURCE DETECTOR

ENERGY TYPE RANGE TYPE RANGE
ANGLE

G,SPL ABY THR - 580 C 130-580 ACT-

1

4PI

E,SPL ABY THR - 580 C 130-580 ACT-

1

4PI

Cross sections for some electro- and photoinduced spallation reactions on ^''Al and -‘V

have been measured in the energy region 130-580 MeV with the activation method. The

cross sections per photon are compared to Monte-Carlo calculations based on a cascade-

evaporation model. The electrodisintegration cross sections are compared to calculations

based on the Dalitz formalism for virtual photon spectra.

GIVES YLD_[^TI0 G/E

Figs. 1 and 2. Experimental cross sections <r, and a, versus energy for different reactions on and ” V. The cross sections (x, deduced from

<T, are given by the solid drawn curves, the hatched areas showing the uncertainty. Dashed curves show it, calculated from the low-energy data

in Reference 1 1. Crosses give <r^ calculated with Monte-Carlo method

. Meyer, R.A., Walters, W.B.,

IR ev. 7*1 4- 04 »

USCOMM«NBS-OC

Hummel, J.P.: Nucl . Phys. A122 , 606 (1968)
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Fig. 4. The ratio aja, versus electron energy for the reaction

I'.

2p»i
j
^*Na. o present work, • Reference 4. a Reference 6,

i
Reference 18. ^ Reference 19. Solid curves give calculated cross-

section ratios

"^Noga, V.I., Ranyuk, Yu. N., Sorokin, P.V.: Sov. J. Nucl . Phys. 1^, 484 (1974)

®Noga, V.I., Ranyuk, Yu.N., Sorokin, P.V.: Sov. J. Nucl. Phys. 21_> 243 (1975)
1ft
Butement, F.D.S., Karim, H.M.A., Myint, U.V., Zaman, M.B.: J. Inorg. Nucl.

Chem. 2791 (1971)

^^Fulmer, C.B., Toth, K.S., Williams, I.R., Dell, G.F.: Phys. Rev. M, 2123 (1971)
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REF.

method

A. S. Danagiolyan, N. A.
Yad. Fiz. 2±, 681 (1976)

Sov. J. Nucl. Phys. 24 ,

Demekhina EL EM. SYM. A

355 (1976) A1

REF. NO.

27

z

13

76 Da 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYRE range TYPE RANGE

G,NA24 ABX THR* 5 c 2* 5 ACT-I 4PI

•

FIG. 1. Yields of the reactions. Points: —present work,

•—Hef. 10, a—Bef. 3, o—Be£. 9.

*ENERGY,GEV

FIG. 2. Yield values and the-

oretical values according to the

modlEed Buds tarn formula as

a funcUon oi the target charge

number Z, . Points: •—ex-

periment, o—theory.

23 23 Z,

TABI.B I. Experimental yields and reaction cross sections ob-
tained in the meacurements at the Erevan electron accelerator.

Target

nucletit

Rncuon yield, mb

Reaction aois
teciion, mb

*T mnxM GeV

2 i 4.S s

”A1 0.81±0.0S 0.87 0.S7 0.072t5=0.0«a
=*Si 0.27±0.C2 OJ23 0^ 0.0267±0.013
«S 0.24±0.02 0.27 0.0323=0.0155
a o.:a±o.o3 o.?a C.23
••K O.tiO.Ol 0.125 0.15 0.00=0.0255
«Ca o.os6±n.oi o.ri9 0.115 0.035=i3.0ltiS
:jV 0.055=0.02 0.W4*0.02 0.O0S±0.02 O.OS2±0.023 0.019
»*.Mn 0.079±0.02 U.0/o±0.02 •.OS7±0,017 aiTSfliO.ois (\0t0:fi±0.0056
Cu 0,023±0.0«)8 0.037±0.CO7 u.n.jG±0.iX)7 0.034z;0.007 0.Oi«547-tO.0O2C

Note. The reaction cross sections have been calculated in the 1/E
approximation of the brcmsstrahlung spectrum.
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Rer. B. Johnsson, A. Jarund and B. Forkman

Z. Physik A276 . 410 (1976)
EL CM. SYM.

A1 27 13
METHOD

76 Jo 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,2PN ABX 31-965 C 90-965 ACT-

1

4PI

*

ERRATUM 75Jo4

The present Figure 1 replaces the earlier published

one, in which the ordinate scale was displaced 0.1 unit

upwards.

MAXtM'JM BREMSSTRAHLUNG ENERGY (G»v)

Fig. 1. A survey of the yields of ^’Al(y, 2pii)''*Na; • is the present

work, o Reference 5. x Reference 6. a Reference 7, ^ Reference 8,

Y Reference 3, v Reference 4 and Reference 9. The bars of the

present work and of References 3, 4 and 9 show the standard devia-

tions of the total errors, while these of References 5-7 give the

statistical errors. The error bars of Reference 8 are taken from a

figure in the Reference
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N. Izutsu, Y. Watase
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EL EM. SYM.

A1 27 13

METHOD REF. NO.

76 Na 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

E.E/P SPC 0*130 D 700 MAG-D DST

Abstract: Information on proton hole states has been obtained for *^AI. *®Ca a.nd V through the(C; s'p)
*SEPARATION ENERGY

reaction. Lower-lying hole states have been identified. For *’Ca an extensive analysis has been
performed to study the structure ofthe 1 s hole state. For *^A1 and * ’ V, the properties of the Is hole

states have also been determined. The separation energies of the Ip and Is states seem to be
constant (-10 and 60 .MeV, respectively) for A > 30.

Fig. 4b. Recoil momcicum dismbutions for ^’Al. The curves are as in fig. 4a.

^>8 4j. Froion separation energy spectra for ^^Al. The solid curves arc the result of the PWIA fit- The

contributions from each proton state are shown by the dashed curves.
(over)
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Tables

Results of the PWIA aiulysiB

Nucleus a

Peak

energy

(MeV)

Width

(FWHM)*)
(MeV)

Oscillator

const

(MeV/c)

”A1 2s 0.12±0.0l 14.3±07 4± 3 82±4
Id 1.6 ±0.1 14.0±0.6 12± 2 9I±I

>P 2.4 ±0.2 34 ±1 31± 3 lOOtl
Is*) 57 ±3 31 ± 9 I4S±4

*"Ca 1.1 ±0.3 10.9 ±0.7 9± I 76±4
2s 0.9 ±0.1 14.4±0.3 I3± 1 83±3
«ds/2 1.5 ±0.3 19.0±I.l 10± I 93±4
Ip 1.8 ±0.4 35 ±1 2I± 3 85±3
Is*) 59 ±3 34±10 I44±6

SLV If 0.4 ±0.1 10.3±1.1 5± 3 II5±8
2s 0.3 ±0.1 15.1 ±0.2 5± 2 99±5
Id 1.7 ±0.3 19.5±0J 19± 2 94±6
Ip l.l ±0.1 40 ±I 25± 4 91 ±4
Is*) 60 ±3 36±11 143±4

The errors are statistical only except for those assigned to the peak energies and widths for the Is states.

The experimental energy resolution ( « 7 MeV) is not unfolded.

‘) Parameters were determined from the fit to the data of run II.
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EL EM. SYM.

A1

REF. NO.

Z

13

76 VI 1 hng

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

E,E/ ABX 100-500 D 812-999 MAG-D 14

999=1.396 GEV
ctactraa hat beat oicd to mciamm tha total hatlnaie croas Mction for afawtptkn of

photooa with amtt 130-400 MaV bp ouclci ofC Al, Mi, Mo, and W. Tha raoltt obtaiaad ais ODa^Bicd

with — eaniad oat ia the iapiilao appmiiffiatioa.

FIG. 5. Total hadronic croaa soottons for abaozptioa of ph»>
tena by nuclei.

I

i

I

i

I

1

FIG. S. Tha ratio OyjAOyf as a

function ofA for b>0.32 GeV.
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76 Wa 3 egf

NCACTIOM NCSULT eXCITATtON
ENCRCY

SOURCE detector
angle

6,PI+ ABY 140-250 250 MAG-0 90

6,PI- ABY 140-250 250 MAG-D 90

^ONM Nas>4ii
IRCV. 7.I4>«4)

USCOMM^BS^C

20 40 60 80 100
T„(MeV)

Tn(MeV)
20 40 60 80

Tn ( MeV)
100

Fi;;

over
. 2. The energy spectr.i of photoproduced .t- from C, Al, Ca, and Cu at 90^ in the laboratory
system by 250-MeV bremsstrahlung. The data of Ca are normalized to 0.26 /ib sterad-‘

oepawtmen t o f commerce
N!eV”-Q'‘‘for .-?* at 35 MeV. The solid curves are the calculated spectra of by a theore- >mau surcauof stanoabos
lical model.
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tt 3

T„(MeV) Tn(MeV)

Fig. 3. The Ti-jrr ratio as a function of the kinetic energy of pions produced from C, Al. Ca.
and Cu by 250-MeV bremsstrahlung. The solid curve in (a) is the calculated energy spec-
trum of ratio including the Coulomb potential for C. The dashed curve is the ratio
calculated neglecting the Coulomb potential.

A

Fig. 4. The A-dependence of the cross

sections at the pion kinetic energies of ~20 MeV,
~35MeV, -SONfeV and ~70 MeV. The solid

curves show the relative A-dependence obtained

from tlie theoretical calculation. The dashed

lines show A-''’ dependence only for cuiJing

eyes. „
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METHOD REF. NO.

77 A1 9 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANCE TYPE RANGE

G.P ABX 72-999 C 2 *5
TEL-D DST

(4-5)

COMMENTS: f - exp(-Bp^)
B = E *E,GEV, 999=4.5 GEV

P^(d^a/dfidpQ)

The i4*-4ependence ind momeotnm spectra of photoprotons in the nocld 'k:, ”A1. "Cu, "*Sn, and “*Pb
have been studied experimentally for maximum oierpes of 10. 3.0, and 4.S OeV. The A-
dependoice shows that the proton phocoprodoetion »"*«««"» for £,>400 MeV is identicai for the entire

kinetic-aiergy region 6S-280 MeV and the angle region 45-150* for the secondary protons studied.

The dependence of the exponeot n on the tranavene momeatum is in good agreement with the same
dependence for protons produced in nuclei by primary protons. In the momentum spectra of the invariant

CTOta section /*(£/p ^v/dftdpQ)—exp(— it is observed that the B docs not
on the inddent-photon energy and on the target nndeua, but depends on the proton-detection angle.

FIG. 1. Differential cross

section for proton photopro-

ductldn as a function of atomic

number A of the nucleus at £,
3 2 GeV. The lines a corre-

spond to Jp =60*. b to 90: and
c to ISO*. PoinU: o—£^

= 64.

80. o—101. —137, A—
209, and •—280 MeV.

FIG. 2. Dependence of the exponent n in the A" dependence of

the cross section for the reaction >>{ —p/1 ' as a function of

proton transverse momentum: a—£, = 2.0 GeV, b—£, = 3.0
GeV, c—£o=4.5GeV. The points for a and b: d

—

1>^
= 60*,

0 —90*. 0—150“; fore: A—0^=46*, o—86*. 0—136”. The
curves show the dependence of n on for the reaction

A(fi,p')A' taken from Ref. 9.

form N3S-418
(R EV, 7.1 4-641

USCOMM-NBS-OC

FIG. 3. The same as Fig.

2. Experimental points:

a-£, = 0. 13. O—0.25, a-
0.4, O—1.2, o—2.0, X—
3. 0, and •—4. 5 GeV.

a. (GeV/cy

fff -j •- }

V—— ———— ——

4

f—i H

-L. _L
p SO mo mo zoo

i

FIG. S. Dependence of the parameter B from the relation

/~exp(—Bp^) on the atomic number of the target nucleus. The
solid points refer to £g = 2.0 GeV, and the hollow points to £g
= 3. 0 GeV; the points e and o are for 0, =60*, a and d are for

90*. and and a are for ISO*.
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TABLE I. DlflerentUl croas sectloo Sa/dOSTQ of the reaction yA ^pA ' In ji6/MeV-ar.

A *T.

G*V
V
tm

MaV

«4 M l«l 13T »9 279

**c 2 60 3.720±a(^ 2J30±a0S2 1007±O.M7 l.423±0O38 0.72S±0320 0.429±001S

90 2J74±0X)4$ tS87±0O47 I.I30±0.039 a7S3±0.a22 03S8±0008 0.1t7±0007

ISO US2za032 a«w±oou 0i05±OXK» OJ18*a0O7 0071 ±0.005 O.Oei±<UXB

60 4 ">40^0.100 3.«2t±0JM3 I.9«0±0.0t3 1.829±O.OU 0 653*^ 024 0.4S2±O.0t9

3 2j03I±OMO l.U5±0.029 0807±a02S 0343±0000 0088±00a5

ISO liW±0.042 0877±0029 a438±OOIO ojoo±aoio O.OS7±OA»

«.0U±O.t20 4.Q83±ai00 3.253±0.09T 13I3±0.046

90 3.7so±o.oae 2J02±OOB4 <.7I8±0.0S2 0.803±0018

ISO 3.127±0.078 1.797±0.03$ i.t89±ooeo 0.8M±a019 at64±0.0lt -

»A1 60 ofMfwnrw 7.<92±013l 4.1«0±0.092 3.3Z7±0.100 i.S6a±0.058 0.92S±0037
on nnoT)^ 13D 184$±0.107 2.688±0.078 l.995±008S 0..S98±0.02t 0339±0O13

3.7S0±0.I03 t334±0.043 a7«±0.025 0.136±a008 -

46 9.510±0^ - - _ 1.320±a720

86 6J0O±O.O95 — — — 0348±aaao
130 - 3oao±aoso “ “ -

60 23.50O±OJ)29 I5.I70±0.29» t0.931±0289 8163±0340 3.939±aH0 1113±OOB4
90 1&721«0^ 9.757±0031 6^±O.OB2 4.411±0.I34 i.424±0.042 0.743±0037

150 10j92±O2l2 30I7±0.103 3J82±0,I63 l.997±0.050 0342±0021 aus±o.oM

60 36.18(Ht0/)90 20.S80±03«> 10300±0.19l 8394±0348 3389±0.I40 1.68l±0.064

90 17.80O±OJ2O 13.601^.260 7.5l6±0.t0i> 5.24S±O.I72 1.403 ±0.048 0 676±0.032

150 tl.6<i0±0.37l 7334±OJ05 3O88±OI07 2 287±0075 0388x0.017 0.097±O.00B

46 27.000±0.750 - _ 3350±0.ia0

O 36 17.40I±0.2SO — — 0.785±0oM0

138 - 9.7SO±atSO - - - -

"*Sn 2 60 43.G0U0.S3S 30.aj0±0893 19.970±0.S87 t3.102±0080 7.137±0310
90 32.550±0J53 18890±0.466 l38M±U.42a 8397±0320 23B8±0.078

150 l9.S7t±0J91 10.289±0303 aOtt±0O21 3032±0090 a38S±0i)41 -

,MaV

A
G«V 64 w tot 137 :of 279

"•Sa 3 80 5S.070±1370 39.920±a680 I7.800±0.430 I83SU±0.490 7.028±0.038 3373±0.140
90 36.600±0.720 28380±0.SS0 14.370±0.400 9344*0328 1684*0.099 I.187±0i)$5

ISO 22300±0380 14.590*0350 83S1±0210 4.103*0.150 0.884±0333 -

46 _ S3300±l.400 _ S340±0320
43 88 — 32300±03l — — I.420±ail4

138 - 18.250*0.290 - - - 0330±0.038

«Pb 2 80 80.000±13S0 S83S0±t 120 35300±l.030 33.930*0.720 13.440*0.400 7.745±0.310

90 60.990±0.970 34.0e0±0800 3.890±0.720 I432a±u.4tiu 4.522±U.135 2.433±0.I20
ISO 38390±0.730 16.980*0370 10.638*0520 5.794*0.168 1.1U2±1».077 O.S3l±aU35

3 80 100.740*2.130 78.030± 1.200 28.00*0.670 28iXX>*0.820 12.S10±0.1S0 7.092*0 250
90 71.3S0±tJ7O 48320*0.900 24.76(^850 16.420*0..520 4..580*0.170 1244±0.120
ISO 42090±0.970 27^40*0.680 11150*0.42 7394*0350 1320±U.U$4 0389*0.039

46 85.000±03SO _ 11300*0.540

43 88 _ 58.780*0.930 .. ... 1050*0314
138 29.800±0.430 • • 0.485±aas4

80 119 166 231 2S1

o 46 53t0±0.280 3.670±0.a88 1530*0.064 I.I90±0JU8 0.783±OA42
86 2.440±0.080 1..3S0±0i>52 0.845*0.037 0.383*0.019 0.105±0.lOT

138 I,330±0l029 0.427±0.029 O.I96±O.OIS 0,045*0.(U6 n.O18±O.0U2

214



V M Asaturyan, E.O. Grigoryan, G.A. Vartapetyan, A.S. Danagulyan,

n’a* Demekhina & A.G. Khudaverdyan
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METHOD

77 As 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,Be7 G.Cll ABY THR*5 C 2*5 SCD-D UKN

G,N13 G,F18 (4.5)

G,Na22 G,Na24

Photonuclear reactions in the targets ”A1. “Si. “P. and ‘*Ca have been studied for maaimam
bremsstrahlung energies of 2, 2.4, 3, and 4.3 GeV. The yidds of the residual nuclei ’Be, "C. ‘’N. '*F,

*GEV 5=4.5 GEV
“Na. and “Na were measured by means of a getmanium-lithiua semiconductor detector with a sensitive

volume of 30 cm^ In discussion of the results we took into account the contribution of the low energy part

of the bremsstrahlung spectrum. Comparison of the measured yidds with )jy

Rudstam's formula permitted us to conclude that there is a difference in the nn-phani«Ti of formation of
the light fragments ’Be. "C and from that of the other residual hucld “F, “Na. and “Na.

1

'

TABLE U.

FIG. 1. Yields of the Isotope **Na from Urgets of Al. SI, and

Ca. X—Data of Ref. 4, O—data of Ref. 2, V—data of Ref. 6,

o—daU of Ref. 10, •—daU of the present work. The dashed

lines show the eontributloos of the low energy part of the brems-

strahlung spectrum to the yields of the reactions Al — **Na, SI

—**Na according to the data of Ref. 4 and the results of the

calculations of the present work.

FIG. 2. Yields of ”Na from targets of Al, SI, and Ca. The
hollow symbols show the dau of Ref. 2, and the solid symbols
the data of the present work. The lines indicate the results of
the calculations of the present work, which determine the con-
trifaution of the low-energy part of the bremsstrahlung spectrum
to the yields of the reactions Al—**Na and Si—**Na for 2 GeV

GeV.

*«acrtwi Ptel4v

“C

•K.

••W

•*c

•Ka

*K
*a*

ojfiaoai

a743«ooe
a»«ojo»

1.117*0.013

13U10I
l47*a(S
0,2*001

031*003
033*008

024*001

usMijtn
litoOiN

1121*1013
flL23*10f

0,22*001

030*108
ooetsooM
iio««aoi3

138*0.03

Ka3«0.ui
llOisOjQS

12M0I
10(7*103
ii«3*ia»

128*103
121*001

Al UffM

OJI

1.03*1U

HU7«iai

9 carfM

027*103

122*12

o.ia*o.«

ftarm

S laniN

<*7?-0ff7

13I*0jH

Q tarf*l

K iMfU

0A*lfl8

0.035*oar.

112*103

130*003
1017*001
lin*lU28

OJtf

iirr*o.t

138*001
1032slOM
1107*0.0(3

13*003

129*0jQS

l.22*af

09*108
aoj9*oit
0.131*1037

0JS*00(

0JI3«a08

0.33*103

123*001
0.033*008

1142*0038

127*103

134*008
1?7*10(
1Q8*0025
113*101
034*103

TU
'B*

I 1(9*1008
I

11*101
I 008*1008 I 111*003

I 108*0005
I

iaB8«10(
108*1003 I

(1123*0012
I
113*1013

Ca UTBK

1

112*1013
0121*008

1243*0033

0.19

1108
1298

0iH27

1(91

QJ13

034

1.17

038
ooe<7

1107

12H

1428
1421

0417

13»
1284
0034
1123
0314

1387

118

113
II

1147

121
IS

134

134
1.3

234
12 19
V38-I0»

V210»
12 N4

178
201

1S(I0>

Lf

118
in

203.19

13119
119

U
7J8

12
137
13-19

Data for Cl and K targets previously

published in Reference 11.

**G. A. Vartapetyan «f al.

,

Yad. Fla. 17, 685 (1973) (Sov. J.

Nucl. Phys. 17. 350 (1973)].
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I, Blomqvist, P. Janecek, G. G. Jonsson, H. Dinter,
K. Tesch, N. Freed, P. OstXcmder

Phys. Rev. CIS, 988 (1977)
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REF. NO.

77 B1 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,PI+ ABX 150-577 D 131-577 ACTT-I 4PI

E,PI+ ABY 150-577 D 131-577 Afn--! 4PI

Cross sections for electroproduction and photoproduction of charged pions on and have been

measured in Che energy region 130-S80 MeV by use of the activation method. Special care has been taken to

subtract out background yidds. Photoproduction cross sections have been calculated from the region just

above threshold to the tail of the (3.3) resonance, v-nucleus final state interactions are taken into account

through optical potentials. Calculated photoprodiicdon cross sections are decomposed into multipoles which
are used to derive relative bremsstrahlung-induced to electron-induced yields. The pronounced effect of final

state interactions is pointed out and discussed.

FIG. 3. Bremsstrahlung cross section per equivalent

quantum <r, and electron cross section <r, and ratio

(7, /or, as a function of electron energy for the reactions

^^AUy, and ^^Al(e,e'»*)^^Mg. See text for the-

oretical curves.

FORM N3S-4I8
IR EV. 7-1 4-941

USCOMM-NBS-OC

Incident Photon Energy (MeV)

FIG. 6. Experimental cross sections per photon for

the reaction ^‘Al(y, ir*)^^Mg. The solid curve with error

bars is the result of the present work. Circles with

error bars are the data of Ref. 17. The dashed curve is

the work of Ref. 13. The full squares are the work of

Ref. 12. Reaction threshold is 142 MeV.

W.B. Walters et al., Phys. Rev. 143 , 833
(1966)

.

^^G. Nydahl et al., Nucl. Phys. B7_, 97 (1968).

^\.I. Noga et al., Yad. Fiz. 904 (1971);
Sov. J. Nucl. Phys. 14, 506 (1972).
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NCACTIOM RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVPC KANOK TV9C AANaC

E.E/ ABX 2-13 D 37-61 MAG-D 180

A suxvcy of elccrtoiragnstic transiticr.s wcited in ^A1 by 180* inelastic electron scattering has been made

at incident energies of 37, 51. and 61 MeV. Transitions to levels at 2.23, 198, 4.42. 8.74, and 11.69 MeV

are dominantly M I stith some possible £2 contributions. Tentative Af 1 assignments are given transitions at

7.57 and 8.05 MeV, but the possibility of their being £1 cannot be eacludrf. Transitions to levels at 10.58

and 12.30 MeV are probably Af 1 but with considerable £2 admixture. A transition at 6.50 MeV is alio

probably .Vf 1. bat both £ I and £2 are possible alternative assignments. Model-dependent radiative widths

rc(.W 1) for the M 1 transitions are given based on an analysis of the data using simple but representative

harmonic-oscillator wave functions to calculate cross sections.

10 LEVELS

T.ABI.E 1. Values of cross sectioos for excitation of

tf.® nuclear transitions studie-d at the three Incident en-

ergies of 37.3, 50.9, and 60.5 MeV.

yv—irarinm Cross Section (nb/sr)

energy (Me\’) 37.3 MeV 50.9 .MeV 60.5 MeV

2.23 3.40=0 «5

2.98 2.97*1.01

4.42 2.69* 1J5

6.50 4.29* 1J3

7.57 6.61*1.65

8.05 4.00*1.03

8.74 4.49*1.03

10.63 2.53*0.96

11.69 4.90*1.22

12.30 3.93*1.00

2.19*0.44 1.74 = 0.42

1.79*0.39 1.06*0.29

2.10*0.46 ldl6*0.37

2.43*0.49 2.00*0.50

3.65*0.66 1.43*0.53

1.67*0.43 1J’2*0.54

2.52 = 0.55 2.Sl±lJ2o

2.83 = 0.62 2.72*0.63

3.29 = 0.72 2.34 = 0.72

3.54*0.33 2.73=0.97

TABLE n. Tentative muldpolaritlea and ground-state transitions widths for states in ^A1

electroexcited at 180*.

Exeitatioa Va (eV)

energy (MeV) J'.T Multipolarity This work Other techniques

2.23
T* 1 A
1 Afl(£2) (3.2* 1.2) X 10"* (17*9)xio"*'>

1.9X10"*

(1.22 *0.12) X 10"*

1.4X10"*

2.98 Adl(£2) 0.12*0.04 0.12'

4.42 ! . i* Afl(£2) 0.25*0.13 0.24 *0.03'*

.8.50 e Afl(£l,£2) (1.2 *0.5)w^

7.57 a Afl(£l) (2.3 *1.0)10

'

8.05 a Ml(£l) (1.7 *0.9)*'

8.74 a M1(S2) (3.4 *L7)ie'

10.68 a Ml (£2)

11.69 a Ml(£2) (8.8 *2.8)ae'

12B0 a M1(S2)

A Spin assignments are taken from Ref. 11.

^In descending order. Refs. 2, 12, 13, and 11.

° Reference 11.

^Reference 17.

'J.f j. or i.
' »= (2>,-r l)/(2</ = l), where w, and J are the grotmd and excited state spins, respectively.

2
R.M. Lombard and G.R. Bishop, Nucl . Pnys.

AlQl , 601 (1967)

Endt and C. Van der Leun, Nucl. Phys.

A214, 1 (1973)
1

2

V.K. Rasmussen, F.R. Metzger, and C.P. Swan,

Phys. Rev. 1^, 1386 (1961 )

^^V.J. Vanhuyse and G.J. Vanpraet, Nucl. Phys.

45, 602 (1963)

^^F.R. Metzger, Phys. Rev. 139 , B1464 (1965)
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j

i

E. (MeV) E. (MeV)

FIG. 2. Plots of experimental cross section vs incident

energy for the transitions observed. In selected cases

comparison has been made with cross section curves

calculated from the generalized Helm model for four

different multipolarities. Shown with the 6.5~MeV plot is

a comparison with only the E2, E2 current, and Afl Helm
curves. The model parameters used were; p,>P|>1.16
fm**, y| = l, g=g=0.n, with^(t = l for the electric tran-

sitions and hj = 0 for the magnetic transitions (see Ref.

7).

Rosen, R. Raphael, and H. liberal 1, Phys. Rev. 163 ,

927 (1967)
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V.S. Kuz'menko, A.V. Mitrofanova
P.V. Sorokin, Yu.N. Telegin, I.

and N. Freed

Phvs. Rev. C M, 1513 (1977)

, V.I. Noga, Yu.N. Ranyuk,
Blomqvist, G.G. Jonsson,

A1

NCP. NO.

27 13

77 Ku 3 hmg

REACTION RESULT excitation
ENEROY

SOURCE DETECTOR

TVPC WANOK TVPC AANOC

G,PI+ ABX 150-999 C 600-999 ACT-

1

Cross sections for photoproducCion and electroproduction of v* on ^A1 and leading to bound states in

the daughter nuclei have been measured at Kharkov in the energy range 600-12CO MeV by use of the

activation method. Careful comparison is made to other recent results obtained at intermediate and high

energies. Agreement is found between the present data and results of earlier work carried out at Lund and

DcSY. Discrepancies between photoproduction data taken at different laboratories are attributed to

differences between methods of background subtraction. Relative bremsstrahlung-indu»l to elsctron>induced

yield ratios are compared with predictions based on the Dalitz-Yermie formalism for virrml-pboton spectra.

999=1.2 GeV

FIG. 2. Bremsstrahlung cross section per equivalent

quantum. , as a function of bremsstrahlung end-point

energy for the reaction *^AUy. C;, present work;

0. Ref. 2; •, Ref. 10; *, Ref. 11; , Ref. 12; A, Ref.

14.

FIG. 6. The cross section ratio versus electron

energy. ^^Al—”Mg: •, present work; O, Ref. 2;

hatched region, Ref.il. *‘V— *'Xi: A, present work;

A, Ref. 2. The solid and dashed curves are calculated

results assuming £1 and .VTl transitions, respectively.

FIG. 4. E-xperimental cross sections per photon, o„,v3

photon energy/ for the reaction ’'Al'.v, I'r^Mg. The

hatched area berTveen threshold and 1.2 GeV represents

the present results with the uncertainties indicated. +

Ref. a; G, Ref. 11; histogram, Hef. 13: dashed curve,

?.ef. 12; hatched region between 2 and 4.5 GeV, Ref. 14.

Blomqvist, P. Janecek, G.G. Jonsson, H. Dinter

K. Tesch, N. Freed, and P. Ostrander, Phys. Rev.

C 15, 988 (1977); DESY Report No. 76/51 (unpublished)

®W.B. Walters and J.P. Hurmiel , Phys. Rev. 143 , 833 (1966)

Blomqvist, G. Nydahl , and B. Forkman, Nucl . Phys.

A162 , 193 (1971 )

I Noga, Yu. Ranyuk, P.V. Sorokin, and V.A. Tkachenko,

Yad. Fiz. 14, 904 (1971 )
[Sov. J. Nucl. Phys. U, 506

(1972)]

^^G. Andersson, I. Blomqvist, B, Forkman, G.G. Jonsson,

A. Jarund, I. Kroon, K. Lindgren, B. Schroder, and

K. Tesch, Nucl. Phys. A197 , 44 (1972)

^^B. Freberg, I. Blomqvist, and B. Forkman, Z. Physik

262 , 255 (1973)

^^A.S. Danagulian and N.A. Demiokhina, Fisika 8, 321

(1973) (in Russian)

(MCV. 7-f^641

USCOMM»Na$-OC PHOTONUCLEAR DATA SHEET 218
U.S. OePARTMENTOF COMMERCE

NATIONAU BURCAUOF STANDARDS



\

\

1



R.p. singhal, A. Johnston, W.A. Gillespie and E.W. Lees
Nucl. Phys. A279, 29 (1977)

CLEM. SYM.

A1

A

27

z

13

method REF. NO.

77 Si 4 egf

reaction RESULT EXCITATION
CNERCV

SOURCE DETECTOR 1
ANCLE

TVPC PANOC TVPC PANOC

£.E/ 2- 3 0 62-112 MAG-D DST

Tabu 3

Summary of the results of the analysis for the 2.21 and 3.00 MeV states in

Z2l MeV, i* 2.00 MeV, 3 LEVELS
present data other present data other

measurements measurements

.S(E2)

(e^-fm*) 104±4 90±11 •) 55 ±3 60±7»)

c„ (fm)

la (fm)

R.^(fm)
•

2.43

2.69

4.59±0.09

75±8 ‘)

97±12“)

1.92

Z67

4.35 ±0.12

•) Ref. *•).

») Ref. *)•

•) For d =» —0.4S±0.02 (see text).

V.M. Endt and C. van der Leun, Nucl . Phys. A214 1 (1973)

^®P.R. Gardner, A.M. Baxter, R.A.I. Bell, L.E. Carlson, D.C. Kean,

T.R. Ophel and R.H. Spear, Austral. J. Phys. 739 (1973)

.-3
K3

2
e
S'M •

tz

lO -

k55

Ali* *'} Inuraediete Coupling Model

025 040 075 lOO 125 ISO

q in fm"*

Fig. 4. The PWBA form factors for the 2.21 and 3.00 MeV levels in *’A1. The various curves are the

^ contributions calculated within the framework of the intermediate<oupiing model *). The C4
contribution to these form factors is small and is omitted from this plot.

(OVER)
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q in fm*'

Fig. 5. PWBA form factor for the 2.734 MeV, level in The C2 and C4 contributions to the

form factors were calculated within the framework of the intermediate<oupling modeL Results for

ICMl and ICM2 are so similar that they cannot be shown separately. Similarly ICM3, ICM4 are

shown as one curve.
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METHOD

S. V. Dementi i, V. I. Ogurtsov, N. G. Afanas'ev
Yad. Fiz. 28, 865 (1978)
Sov. J. NucT. Phys. 443 (1978)

EL EM. SYM. A

A1

REF. NO.

13

78Dell hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

rvac RANac TYPC AANOC

E,E/ ABX 50-230 D 1*2 MAG-D DST

(799-1178)

-

Measurements were made of quasielastic scattering of electrons in the (e, <’) reaction by the nuclei n a

*Be, “N, “O, and ”AJ. An experimental estimate is obtained of the effective mass of an intranuclear , QUASIELASTIC
nucleon. At excitatim energies up to SO MeV, a ratio M*/M ^ 0.6 is obtained, corresponding to a

linear potendai V(£) » V, + 0.4£ and in good agreement with the data on proton scattering by nuclei

[C M. and F. O. Percy, Atomic Data and Nuclear Tables 13, 294 (1974)]. At excitation energies above

120 MeV the nucleon effective mass turned out to be close to that of the Gree nucleon, M*/M a 0.9.

PACS numbers: 23.3aCg, 27.2a + n, 27JO. +

1

i.s

ff.S
•

a.s -
^

ji?ie

OM so wa ISO zoo tu, MeV

FIG. 4. Reductloa coefficient iVf»/Af as a fimctton of atergy

transfer; e—»Be. a-“C. C—“N, A—“O, Q—”A1. The

curve has been drawn through the experimental points by

hand.
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S. Di Liberto, F. Meddi, G. Romano, G.
Nucl. Phys. A296 , 519 (1978)

METHOD

Rosa and C. Sgarbi
EL EM. SYM.

A1 27 13

REF. NO.

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,LI RLY THR-800 D 800 TRK-D DST

E,8LI RLY THR-300 D 800 TRK-D DST

E,7BE RLY THR-800 0 800 TRK-D DST

E,9BE RLY THR-800 0 800 TRK-D DST

E,10B RLY THR-800 D 800 TRK-D DST

E,12C RLY THR-800 D 800 TRK-D DST

Abstract: The disintegration of a'liminium nuclei by 800 MeV electrons is studied using plastic detectors.

Angular and energy distributions of emitted Li, Be and B isotopes are presented. The compatibility

of the results with a two-stage process (cascade and evaporation) is studied with the aid of a

Monte Carlo calculation.

Ft|. 4. Angular distributions of most of the detected fragments within the energy limits quoted in table 1

.

The lines, normalized to the experimenul data, are the results of a Monte Carlo calculation (see text).
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Fig. 5. Energy spectra of the fragments ‘Li+’Li. ’Be. ’Be and *®B at mean emission angles of 30^W
and 150 to the beam in the lab system. The lines are the result of a Monte Carlo calculation (see text)

and are normalized to the experimental data at 90'' only. 'The data and curves at 30^ have been raised

by a factor of two, those at 150’ have been lowered by a factor of two.
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V. Di Napoli, J. B. Martins, 6. Rosa, F. Salvetti, 0. A. P. Tavares
M. L. Terranova and H. G. De Carvalho
J. Inorg. Nucl. Chem. 1619 (1978)

mew.

MCTHOO

ELCM. SVM.

A1 27 13

RCE. NO.

78 Di 10 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ancle

TVP« PANGK TVPC PANGC

G,C11 ABY 33(33. 53)-999 C 300-999 ACT-

1

4PI

G,Be7 ABY 17(17. 27)-999 C 300-999 ACT-

1

4PI

Abstract—Mean cross sections for the photoproduction of 'Be and "C from '*F. ^Al. '’Si and ''S targets. 'Be from
'**"8, and "C from ”N and "O targets have been measured using bremsstrahlung beams in the energy range

OJ-t.OGeV. The results have been compared with previous measurements and an excellent agreement has been

found, (n most cases, the values obtained turned out to be much larger than those expected from a simple

spallation mechanism. A fragmentation and/or a fission-like process has been suggested in explaining the

mechanism of such reactions.

999= 1 GEV

Fig. I. .Mean cross sections per photon, d,. of "C phuiuproduc-

tion vs the target moss number A,. Experimental data are taken

from; . Ref. [9|; . Ref. (13); , Ref. (2]; O. present work.

The straight line is a least squares fit of the experimental points.

Fig. 2. The same as in Fig. I for 'Be photoproduction. Experi-

mental data are taken from: A. Refs. (6.7|; 7, Ref. (il; O. Ref.

(91; A. Ref. (lOI; . Ref. [Ill; . Ref. (121;. Ref. (13). 8. Ref.

(Ul; 0. Ref. (2|; O. present work.

Table I. Cross sections per equivalent quantum of "C photoprouuction

^0

(GeV)
’S ’«0

Cross Section. Og

'9f 2^1

(ub)

283, '^5 3S.37C1

0.30 520iM XOeX no:a 25:10 35:10 45:10 X:I0

0.32 S20±30 210!X lX:a X:I0 42:10 50:10 X:I0

0.3S S30eS 2X!X 12S:X 38:10 45: 10 60: 10 40:10

0.40 SXt30 2X±X 1X:a 42:10 52:10 65:10 50:10

0.48 S50e30 255:X 1SO:a 53:10 70:10 X:10 60:10

0.S5 S70iX 260:X ISO:a 60:10 78:10 as:io 60:10

0.6S 600tX SO:a 1X:a 70:10 85:10 98:10 75: 10

0.7S S20±X xo=a 1X:X 79:10 95:10 110:10 85:10

0.90 SSOeX 3X:a 190:3 90:10 110:10 ia:10 95:10

1.00 680!X 3XxX 210:a 100:10 115:10 125:10 100:10

Table 1 Cross secuons per equivalent quantum of 'Be photoproductioa

^0

(GeV)
IO.II3

Cross Section,

'«o

(ub)

2^1 '«S1

O.X isota 200:a msa lS2:a 40:a ata 50:a
0.32 160:a ao:a ia:a 150:a 4S:a X:a 54:a
0.35 ISO:a 210:a IX:a 159:a 42:a X:a 60:a
0.40 17StX 22S:a 145:a 1X:a 98:a a:a TO:a
0.43 19C:a 24S:a 163:a 186:a 100:a S0:a 140:a

0.53 200:a 260:a 137:a ao:a 93:a 48:a 90:a
0.65 2atx 280:a 197:a 214:a 140:a 68:a lX:a
0.75 225:a X0:a 21S:a 227:a 1ffi:a TO:a 1X:a
O'. 90 240:a 318:a 2X:a 245:a 1S6:a 88:a 165:a
1.03 ’50:a 3X:a 242:a 260:a ao:a 97:a I9C:a
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Tiblt 3. Compamoo bew«ir e»peritn«ntany determined and cakuliied aott sectiou of ^e and "C photo-

pMd'iction and indicanon of the dominant reaction channeb

Ttrvt

a«clni

OrodMct taiiiMl
aucItOK
Loll ..'A

4A/*j

(KXi) <w0)

•can
<**5

(ao) »ca«

Aoporont
HirosftoM

(EaP-)

t«(W)

Fnilbl*
JMuniui af
Fraeoctloii

10.11, 'i. (3) (»).» (7 21 2 <50 Spallation

'i. S 42 110 a 5 < » Spallation

’S 7 iO 100 12 9 < » Ffsilan
S94lt4t1on

"c ) 21 in 60 2 « so SpalUtlp*

>‘o 9 U 107 8 13 50<£„,<ao riisitn
Fri^vnueion

’•o "c i 31 117 33 3 i“ Sp4lU:1«i

'*F 12 (3 106 s 21 S0<£y,<200 Mssian
Fr«9Btfltatiofi

>V "c • 42 MS 16 7 U<2y,<2DO
Fltl'on
Fraxnfi cation
Spai laeion

«AI a 76 142 Z 71 > 250 Fri^wiUtiofi

"c 16 5» TO s 14 50<C^<203
tr

Fission

21 75 56 z 28 > 200 Fr«9rcnut*tM

”c 17 61 68 4 17 Fissie**

Fr4^«nt^tl<#*i

» 78 1U 2 S7 • 2D0 Friaytrttaeicn

”c 27 66 68 3 23 M<c„,<ao Fission
Frt9<i«n;itiQft

“•”ci ”c 2«.(») •9. (a) ss 3 a SO<E^<20O Fission
Fr49*4»nution

«Ca 33 83 70 1 70 * 250 Frurentation

•C4 "c 29 73 70 2 B > 200 Fr«7*ntotie^

(*)
' ' 0 ^ ttte iifftrtnc ffcasurasants (set Figs. I tftd 2).

^ ^ CtIcuUud vaitjes accordfflq to RtF. .
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D.J.S. Findlay, D.J. Gibson, R.O. Owens, J.L. Matthews
Phys. Lett. 79^, 356 (1978)

CL CM. SYM.

A1 27 13

METHOO REF. NO.

78 Fi 7

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
—

^

angle 1
rVPB AANOK TYPC PANOC

G,P NOX 45-85 C 60-100 MAG -D DST

Experimental data on the (y.p) reaction at = 60-100 MeV Cor targets in the ranged = 7-93 are compared with
predictions based on a single-particle knock-out mechanism using shell model wavefunctions. The results show that this
mechanism is more important than has generally been believed

S2

e I

s

'*C
'*0 "ai ”Co ”Nb ;

•

— —
*

o
.

- o -

o
o

— o
~

• o
> o •

—
• -

t U- 1 t L_ 1

2.S 3.0

aW
3.S

Fig. 2. The ratio of the measured photoproton emission pop-

ulating low-lying states to the single-particle direct knock-

out predictions is shown as a function of nuclear mass4 for

80 MeVbremsstrahlung. Errors in the ratio, due to uncertainties

in our calculations, ate estimated to be a factor of U. Er-

rors in the experimental data are negligible.
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REF. K. Masumoto, T. Kato, N. Suzuki

Nucl . Inst. Meth. 157, 567 (1978)
EL EM. SYM.

Al 27

Z
k

13

METHOD REF. NO.

78 Ma 10 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,AN ABY 22-68 C 30-68 ACT -I 4PI

G,NA24 ABY 24-68 C 30-68 ACT -I 4PI

Analysis is made of reactions interfering with
photon activation analysis procedures.

The activation yield curves have been presented for a number of photonuclear reactions in the ejiergy range from 30 to

68 MeV, in order to evaluate quantitatively the interferences due to competing reactions in multielement photon activation

analysis. The general features of the yields as functions of both target mass number and excitation energy were elucidated

from the data obtained, discussion being given on the results in terms of the reaction mechanism.

Simultaneous neutron activation due to appreciable neutron production from the converter and surrounding materials

has also been studied, and. finally, the magnitudes of interferences in real multielement analysis were given in the form

of their energy dependences.

Fig. 2. Yield per equivalent quanta versus target neutron num- ^8- 3. Activation yield curves tor the reactions on C, Na, Mg
. and Al.

G '’C(y. n)"C. ao)*Be. A ^^Na(y, n)*-Na,
O “Mgfy. p)’-*Na. • -'*Mg('/. pn)--Na. A ^^Al(y, an)“Na,
7

(over)

N3S-418 00^ U.S. department OP" COMMERCE
i

R€.v. tt/ ' 4- -

!



(
qui

)

Distance from the converter ( cm )

Fig 12 The reaction yields leading to --Na as a function of

difference in atomic number between target and product nu-

clides.

Fig. 13. Production rates of the neutron reactions and the

photonuclcar reactions us a function of distance from the con-

verter in vertical and lateral directions.

O ^^Mn(n. y)-*Mn, • ^^Na<n. y.)**Na, A ^^AKn,

*’Mn(y. n)**.Vln. d -^Nu(v. n)--Na. **Cu(y. n)*^Cu.



REF J W Maas, A.J.C.D. Holvast, A. Baghus, H.J.M. Aarts, P.M. Endt,
‘

Nucl. Phys. A301 . 237 (1978)

Page 1 of 3

EL EM. SYM.

A1 27 13

REF. NO.

78 Ma 11 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G NOX 0-10 D 0-1 SCD-D DST

(.84-9.22) (.338-. 981)

Abstract: Measurements of the y-ray decay and angular distributions at eight low-energy (E, < 1 MeV)
^‘Mg(p. 7)*’A1 resonances lead to the spin and parity assignments J* = J'', i*. j*. J*. J,? and \ for the bound states at £, = 3.96. 4 05. 5.16. 5.25. 5.44, 6.16, 6.99, 7.23 and 7.48 MeV,
respectively. For other levels, spin and parity limitations are set. Also reported are precise

excitation energies, branching and mixing ratios, and lifetime limits. For the resonances additional

information is given on energies, strengths and widths. The reaction 0-value is 0 = 8271 .0 + 0.5 keV.

The level scheme of *’A1, complemented with these new data, is compared with the results from
recent shell-model calculations.

J-PI, STRENGTHS

NUCLEAR REACTIONS ^*Mg(p. y). £ = 338. 454. 700-1000 keV; measured <riE^).

(HE.,0). £.(0); deduced 0. ^’Al deduced levels. £,. y-branchings. J,n. F. Enriched

target.
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REF. J.W. Maas, A.J.C.O. Holvast, A. SaQhus, H.J.M. Aarts, P M Endt
Nucl. Phys. A30T , 237 (1978)

’

Page 3 of 3

EL EM. SYM.

A1 27 13

METHOD REF. NO.

78 Ma 11 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

P,G NOX 0-10 D 0-1 SCD-D DST

(.84-9.22) (.338-. 98 J

Tabu 6

Angular distribution coefTicients and mixing ratios of transitions between bound states in ^’Al

- Eu
(MeV) j: j,”

E,

(keV)
5-)

2.74 0 r r 338 0.34 +0.06 -0.06 +0.09
954 0.53 ±0.07 -0.32 +S”
981 0.48 +0.04 -0.20 ±0.07

av =t -0.18 +0.06 ») •)

I.OI r 338 -0.081+0.016 -0.132+0.015*)
954 -0.12 +0.09 -0.10 +0.07 •)

981 -0.101 ±0.019 -0.124±0.012*)

av =. -0.126 +0.009 -0.11+0.02
2.98 0 r 810 -0.15 ±0.03 -0.05 +0.07*) 0.01+0.01
3.96 - 0 r 981 -0.026 ±0.020 -0.04 +0.16

or 6 11*
4.41 0 i* r 809 0.376 ±0.0 19 0.033 ±0.020 -0.11+0.06

1.01 r -0.36 ±0.05 0.00 +0.03 0.09+0.08
4.58 - 0 r r 809 0.04 ±0.05 -0.21 ±0.04 -0.24 ±0.05

or 16'
. +8

2.74 r -0.22 ±0.10 -0.04 ±0.06
or 4.5 + 1 .4

5.16-0 r r 718 -0.18 ±0.07
981 -0.19 ±0.12

5.25 - 1.01 r r 809 -0.44 ±0.04 0.14±0.05 0.04 +0.02 -0.14+0.03
2.21

1 *
t -0.06 ±0.05 0.08 ±0.04

or 5.3 +1.2
5.44 - 0 i r 809 0.53 ±0.04 -0.18 ‘i

or -0.92 +0.14
2.74 r 0.51 ±0.18 -0.63 ±0.1

5

-0.05 ±0.09

or -1.7 +0.3
2.98 i* 0.3 ±0.2 -0.30 ±0.20

or - 10 llj
6.16 - 0.84 r i* 718 -0.091 ±0.013 -0.02 ±0.04*)
6.65 - 0 r r 718 0.37 +0.03 -0.06 ±0.04*)

809 0.31 ±0.09 0.08 ±0.09*)
981 0.30 ±0.03 -0.04 ±0.05*)

av = —0.04 ±0.04
7.23 - 2.21 r P 809 -0.36 ±0.06 0.13 ±0.13 0.05 ±0.03 'i

or 3.5 ±1.0
3.00 V 0.7 ±0.3 0.4 ±0.7 -0.06+0.15 f)

7.48 - 0 ?
I 809 -0.18 ±0.14 -0.06 ±0.11 *)

*) A higher ^-value has been excluded on transition strength considerations.
") Sign convention of Rose and Brink ”).

‘) Corrected for solid angle attenuation.
'*) From ref. ‘^). if not indicated otherwise.

*) Several different values, see text.

') Ref. “).

*) The present work yields a second solution, =
measurements of refs.
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A. G. Flowers, D. Branford, J. C. McGeoi^e, A. C. Shotter,

C. H. Zimmerman, R. 0. Owens, J. S. Pringle

PhySi Rev. Lett, 43, 323 (1979)

METHOD

P. Thorley ^LEM. SYM.

A1

REF. NO.

27 13

79 FI 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TVPC AAN«K

E,A SPC UKN D 120 MAG-D 30

This paper presents energy spectra of a particles emitted following the bombardment
of ^*A1, "*'Ni, **Mo, ’*Mo, and *”Au with 120-MeV electrons, together with a-particle
angular distributions from ‘”Au and "•'Nl for £„ 30 and 50 MeV. The data are com-
pared with preequilibrium exciton-model and statistical-model calculations. It is con-
cluded that few-step processes are dominant in the production of a particles with ener-
gies above 20 MeV.

PREEQUILIB A EMISS

FIG. 1. o-partlcle energy spectra at =30*, for E,
» 120 MeV, Errors shovra are the sum of statistical

and systematic contributions. The solid lines are a

guide to the eye.

TABLE I. Temperatures corresponding to the pre-

equilibrium component of the (e,a) reaction, derived

from energy spectra at = 120 MeV.

Target Temperature* (MeV)

”ai 5.3

“*‘N1 5.5

«Zn 5.4

»^Mo 5.6

”Mo 5.4

istau 6.1

•Error is it 0.2 MeV.,
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Her. S. Hartwig, F. H. Heimlich, G. Huber, E. Rossle, J. Bleckwenn,
M. Kobberling, J. Moritz, K. H. Schmidt, D. Wegener, D. Zeller
P. David, H. Momnsen

Phys. Lett. 82B, 297 (1979)

METHOD

EL EM. SYM. A

A1

REr. NO.

27 13

79Ha2 hg

REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TYP« PANGC TVP« PANOft

E,E/ RLX 1*4 D 3,7 MAG-D 9

(.95-3.28) (3.08,7.)

*GEV, RLX E+/E-

The ratio R » <»*/o" of the cross sections for inelastic positron and electron scattering on and ^''aI has been mea-
sured for four momentum transfers 0.08 (GeV/c)* < 0.45 (GeV/c)2 of the virtual photon and invariant masses 0.9i t
GeV < W < 3.3 GeV of the hadronic system. The mean value of the ratio is/? = (1.005 ± 0.027). No q^, respectively, W
dependence of the ratio is observed.

Table 2

Ratio/? = aja_ for inelastic lepton scattering on *'^AL The variables are defined in table 1. All errors include the systematic error

contributions given in the texL

£i F 3.08 GeV, = 9"
£l = 7 GeV, - 9*

W q^ R
(GeV) ((GeV/e)*)

Re(/li//li) W q^

(GeV) ((GeV/e)2

R Ref/ljM,)

0.960 0.223 0.935 t 0.04 (-1.6 ± 1.0 )% 3.080 0.381 0.947 ± 0.055 (-1.33 ± 1.38)% 2

1.240 0.199 1.038 ± 0.044 ( 0.95 ± 1.1 )% 3.125 0.357 1.089 ± 0.063 ( 2.2 ± 1.6 )%
1.405 0.182 1.071 t 0.051 ( 1.8 i 1.3 )% 3.165 0.336 0.964 ± 0.068 (-0.9 ± 1.7 )% V

1.490 0.172 1.032 t 0.047 ( 0.8 t 1.2 )% 3.205 0.315 0.965 ± 0.068 (-0.9 ± 1.7 )%
1.570 0.163 1.005 t 0.045 ( 0.1 t 1.1 )% 3.245 0.293 0.995 t 0.058 (-0.1 ± 1.45)%

1.645 0.154 1.029 ± 0.046 ( 0.7 t 1.15)% 3.285 0.271 1.040 ± 0.074 ( 1.0 t 1.85)% Sf

1.720 0.144 1.011 1 0.048 ( 0.3 t 1.2 )%

1.790 0.134 1.000 t 0.051 ( 0.0 i 1.3 )%
0.997 ± 0.035 (-0.1 ±0.9 )%

1.855 0.125 1.023 ± 0.047 ( 0.6 1.2 )% i

1.920 0.115 1.107 t 0.050 ( 2.7 t 1.25)%

1.980 0.106 1.028 t 0.049 ( 0.7 t 1.2 )%

2.040 0.097 1.114 ±0.054 ( 2.85 ± l.35)%

2.100 0.037 1.054 ± 0.052 ( 1.35 1.3 )%

2.150 0.079 1.063 ± 0.053 ( 1.6 t 1.3 )% *

1.008 ± 0.040 ( 0.2 t 1.0 )%

Fig. 1. Ratio R = of inelastic positron and electron

scattering on and ^’Al.as a function of the invariant mass
h' of the excited hadronic system, calculated for a free target

nucleon.

01 0 2 03 04 os'

<rI(G»V/el’]

Fig. 2. Ratio R = o*/o. of inelastic positron and electron scat-

tering on *^C and ^"^Al as a funcuon of the four-momentum
transfer <7^ of the virtual photon.
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R.S. Hicks, A. Hotta, J.B. Flanz, H. deVries

Phys. Rev. C21. 2177 (1980)
REF.

METHOD

REACTION

E,E/

RESULT

ABX

EXCITATION
ENERGY

4-8

TYPE RANOE

0 70-340 MAG-0

Inelastic electron scattering form factors were measured for the low-lying odd-parity states of ”AI over a

> momentum transfer range of 0.57 to 2.41 fm~‘. Reduced ground-state transition probabilities were deduced

;

for states at 4.055 MeV(I/2-), 5.156 MeV(3/2-), 6.159 MeV(3/2-), 6.477 MeV(7/2-). 6.605 MeV(l/2- or

3/2"), 6.651 MeV(5/2”), 6.993 MeV(3/2"), and 7.228 MeV(9/2"). In addition, the results support odd-

parity assignments for the 5.827 MeV(3/2” or 5/2'^) and 7.477 MeV(7/2) levels. Attempts have been made

! to interpret the results in terms of the weak-coupling and strong-coupling models. The measurements

:

confirm the apparent high concentration of Ip-shell proton hole strength in the 4.055 MeV,l/2“ and 5.156

MeV,3/2~ states. To satisfactorily account for the observed properties of these two levels using the weak-

' coupling model requires an anomalously small value of 1.35 MeV for the spin-orbit splitting of the Ip shell.

! The structure of levels in the 6 to 7.5 MeV region is shown to be based on the excitation of Id-shell

' nucleons into the 1/ shell

EL EM. SYM.

A1 27 13

REF. NO.

80 Hi 2 hg

DETECTOR
ANGLE

DST

10 LEVELS BEL.J-PI

NUCLEAR REACTIONS "Alte.e'), E = 70-340 MeV; measured <7 (E; 9), DWBA
analysis, levels, deduced R(A), 6. Strong-coupling model, weak-coupling

model.
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TABLE n. Comparison of experlmenal excitation energies and transition probabilities with

predictions of weak- and strong-coupling models.

2d' L (MeV)

Experiment
B(CL0
(e'fm^

Weak

(MeV)

coupling

B(CU)
(g*fm^

Strong coupling

B(CL 1)

(e^ fm^)

I’- 2 0.843 13.5* I.O’’ 0.62 37

3* 2 1.013 27 ±2’’ 1.11 43

T* 2 2.211 95 = 10
^ 2.27 65

5" 2 2.734 8 * 3 1.89 29

9* 2 3.001 57 * s’* 2.30 129

1* 3 4.033 60 *25 4.06® 69

3" 3 3.136 41 *17 5.16® 39

3" 3 5.827® 5.5* 2 5.96 12.8

5" 3 6.01 4.2

1* 3 6.605® 86 *21 6.52 74 55

3" 3 6.159 207 ±441 207 6.20
251

207®

3" 3 6.993 <15 ) *47 7.55 95)

5" 3 6.651 367 * 55 6.09 398 367
®

5" 3 7.73 200

7" 3 6.477 217 * 32 ) 498 6.32 «®«U049
232

7* 3 7.477* 281 *42) J=53 7.87 131)

9" 3 7.228 604 *91 6.92 '282U286
90

9" 3 8.20 4)

11' 3
7.83 446 12

11" 3
9.12 405

^ Reference 4.

References 4, 9, 34.

' Parameter fitted specifically to measured value.

Assuming CO excitation strength can be neglected.

' Observed state has uncertain spin-parity assignment.

(over)
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FIG. 5. Inelastic form factors measured for 1^-hole

states In^’Al, and comparison with best-fit theoretical

curves. The calculated longitudinal form factors were

obtained in the distorted-wave Bom approximation using

the single-particle, harmonic oscillator model with b

= 1.35 fm. The 7 dependence of the data differs mark-
edly from that expected for the C3 multipole of a Id— \f

transition, which is represented by a dotted curve at the

top of the figure.

FIG. 6. Measured (e,e') form factors for ^^Al odd-

parity states characterized, in large part, by the excita-

tion of a Id-shell nucleon into the 1/ shell. For compar-
ison, the q dependence expected for a C3 excitation to a

Ip -hole state is shown by the dotted line at the top of the

figure. The best-fit DWBA curves were calculated using

the sln^e-particle harmonic oscillator model with b

= 1. 94 fm. Transverse components were assumed to be

small and are excluded from the calculated curves.
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V.M. Khvastunov, N.G. Afanas'ev, Yu.V. Vladimirov, G.A.

REF. V.F. Borzhkovskii , V.G. Vlasov, I. I. Zalyubovskii , N.G.

A.N. Frolov

Sov. J. Nucl. Phys. 32, 152 (1980)

Yad. Fiz. 32, 297 (1980)

METHOD

Savitski i

,

Stervoedov

,

ELCM. SYM. A

A1

REF. NO.

Z

27 13

80 Kh 3 hg

RESULT
EXCITATION SOURCE detector

reaction ENERGY TYPE PANaC TYPE RANCe
ANGLE

E,P ABX 8-100 D 100 MAG-0 DST

E,D ABX 21-100 0 100 MAG-D DST

E,T ABX 18-100 D 100 MAG-D DST

E,HE3 ABX 23-100 D 100 MAG-D 20

E,A ABX 10-100 0 100 MAG-D DST

Measurements of the charged-particle yield in the
electrodisintegration of ”aI have been carried out in
the linear electron accelerator at our institute. Posi-
tively charged particles emitted from the target were
analyzed in momentum by a magnetic spectrometer in
the focal plane of which were located 10 surface-barrier
silicon detectors. This arrangement permitted separa-
tion of particles according to the value of z Va, where
Z and A are the charge and atomic weight of the par-
ticle, respectively. The technique permitted simul-
taneous detection of five groups of particles: p, d, t,

*He, and ^He. Protons and or-particles, which have
identical ZVA, were separated by appropriate choice
of the bias voltages on the detectors.* An example of
this separation is shown in Fig. 1 for particles emitted
at an angle 9=2Q‘.

Yield measurements were made at four angles 9 = 20,
55, 90, and 110“ for an initial electron energy 100 MeV.
The differential cross sections obtained for protons,
deuterons, tritons, and a particles as a function of the

FIG. 1. Spectrum of products of electrodlslntegraUon of
at an angle 9 = 20*.

* ’Khar'kov State University.

FIG. 2. Differential cross sections for production of p, d, t,

and at in electrodisintegration of ”A1. £,= 100 MeV. 9 = 55*.

’

The errors are only statistical.

kinetic energy of the detected particles (Fig. 2) show
that the a-particle yield is comparable with the proton
yield. In the kinetic- energy region 7-8 MeV the ratio
of the cross sections for protons and a particles as a
function of angle is isotropic and amounts to 4.8±0.5.
The ratio of the triton and a-particle cross sections at
55“ is O.SaO.l. This value agrees with the data of Ad-
ler et al.,^ who reported the yield ratio (f/*He) obtained
with Y rays at an initial energy 500 MeV.

*V. F. Borzhkovsklf ef of . , in: Voprosy atomnoT nauki 1

tekbnild. serlya Obshchaya i yadernaya fizika (Problems

of Atomic Science and Technology, General and Nuclear

Physics Series), No. 5(5), Khar’kov, 1978, p. 36.

*J.-0. Adler etal.. Intern. Conf. on Nucl. Phys. with Elec-

tromagnetic InteracUon, Abs^acts of Contributed Papers,

Mainz, 5— 9 June, 1979, West Germany, p. 4.1.

Translated by Clark S. Robinson
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REr N.K. Sherman, C.K. Ross, K.H. Lokan

Phys. Rev. 2328 (1980)
KLCM. SVM.

A1 27 13

METHOD ner. no.

80 Sh 10 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANOK

G,MUT ABX 3-30 C 42 TOF-D 4PI

Photon absorption by Al, Ta. and Bi between 3 and 30 MeV was measured using as a photon

spectrometer a photoneutron time-of-flight detector and a liquid deuterium target. The atomic cross sections

of Ta and Bi at the lowest energies (and of Al at higher energies) agree with calculated values appearing in

published tabulations but exceed them at 23 MeV by about 2% in Ta and 3% in Bi. Calculations by others

using empirical Coulomb corrections and improved screening corrections to the cross section for pair

production by the nucleus agree with experiment to within (0.5+ 0.4)«r. Best experimental values of the

combined correction for Bi are given.

D(G,N) SPECTROMETER

NUCLEAR REACTIONS *^A1, '**Ta, measured total photon absorption

cr,(E): observed GDR; deduced electron pair production a k(E)-, £=3.0 to 30.0

MeV; resolution 300 koV; deduced experimental values for Bi of the combined
Coulomb and screening correction; *II(y ,n) LD2/TOF spectrometer.
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J. Arends, J. Eyink, A. Hegerath, K.G. Hilger, B. Mecking
G. Ndldeke, H. Rost
Phys. Lett. 9^, 423 (1981)

ntr.

MCTHOO

CLEM. SYM.

A1 27 13

Rcr. NO.

81 Ar 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVRK RANOK TVPC RAMOS

G,MU-T ABX 215-386 D 215-386 TOF-D 4PI

DATA ALSO IN 81AR3

Double differential cross sections for the photo^mission of protons and charged pion production were investigated for

a number of target nuclei (He, Be, C, O, Al, Ti, Cu, Sn, Pb) in the photon energrtange k - (215-386) MeV. On the basis

of these experimental results the total hadronic aoss section was determined.

Fig. 7. Parameter oq uz function of photon energy (data points) compared to the mean cross section for a free nucleon (solid line).

The total hadronic cross sections for all measured

elements can be parametrized in the form

a(k,A) = OQ(k) - A* ,

A being the atomic number, with a constant exponent

jc = 1.1-. The photon energy dependence of Og is shown

in fig. 7. Compared to the mean cross section for a free

nucleon (the solid line in fig. 7) the excitation of the

A-resonance is suppressed. Such a suppression is ex-

pected in the A-hole model [11].
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J. Arends, J. Eyink, A. Hegerath, K.G. Hilger, B. Mecking
G. Noldeke, H. Rost
Nucl. Phys. A358 , 367c (1981)

MCTHOO

EL EM. SYM.

A1 27 13

NEF. NO.

81 Ar 3 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPC PANOC TYPE PANCC

G.MU-T ABX 215-386 0 215-386 TOF-D 4PI

Abstract; Double differential cross sections for the photoeinission of protons and

charged pion photoproduction were investigated for a number of target nuclei

(He, Be, C, 0, A1 , Ti , Cu, Sn, Pb) using the tagged bremsstrahlung beam at

the Bonn 500 MeV-Synchrotron in the photon range k = (215-386)MeV. On the ba-

sis of these experimental results the total hadronic cross section was deter-
mi ned

.

175.00 225.00 27S0O 32500 375.00 C25m

k(MeV
Fig.- 2. Cross section for the process: y + Pb * p X.

The proton threshold is 58 MeV.

Fig. 3. Total hadronic cross section for Be. The data are compared to the cross
section taken from ref.^).

The photon energy dependence of the total cross sections for heavier nuclei
results. The complete data set can be parametrized in the

a(k,A) = a^(k) . A"'.

The exponent is constant x = 1.1. The photon energy dependence of un is shown in
fig. 4. Compared to the mean cross section for a free nucleon, the excitation of
the a-resonance is suppressed.
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( Y. Cauchois, H. Ben Abdelaziz, R.

I

J. Phys. ^ 1539 (1981)

i

METHOD

Kh^rouf, C. Schloesing-Mdller
EL EM. SYM. A

A1

REP. NO.

81 Ca 2 hg

RESULT
EXCITATION SOURCE DETECTOR

REACTION ENERGY TYPE RANDS TYPE RANGE
angle

G,G LFT 1 C 0-2 SCD-D

(1 .014)

Abstract. Lifetimes of 49 excited states below 1.65 MeV have been measured in ’‘Mg '’a1

**Ti. ’*Ni. ”Co. “-“Ni. ‘^“Cu. ““•‘^Zn. ”As, '®’Rh,
''^

''^In, "‘•‘"•‘"Sn and ‘^''"^Sb
by means of nuclear resonance fluorescence experiments. The levels are excited by
bremsstrahlung x-ray photons. The seif-absorption technique applied to suitable cases
provides nuclear absorption cross sections, widths and lifetimes from which the x-ray

spectral distributions are also obtained. Scattering experiments are performed for all other
cases in order to obtain widths and lifetimes from these x-ray photon curves. The Compton
effect in the sample is taken into account. Self-absorption provides ^Po from which P is

deduced using adopted J’ and Po/P values; scattering provides u=g(PoyP)»T®) front

which P is also deduced with J, Po/P and mixing ratios taken from the literature. Thanks to

simultaneous determination of the x-ray spectra ail the lifetimes as given by our programs
with their statistical errors form an unusually coherent set of values.

NUCLEAR REACTIONS (y. /), bremsstrahlung excitation: natural isotopes: **Mg,

‘^Al. **Ti. ^'Ni. ’*Co. “-“Ni, ‘^“Cu, ‘‘“•“Zn. ”As, ‘®’Rh. "^-"^In. "••‘“'“Sn
and

'*'
'"Sb; £=0.5-1.65 MeV; measured gPo or gfPi'PlMT®); deduced Txn-

1 .014 MeV
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TiUna 3. Rduluis des mesures des niveaux nudiea par difrusioit.

TdUi 3. Rewlu obtained uaing (he dilTusion method.

Isotope Energie (keV) y* JS Po/r s

«=«<ro/r)W!tf) r(ps)

(meV) ce travail frcf (ps) References t

1368,59(4) 2’ 0*
1 E2 1.08(13) 1,76(21) 1.98(4) Endt et van der Leun

(1978)

»A1 1014,45(3) i* 3^ 0,971 + 0,351(12) 0,186(13) 2,20(16) 2.12(8) Endt et van der Leun

(1978)

“Ti 983,512(3) 2
* 0'

1 E2 0,282(23) 6,74(55) 6.1(13) Been (1978)

”Ni 1454,45(15) 2* 0*
1 E2 2.11(26) 0.90(11) 0,92(3) Kocher et Auble

(1976)

”Co 1099,224(25) 1 1 (E2) 0.069(8) 4,79(55) 3,17(58) Kim (1976)

»Co 1458,8(3) V- J- 0,91 (E2) 0,68(8) 1.17(14) 1.52(16) Kim (1976)

”Co 1480,9(3) 3- 0.8 <0.35* 1.23(15) 0,254(31) 0,31(3) Kim (1976)

“Ni 1185,7(6) 3- 0.77(8)‘ |0,14| 1,88(49) 0,21(5) 0.16(3) Andreev era/ (1974)

“Ni 1172,91(9) 2* 0^
1 E2 0,88(17) 2.15(42) 2.09(3) Halbert (1979a)

‘*Cu 1327,00(7) J“ 3- 0,84 (E2) 1,04(14) 0.84(11) 0,88(4) Auble (1979b)

*^Cu 1412,05(4) J" 3- 0,72 +o.6ii:J! 0,260(38) 1,90(28) 1.61(3) Auble (1979b)

“Zn 991,54(7) 2' O” 1 E2 0.640(54) 2,97(25) 2,60(13) Halbert (1979b)

“Cu 1481,83(5) i-
3- 0,85 (E2) 1,13(19) 0,79(13) 0,49(5) Auble (1975a)

“Zn 1039,37(6) 2" 0*
1 E2 0.70(6) 2.71(23) 2.25(15) Auble (1975b)

“Zn 1077,38(5) 2* O'- 1 E2 0,70(6) 2.71(23) 2,34(23) Lewis (1975)

”As 572,5(10) i- 3-
I'* 0,39'* 0,236(26) 4,14(46) 3.5(9) Horen et Lewis (1975)

«As 823,0(10) i- 3- 0,86“ (E2) 0,214(22) 4.27(43) 3.5(3) Robinson era/ (1967)

”Aa 865,5(10) J-
0,83“ e

0,78(6) 0.863(68) 0,60(12) Celliers el a/ (1977)

”Aa I076,0()0) 3“ 0,94“ 0,38“ 1.9703) 0.28709) 0.32(7) Celliers era/ (1977)

”a» 1128,5(10) 3-
1 El“ 0.224(24) 1.47(16) —

”As 1349,0(10) i- 3- 0,67“ 0,20“ 1.61(29) 0.180(32) 0.12(3) Wilson (1970)

’^As 1370,0(10) i- 3- 0.47“ 0,47“ 0.64(13) 0,218(44) —
"”Rh 803,1(2) 1- 0.70 MI 1.85(16) 0.174(15) — Hurmatz (1979)

'"Rh 1277.0(2) i- 1- 0,75 -0.62(30)' 0.81(9) 0.87(10) 1.3(9) Harmatz ( 1979)

"’In 1177(1) r V 1 + 0.5(2) 9.1(8) 0.086(8) 0.10(6) Tuttle era/ (1976)

"’In 1510(1)
7 *

1 V 0,935 -o.5i:l! 6.4(9) 0,071(10) o,ii!:5! Tuttle eial (1976)

"’In 1077.7(10) 3* !* 0.81’ (E2) 0.159(24) 1.61(24) 1.23(7) Tuttle era/ (1976)

"’In 1290.59(3) y* !* 0,98’ (E2) 1.3101) 0.66(6) 0.55(4) Tuttle el a/ ( 1976)

"’In 1448.78(3) V !* 0.86 -8^ 0,90(11) 0.50(6) 0.52(20) Tuttle el al ( 1976)

"’In ' I486.HI) V ? 0,787 -0.8' 0,63(9) 0.63(9) 0.4(3) Tuttle el a/ (1976)

"’In 1497.2(4) (!•) !* < 1 (E2) 1,33(16) <0,30(4) —
"’In 1607.8(15) (3*) $ ! (E2) 1.54(24) < 0.26(4) —
"*Sn 1293,54(2) 2' 0*

1 E2 3.58(37) 0.53(6) 0.522(14) Carlson el al ( 1975)

'"Sn 1229.64(4) 2’ 0*
1 E2 2.75(28) 0.69(7) 0.67(2) Carlson el a/(1976)

’“Sn 1171,6(2) 2* 0*
I E2 1.8306) 1,04(9) 0.91(2) Kocher (1976)

"Sb 1023.5(10) 2 J* 1 |0.571‘ 3.69(34) 0.228(21) 0.200)" Tamura ei a/ ( 1979)

”‘Sb 1 105.5(10) 2 0,4 — 0,47(4) 0.42(4) —
'”Sb 1 142,5(10) 3‘ 3* 0.6 (E2) 0,85(8) 0,449(40) 0.41(8)'* Booth el a/ (1973)

"‘Sb 1384.0(10) 3* 1* 1 |0.45|* 4.7(5) 0,092( 10) 0,088(14)'* Booth et a/( 1973)

'“Sb 1029.5(10) !* 7 .

2 1 10.57|‘ 2.96(27) 0.272(25) 0.26(4)" Booth ei al(l973)

'”Sb 1086.5(10) !• 3'
1 1<5| > 1.26* 1.06(9) 0.67(6) 0,72(15)'* Booth elal( 1973)

t References pour Ics colonnes 3, 4, 5, 6 et 9 de chaque ligne, sauf indication appelee au bas de ce tableau. Pour les auires donnees se reporter au

texte.

Remarque. Pour ca'culer 6^ quand nous ne disposons que de B(F12), pour un melange (E2) + (MI). nous deduisons jro(E2)cr fl(E2)P,^ ; en

admcttant WW)= I et connaissant Po/r, notre determination de u donne une premiere approximation de jPo d’oii une valcur de

<5^ =(i;ro(E2))/fgro -gPo(E2)) qui permet d’ameliorcr IM^l'et gPo de proche en proche.

* Swann (1971); ^ Robinson el al( 1967); ' (P(W) = 0.99 calculc d’aprcs la formule de Celliers el a/ (1977); Abbondanno ei al (1978); ' Saver et a!

(1972); ^Tuttle et al (1976); ' d’apres 0(E2) de Barnes el al (1966); '' calcule d’apres Booth el al (1973); ' Williams et al (1975); ' Dietrich et al

(1970).
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Fig. 1. Spectrum of electrons scattered by the

nucleus at Eq = 75*31 HeV, a = 90*. The upper

part of the figure shows the inelastic-scattering
spectrum against the background of a radiation
tall; the lower part shows the spectrum after sub-
traction of the tall.

Fig. 3. Form factor of inelastic scattering of electrons for the 2.21 MeV , 7/ 2
*

state of ^"^Al. The open circles represent the present experiment; the filled
circles represent the result of C3l* The solid curve corresponds to calculation
according to the shell model [16] j the dashed curve corresponds to calculation
according to the intermediate-coupling model [3.17].

Fig. 4, Form factor of inelastic scattering of electrons for the 3*00 MeV, 9/2+

level of ^"^Al. The open circles represent the present experiment; the filled
circles represent the results of [3]. The solid curve corresponds to calculation
according to the shell model [16]; the dashed curve corresponds to calculation
according to the intermediate-coupling model [3. 171-
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REP B.S. Ishkhanov, I.M. Kapitonov, V.I. Shvedunov, A.V.
Yad. Fiz. 865 (1981)

Sov. J. Nucl. 33, 453 (1981)

METHOD

Shumakov EL EM. SYM. A

A1

REP. NO.

13

81 Is 4 egf

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANCe

G,P0 ABX 13-29 C 1 7-30 TEL-D 90

G,PL

Photoprocon spectn have been obuined from the ”A1 nucleus at 14 bremsstrahlung maximum energies L“1,2, "5”,17, 39 ( 8 , PL )

in the range 17.0-29.7 MeV. From the spectra we have calculated the partial cross sections for the

phoioproton reaction with formanon of the final nucleus in the ground state, the first two exated states, and

in groups of states with centers of gravity at 4.4, 6.6, 8.3, 1 1.0, and 13.0 MeV. The sum of the partial cross

sections exhausts the total cross section of the reaction. Analysis of the experimental results was carried

out simultaneously for the nuclei '^Al. “Mg, and “Si with use of dau on pickup reactions. The role of

nucleons of different shells and the fraction of excitations of the Ip lA type in the ^’Al giant dipole resonance

ai« estimated. The influence of the structure of the ground state of nuclei of the l<f>2r shell on the properties

of the giant resonance is disnissrri

PACS numben: 23.20. + y. 27.3a + 1, 24.30.Cl

nc. 2. Combined difference proton spectra from ’'AI; a—
In the excitation energy region 17-29 MeV; b— in the excita-
tion energy region 17-18.7 MeV.

TABLE I. Energies of states, energy resolution In partial

cross sections, and their Integrated s-alucs.

£/. M«V

ft t.t 3.0 4.4 « ft i.ft 11.9 iJ.ft

M«V 03-0.1 0.6 0.S 06 1 2 1.2 10 10

M«Vemb/tf 0.8 u 1.9 SO Z.0 u 1.0

^B. S. Ishkhanov ef of., Izv. AN SSSR, seriya fU. 33, 1742

(1969) [Bull. USSR Acad. Sci.. Phys. Ser. |.

U IS i3 11
j

M,v

FIC. 3. Fbrtl.nl cross sections for the reaction

with formation of the final nucleus in various states.
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FIG. 4. Cross section for the {y,p) reaction in determin-

ed by transitions of nucleons from the shells ld-2s ( a) and \p

(b). The solid curve is



Rsp P.J.P. Ryan, M.N. Thompson, K. Shoda, T. Tanaka

Nucl. Phys. A371 , 318 (1981)
EL CM. SYM. A Z

MCTHOO

A1

REP. NO.

27 13

81 Ry 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TVPC PANCe TYPC AAN6C

E,P ABX 8-28 D 14-28 MAG-D 90

Abstract: Photoproton spectra from were measured from 14.8 to 27.6 MeV e.xcitation energy in
400 keV steps. From these, high resolution photoproton cross sections to low-lying sutea of the
residual -'’Mg nucleus were deduced. The large integrated cross sections to these states justify
the interpretation ol the de-excitation >'-ray measurements which consistently indicate strons
population of low-lying residual states following photodisintegration. Further, the results are
discussed with reference to the particle-hole model. By examination of the microscopic configura-
tions of the possible GDR states an explanation is proposed for the differences in the cross sections
to various residual states. Finally, the results are compared with spectroscopic factors determined
from pickup reactions on -’’Al.

VIRT PHOTON THEOR

REACTIONS ^’Al(e, p). £= 14.8-27.6 MeV; measured proton energy spectra
at 0 = 90®. Deduced <t(v, p) to different ^‘Mg states, mechanism. Magnetic spectrometer,

isotopicaily pure target.

e

zo
o
UJ
in

in
ino
ccu

zu
tr
Ui

a

0.3

a2

ai

0.6

at

a2

0.15

0.10

0.05

0.20

0.10

0.08

0.04

0.00

lao 1S0 2ao 25.0 3011

PHOTON ENERGY (MeV)

Fig. 3. Differential cross sections at 90® for the reaction ^^Al(y, Pj): (a) ^^Alfy, Po). (b) ^^Al(v, Pi).

(c) ^’Al(y. pj). (d) ”Al(y. p..,..) and (e) '’Al(y, p..*..).
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Fig. 4. Oifl'cremiul cross seciions ut 90* lo the ground and first excited states: (a) *^AI(v. Po) ^nd

(b)'’.AlC/. p,).

Table I

Results and comparison with previous measurements

Residual state

in

[from ref. '^)]

(MeV)

d<r

(at 90“)

(MeV • mb/sr)

•)

da

(at 90")

(MeV • mb/sr)
')

d<T

(at 150")

(MeV mb/sr)

')

0. 0* 0.60 ±0.06 0.45 ±0.06

1.809, 2* 1.61 ±0 17 0.92 ±0.2 2.00±0.5

2.938, 2* 0.9 -1-0.2 0.74±0.15

3.588, 0' •) (0.32±0.1) *)

3.941, 3’ •)

4.318,4"- "1 1.5 ±0.2

4.332. 2* y 2.7 ±0.6 < 0.25

4.350. 3* J 0.5 ±0.2

4.834.2* 0.63±0.15

4.900. 4* 1 1.4 ±0.5 < 0.2

4.972.0* j

*) Present results.

'’) Results of Tsubota er a/. '*).

‘) Results of Thomson from a de-excitation gamma-ray measurement **).

*) This assignment is uncertain
'
^).

*) These states were assumed to be unpopulated in the present analysis (see text).
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P.J.P. Ryan, M.N. Thompson, K. Shoda, M. Hirooka
Nucl. Phys. A389, 29 (1982)

METHOD

EL EM. SYM.

A1

REF. NO.

27 13

82 Ry 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPC RANOK TVPC PANOC

E,PL ABX 15-25 D 17-26 MAG-D DST

Absiraci: The angular distributions of the '’Al(y. p,,) and ^’’AKy, p,) reactions were measured over the

GDR energy region. Both reactions exhibit considerable anisotropy indicating the effects of

multipole interference. From the behaviour of the fitted Legendre polynomial coefficients the

principal Ip-Ih configurations in the ''AKy, p,,) reaction were investigated and an approximate

cross section for the E2 component deduced using justifiable assumptions. The angular distribution

of the ^'Al(y, p,) reaction is qualitatively similar to that of the ^’Al(y, p,,) reaction. However if

onlv a single intermediate configuration is involved it appears that the first excited state (2*)

of ^*Mg is likely to be populated by Pj , proton emission whereas the ground state (0*) is

populated predominantly by f,,j proton emission from the ^’Al GDR.

NUCLEAR REACTIONS ”Al(e,pl. £ = 16.8-25.6 MeV ; measured <r(£, 6). derived <r(y. p,. 9).

^^Al deduced GDR configurations. E2 decay characteristics.

Fig. 7. The small E2 component of the ^’Al(y, Po) cross-section calculated from eq. (7) (see text) is

plotted in the lower half of the diagram w hile the total cross section, given by 4it/to. plotted in the upper

half for comparison.

L=0,1, VIR PHOT
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1
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1 V ,
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ENERGY (MeV)

26

Fig. 5. The Legendre polynomial coefficients

Uj, Uj. tij. tlx obtained from tits to the measured
angular distributions of the -’AKy. p„) cross

section.

Fig. 6. The Legendre polynomial cocfficienis

io. and i;, as a function of energy for ihe

AKy. p„) reaction.
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Fig. I. The *''AI('/, Po) differential cross sections measured in 15® steps from 45® to 135®. The angle at

which each cross section is measured is superposed.

Photon Energy (MeV)

Fig. 1 . The '’AKv, p,) differential cross sections measured .it the 7 angles under study.
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F.Cvelbar, A.HBdoklln, M.V.Mllkailovic, M.Najzer, V.Ranaak

Fhys Jiifittexs ^ 364 (1963)

Elem* Sym.

AI 28 13

Method

telescope scintliletlon psix spectrometer

Ref. No.

63Cvl BCr \

Reaction E or AE adE
J Jr Notes

4

Al^^(n,7)Al
>8

‘in

14 MeV

7out

12-22

E.

Cross section Integrated over y ray

energies > 14 MeV - .26±,05 MeV

FORM NBS-4I8

uscOMM-DC tassS'Pes
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I, Bergqvist, J. A, Biggerstaff, J. H, Gibbons, W. M, Good
Phys. Rev. 158 ,

1049 ( 196?)

ELEM. SYM.

A1 28 13

METHOD REF. NO.

67 Be 7 egf

REACTION RESUUT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N.G LET 7-8 D 0-1 NAI-D 0-7 90

TabLX VI. Gximna rays from "AI(»,t)**A1; £a-35 keV, /»« (3)'*‘.

SOURCE 35.89 KEV

/C, (MeV)
/, (|icr KM)
caplurcs)

60:kS
4±2
10±2
4db2
4±2
(3)

Assignment

C — 0. C— 0.03

C — 0.97, 1.02

C— 1.63

(C -» 2.28)

4.77 — 0

Ft, (meV) 10001 iH|»

(3+) — 3* 2*
(3)+— (0.2)-
(3)-*-- (2,3)+

C(3)^^(<5)+]
(<4)--3+

3 (C — 3.59) [(3)-^- (<4)-]
5 (C— 3.88 — 0) ,(3)+-{<4)--
4 (3.59 — 0) (<4)--3*]
4

3

(C — 4.77) L(3)^- (<4)-]

4±2 (2.59— 0) [(<5)^-3-^]
(9)

(3)

20±S

2.21-0, (H(«,7)D) (<5)+ - 3*

1.63-0 (0.03) (2,3)+— 3+
6zi:2 1.37—0.03 1+— 2+

12=t3 1.02 — 0.03,

(0.97 — 0)

(2,3)+ — 2+

[(0,2)+ -3]+

3*2

540
36
90
(36)

(27)

(22 )

(36)

55
6
19

(II)

(0 .6)

(0 .6)

(2)

‘ Parentheses imply marginal credibility. Unresolved suiicture.

Tabue VU. Gamma rays from "Al(»,y)“Al; Ea-89 keV, /•—3*;

/. (per 100
Ey (MeV) captures) Assignment Tti (meV) lOOOjMI'

7.80 15±2 C— 0,0.03 3+— 3+ 2+ 90 9
6.81 ll±3 C— 0.97, 1.02 3+— (0,2)+> (2,3)+ 66 11
(6.4)* (S) (C^ 1.38)*

5.60 14::i:3 (C— 2.15, 2.21, 2.28) 3+— (<5)+ 84
5.18 > 12db3 (f— 2.67) 3+-(<5)+ 12
4.80 11 ±3 (C — 2.W, 3.01)
4..10 14±J (C — 3.16, 3.54)

(3.9) (7) (C — 3.K8 — 0)

3.55 20±4 JC-^ 4.24

\3.54— 0, 0.03

3.1 13±4 3.10— 0, 0.03
2.65 12±4 2.67 — 0, 0.03

2.25 26±5 (2.28 — 0.03

\2.21 —0
1.66 30±5 1.63-0

• Parcatbeeet imply marginal credibiUiy. * Unrcnlvcd ttracture*
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SILICON

Z=14

The name silicon was derived from siiic-, the bare syllables of the Latin
word si lex meaning "flint". Before 1787 chemists thought that the
compound of silicon, silica, was an element. It was then that Lavoisier
speculated that silica was an oxide of an unknown element. In 1817

Berzelius decomposed iron silicite in such a way that the presence of
another metal was indicated. Finally, in 1824, he showed that this metal Si
was derived from silica and he succeeded in preparing the amorphous form
of it. The crystalline form was first prepared by Sainte-Cl aire Devi lie

in 1854 by electrolysis of impure sodium chloride containing about 10%
silicon in the melt. Shiny platelets of silicon were obtained when he

dissolved the aluminum.

253
Si

CO
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Ref. J. Dular, G. Kernel, M, Ki^egar, M.V. Mihailovic, G. Pregl,

M. Rosina, C. Zupancic

Nuclear Phys. _lit^ 151 (1959)

Elem. Sym.

Si 14-

Method

Compton spectrometer; 50 MeV Betatron

Ref. No.

59 Du 1 EH

Reaction E or AE
S"

d E ] rr Notes

(i-Lj.) Bremss.

30.5

28.9

25 -

s
[o6J

_L

!l

' M

ii

Si

10 a 20 a ICMivT

Fig. 5. Nuclear absorptioa croee sectkm for Si.
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V. P. Chizkov . £iem. 5ym.

Zhur. Eksp. i Teoret. Fiz. 38, 809 (1960)

Soviet Phys. JETP li, 587 (1960)
1

Si
1

1

.

14

^ Mav Bremsstrahlung; scintillator counter telescope-
j

Ref. No.

1 cO Ch
-1

1

1

E Of AE E ! r C ad E
i0 — ^ L

J
» Notes

Si (%?}

SI (7>d)

Si (Pf

Energy Range of particles detected;

15. 5- MeV

S - 15.5-30 MeV
P

E - 17-50 MeV

! Ratios

i

I

^ S >

I

c^(7,=)/c(Y,<i)

TABLE I

Element mNfiNi Element Elemvnt 100^/, //v^ Element lWN,lNa

Li* 30±3 ! B 39=8 Ni 10=4 In 5=2.5
Li’ 22 . 5=2.3 1 Si 10=4 Co 2 . 3=2 Ta 10=4
Be 13=2.6

1
S 8=4 Cu 2 . 2=2 Au 3=3

I
I i I

FORM NBS*4}S
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K. Reibel, A.K. Mann
Phys, Rev. 118, 701 (I960)

Elem. Sym.

Si

A i

Ik

\

strthod ,Q

Y'» fron F'^^(7,a7) reaction; protons from Van de 'Graaff^-Nal
' '

Ref. No.

60 Re 1 JHH

Reaccimr E or AE Eo r J tr Notes

si(y,y) 7 < a > (Ep = 2.05 MeV) = < 0.057 mb

Detector at 90°.

t

i

U.S. QEPART:.;eN~ C” COwtiviEKCr
NATIONAL BUREAU OF STANOAHDS

FORM NBS-4)8
(S<1'S3t
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Ref. K. Shoda, K. Kobayashi, S. Siina, K. Abe, M. Kimura

J. Phys. Soc. Japan 1051 (l96l)

Elem. Sym.

Si

Ref. No.

61 Sh 1

lif-

Method
2k MeV Bremss; emulsions; proton spectrum

EH

Reaction E or AE <7d E J Notes

Si^®(7,p) Bremss.

2k

'I :

5 50-

/M
\ ;

\ >

I >

.

\ i

i

.. -r'"
'

.
/ / '-,A

30 i-

cNEfiGY iM«v»

Fig. 1. The energy spectrum of photoprotons

from Si. The solid line is a smoothed curve.

The broken line and the dotted one are calcu>

laced curves of the statistical model with the

level densities ot^Cexp 0.45£'l MeV"* and.

'a»= Cexp [£’/2.oj MeV”‘, respectively.

12 14 16 18 20 22 24

PHOTON ENERGY {MeV)

Fig. 2. The comparison of cross section of Si-*(p

thiscogram) and that from .\l2\p,

solid line).

U.S. DEPARTMENT OF COMMERCE
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K. Shoda, S. Shiina, K. Kobayashi, K. Abe, M. Kimura

J. Phys. Soc. Japan IdOJ (I96 I)

Elem. Sym.

Si 14

Method
24 MeV betatron; proton spectrum; angular distribution; nuclear

emulsion; r - chamber

Ref. No.

61 Sh 4 NVB

Reaction E or AE ad E J fr Notes

Si(7,xp) Bremss.

24

Yield = 2.9 X 10^ protons/mole-r

R>8. 2. Energy dlsttibutMon of protonn fiooi SP*
for three directional groupo.. The sntootbed r^-

. by the pointa, .

Table II. .\ngular distributions calculated

by least squares for a 1-6 sin^ 9.

Element .Jugular distributions

Fig. 3. Energy distribution of total observed pro-

tons and calculated distributions by the statistical

theory from Si“.

Full line: Observed spectrum smoothed out

by the method of Ferreira and Valoshek.

Broken line: Calculated spectrum using

(o=C e.xp [2v'0.45^I .\IeV-i

Dotted line: Calculated spectrum using

<o=Cexp [£,'2.8] MeV-i
Each curve is normalized to best fit to experi-
mental points.

FORM NBS>418
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! K.

J.

METHOD

Shoda, K. Kobayashi, S. Siina, K.

Phys. Soc. Japan l6 , 1051 (l96l)

Abe. M. Kimura

Si Ik

REF. NO.

Betatron; proton cross section, spectrum; nuclear emulsion
6l Sh 5 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPe RANGC TYPE RANGE

G,XP SPG lk~2k C 2k EMU-D 2-12 UKN

rj '.' -f:

Hi

j:

>' 1

VV-.

fVOTCN ENEflOY IM.VI

rig. 1. The energy spectrum of photoproton*

from Si. The solid iine is a smoothed curve.

The broken line and the dotted one are calcu-

lated curves of the statistical model with the

level densities ,.= Cexp 0.45£ )
.MeV"' and

„=Cexp(£/2.81MeV-i, respectively.

Fig. 2. The comparison of cross section of Si“(r,

p)Al” (histogram) and that from Al*’(p, r)Si”

(solid line).
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Ref. M. Sugawara
J. Phys. Soc. Japan l6 , 1857 (I98 I)

Elem. Sym.

Si

Ref. No.

61 Su 1

Ik

Method 25 MeV betatron; photon scattering; Nal(T.^) spectrometer;
ion chamber NVB

Reaction E or A E crd E J Notes

Si(7,7) Bremss.

6-13 11.5 8.5±2.5eV

Figure 2 Caption ;

The
scatterec
Mg scatte
is the

out the

broken 14:

They are
unit chai^g

chamber

.

spe

spe

ctra of

photons
rer . The
ctra meas
absorbelr

ne with
3II normalli

e of the

1-

the

from the
solid lihe

ured wit:
and the

e absorber,
ized to tie
ionizatisn

:co
1 1.3 MeV

Detector at 120

20
number

3. The same as Fin. 2 xith Si scattercr .ind

absorber.

I I L__

fcefatron enarqy

Fig. 5. The e.xcitation curve of Si. The upper

curve was obtained by the counts of 1st to 14th

channel and the lower curve by the counts of

16th to 24th.
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Ref. P.G. Bizzeti, A.M. Bizzeti-Sona, M. BoccioLini,

G. Di Caporiacco, M. Mandb
Nuovo Cimento £6 ^

l4l2 ( 1962 )

Elem. Sym. A Z

Si 14-

Method jg Graaff; 7 's from Li (p,y) reaction;

junction) detector

Ref. No.

62 Bi 1

solid state (silicon

JHIl

Reaction E or AE ^0 r

Si^®(7,p) 17.6

Si^®(Y,a) AE = 100
keV

T.^ble I.

Values of relanve intensity of the various peiks with respect to

e ens 9
Encrey

aliift (keV')
ipi- p-ji’t) PVP9 PVPi

0“ - 1.00 -67.8 0.70-0.00 0.53 — 0.05 0.17-0.03 0.17-0.02

41“ .w -0.75 - .’
1O .8 1.04 r: 0.00 0.77-0.05 0.27-0.03 0.16—0.02

60“ - 0.50 - 33.9 1.44-O.08 0.90-0.05 0.54-0.03 o.is^o.oi

75“ 30' - 0.J5 - ltt-9 1.73r0.10 0.87-0.00 o.stt^o.oe II Cb •e

90“ 0 0 1.41 z; 0.08 0.71-0.05 0.70-U.05 li.l5-0.02

104“ 30' - 0.25 — 1 6.9 0.84— 0.04 0.38-0.03 0.46-0.03 0.06 z: 0.01

1:10^ — 0..50 - 33.9 0.S4— 0 .0.3 0.43-0.03 0.41 z:*' 03 < 0.03

(*) FIrn>r* «hnnrn arc onlT ermm; niaxmiuni unccrtalatic* nt other onrla

(baclommnd i-valuatloo. wpamtloo of m-tithbourtne penk*. wall effrets. rte.i w vi»tlmated

to fnmt« from is to 7 "i for lowr nnd Inither vnlur* n'^pcotlvelr. In addition * ponnblc
|

uncertainty m the ircomctrlcnl vondltUms t«*«timnted to be lesa than 7 > may introduce a
i

dVMtcmatic error In the value of the eneno* ahift whirh ramres from l.i keV ot o- to ?.5 keV
|

at UO-’. The rnerirT*''P™'*d for erorr sinale point, however, is determined e-^-entinllv by the
1

width of the rvoonanin* iim z*l keV. The niiioa ahotvn wi-re evalunted through an ubji'Ctlre
|

oritcnon suitAblv chon>a'n for the heat oepamtloa of the pcsks; aa a rceuit. the valuva may
j

bo expected to differ somewhat from the rrua»>«ee(ioii mtl«m for tranaitions to the cufrr
[

-•pondlntf rtnaJ levels. They .m*. howexer. pnipomonul to them throiufli u furtor uhieh i* I

about I and doe* not ilep*'nd on ewnry. i

J rr Notes

E spectra in Figure 1, with E
P or

peaks included.

Si detector irradiated giving 4-n

detector.

a fluctuations studied.

^ 5a jp

Fit.

°
-33 9 0 33.9

07* -33.9 0 33.9

KoV

- lotcn*ilv ratio of the varaooe p»-«ka with reopeet to p*. r».

T rudlMtkm.

eueriTT al ift of incident

60C*

C^oone/ numoffc5678
5 ( Vev )

Klff. 1. - Typical *^^Ur. p> and <t. xl eneirr <pcctra at vanoti* excitation ooerviva naar

17.64 MeV. The enervT ahifta of incident r-rayt are. from the top, -rSf.a. -r Itt.P and
keV. r«'spcctix*ely. Note abifted meiry-acto.

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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L.N« Bolen, W.D. Whitehead
Phys. Rev. 1^, 2251 (I965 )

Elem. Sym.

Si

kef. No.

63 Bo 1

lif-

Method
Synchrotron; neutron yield; BF^ counters; NBS chamber monitor

JHH

Reaction E or AE <Td E J IT Notes

Si(Y,n) Bremss.

10-30

FORM NBS>41B
(8-I-S3)
USCOMM-OC I8888-Pe3

28

J
= 80 MeV-mb

th

Fio. 2. Si(y,n) cross section unfolded using J-MeV bins

(top curve) and 1-MeV bins (lower curve).

For "E^" and "cj(mb)", see Table III,

below.

Tabu IIL SuramAry of d&U from this expshmeot giving

energy postioos of l«veis found in our cross sectiofis sad com-
^poodiag dttA from other experiments.

Univeraty of Virginis Gov^ Kimura^

Efemeic £(MeV) r(rab) £(Me\0 /•(MeV)

Si 16.0 1.2

18.5 8.4 18

19.75 14.7 18.9 18.9

20.75 18.4 20 20.0

22.75 9.4 21.4 21.4

24.J5 7.1

Cnivtnity of Vlrgmia MutsnroP

£(MeV) e(mb) £(MeV) •(mb)

13.5 6
P 14.75 3.9 14.6 8

15.75 S.6 15.8 14
17.25 9.2 (17) (17)

I8J5 10.2 17.5 21
19.25 11.5 19.0 22
20JS 13.6 20J 22
21.25 16.4

22.75 19.3

24.25 I3J

Unhremty of VtrgmtA Mauun^
£(MeV) •(mb) £(MeV) •(mb)

S 16 1.7 15.7 7
17.5 6.0 I6J 10
18.25 9.0 17.9 20
19.75 13.4 18.75 11
21.25 12J 19.7 16
22.73 11.3

24.0 9.0

• Sm U. If.

‘ N. Mutsuro, K. Kageyama, M. Mishina, E. Tanaka, and

\I. Kimura, T- Phvs. Soc° Japan 17, 1673 (^1962)
.

» H. ercoife, A.~B. mterimCig« TlMirhilw, Mud.
M. 480 (1961).

M. Kimnn. K. Stedi. ». Uutwan, T, TkM. C. Skl^
K. Kotoda, K. SniyainB, aod T. AUba, J. ShjiaSee.jh^Mi li»

UM (I960). '

Table U. Interred cross-section values obtained from the (y,n}

cross sections of elements measured in this laboratory.*

Element

Limits of

integration

threshold to

J^dE
MeV-mb

Dipole
sum rule

MeV-mb

% of DSR
exhausted
by (y,n)

0 31MeV 46 240 19

-Mg 29 34 360 23
M 28 97..S 405 24
Si 28 80 420 19

P 28 127 465 27
S 28 81 480 17

Ca 28 74 600 12

N 25 60 210 29
50 116 30

Ar 25 392 600 65
50 598 100

Li 25 39 105 37
50 93 89

^ See Refs. 1. li. and I J.

‘ L. N. Bolen and W. 0. Whitehead, Phvs. Rev. Letters 9, 458
il962).

R. W. Fast, P. -V Flournoy, R. S. Tickle, and W'. D. White-
head. Phys. Rev. 118. 535 (19(50).
” K. Min. L. N. Bolen, and W. D. Whitehead: Phys. Rev.

132, 749 (1963).
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Ref- J.T. Caldwell, R.R. Harvey, R.L. Bramblett, S.C. Fultz

Phys. Letters 6j 215 (1965)

Elem. Sym.

Si lit

Method

Monochromatic photons (annihilation- in- flight)
Ref. No.

65 Ca 1 EGF

Reaction E or AE
s
ad E

J Notes

2A.

{y, n) 15-30
\

68.8
) 0

Inaction in Table 5 represents
fraction of experimentally observed

to 51 MeV.

Table 3

Eneror lavela and fracttonal dipole atreogthe of S|28.

(Y.n) Energy
(MeV)

r

(MeV)
9

(mb)

Fraotlan of

Dipole Strength
(p.Y) Energy

(MeV)

18.1 0.88 3 O.OS±0.02 18.1

18.8 0.47 3.7 0.03 ±0.02 18.5

IB.O 0.88 S 0.08±0.03 19.0

19.8 0.88 8 0.12±0.04 20.0
20.9 1.S8 9J 0.34±0.07 21.3

I

I

1

1

• 'i

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
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K. Sato
J. Phys. Soc. Japan 1353 (1963) Si 14

Betatron; neutron cross sections; BF^ counters; ion chamber
REF. NO.

63 Sa 1 NVB

REACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPe RANCK TYPE RANGE

G,N ABX 10 - 24 C 10-24 BF3 - I 4 PI

a»b in Table I refer to two Lorentz
shaped peaks in the split giant resonance.

-24 2

Quadrupole moment = 0.3 x 10 cm
,

based on Danos ' theory.
-24 2

Qq =0.12x10 cm

Table I. Resonance Parameters

Na» Si“

Ea 16.5 Mev 18.75 Mev
<Ta 6.3 mb 11.0 mb
Fa 4.0 Mev 2.0 Mev
E„ 21.0 Mev 20.75 Mev

10.5 mb 13.0 mb
A 4.0 Mev 2.6 Mev

Fig. 3. The (r, re) cross sections for Si.

Solid line: present data obtained from the yield
curve for the summation of the 7-

runs.

Dotted line; data of Katz et al“.

The arrows in the figure show the threshold
energies.

9) L. Katz, R. N. H. Haslam, J. Goldemberg and

J. G. V. Taylor: Can. J. Phys. 32 (19541 580.FORM NBS>4I8
(REV. 7.I4-44I
USCOMM-OC 2aOIO.P«4 PHOTONUCLEAR DATA SHEET 270



J. Goldemberg, W.C. Barber, F.H. Lewis, Jr., J.W. Walecka
Phys. Rev. JL3^, BL022 ( L964)

METHOD

EL EM. S rM.

Si

REF. NO.

14

Linac 64 Go 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

E,E/ ABX 12 D 40-70 MAG-D 180

FMF

Table L Data on 4UI transitions.

1
MeV/e Cross section*

l(^/lir,“«(?) 11/41
Reference (10”*)

»(i/?»)|(7/lir,-.(,)iij,>ii
[l0-‘(.\IcV/c)^]

IS.l-McV level ia C’
Photons 1.S.I (2.0Sd=0.27) 8 0.044 (0.19 ±0.025)

Electrons 6S (2.0 =0.3) this work 0.55 (0.12 ±0.01S)

Electrons (160*) 68 (2.6 »«) 5 0.69 tO.lo ±,i.;::=

Elccuons 93 (2.0 ±0.5) this work 0.S7 lO.IO ±0.015)

Electrons 125 (1.5 ±0.25) this work 1.10 (0.07 ±0.012)

3.56-MeV level in U*
3.56 (0.92±,.u«“) b 0.014 (l.IO ±0.,.»'«)

i'Ctron** 76 (3.0 ±0.45) this work 2.0 (0.38 ±0.057)

I'lccirons 106 O.SS±0.23) this work 2.1 (0.19 ±0.028)

Electrons 136 (0.90±0.14) this work 2.0 (0.11 ±0.017)

11.6-MeV level in SP -

Photons 11.6 (9.8 ±2.6) c 0.016 (1.2 ±0.32)

Electrons 71.5 (3.5 ±1.4) d 0.92 (0.18 ±0.07)

Electrons 88.4 (3.0 ±0.75) this work 1.2 (0.15 ±0.038)

Electrons 129.4 (1.8 ±0.45) tlis work 1.5 (0.09 ±0.022)

11-MeV level in Mg“
Photons 11 (13.1 ±3.8) c 0.02 (1.7 ±0.50)

Electrons 83 (4.4 ±0.88) 6 1.5 (0.22 ±0.044)

Electrons 97 (3.5 ±0.70) this work 1.6 (0.1 ±0.034)

Electrons 129 (1.8 ±0.36) this work 1.3 (0.081±0.016)

• In units of 10*»^ MeV-cm* for photons and 10’“ crnVw for elecuons.
^L. Cohen and R. A. Tot^n. Nucl. Phys. 14. 243 (I960).

• A. B. de N'crcy. Ann. Phys. (Paris) 6. 1379 (1961).
* R. D. Edge and G. A. Peterson. Phys. Rev. 128. 27SO (1962).
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K.H. Lokan, G.R. Hogg, P.H. Cannington and R.J.J.

Phys. Letters _H, 73 (1964)

METHOD

Stewart

El. EM. 3YM.

Si 14

REF. NO.

Betatron; carbon filter; SCD target 64 Lo 2 JOG

REACTION RESULT
EXCITATION
energy

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.XP SPG THR-21 C 21 SCD-D 2-10 API
;

SCD TARGET

Fig, l-Jbe obaerved energy spectrum from the reac-

tion sr®(Y,p)AP” when irradiated with bremsstrahlung

of maximum energy 21.2 MeV. The dotted curve is the

assumed background.

Fig. 2. The energy spectrum corrected for background
and escape losses.

"Assuming isotropic angular distribution."

Fig. 3 . Relative cross section for the reaction
SI28 (y,p)A127. The dotted curve represents the cross

section for the inverse reaction Al27(p, Yq)S128 .

"Assuming ground state transitions,"
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X. MaCsuffloto, H. Yaraashlta. T. Kamae, Y. Nogami

Phys. Letters 49 (1964)

ELEM. SYM.

Si 14

METHOD

SCD targets, Li'(p,YQ) and T(p,Yq) sources

REF. NO.

64 Ma 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,P A£X 17-22 D 17-22 SCD-D 4 PI

(17.5 - 22.3)

G,A ABX 17-22 D 17-22 SCD-D 4 PI

(17.5 - 22.3)

BRANCHING RATIC(S

FOHM MB$>41t
(REV.
USCOMIv^DC 29010«P«4 PHOTONUCLEAR DATA SHEET 273
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H* Ullrich
Phys. Letters jj, 114 (1964)

METHOD

Betatron; beam hardened with graphite; SCD target

ELcM. irM.

Si 14

[Page 1 of 2]

REF. NO.

64 U1 1 JOG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,P SPG 14-20 G 17-20 SGD-D 1-9 4P1

(1.5 - 9)

G,A SPG 14-20 G 17-20 SGD-D 4pi

SCD TARGET

Fig. 1 shows 3 measured spectra for different

end point energies. For each spectrum the highest

possible alpha energy is indicated by an arrow,
the straight line 1.6 MeV below, indicates the

end of the proton distribution. The measured
points in the region in between must be attributed

to alpha particles As the niimber of observed
particles at the proton limits rises considerably,

and since the alpha yields in general are small.

below these limits the measured distributions
should be mainly due to protons.

The observed proton peaks in the spectra
clearly indicate the presence of narrow reso-
nances in the excited silicon nucleus. As from
each excited state proton transitions to several
discrete state in the residtial nucleus are possible,
identification of the peaks is only possible from
a series of measursmanta. Aa for inatance the
proton peaks at 6.2, 5.4, 5.2 and 4.0 MeV are
present in curve HI and n but not in curve I of
fig. 1, they all must be attributed to a reso-
nance between 18.6 and 17.6 MeV excitation en-
ergy. Thus the peak at 6.2 MeV must be due to
ground state transitions since adding the 9-value
of 11.6 MeV one obtains the right excitation en-
ergy. The other peaks are associated with tran-
sitions into excited states of the residual nucleus.
Indeed, the distances between these peaks corre-
spond well to the excitation energies of the first

three excited states in Al^*^ with 0.8, 1.0 and 2.2
MeV.

Branching ratios for the transitions mentioned
here are given in the table. These values have
been derived from the difference of curve n and L
The errors are due to statistical uncertainties.
At the high energy limit the proton (and alpha)
spectra contain only contributions from ground
state transitions. Thus together with the know-
ledge of the bremsstrahlung spectrum, cross sec-
tion curves for reactions leading to the ground
state can be derived within a certain energy range
for each spectrum.
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H, Ullrich
Phys. Letters 114 (1964)

ELEM. SYM.

SI 14

METHOD

Betatron; beam hardened with graphite; SCD target [Page 2 of 2]

REF. NO.

64 U1 1 JOG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOC TYPE RANCE

I

]

j

Tabla 1

Braaobisg ntio for tiia 17.S MaV reaonaaoa.

Transltioa
Branchiag ratio

relative to Pq

Po
Pi
P2
P3

1 .0 ,

IJJ ± 0.6

1.S « o.a

0.75 * 0.4

0.03^ 0.04
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H. Ullrich

Z. Physlk r77, 5U-28 (1964)

£Lc.M. S'fM, A

SI 14

METHOD

Betatron; ion chamber

REF. NO.

64 U1 2 NVB

REACTION RESULT
EXCITATION
ENERGY

DETECTOR
ANGLE

G,XP SPG THR-30 15-30 SCD-D 2-18 4P1

I*!’-.-’
T.

neSptuMt: .A,-rtfneV

• it •

a » -Z7 •

* • ‘Jt *

• » S

r*'

.1

t

.

® ® - o - *

’ «n.4L.° ?°ai^-,.TTii-

jf
600

600

m

200

124 6 6 to

4 [neV]

Fig. 3a Korrigicrtc Encrgicvcrteiiung der Proioncn b«!i tSOcm Abaorbcrliingc. Aroahl der Protoncn

pro Eaergteintcrvall d£<»360kcV. Auigetragen ubcr der Protoacnenergie. Die vcnchiedcn bczcichactea

McOpimkte wurden bci Bcstrahlungcn init vcrschicdcnca Grenzenergiea gewoonen

natenmaCsub der Fig. 5 ubcrcinstimmt,) McfipuDkto; *o(A, 0),
aus der Tabdic; • <j{k,\), au$ der TabcUc; a Grundzustaads^
Qbergange, aus Diffcrenzspckirca (vgL Fig. 6); e Cbergingc ia die

beidea emcn angcregtea Niveaus. aus Difierouspektrea

Fig. S. Totalcr Wirkungsqucrschnitt der Xcaktion Si**(y, p) Al”
aU Funktioa der Quantencncrgic. Die vorschieden bczcichacten

Puakte beziehea sich aul die im Text crUiutcrtcn vcrschicdcnen

Auswertemethoden. Die ausgczogcnc Kurve sicUt den auigrund

der McBpuokte wahrsdicinliclistcn Wirkungsqucrschnittsvcr*

lauf dar. Die gcstncheltc Kurve ist der nach der Methode des

detaillicrtcnCIcichgcwiclits aus Messungrn der Uinkchrrcaktion

Al*’(p, y*) Si** abgcleitcte Wirkungsqucrschnittsvcrlauf »•, wo*
bci nur Ubergango in den Grundzustand von Si** gemessen

wordcA waren

^ ^ ^

^

^JOOO
fleBounkfe: • Mg-i7V.H

• • -to •

. » ^ts •

. . -ZO »

* • -Z1 *

a • -Z2 •

' • -23 •

-2* •

- 1000

* _
o » O

2000

6 10 12 14

4 [nevj

Fig. 4. Korrigierte Encrgievcrtcilung der Protoncn bci 75 cm Absorbcrlangc. Anzabl der Proionen J .V^

pro Energicintcrvall d£ -• 560 kcV. auigetragen ubcr der Protoacnenergie. Die verschieden bczcichneten

MeOpuokte wurden bci Bcscrahtungen mit verschiedenen Grenzenergien gewonnea
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REF.
H. Ullrich
Proc. Paris Conf. 1038 (1964)

METHOD

ELEM. SYM.

Si 14

REF. NO.

32 MeV Betatron 64 ui 3 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPe RANGE TYPE RANGE

G.P SPC 13-23 C 24 SCD-D l-ll 4PI

I
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P. H. Cannington, R. J. J. Stewart, G.

and D. G. Sargood

Nuclear Phys, 12
^ 23 (1965)

METHOD

R. Hogg, K. H. Lokan

ELEM. SYM.

SI 14

[page I of 2] 65 Ca 2 ECF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,P ABX THR - 23 c 16-23 SCD-D 3-12 4PI

G.A ABX THR - 23 c 16-23 SCD-D 3-12 4PI
'

Absolute d based on ^^Cu(Y,n)^^Cu of Berman and Brown.

Fig. 2. The “Si(y, cross section.

Table 1

Proton branching ratios

Energy Pi+Pt
(MeV)

Po

17.6 0.30±0.05
18.0 1.00±0.16
18.9 0.80±0.10
19.7 0.80+0.06
20.7 1.60±0.40
21.5 0.70±0.10
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(NEV. 7-1^841
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p»£K.

P. H. Cannington, R. J. J. Stewart, G. R. Hogg, K. H. Lokan
and D. G. Sargood

• Nuclear Phys. 72, 23 (1965)

£L£M. SYM.

Si

A z

14

METHOD

[page 2 of 2]

REF. NO.

65 Ca 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYpe pANce TYPE RANGE

»r

10“ 1

• 19 20 21

ExaTATHNt ENenav <m«v)

Fig. 4. Tho**Si(y, p»)"Al cross section.

22 23

Fig. 5. The observed photoparticie spectrum &om the irradiation of silicon with mono>«nergetie

t7.( MdV photona.
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B, I. Goryachev, B. S. Ishkhanov, 1. M. Kapitonov,

and B. A, Yur'ev

J. Nucl. Phys. (U.S.S.R.) 1005 (1965)

Soviet J. of Nucl. Phys. 1. 716 (1965)
METHOD

V. G. Shevchenko,
ELEM. SYM. A

Si

REF. NO.

14

Betatron, thin wall ion chamber 65 Go 1 JOG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGL^

TYPE RANGE TYPE RANGE

G,P SPG THR - 27 G 23-27 SGD-D 3-11 90

' (2.7 - 10.7)

Fig. 2. Energy spectrm of pholoprotons frooi the reaction

Si“(r,p)Al«: a- = 23 MeV, 25 MeV, c- =
27 MeV.

Energies of Levels £*, MeV

Experiment

Theory(y,p) reaction, energy

spectra
<r(y.p) <T(p,y#) <r(y.n)

Cl [I [•] Cl [•] Cl Cl Cl

18.0 18.0 17.9 18.1 18.0 18.1— — — — — 18.5 18.6
18.9 18.9 18.7 18,8 18.9 18.9 19.0 18.8
19.8 19.7 19.6 19.9 19.8 20.0 19.75 19.8 19.9
21.3 — — 21.2 21.2 21.4 20.75 20.9 21.6

•The first column gives the data of the present work.
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HEP. ELEM. SYM. A Z

METHOD

F. I. HavliCek and M. Modesto
Energ. Nucl. 77 (1965) Si U

REF. NO.

65 Ha 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A SPC THR-31 C 31 EMU-D 5-20 DST

TABZ.S 3

A^()in.Aa ENKROY DUTnlOimOX for tub OA.MMA*ALrnA

REACTIONS wrrn siucom or to 31 MoV. tub data arb

Corrected for thb reeative backoroond

comO —1 —0.8 —0.8 —0.4 —0.2 0 0.2 0.4 0.6 0.8 1.0

McV 1 2

1 1 2 3

•>
1 2 5

2 1 2 2

5 1 2 2 2 4

8 4

1 2 4 10 3

3 3 3 2 S 0 6

10 2 4 S 4 tf

2 3 1 1 6 5 3

1 6 2 3 6 4 2

6 1 3 2 4 2 6 4

5 1 3 2 4 2 3 3

A A

4 4 3 1 1 2 1

3 4 13 1 2 3 1

S 4 2 1 4 1 3 3

3 2 1 3 1 2 2 2 7

2 7 2 1 1 I 1

2 1 2

2 I 3 1 1 1 I 1

1 2 2

2 4 1 1

i

I

j

I

)

i

j

I

Id

17

18

19

USCO«riM>OC zaoto-p«4

! .

if

2 4

1

X 2

1 2

1

I 2

1 1
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J.M. Wyckoff, B. Ziegler. H.W. Koch, and R. Uhllg
Phys. Rev. JLi?, B576-94 (1965)

£|.£M. SYM. A

Si u
METHOD

Synchrotron; Ion chamber monitor 65 Wy 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANCC TYPE RANGE

G.MU-T ABX 10 - 35 C 90 SCl-D M-Pl
'

Fig. 17. Silicon total photonudear cross section. The solid line
on (a) represents the r(y,n) data from the Livermore group shifted
up in energy by 250 keV using the right-hand ordinate

Fio. 18. Silicon total photonudear cross section
integzatea over energy.
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REF.

METHOD

H. Artus
Z. Physik 189 , 355 (1966)

EUEM. SYM. A

Si

REF. HO.

14

66 Ar 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,X RLY THR- 52 C 52 ACT-I 4PI

X=MG-28,NA-24

4.3. Die 2/>)Mg^*-Reaktion. Die Ausbeute dieses Prozesses
relativ zu C‘^(y, /i)C“ wurde zu:

>'28/5'ii=(1,6±0,3)-10"* bei £^=51,4MeV

bestimmt. Der Fehler von etwa 20% ist durch die in der Probe gleichfalls
erzeugte Na^*-St6raktivitat bedingt. Das Ausbeuteverhaltnis an Na^*
zu Mg^* aus naturlichem Siliziura betragt (3,8 ±0,8) bei £'„=51,4 MeV.

roRM Nas*^18
(R ev. 7»1
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F. W. K. Firk
Proc, Gatlinburg Conference 352 (1966)

ELEM. SYM.

Si 14

METHOD REF. NO.

66 • Fi 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,XN SPG THR-60 c 60 TOF-D 5-40 90

Neutron Enargy — MaV

c 3000(-
o

o

o

r -
6000

Si«
6000 -

.X 4000 y 4000-

je*

2000

/ :

/
/

2000 -

oL..fX 1 1 1 1 1 1 1 1 1 1 0

A
/

Co
40

1.1 I I I

Co’
3000f-

2000 -

J ,

To"

so too

Channel Number

Fig. 1. Gbserved photoneutron tlme-of-fUght spectm of C, O, Mg, SI, Ca, Co, V, and Ta.
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REF. B, I, Goryachev, B. S. Ishkhanov, V. G. Shevchenko,
ZhETF Pis'ma Jy, No. 11, 491 (1966)
JETP Letters ^ JJ, 330 (1966)

METHOD

B. A. Yur'ev EL EM. STM. A Z

Si

REF. NO.

14

66 Go 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN ABX 17-30 C 17-30 BF3-I 4PI

e. b

Cross section of the reaction Si^( 7 , n), measured every
125 keV: a) counted in steps AE = 1 MeV, b) counted in
steps AE - 0.5 MeV.
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H. Llchtblau and B.M. Spicer
Aust. J. Phys. 22, 297 ( 1966 )

EL EM. SYM.

Si 14

METHOD

35 MeV Betatron; NBS ionization chamber

REF. NO.

66 Li 1 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,P SPG THR - 32 C 2lj32 SCl-D 1 - 19 90

Fig, 7.—Energy spectrum of photoprotons from 8ilicon« with breros*

strshlung end-point energy 32 MeV.

Fig. 8.—Energy spectrum of photoprotons from silicon,

with bremsstrahiung end-point energy 21-2 MoV.
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Yu. P. Antuf'eVj 1. I. Miroshnichenko, V.

Sorokin
Yad. Fiz, _6, 431 (1967)
Sov. J. Nucl. Phys, 6

, 312 (1968)

METHOD

I. Noga, and P. V. EL EM. SYM.

Si 14

67 An 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPe RANGE TYPE range

G,XXX RLX THR-999 c thr-999 ACT-I 4PI

XXX=NA24

j

Eymm.MtV

i

Fig. 2. CroM •ection (Tq of the reactions Al” -* Na^* and

Si**~*’ Na’* per equiralentyquantum as a function of the maximum
bremsstrahlung energy.

I

;l
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B. 1. Goryachev, B. S. Ishkhanov, I. M. Kapitonov,

Zh. M. Sellverstova, V. G. Shevchenko, and B. A.

J. Nucl. Phys. (USSR) 505 (1966)
Soviet .T - Niicl- Phvs. L- 159 ( 1967.J

METHOD

Yur' ev

ELEM. SVM.

SI

REF. NO.

14

67 Go 1 JOG

REACTION RESULT
EXCITATION
ENERGY

G,P + ABX THR-29

d. .(28.5) = 330±70 MeV-tnb
inc

SOURCE DETECTOR
ANGLE

11-29 SCD-D 4PI

0> '"b G. mb

Fig. 1. Cross section for the reaction Si”(T, p) for protons,

a— with ^ 1 MeV; b— with £. » 6.5 MeV.

a

£y,

FORM NBS-418
(RCV. 7.I4.S4)
USCOMM.OC 2S010-PS4

Fig. 4. Difference energy spectrum of protons, obuined from
the energy distributions: a-for = 21 and 22 MeV; 5-for
^ymt% = 26 and 27 MeV. The smooth curves are the photon spec-

' " ' ' trum corresponding u> this proton energy disiribudon-
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N, Bezic, D. Jamnik, G. Kernel, J

Nucl. Phys. AI17 . 124 (1968)

METHOD

Krajnik and J. Snajder EL EM. SYM. A z

SI

REF. NO.

14

68 Be 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPe PAN6E TYPE AAN6B

G,MUT ABX 10-30 C 35 MGC-D 10-30 4PI

7^

Hg. t. Nuclear abeorption cro« tectioft for sOieoa. Th» liniitmi atsoc i»ttebko liae ia ±1.5 mb.

1
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[

B, C. Cook, D, W, Anderson, T. J. Englert
Phys. Letters 26B . 341 (1968)

METHOD

EL EM. SYM. A Z

Si

REF. NO.

14

68 Co 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLX THR- 65 c 13- 65 ACT-

1

4PI

40 M 80 100 120 >40 IM 180 200 220

Fig. 1. Cross section for elements In the s-d shell as
o function of EA^\ The vortical line is only an aid to

the eye. Universal curves expected for the hydrody-
namlcal model are not evident.

Fig. 2'. A dependence of structure. A qualitative esti»
mate for the statistical validity for structure is also
Indicated. The solid straight lines have the form mA *
+ 8 MeV while the dashed line represents the position
of the Is level as determined from (e,e'p) experiments.
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B. I. Goiryachev, B. S. Ishkhanov, V. G. Shevchenko and B. A. Yur'ev
Yad. Fiz. 7, 1168 (1968)
Sov, J, Nucl, Physe 7, 698 (1968)

£L£M. SYM.

St

A 1

14

METHQD
REF. NO.

68 Go 6 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYRE RANOS
ANGLE

G,XN ABX 17-30 c 17-30 BF3-I 4PI

4 .

FIG. 2. Cross section for the reaction Si“(T, n). The compuutional
step UAE = 1 MeV (a) and 0.5 MeV (b).

I

Tabic L Parameters o£ resonances observed In the
cross section for Sl*^y, n)

>
35?

MeV-mb ,>
<3

0"

. >
J i I

>

,*o «

A
s
>

e w
5*3

. >
^ 3

0

^ 3

I7.85±0.1 2.4

,

18.1
1

20.9 ±0.1 16.4 2a75 20.9

I8.25£0.I 2.2 18.6
1 (21.6) 6,6 (22.75)

ia8±o.i 7.5 laso 19.0

1

27.4±0.2 15 (24.75)

l9.7S±ai 14J 19.75 I9JI 28.S±a2 13

FIG. 5. Cross sections for the reactions: a - Si“ (7, n),
b - S” (7, n), c - Ca** (7, n). Computational step hE = 0.2 MeV.
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-t & r .

G, A. Savitskii, N. G. Afanas'ev, I. S. Gul'karov, V. D. Kovalev,
A. S, Omelaenko. V. M. Khvastunov, and N. G. Shevchenko

Yad. Fiz. 8, 648 (1968)
Sov. J. Nucl. Phvs. 8. 376 (1969)

ELEM. SYM.

Si

A Z

14

METHOD REF. NO.

68 Sa 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Type. RANGE TYPE RANGE

E,E/ FMF 1- 13 D 114-260 MAG-D 100-260 DST

(1.78- 12.7) (30- 130)

Table HI. Squared form factor for inelastic scattering of electrons

with excitation in Si** of levels at 1.78, 4.62, 6.9 ± 0.2, and

9.7 ± 0.1 MeV.

V. r* F?. I0-* ,'.r' F». I0-*
jj

r* Pj, I0-* o-.r* F?. 10-«

o,r>7 5t0-.%0 l.fXi S.7
!

0.80 .W.±fi!) 0.70 60.r,i18J
o.-sn .‘>7n 1.08 •i7.n±it,7

I
O.iHI 2H2 4-.39 0.80 92.6±19.4

o.on 1,08 .')!. 8-^10. 0 : O.'iO •.;!io±;ir. t.il7 102+is
1,10 64.1:rH».2

|
1,08 2094. 3.3 1.07 122±10

t.f*8 S2R^-42 1.11 24-11, .1 1 1 .07 21l4-2« 1.08 83.4±12.2
t ris 5:jo 4.42 l.t7 71.04-14.0 i l.UO 219 + 27 i.ifi 109+14

1,20 7.(1
1 1 .OH ir,o±l9 t.2-'> 06.0*12.1

1.11 \,M 0,8
1

1.17 234 4-28 1.X3 77..'i+ tn,3
1.17 ii84..n l.'i4 411.44. F.1 1 1.20 201+24 1.42 74.S± 9.2
1 1/ i.ra Vi.i± /.J ;

t.:M 1«2±22 K.'i.l 67. .3± «..3

1,17 i.r4 :io.84- ! 1,43 1324-16 1.61 .69..S± 7.3
1.20 2274-18 I.7Z 3n.'n- :i,i 1 94 .( 1+ 11.2 1.71 44.4± 5.8
1..14 lor,4.i:j 1.82 24.4 2.4

i
1 .02 00.04- 8.1* 1.80 27.1 ± 3.3

«4,7-n7.«' 1 1.71 9.7

1 .r.:< .V1..T+.3.1 1.81 24.7+ ;i.n

i.r4 2f».4-t1.H

1.72
t.Xi 0.71 -^0.72

1

fi Table IV. Parameters obtained from analysis of data on electron

scattering by Si** with excitation of levels at 1.78, 4.62,

6.9 X 0.2, and 9.7 ± 0.1 MeV
Pvamcicn

Level

cpcfgy,

MeV;
Helm's moUcll ’) Schucan's mo<lel(^|

Kokune et iL

i“i

spin an4
parity .In

^

Ifl-* iUht.i *

a y, ,
io-»

U (IvA) ? .

Mev-sec^

'x.

MeV 4 MeV
0

,7S; 2' 1 '(±1 2M.'i 11.3 1 .3.6 ± 2.3 292..

3

3..3.irr« 49,9 o.:ci .31.4 0.7 0.29

1.C2; 4- 0. l±o.7 2.42- 10* 0.0 1..33±o.22 1 .
23-10* 2.2KI*-* lfl81 0.11

6.9; 3- 14 lt:l..'> 3.28.10* 10.1 ».1)±0.7 2,39-10* .3.6.10-** 4'22 0.24 319 6.1 0.28

9.7; .3
-

5 .1*0.8 1.30.1(J> 4.0 2.4±0,'l 9.71.KP 6.8-10-« 14-32 U.15

9,7; 3- 13 3.03-IO* 7,8 1 .0±0.2 1,00.10* 1.6.10*«>|.34a'i 0.1.3

I

I

5 LEVELS 1.78-12.7

FIG. 3. Form factor for inelastic scaftiring with excitation of 1 .78-

MeV level. The curves have been calculated from the following formulas;

Curve 1 — (4), Curve 2 - (8), Curve 3 — (12), Curve 4 — (13). Points:

O — our data, X - data of I lelm. (
' 1

[over]
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\

\

}.S tJJ U q'. r‘

FIG. 4. Form factor for inelastic scattering with excitation of 4.62-

MeV level. Curves 1 and 2 were calculated respectively from Etis. (4) and

(«).

FIG. 6. Inelastic-scattering form factor corresponding to the peak

at 9.7 ± 0.1 MeV. Curves 1 and 2 for a mixture of multiples with X =

3 and X = 5 have been calculated respectively from formulas (4) and (8).

The dashed curves give the contributions of the individual multipoles,

calculated from formula (4).

X

I

FIG. S. Inelastic-scattering form factor corresponding to the peak at

6.9 ± 0.2 MeV. Curves 1 and 2 have been calculated respectively from

Eqs. (4) and (8).
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£L cM. STM.

D. W. Anderson, A. J. Bureau, B. C. Cook, T.

Phys. Rev. 1^2, 978 (1969)

METHOD

J. Englert
Si 14

69 An 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN RLX THR-65 c 16-65 ACT-

1

4PI

Data normalized to measurements previously reported.

least-structure cross section,
for silicon data. Vertical bare indicate errors in cross seed

de°nTfor »
function width. Th?Scient for o’** because of enhancement of the vield dueformation of Si** as discussed in Sec. If. A likelihoo<fe.itim»te

the statistical certainty of the indicated structure is also shoi

Table I. Peak enerjties for the cross-section maxima of Figs.

4 and 5. All maxima wi& greater than 70% like^ood as computed

from the cross-section errors* are shown. Maxima with less than

W% likelihood are doubtful.

Al®
Energy (MeV) Likelihood

SP»

Energy (MeV) Likelihood

(41.6±1.0) 0.72 (27.1±0.S) 0:90

49.4db0.3 0.96 (31.4±0.4) 0.88

S6.3±0.9 0.98 (3.47±0.6) 0.86

(40.1±0.9) 0.89

(46.4db0.8) 1.00

52.2±0.8 1.00

58.2±1.0 0.98

* B. C. Cook (to be published).
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Yu. P. Antuf'eVj V. L. Agranovich, V. B. Ganenko, V.

I, I. Miroshnichenko, and P. V. Sorokin

Ukr. Fiz. Zh. 248 (1969)

MCTHOO

S. Kuzmenko,
£L£M. SYM. A I

Si

RCF. NO.

14

69 An 6 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYRK RANOK TYPC RAN 9C

G,P ABY 109-999 C 700,999 TEL-D 97-230 DST

G,D ABY 120-999 C 700,999 TEL-D 97-205 DST

999 = 1.2 GEV

Summary

The crosa-scctlons of the (v. p) (V. d) reactions were investiRated U». Be*.

Cu“ Mo** and Ta‘*‘ tarccts were Irradiated with the brcmsstrahlung of 700 and 1200 MeV
maximum energy from the Kharkov PhTl Ac. Scl UkrSSR linear

protons and deutcrons were delected by the scintillation telescope at 30 , GO , and 1-0

with the beam. Possible mechanisms of the proton and dcutcron pliotoproduction are dis-

cussed. The qualltnllvc agreement of A dependence of the cross-sections is observed with

a suggestion on the meson mechanism for these reactions.

OQdfO A
•

3t

E.-nOOMt!

t ,mB

’JTJa " E,’I2MM

• • • • a

• •
• S

k*l0

••

•

*
• A

4

i

H 3 *4^

Phc. I. 3&aex(HicTb nepepiay (y. p)-peaiaUI aU A: a— d—30*, £»— 97 Mea; 8-‘Ep^
-205 Mea; a— d-60*, £,-230 Mea; a— £,-157 Afe» (X— aani [3]); d— 0-120*,

O— £,— 120 Mea, ^— Ep—lS7 Mea, — £,-230 Mea. ACaunome sHaveMHi nepepiay

HaBCAeHO npH eMeprii npoTOHta £, — 120 Mea. Inuii Aani HopMoaaHi ao nepepiay ana Li'

npH £,— 120 Mea.

Phc 2. SaAewHicn. nepepiay (y, d)-peaKiuT siA NZlAi a— 0-30*, £e—97 Mea\ 6— 0—
-30*, £a -205 Mea; a: A— 0-60*, £<-97 Mea, 0— 0- 120*. £<-97 Mea (nepepiaK

HaaeAeHi b oaiikhiuix 10“** cjt^/erep-Mea-Q).

^ORM N8S*41i
(RKV. 7« 14*«4 I
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S. Costa, L. Ferrero, L. Pasqualini, F.

Letters al Nuovo Cimento _1, 346 (1969)

METHOO

Ferrero, C. Manfredotti
Si

REF. NO.

14

69 Co 1 egf

REACTION RESULT eXCITATIOM
ENERGY

SOURCE DETECTOR
ANGLE

TYPe RANCe TYPE RANGE

G,XN ABX 14-38 C 14-38 BF3-I 4PI

i

I

I

FORM NBS-41S
(REV. 7-14.641
USCOMM.OC 260I0-P64

U 18 22 26 30 34 38
photon energy (MeV)

Fig. I. - a) K.^porimontHl (y, To) croHs-Hootlon of fil. 6) lloigth ami position of lln! r.nmilz line.'. ummI

to nt the cxpcrimoiital rosiilts boUvocii 17. a ond aa MoV. c) Dipolo atrongths cniciiiiilud wii li i hr I > TC'-'l

<l) Dipole atrongthB oaloolatcd with the partlclo-liolo nioilol.

U.S. DEPARTMENT OF COMMERCE
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V. I. Noga, Yu. N. Ranyuk, and P. V.

Yad. Fiz. % 1152 (1969)
Sov. J. Nucl. Phys. 2? ^73 (1969)

METHOD

Sorokin
£L £M. S tM. A I

Si

REF. NO.

14

69 No 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NA24 ABY 43-999 C 100-999 ACT-

1

4PI

3. cm*
999 = 1.2 GEV

Table I

Reiction
Nuckons
emitted

Thresh-
old*,

MeV

—
Talgel

Distnbuuo
isotopes.

A|«-P Na** 2p, n 31 Al
Si»— N*a=« ^p, n '.3 Si 02.27
P» -* Na*« 4p, 3/1 69 P
S« Na“ 5p. .!/» 7H 5 95. M2
Cl» .Na" 6p, S/I to; NH,C1 7^1 t

K» -P Na“ ftp, 7/1 HO K-O), 93 .MM
Ca«— Na* 9p, 7/1 148 CaO 96.97

w-

C.ot -

I

FIG. 3. Dependence of P on number of nu-

I Cleons which have left the nucleus.

*The threshold was calculated as the binding

energy of the emitted nucleons.

Table n. Cross sections for

reactions in the saturation

region

Reictioo Reactkm
** 1

I0“4*cm

Airr—NaW 185±20 a*-.Na** 684.7
Si»-p Na** 72-1-8 K»-eNa** 35*5

— Na»* 74*8 Ca*«-*Na** 22*5
52±6

According to the photomeeooic mechanism, the cross
section for the reaction can be written in the form

o = <Jiv4/>. (1)

Here Oq is the total cross section for interaction of
the photon with a free nucleon with inclusion of the
nucleon motion in the nucleus (cto, as has been shown by
Rods and Peterson, depends only weakly on photon
energy for Ey > 300 MeV); A is the number of nucleons
in the nucleus, and P is the probability that the reaction
will proceed by a given channel.

PORM NBS-4U
(REV. 7.I4.S4)
USCOMPwl*OC 2e010*P«4 PHOTONUCLEAR DATA SHEET 297
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REF. c, -P. Wu, F. W, K. Firk, and T. W, Phillips

Nucl. Phys. AI42 ,
19 (L970)

ELEM. SVM. A Z

method

Si

REF. NO.

14

I

70 Wu 1 egf

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY Type RANoe TYPE RANOe

ANGLE

G.N ABX 18-21 C 16-22 TOF-D 90

ill-

Cross section relative to D(Y>n)p GROUND STATE

Fig. 4a. The observed ^®Si(y, no)^’Si differential cross section at 90°. 4b. The ^"Sify, Po)*’Al differ-

ential cross section at 90° deduced from the inverse reaction ‘).

1

f^ORM NBS-41S
(Rev. 7-IA-S4I
USCOMM-OC 26010-P64

1

U.s. OEPARTMENTOP COMMERCE
NATIONAL, SU«EAUOF STANOAROS

PHQTONUCLEAR DATA SHEET 298



J. Ahrens, H, Borchert, H.B. Eppler , H, Ginnn, H. Gundrum, P. Rlehn
G. Slta Ram, A. Zieger, and B. Ziegler

Elba-71, Tagungsbericht Elektronen Beachleuniger Arbelta Gruppen
rsgpr 1971 ) Justus T.-f ebig-Univeraltat: Gleaaen.

METHOD

ELEM. SYM. A Z

Si

REF. NO.

14

71 Ah 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE y TYPE RANGE

G,MU-T ABX THR-150 C 10-150 MGC-D 4PI

7

FORM N3S-418
(REV. 7*1 4-64)
uscoMM*oc 2eoto«pe4 PHOTONUCLEAR DATA SHEET 299
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REF.
Yu.

I.

Yad.

METHOD

P. Antuf'ev, V. L. Agranovich, V. B. Ganenko, V. S. Kuz'menko,
I. Miroshnichenko, and P. V. Sorokin
Fiz. _U, 473 (1971): Sov. J. Nucl. Phys. 13, 265 (1971)

ELEM. SYM. A

Si

REF. NO.

Z

14

71 An 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.P SPG 45-999 G 700,999 TEL-D 25-400 Dffr

G.D SPG 55-999 G 700,999 TEL-D 25-400 DST

Table L Values of the parameter r, MeV
999=1. 2 GEV. REL D/P

Yield of protons 30-400 MeV, deuterons 30-200 MeV.

I

i

The measured secondary-particle spectra for

kinetic energies T > 80 MeV are well described by

the expression

= const Teip (—f/t),

which Is Identical to the formula for the evaporation

process.^*^ In Table I we have given the values of the

parameter r for the nuclei studied, at various angles.

The accuracy in determination of r is about 10%.

FIG. 4. The rstioi Nj/Np ss «

ftinction of tarret-nucleus mau nura-

ber A at in angle 9 60® for E«

1 200 MeV. Solid curre-A*
'*

FORM H3S*418
(REV. 7-14»64)
USCOMM^OC 260ia-P«4 PHOTONUCLEAR DATA SHEET 300
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- S.M.

S. Cosca, L. Ferrero, L.

Lettere al Nuovo Clmento

METHOD

Pasquallnl ,
and Manclnl

2, 665 (1971)
Si

REF. NO.

14

71 Co 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,XN ABI 36-64 C 10-64 BF3-I 4PI

FAST N YIELD

Ki* •.*. - K.TpcriinciiUtI plinUmviitron croMi-accUimi* intc«rrutod over photon nncivy between 3fl nod
Ot .MeV nnd ill«'idcd by NXIA npe plotted ua n (niicUon of tho lanaa number. Jtlock dots uro total cross*
sections not corrected for neutron multiplicity; open circles represent fast neutron croas-socUons (ace
text). The dashed lines ora drawn only to guide the eye.

FIe* 3. — The ratio between • fast » and total photoneutron integrated cross sections as a function of
tho moss number A. The solid line represents a lit of the rotioa calculated for some nuclei by
into account the theoretical neutron energy tpeotra giren by Gabriel and AiBaaiXER (') and the elfl-

clencies of our detector (see Fig. 1).

FORM NBS-418
(REV. 7>IA-S4I
USCOMM*OC 2eOIO*PS4 PHOTONUCLEAR DATA SHEET 301
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REF. El_ C.M. iTM.

METHOD

TaCsuya Salto
Bull. Ghem. Soc. Japan 1800 (1971) Si

REF. NO.

14

71 Sa 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,NA24 ABX THR-250 G 20-250 ACT-I 4PI

G 1 2P t,©*?
ABX THR-250 G 20-250 ACT-I 4PI

Ftf. 4. Tte yield curve* for the reectiom “Si-***Na, “P-»
“Na, and **S-*»*Na.

O: ’•Si-***^*. 3s“P-***Na, #: “S-*“Na

rt«. 5. The yield curve* for the reaclioiu •^i(y,2p)“Mg,

•«P(r,3p)"Mg, and ”S(y,4p)"Mg.

• : «Si(r,2p)»Mg. Os “P(y.3p)“Mg. (Is •*S(y,4p)-Mg

(over)

FORM N3S*al8
(REV. 7*l4»a4)
USCOMMaOC 26010-P64 PHOTONUCLEAR DATA SHEET 302
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Fig- 10. The exduitioa Tunction for the leacdoa *^1(7,2p)-
“Mg.

Maximum brcnmtmhiung energy (MeV)

Fig. 13. Yield ratios Mfnj maximum birmistrahlung energy.

(1 : F(“Si(y,2p) “Mg)/y(‘«Si-*>»Na)

O: l'("P(7.3p) “Mg)/F(>'P-»»'N.i)

• : l'(”S(y,4p) “Mg)/F(”S-.»'Na>
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J. Ahren«, H. Borchert, H. Eppler, H. Glmm^ H. Gundrxm,
P. Rl«hn» G«. Slt» Roa, A. Zleger^ M. Kronlng, B, Ziegler

Proc. Internaclonel Conference on Nuclear Structure Studies
Using Electron Scattering and Photoreactlon, Sendai, Japan
p. 213 (1972)

METHOD

EL EM. SVM. A Z

SI

REF. NO.

lA

72 Ah 7 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANCe TYPE RANGE

6,MUr ABX 10-140 C 140 MSC-D 4PI

596

Flg*1o Total nuclear crosa»saotions
for Si

i
%

• MBS ki3SM*V. o ki 35 H,V, o ksMaHvV

Fig, 11 Integrated croas-seotlona

FORM N3S-418
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REF.

METHOD

J. Ahrens, H.B. Eppler, H. Glnnn, H. Gundrxnn, M. Kronlng,
P. Rlehn, G. SleaRam, A. Zleger, and B. Ziegler

PICNS-73, Vol,I, p. 23Asllomar

Si

REF. NO.

14

73 Ah 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MD-T ABX 10-140 G 140 M3C-D 4PI

Statistics may have been Improved over chose of 72Ah7.

See figure on other side.

form N8S*41S
(RCV. 7-t4»a4)
USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 305
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Pig. 7. Same as Pig. 2 for Si. The Si-target consisted of monocrj'stalline Si-rods

in which occurs coherent pair production. As this effect has not heen taken

into account when subtracting the pair cross section from the measured data

it aupears in the data given here. The predicted shape cf tne interference

term from theorj 5 is given in the insert.
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»*Wu-IUV

y

N.V. Goncharov, A, I. Derebchlnskil
, 0. G.

S. 6. Tonapecyan, and 7.M. Khvorostyan
Yad. PI*. 17, 242 (1973)
Sov. J. Nucl; Phya. U, 124 (1973)

METHOO

Konovalov,

EL KM. SYM. A Z

SI

REF. NO.

14

73 Go 5 bng

RESULT EXCITATION SOURCE DETECTOR
ANGLEREACTION ENEROV TVP« RANOX TVPC RANOX

G,PI> ABT 170-400 c 400 BBL-D 90

G.PI- ABT 170-400 c 400 BBL-D 90

G.P ABT 82-400 G 400 BBL-0 90

FIG. 4. Ckuptd pion yield vs. the nusi number of the nucleus; •-
E, - 105 ± 10 MeV, O-^ - 85 ± 10 MeV, ©-E, - 65 ± 10 MeV.

FIG 3. Energy spectra of protons, E^** « 400 MeV, - (90 ± 7)®.

Grcles-present data, triangles-liom ('*].

Dougan, W. Stlefler, LOST preprint,

1001-1003, 1970.

(over)

FORM HSS-4lt
mev.
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FIG. 5. Proton yields vs. mass number of the nucleus: O—Ep = 100 ±

10MeV,#-Ep= 125± 15MeV,A-Ep= 155 ± 15MeV,®-Ep» 185 ±

15MeV,©-Ep-215t 15MeV.

FIG. 6. Ron yield (1), proton yield (2), and suimnaiy pion and

proton yield (3) vs. the mass number of the nucleus.
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A. Jarond, B. Frlberg, and B. Forkman
Z. Hxyslk 2«, 15 (1973)

EL EM. SVM.

SI 14

METHOD REF. NO.

73 Ja 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE range TYPE RANGE

Q^XXS. aby THR-999 C 100-999 A(7r-i APT

I

^ = tlA-24, 999=1 GB7

E

J

o.

e
.a

iMg. 7. Mean cron sections for ^Na production as a function of target mm« number.
Present work filled circles. Noga et al. [3] open triangles, Kumbartzki et ai. [13] cross

and Korteling et al. [1] 400 MeV protons open circles. The solid line gives the mean
cron sections calculated by Jonsson et al. [17] Fig. 2

Fig. 2. The determined yield for the reaction “.2».»Si->“Na (filled circles). Dashed

line, solid line and open circles are interpreted as in Fig. 1

Korteling, R.6. et al. , J. Inorg.
Nucl. Chem, 29, 2863 (1967).

3
Noga, V.I. et al. , Sov. J. Nucl. Fhys.

9, 637 (1969).

^\umbartzkl, G. et al, , Nucl. Phys, A176 .

23 (1971).

Jonsson, G.G. et al, , LUNP7212, Oct. 1972,
to be published In Phys lea Scripts.
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REF.

A. Veysslere, H, Beil, R. Bergere, P. Carlos, A,

A. Oe Mlnlac
Nucl. Phys. A227, 513 (1974)

METHOD

Leprecre, and
SI 14

REF. NO.

74 Ve 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANCe TYPE RANGE

G.N * ABX 17- 30 D 17- 30 BF3-I 4PI

Fig. 2. Photoneutron cross section <»t« =* n)+<r(y, pn)] of -'Si obtained with an energy

resolution of 180 keV (full line and .irrows) and with JE 350 keV (dashed line and

arrows).

Fig. 22. Ratio of experimental integrated photoneutron cross section <To" over the Thomas, Reiche

and Kuhn sum rule [0.06 NZIA]. Numerical values and upper integration limits £« are taken from (over)
table 3. Also = ±7% for all nuclei.

FORM NSS>413
(REV. 7*i4.ea>
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Fig. 24. The [<To“/(0.06 NZIA)] ratio as a function of isospin T. Possible overall errors of ±7"^ i-re

to be applied to all nuclei shown.

Table 3

Experimental integrated photoneutron cross sections a" = J'^^‘(Xj.^(£)dS compared with the

classical sum rule [0.06 NZIA] of Thomas, Reich and Kuhn

r = 0 T= i r = J r = 2
|

r= 4

Nucleus 16Q ^°Ne ^»Si “S *°Ca isp “Na ^"Al sip ”K *-Sc *°Ar 51V

<To" 58 42 94 98 100 108 137 158 132 210 383 393 602

(MeV • mb) ±4 ±3 ±7 ±7 ±7 ±9 ±10 ± 1 - ±14 ±25 ±28 ±42

CoViO-OeNZlA) 0.24 0.14 0.22 0.21 0.17 0.38 0.40 0.39 0.39 0.36 0.57 0.66 0.8

E» (MeV) 30 26.7 30 30 29.5 29 30 30 29 30 28.1 26.7 28



REF. J. Ahrens, H. Borchert, K.H. Czock, H.B. Eppler, H. Gimm,

°H. Gundr\Jin, M. Kroning, P. Riehn, G. Sita Ram, A. Zieger,

and B. Ziegler

Nucl. Phys. A251 , 479 (1975)

EL EM. SYM.

SI 14

REF. NO.

75 Ah 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,MU-T ABX 10- 30 C 140-275 MGC-D 4PI

Table 2
932+

The moments of the experimental nuclear cross section distributions integrated from 10 MeV to the

energy E, and their statistical errors

£ S- 1 lo I*
(MeV) (mb/MeV) ±(%) (mb) ±(%) (mb- MeV) ±(%) (b-MeV^ ) ±(%) (b-MeV^) ±(rj

U 100 0.196 1.1 4.64 1.0 143 1.7 5.82 3.1 305 5

140 0.197 1.1 4.79 1.0 161 1.9 8.03 3.4 577 5

210 0.198 1.1 5.03 1.0 206 2.0 16.60 3.7 2220 5

Be 100 0.192 2.5 5.19 1.5 173 2.0 7.11 3.4 362 5

140 0.194 2.5 5.33 1.5 189 2.1 9.09 3.6 600 6
210 0.195 2.5 5.58 1.5 236 2.1 17.80 3.5 2240 5

C 100 0.313 1.7 8.81 1.1 291 1.6 12.00 2.9 630 4
140 0.316 1.7 9.18 1.2 334 2.2 17.10 5 1250 7

0 too 0.580 1.6 14.50 1.3 432 2.0 16.00 4 748 8

140 0.585 1.6 15.10 1.3 508 2.5 25.20 5 1880 8

A1 too 1.10 1.8 25.70 1.5 739 2.6 27.9 5 1400 8

140 1.11 1.8 26.3 1.7 807 3.9 36.4 9 2450 16

Ca 100 2.22 1.2 45.5 1.5 1120 3.6 34.9 9 1430 18

140 2.23 1.2 46.8 1.7 1290 4.6 56.6 11 3710 19

I

form N3S-418
IRev. 7-14.841

USCOMM.NBS.OC

Fig. 7. Total photonucicar cross section for Si. Above 60 MeV the total

attenuation cross section of Si displays a structure which can qualitatively

be described by coherent pair production in the monocrystalline absorber

rods ((3berall effect) "). A more accurate measurement of this elTect is in

preparation. An unambiguous determination of the nuclear cross section

above 50 MeV therefore turned out to be impossible.
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REF.

METHOD

Vo di Napolif G. Rosa, F. Salvetti, M. L.

H. G. de Carvalho, J. B. Martins, 0. A.

J. Inorg. Nucl. Chenio 37 , 1101 (1975)

Terranova,
P . Tavares

ELEM. SYM. A Z

SI

REF. NO.

14

75 Di 4 egf

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE RANGE

ANGLE

G,F18 ABY THR-999 c 300-999 ACT-I 4PI

G,NA22 ABY THR-999 c 300-999 ACT-I 4PI

G,MA24 ABY THR-999 c 300-999 ACT-I 4PI

Torget moss number

Fig. 1 Mean absolute cross section of "F phctoproduction vs the

target mass number. Open triangle: energy range O-lS-0-72 GeV,

Ref. [18]. Filled circle: energy range 0-3-1 GeV. Ref. [3]. Open
circles: present work. The curve has been calculated by means of

Eqn(l).

Target mass number

Fll.3. Mean absolute cross section of ”Na photoproduction vs

the Ofget mass number. The curve has been calculated by means

of Eqn(l).

999 = 1 GEV

Fig. 4. M^an absolute cross section of “Na photoproduction vs

the target naas number. Filled circles: energy range 0-1-1 GeV,

Ref. [20). Reversed open triangle: energy range 0-3-1 GeV, Ref.

(8). Open triangles; energy range 0-25-1 GeV, Ref. [19|. Open

circles: present work. The curveTias been calculated by means of

Eqn(l).

Table 1 Cross-section per eouivalent quantum Ooiitb) of

photoproduction of **7

Bremsstrahlung maximum energy EoiCeV)

Target
"

nucleus 0-30 0-40 0-55 0-75 1-00

“Na 590 £30 640 £30 720 £30 780 £30 830= 30

”A1* 116£7 172*6 202 £6 245=5 270 =5
”Si 80£l0 110£10 145 £10 170 £10 200=10
j.p 60£l0 90£l0 130* 10 150 £ 10 180=10
”S 55£lO 90£10 125 £10 160=10 190=10

185 £20 230 £20 270 £20 310 = 20 350=20
"K 35±5 50£5 65£5 75=5 90 = 5

*Ca 5±2 20£3 35£5 45 = 5 60=5

*The results for ”A1 have already been published (see(3]) and

in reported for comparison.

(over)

form NSS-41S
(KCV. 7«14r«4I

U3COHM>^SS*OC PHOTONUCLEAR DATA SHEET 313
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Table 3. Cross-section per equivalent quantum <ro(»ib) of

photoproduction of **Na

Bremsstrahlung maximum energy £o (GeV)

Target

nucleus 0-30 0-40 0-55 0-75 1-00

”A1 490* 20 560 ±20 667 ±20 690 ±20 745 ±20

”Si 290 ±20 330 ±20 380 ±20 430 ±20 470 ±20

”P 230±20 250 ±20 290 ±20 330 ±20 350±20

”S 206±10 240 ±10 280±10 320 ±10 350± 10

’”’a 230^10 260 ±10 290±10 320 ±10 350 ±10

30i3 50±5 65 ±5 80±5 100±5

••Ca 5±2 20±3 45 ±5 60±5 60±5

Table 4. Cross-section per equivalent quantum (7o(>lb) of

photoproduction of

D! Bremsstrahlung maximum energy £« (GeV)

larro —
nucleus 0-30 0-40 0-55 0-75 1-00

”A1* 370 s: 10 440±10 500±20 550±20 660±20

“Si 100±10 140 ±10 160 ±10 210 ±10 240 ±10
S.p 100 ±20 160±20 200 ±20 270 ±20 310 ±20

’’-s 120 ±10 160±10 180±10 210 ±10 240 ±10

"’a 65±10 100 ±10 140 ±10 190 ±10 220±10

”K 20±5 35±5 55±5 65±5 80±5

•Ca 12±3 25±5 35 ±5 50±5 60±5

•The resuhs for ”A1 have already been published (see[8D and

are reported for comparison.

Table 5. Mean absolute cross-section

in the energy range 0-3-1 GeV

Target

nucleus

Produced radionuclide

"F "Na "Na

“Na
^'Al*

190±30

120 ±10 200 ±20 220±20

"Si too±io 150±20 120 ±10
>ip 1Q0±10 100±20 180±20

"S 110 ±10 120±10 100 ±10

"a 135±20 100 ±10 130 ±10

"K 45±5 60±5 50±5

-Ca 46±5 60±5 40±5

•The results far the photoproduction of '*F

and *T^a from ”A1 have already been

published (Ref.PI and P], respectively).
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A. S. Damagulyan, N. A. Demekhina

Yad. Fiz. 24, 681 (1976) nq76)
Sov. J. NucT. Phys. 24, 355 (1976)

EL EM. SYM.

Si 14

REF. NO.

76 Da 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NA24 ABX THR* 5 C 2* 5 ACT-I 4PI

ENERGY, GEV

k

TABLE I. Experimental yields and reaction cross sections ob-

tained in the measurements at the Erevan electron accelerator.

Reactaon yield, mb

Tarist TMae GeV Reacdofi cto»

3 4 s

”AI a.si±o.o8 0.87 0.87 0.07213*a034S

“SI 0.27*0.02 0.23 0J>9 0.0267*0.013

“S 0.24*0.02 022 0.27 0.0323*0.0153

a 0.28±0.03 020 028 —
••K 0.1*0.01 . 0.123 0.13 0.06*0.0288

«Ca 0.066±0.01 0.09 0.115 0.033*01)168

«v 0.(K5±0.02 0.094±0.02 0.088*0.02 0.082*0.023 Q.019

“Md 0.079±0.02 o.a/oiO.cc 0.087*0.017 0.088*0.015 0.01076*0.0056

Cu 0.029±0.006 0.037*0.007 u.(»36±0.007 0.034*0.007 000547*01)029

Note. The reaction cross sections have been calculated in the l/£

approximation of the bremsstrahlung spectrum.

FORM N3S>418
(REV. 7-I4.64I

USCOMM*NBS^C PHOTONUCLEAR DATA SHEET 315
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REF.

METHOD

J. Mougey, M. Bemheim, A. Bussiere, A.
Xucin Ho, M. Priou, D. Royer, I. Sick,

Nucl. Phys. A262 , 461 (197b)

ELEM. SYM.

Gillebert, Phan
G . J . Wagner

Si 14

76 MO 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/P ABX 10* 65 D 497 MAG-D 53

Fig. 12. Momentum distributions from ^*Si(e. e'p); (a) 10.5 S £ g 12 MeV, (b) 12 g £ g 13.5 MeV,
(c) 13J g £ g 17.5 MeV and (d) 21 g £ g 37 MeV. The solid line represents the DWIA calculation.

*MISSING ENERGy

Fig. 11. Missing energy spectra from ^*Si(e, e'p); (a) 0 g F g 60 MeV/c and (b) 60 g F g 1>0 MnV/c.

FORM N3S-4I8
(R EV. 7>l 4-04)

USCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 3T6
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NATtONAL BUREAU OF STANDARDS



"EP B.S. Ishkhanov, Yu. A. Nov4kov, E.S. Omairov, I.M. Piskarev EL EM. SYM. A Z

Sov J- Nucl. Phys. 32, 757 (1980)

Yad! Piz. 1465 (1980) Si 14

METHOD REF. NO.

80 Is e hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ancle

TYPE RANOE TYPE RANGE

G,G ABX 13 - 31 C 13-31 NAI-D 90

Natural isotopic composition target

B. S. Ishkhanov, Yu. A. Novikov, E. S. Omarov, and I. M. Piskarev

Institute ofNuclear Physics, Moscow Stale University

(Submitted 21 February 1980)

Yad. Fiz. 32. 1465-1475 (December 1980)

The energy spectra of photons scattered at 90 * by ”Si and ”Cr targets have been measured in the betatron

bremsstrahluog beam at 16 values of the maximum bremsstrahlung energy from 13.1 to 3 1 MeV, The photon

elastic scattering cross sections in the vicinity of the giant resonance, as well as the cross sections for photon

inelastic scattering with excitation of the 1.75 and 4.98 MeV levels of ”Si and the 1.43 and 2.98 MeV levels of

”Cr. were calculated from the spectra. A dispersion-theory analysis of the results enabled us to identify the

peaks in the cross sections for which E 1 photoabsorption is dominant. The experimental data are compared

with the results of shell-model and simple-rotator-modei calculations. The nature of the peaks observed in the

scattering cross sections is discussed.

PACS numbers: 25.20. + y, 27.30. + 1, 27.40. + z

TABLE I. Integrated characterisUca of scattering process for

-*S1 and **Cr targets.

Inteintcd aossaeajon (MtV * mb) out

to 32 .MeV

Tanat audtva Ploccia 'Dw praatat

wort
outer itudlei

“SU
oua, 159 g

Elutle leumliig ZE±a4 2J±0.4
10±05 {‘1

NRE (1.7tM«V.y*-2*) O-SlOJ Noiotaemd (']

InduUe lannig to Uw
4.9SM«V0* Inti

0.7±0.4

sattcrios to Um

15J itoV2*lt»il

0.24±0.02

‘•Cr. Ebme Kittnlag S3)±05 55±OS (M
mass, tSO g NRE (1.43 lAidiS ri3±0.7 (‘1

\o.9±Oi (M
Iflclastk aattBosBCr^p

2.96UtV2*M
12A0.5

'J. -M. Loisequz ef of ., X. Fbys. (Paris) 2S, 11 (19673.

*J. Ahrena et al., Phys. Lett 31B, 570 (1979).

TABLE IL Levels populated in photon elastic and Inelastic scattering from ^l.

If \\vs to ••1; u jo
!;' f, ,

M»v

FIG. 1. a) Photon elastic scattering differential cross sec-

tion for “Sl. The full curve was calculated using the simple

rotator model. The vertical bars were calculated using the

shell model. b) The NRE differential cross section for **SI.

Tne full curve was calculated using the simple rotator model,

c) Photon inelastic scattering differential cross section for

e.xcitation of the 4.98 MeV X’ = 0* level of ^^1.

Total abaofptioa
Inciasde scattRing to ibe indieated tevds (the preaenc work)

Elaauc scattertrt (tba present
4 98 MeV b <5.tA» b

Total abaorptuM f >

L,. McV a. nb By. MeV e. tfb
Sy, MaV <r. Mb Ey, MeV V. Mb

« l4i±0J 80±20 - - -

15.3 10 _ - - - “

20*5 22

!
taz 40 18.2±0.3 80±20 *

'.30 45
- 19.0*0.5 S0*20 19.0*0.5 30*20 -

_ 14.5*4 17.;

1
2U0 1 S3 20340J 210*40

1

21.5 1

230 2S.0 23.0±05 60±20 23.0*05 70*20 - - t0.4*3 13 <

240*0.5 2SO*50 — —
27.4 V - 2S.040.5 50±15

Di.8 I 1

*Accordint to (y. datt.*

JSCOMM-NBS-OC PHOTONUCLEAR DATA SHEET 317
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R. H. Helm
Phys. Rev. 1466 (1956)

ELEM. SYM.

SI 28 14

METHOD REF. NO.

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

E.E/ FMF 1-7 D 187 MAG-D D<7f

I 2

>in ^

Fig. 3. Inelastic angular distributions (observed cross section

divided by Feshback point-charge cross sections). The results of

Hahn €t al. Preference 8) for Ca and of Fregcau and Hofstadter

(nimxKK 11) are included for comparison.

Fio. 7. Inelastic "universal curves.” A composite plot of

inelastic data from Mg, Si, S, Ca, and Sr against ». The various

form factors are arbitrarily normaliscrl to minimise the spread of

points. The point from sulfur anti the point from silicon which

seem to deviate from the “universal curve” are assumed to contain

undetected experimental errors. The curves labeled Mg(£2),

Sr(£2), Ca(£3), and Sr(£3) are calculated for electric-quadrupole

and-octupole transitions using the “smeared j-function” transition

charge densities of Sec. V, and are arbitrarily normalised.

FORM N8S-418
IREV. 7-I4-44I
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Ref. W.C. Barber, F. Berthold, G. Fricke, F.E. Gudden
Phys. Rev. 120. 208l (I96O)

Elem. Sym.

Si 28

Ref. No.

60 Ba 4

lif.

Method Stanford Mark II Linac; magnetic spectrometer; plastic scintillator
counter telescope JHH

Reaction E or AE
S"

dE J
"• Notes

42.5 11.6

20

Both E measurement at 9 = I60
o

+125
125 MeV-mb

-ko
(Giant Resonance)

Fio. 9. Energy, distribution of electrons, which were initiel^

42J Mtw, aftSK 169” scaUeringfroaaSiUrget. ^

roRM NBS-418
(e-1-631
USCOMM*OC ia986*P63

PHOTONUCLEAR DATA SHEET 322

U.S. DCPARTMCNT OP COMMERCE
NATIONAL SURKAU OF STANDARDS



M. Kimura, K. Shoda, N. Mutsuro, T. Tohei, K.

K. Kuriyama, T. Ariba

J. Phys. Soc. Japan 15 . 1128 (i960)

METHOD
Cyclotron; inverse; Nal spectrometer

Sato, K. Kuroda,

Si 28 Ik

REF. NO.

60 Ki 5 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANGE TYPE RANGE

P.G RLX iq-26 D 8- 1 ‘S NAI-D Q0°

f7 . 5 -ll^. 7 >

Resonances at:

E
__L.

7.61 MeV 18.914. MeV

8.75 MeV 20.0I4. MeV

10.13 MeV 21.37 MeV

Fig. 2. Relative cross section curve for \V^(p, pjg. Example of the gamma ray spectrum
r.+n)Si» as a function of proton energy. background spectrum without target.

roRM HBV4U
(RKV. 7*14m«4»
USCOMMmOC 2e010>P64 PHOTOHUCLEAR DATA SHEET 323
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R.A. Tobla
Ffqrs. Bmw. 120 (175 (19^)

Elem. Sym.

Si 28 Ik

TTefT'NoI

60 To 1

Method

Bototron, aboorbor tad •cactoror; HoZ JH

Reaction E or A£ ad E J
" Notes

(t,y) BroMs;
13.1

r+0.99
2,89\

t-o.ie
eV ^hnah.*

Fig. 4. ThreahoWi for the levels in Mg and SL

FORM NBS-418
(8-1-63)
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ELEM. SYM. A

I

! METHOO

T.G. Walker, W.T. Morton
Proc. Phys. Soc. k- (I96O)

Si

REF. NO.

I Synchrotron; proton-neutron cross section; radioactivity

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G. 5P4N ABX 0-2kO C 2kQ ACT-

1

i4-PI

•27 2
a = (0.06±0.0l) 10 cm /equivalent quantum

FORM H8S-41S
(RCV. 7«t4*44l
USCOMM*OC 2e010*P«4 PHOTONUCLEAR DATA SHEET 325
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A.K. Berzin, R.P, Meshcheryakov
Zhur, Eksp, i Teoret. Fiz, 1015 (I96I)
Soviet Phys. JETP J21 (I962)

Elem. Sym.

Si 28 Ik

Method

Betatron; activation

Ref. No.

61 Be 1 JH

Reaction E or A E
S"

dE J Notes

'thresh.
17.14 ± .12 MeV

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

FORM NBS-418
ts-i-eal
USCOMM'OC 18eBe*P63

PHOTONUCLEAR DATA SHEET 326



A. Busslere de Nercy
Ann. Phys. (Paris) Third Series 6̂ , 1379 (1961)

ELEM. SYM. A

Si 28 14

METHOD

61 Bu 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,G * ABX 11 C 11-16 NAI -D UNK

G,G ABX 15-30 C 32 NAI-D 140

*a°= 19.7 ± 2. 5 b
r<5 = 114 ± 30 eV Fi= 87 ± 25 eV

WIDTHS

flf. II.—
Itoa rfikM*

liiWmlMI*
il« JiSmina
fT, Tl k

poMf h> 4li>

ritiM.

FORM N 3S-418
(REV. 7-I 4.S4 )

USCOMM-OC 2aOIO-Pe 4 PHOTONUCLEAR DATA SHEET 327
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C, C. Gardner and P. C. GugeLot
Proc. Int. Conf. Manchester 263 (l96l)

ELEM. SYM. A

Si 28 14

METHOD

Cyclotron

REF. NO,

6l Ga 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 16-25 D 5-13 NAI-D 90

.-(YiP )
= 0.10 MeV-bams.

int' ‘ ’*^o'

Proton capture cross-section in Al”

yo, ground state transition; EyO — Ej^cm) 4- 11-6 MeV
yi, first excited state transition Eyi = Ep(cm) + 9-8 MeV

FORM NBS-418
(REV. 7>l 4-64)
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Ref. H.E. Gove, A.E. Litherland, R. Batchelor
Nuclear Phys. 26, (l96l)

Elem. Sym.

Si

kef. No.

61 Go 1

28 li+

Method -jandem accelerator; Nal
EH

Reactioa E or AE
S"

dE J Notes

A1^’^(P,7) 2.6-11.4 fp= 4.3MeV

19 Me\

19.6

t? ZQ

SI^Vl

1

SI*

Resolution limited by the target
thickness.

E = 7.68 MeV;
Po

U (0^)=l+(O.Ol±O.O5)Pj^+(O,55±O.O7)P.

E = 8.27 MeV;
Po

6^(0^J=1-(O.O9«3.O5)P,+(O.O7±O*O6)P,
r I c

EXCITATION ENCNar IN St (H*V)

A a

V"'
V

\f

PROTON ENERGY (LAtl(M«Y)

Flf. 19. Th« yield of gmmina nys lirtinf to the ynmixt ctata (opfKrcsrvel ead to the flm«
sate Hover corvet of Si* rcaoitliif froto pfouv ceffoiiv ut Al* »«< mf—irvl at M* to th*

:
(nadcac baea. The ordinates of the r«o vieU carve* are cwiert cclaateo to eacN otlMr. TW

I

abociMM ere martad both in terms of the undaBt Ubontory pwwoBM |y tad is esataliM

2p

tl-

31-

2h

-U(OOt3005»P*‘(035t007)P^

X, = 7S8 MeV

— l-(009t0O5lP,*f0 0rroC6'P,

X, to = 9 27 MeV

-.t^- 1008 :o IS) P -'OiSioztiPj

X. £p = 768 MeV

20 «0 60~80 ICO

l*(0 33 -0 07) P - '0o0-009»Pj

X. i = 8 27 MeV

ANCLE
I 140 0 20 40

e (DEGREES)
30 ICO 120 140

FORM NBS-411
(8*1-63)
USCOMM«OC 1t59«*R«a

Fif. 1. Partial energy* level diagrams lor C**. Mg“ aod Na** showing the region of ezeitatioo energy
covered (shaded), the poainons of the first exated states and the energies at which each nucleus I*- \n?ular distnbutions of gamma rays leading to the ground state .•/*) and to the Uf*

unstable against neutron, proton and alpha particle emission. The approximate position excited state lyi) of Si“ from the reaction .U*’ *p. y) measured at two proton energies of • ^
of the pank of tb« giaat resonance (OR) is also indkatnd. '^ -7 .UeV (correspooding to the posmons A anu B on the yield curve of itg. 14). The

lines are least square Legendre polynomial fits and. in each case, values 01 the coeifiaenu a^
given in the expressions 1 4- 0^ P|.
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K. Shoda, K. Kobayashi^ S. Siina, K. Abe^ M. Kinura

J. Phys. Soc. Japan IO3I (I96I)
£lem. Sym.

Si 28 Ik

icthod 24 MeV Bremss; emulsions; proton spectrxim Ref. No.

61 Sh 1 EH

Reaction E or AE ad £
J Jr Notes

Si^®(Y,p) Bremss.

24

Fig. 1. The energy spectrum of photoprotons

!
from Si. The solid line is a smoothed curve.

I

The broken line and the dotted one are calcu-

lated curves of the statistical model with the

I

level densities w=Cexp[2»^ 0.4S£1M«V”‘ and

j

t.»Cexp[£/2.81MeV-‘, respectively.

I orm.SBS-413

!
.scomm'OC iSBSS-Pes

Fig. 2. The comparison of cross section of Si-*(7 ,

p)Al-^ (histogram) and that from Al*'(p, r)Si“

(solid line).
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-ct. P.G. Bizzeci, A.M. Bizzeti-Sona, M. Bocciolini,

G. Di Caporiacco, M. Mandb

Nuovo Cimento 26, 1^12 ( 1962 )

Van de Graaff; 7 's from Li*^(p,Y) reaction; solid state

jui» .on) detector

Elem. Sym.

Si 28 14-

( silicon
Ref. No,

62 Bi 1 JHH

Reaction E or AE

17.6

crd E Jn- Notes

E spectra in Figure 1, with E
p

07 ^

•28/ N
AE =. 100

keV

Tasls I.

Values of relative intenstty of the vanout peike with reapect to (*)

9 CM 9
Eaen;y

shift (kaV)
(Pi -i- Pi; Pa) Pl/Pt P*/Pa HlP» \

0* -r 1.00 -r67.8 0.70= 0.06 0.53x0.03 0.17x0.03 0.17= 0.02

41* 30' H-0.75 + 50.K 1.04*0.06 0.77= 0.05 0.27=0.03 0.16-0.02 ‘

60* -fO.oO + 33.1) 1.44x0.08 0.90= 0.05 0..34x0.03 0.13x0.02
'

75* 30' i-0.25 + 16.9 1 .73 = 0.10 0.87*0.06 0.86x0.06 0.17x0.02 i

90" 0 0 1.41=0.08 0.71x0.05 0.70^0.03 0.15x0.02
104* 30' — 0.25 . — 16.9 0.84±0.04 0.38x0.03 0.40x0.03 0.06^0.01

uo* — 0.50 — 33.9 0.84= 0.05 0.43= 0.03 0.41x0.03 < 0.03

(') Error* ahown are onir ’lueistlcal error*: maximum nnccrtalncics of other orisria
|

(backaroand cvaluatioa. MDaratton of ncltrhbourlna peaks, wall effects, cic.l itrc catUnated I

to rsrure from 18 to 7% for lower and htffher values rcspectlvclr. In addition a po«»ibio >

aocertaiotr in tho ireomotrical conditions (cNtimotcd to bo lc«* than 7*) may introduce a I

•yatcmacic error in the value of tho eaerffy ahtft which raaaea from l.d keV at 0* to 8.5 koV I

at 00*. Tho cnonry-apread for owry tlnglo point, howorcr. Is determined oaaentlally by the
|

widUi of the resonance as =6 koV. The ratios ahown wore evaluated through an objective I

cntorlon suitably chooaoa for tho beat aeporattoa of tho peaks: a* a rewuit. the vaiuc* may <'

bo expected to differ aomewhni (mm the crosa^aoctian ratlna for transittona to tho corrc>
|

apondlng final levels. They are, however, proportional to them throoffli a factor which la

about 1 and does aoi depend on energy. <

S

a
a

peaks included.

Si detector irradiated giving
detector.

a fluctuations studied.

of
(N

A

A

a"

m
d

o

U.S. OEPARTMCNT OF COMMCRCS
NATIONAU BUREAU OR STANOAAOS

Na$-418
.-t-63)
-comm'Oc itsss'Pas
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P..D. Eage, G.A. Peterson
Eliys. Rev. 128. 2750 (1962)

Elem. Sym.

Si

Ref. No.

1 2

28 14

Method
Linac; counter telescope

b2 Ed 1 BG

Reaction AE r(ev)
^
CTdE(MeV-m )) J n Notes

) ^1.3 11.6 53 2.8±1.12 Nuclear states excited by l80°
electron scattering; Ml transitions
assvmed.

Inelastic electron scattering cross
sections obtained by comparing in-
elastic peaks to e-p eleastic
scattering peak.

from virtual photon theory.

Limits not given for cross sections.

r = 33 eV corresponds to transition
^ + +

from 1 excited state to 0 ground
state.

FORM HBS*416

USCOMM«OC 1 •«•••#»#»

OCPARTMeNT OF COMMERCE
NATIONAL BURBAU OF STANOAAOS
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P. J. M. Smulders, P. M. Endt

Physica-2^, 1093 (1962)

MCTHOO

Van der Graaff Inverse ; NAl spectrometer

Si 28 14

RCF. NO.

Page 1 of 2 62 Sm 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPK NANOK TVPC RAN6K

A.G ABY 11-13 D L-3 NAI-D 8-13 DST

(11.3 - 12.8) (1.2 - 3.2)

TABLE III
J-PI. SEP ISdiTPS

Partial widths of **Si resonant states.

1 2 3 4 5 6 7 8 10

Resouance

number
/'•)

(2/ -1- 1) X

AA/r*)
(eV)

12J -1- 1) X

FyFriFO)

(eV)

(2/ -1- 1) X

FpF.lF 0)

(eV)

F«)
(eV)

F.4)

(eV)

A")
(eV)

A
(eV)

d.*«)

X 10*

I
1- 0.11 (0.037) (85)

2 2+ 0065 (0.013) (5)

3 3- 0.05 (0.007) (7)

4 2+ 0.075 (0.015) (1.5)

S 1- 0.30 (O.IO) (4)

6 2* 0.045 0.00017 (0.009) (3 X 10-») (0.4)

7 (^*) 0.035 0.028 (0.004) (0.003) (1.3)

3 (**) 0.07 0.15 (0.008) (0.017) (1.4)

9 0.035 < 0.004

to 2* 0.50 0.95 1.5 < 200 0.6 1.1 0.35 Z3
11 1- 0.07 < 0.002

12 3- 0.23 5.4 S.0 < 60 0.8 18 0.8 5.1

13 4* 0.75 < 0.4 < 1000

14 2* 0.09 4.0 5.9 < 160 1.2 54 0.8 1.3

IS 2* 0.075 0.4 < 0.4 < 1000

16 2* 1.25 1.0 10 < 1000 4.8 3.8 0.48 Z4
17 4* ZO 4.3 4 < 190 0.9 1.9 0.9 7.0

13 3- 0.10 4 65 340 i 110 9.5 380 0.6 14

19 4* 0.68 1.0 Z4 < 1000 O.S 0.3 0.22 Z4
2Q 2* 5.7 4.7 940 710 ± 130 420 340 Z1 65

•) Combined results from («, y), {p, y), and [p, s) measurements.

From table II, column 6, after converting “partial” yields into total yields (see test).

•) From ref. 9, eacept for resonances 6, 9, and 1 1 (present work).

*) The values put in brackets were computed making the assumptions Ft^ Ft and A^ iV
If the assumptions are not fulfilled the bracketed values can always be regarded as lower limits.

Ref 9:

Ref 15:

Ref 16:

Ref 17:

P.M. Endt, C. Van
Nuclear Phys. 34.

der Leun,

1 (1962)

ALPHA RdRTlCLE ENERGY IN MoV

S. Anderson, H. Bo, T. Holtebekk,
O. Lons jo, R. Tangen, Nuclear

Phys.li, 509 (1959)

P. F. Dahl, D.G. Costello, W,L.

Walters, Nuclear Phys. 21. 106

(1960)

J.B. Marion, Rev. Mod. Phys.

33

.

139 (1961), erratum on

p. 623.

®
v«2&5MH>i*S4g(«nrich«d) Id (ig/cm*

.v»2&SMHX« MQ<natur«il) S ^o/cm*

worm NBS*41i
(RCV. 7«l4>d4l
USCOMM»OC 2«010»P«4

“si

li

xl/10

335

magnetic fluxmeter reading

Fig. 2. Yield curve of the **Mg(«, y)*»Si reaction in the Ea == 1.2-3.2 MeV region.

High-energy y radiation (Ey 8-13 MeV) is detected with a Nal scintillation crystal

(10 cm long and 10cm in diameter), as close to the target as possible at 0" to the beam.

,
For £a<3.l MeV an enriched ”Mg target was used of 15(ig/cm»; for £«>3.1 MeV
the target was natural Mg of 5 |xg/cm* thickness; the parts of ths yield curve shown
ia tb* two inserts wers taiien with a natural Mg target of about 3 pf/cm* thickness.
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amplitude
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for
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±
0.5
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+
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±
0.04

-0.10

i

0.10

+0.03

±
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0.60

±
0.05

fv « I + I + I+ +IJ++ + +
-•<N®CM— <N M — 0M*<M CM'^* ^CM

1

0

X ^
- c
+• tj ^ 0:11

0.065
0.05

0.075
0.30

0,045 0.025
0.05

0.035
0.40 0.07 0.18 0.38 0.05

0.035
1.25

2.0
0.10 0.68 5.7

U3
0

I
•«

.^k
,

2.5

<

0.05

<

0.05 0.5
0.06

<

0.05 6 3
<

0.10

<

0.05

<

0.15

<

0.20

10

<

0.07

<

0.05 3.0

Main

y

transitions

(MeV)

^ 0
« CM
(N
® CO
® CM

'I ®
.. ® _

. CM ^
*2, ® .

^ 1/5®*^*,^ bO

^ 21—“ 2 T* 'O
• .«® *"5 ^ ^
r>. fs. tn pH lO — ^ tn

ps ® f> « *12 — N ^
— — rsi —

0 • *- T'

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^
a a a a a a a

V >
H V
'll a
m

11.296
II.SI6

11.564 11.657 11.670 11.780 11.901 11.977

IZ024

12.073

IZI85

12.197 12.243 12.293

IZ304

12.445 12.479 12.494 12.556 12.732

c*#

>
u

J -H

>
<u

S
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±
5
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±
6

1.865

±
6

1.950

±
6
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±
6

2.093

±
6

2.234

±
7

2.323

+
6

2.378

+
6

2.435

±
5

2.566

±
5

2.580

±
5

2.634

±
5

2.692

±
5

2.704

±
5

2.869

±
5

2.909

±
5

2.926

±
5

2.998

±
5

3.204

±
6

- Resonance number
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A

28

z

14
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REF. NO.

62 Sm I

DETECTOR
ANGLE

ANQK TYPS RANGE
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L.Simons, K.E.Nysten, M.Koskelin, O.Siltanen, E. Spring, G.Wendt

Phys .Letters _3_,
306 (1963)

Elem. Sym.

Si 28

ftef. No.

63S11

14

Method

Van de Graff - 2 Nal(Tl) (
30-

Reaction E or AE
S"

d E J Notes

Al^^p,7)Si
28

1.77

7.95±0, .0

E2 radiation

Angular distribution fitted to

w(9) » 1 + a2P2(co80)

Table 1

Results of v-rays obtained at the 992 keV resonance
in present and earlier investigations.

Present Bashkin and
Brenner

Gove Hattori
investigation Ophel *) et al. 2) et al

.

Energy Int. Energy Int. Energy Int. Energy Energy
(MeV) (%) (MeV) ft) (MeV) ft) (MeV) (MeV)

1.77 123 1.78 124 1.80 100 • 1.77 *•

2.84±0.05 7.5 2.84+0.05 10 2.86 6 • 2.85 *•

3.oa±o.io 3 3.12+0.10 <5
4.58±0.05 10 4.52+0.10 10

}
4.66 21 4.62 *• 4.5

4.75±0.05 11 4.78+0.075 13

5.15±0.05 ~2 5.12+0.10 <r2 5.1

5.G0±0.10 ~1
6.05±0.05 8 6.04+0.05 10 6.07 20 5.7
6.25+0.10 3 6.3 +0.10 <3 6.7
7.40+0.10 ~1 7.40+0.10 <2 7.21

}17
7.5

7.95+0.10 13 7.95+0.05 8 8.04 8.3

9.49+0.10 3 8.98+0.15 <3
10.76 100 10.76 100 10.8 100 10.77 10.7

12.6 <5 12.1

* Separate measurement.which is not related to other intensities.
•• Coincidence with 6.5 < < 8.5 (MeV).
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Fig. 2. Proposed decay scheme for the levels
excited at the 992 keV resonance of
the A127 (Pj y)Si^®.
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R.G. Allas, S.S. Hanna, L. Meyer- Schutzmeister, R.£. Segel,

P.P. Singh, and Z. Vager

Phys. Rev. Letters I2.t ^28 (1964)

dL C.M. a r M.

Si 28

method

tandem [Page 1 of 2]

REF. NO.

64 Al 3

14

JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 15 - 24 D 4-13 NAl-D DST

Ep. M.V

4.0 5.0 6.0 7.0 &0 9.0 10.0 II.O 12.0

FIG. 1. Top curve: 90* yield of the ground-state

gamma ray from the reactions Al^^(p,y)Si^*. This

yield curve was taken in 15-keV steps using a tar-

get about 10 keV thick. Bottom curve; yield of

Si*^ from the reaction Si**(y, n)Si*^ taken with a gaun-

ma-ray energy resolution of about 600 keV. The

data are those of Caldwell (reference 8).

The two curves are plotted so as to be on the same
gamma-ray energy scale.

!

I

FIG. 2. Sample angular distributions of the

ground state gamma ray from the reaction Al^^(p,

T)Si“.
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R.G. Allas, S.S. Hanna, L. Meyer- Schiitzmeister,

P.P. Singh, and Z. Vager
Phys. Rev. Letters J^, 628 (1964)

METHOD
On 28

A1 '(p,Y^)Si ;
tandem

R.E. Segel,
ELEM. SYM. A

Si 28 14

[Page 2 of 2J

REF. NO.

64 Ai 3 JOG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 15- 24 D 4-13 NAI-D DST

Table I. Summary of experimental results on the ip,y) giant resonance (references 9-11). The angular dis-

tributions that are quoted generally characterize the data to within IS % throughout the giant-resonance region.

Nucleus

Type of

observation

Energy interval

and range Result

C‘» 90* yield curve 50-keV steps

4.0-14 MeV
Broad (r=» 1 MeV) overlapping

levels; no correlation

between yg and y,.

Angular 50-keV steps »{S)y = 1 + 0 . 15Pi-0. 6P2
lV(ft)y*=l + 0.15Pidistribution^ 4.0-14 MeV

Ne” 90* yield curve 30-keV steps

4. 3-9.1 MeV
Broad (r*»400 keV) levels

usually well isolated, yg

and y, well correlated.

Angular 100-keV steps W{6)y^ = 1 + 0. 05Pi-0. 7P2
distribution 4.0-10.5 MeV WWy^ = 1 + 0. 05Pi + 0. 2i>2

Si” 90* yield curve -15-keV steps

4.0-12.5 MeV
Narrow (T =» 50 keV)

Ericson fluctuations,

superimposed on inter-

mediate structure; no

correlqdon between yg

and y,.

Angular 15-keV steps W{0)y^ = l + O.O7Pl
distribution

4.0-

4.32 MeV

6.0-

6.62 MeV
8. 0-8. 54 MeV
10.0-10.28 MeV
11.54-11.58 MeV

W{0)y^ = 1 + 0. lPi-0. 45i»2-0- 1^3

^he coefficients of P, average values. They actually increase by about 0. 03/MeV over the giant resonance.
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HgF E.C. Booth, B. Chasan and K.A. Wright
Nucl. Phys. 403-420 (1964)

EL EM. SYM. A

Si 28 14

METHOD

Van de Graaff; resonance fluorescence

HEF. NO.

64 Bo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE MANGE TYPE PANGS

G,G LFT 1-3 C 1-3 NAI-D 100

(0.5 - 3.0) (0.5 - 3.0)

ABI

Table 1

Cases of observed resonance fluorescence

Nucleus State

multipt^. ..^MeV)
Spin r,ir

ngwr^vn)-'
(sec).

Mean lifetime T
BCW
(sec)

Mean lifetime T
other

(sec)

Ref.
I'air’w

BCW

y 0.00 0+

E2‘ y 1.78 2+ 1 17.5±3xl0->« 56±15x 10-“ 73±22x 10-“ ”) 12

N8S*41f
(RCV. 7«t4*e4l

USCOMM^NBMC PHOTONUCLEAR DATA SHEET 341
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P. Brix, H. G. Clerc, R. Engfer, G.

and £. Spamer
Proc. Paris Conf. 372 (1964)

method

Fricke, F. Gudden, H. Liesem
EUEM. SYM. A

Si 28 14

64 Br 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

E,E/ SPC 0-12 D 41 SCI-D 152

counts /p At

Fio. 3. — Electron scattering from a silicon foil (if.„ = 0.30 g/cm*).

^,= 0.46 fm-‘ for 1.78 MeV and 0.39 fm-‘ for 11.4 MeV leTel.

(From separate runs).
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F. Rauch and E. Rossle

Phys. Letters 2l7 (1964)

ELEM. SYM.

Si 28 14

METHOD REF. NO.

64 Ra I JOG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANGE TYPE RANGE

P,G RLX 16- 18 D 5-7 NAI-D 90

(16.5-18.3) (4. 9-6. 7)

FLUCTUATIONS

nc. 1. Exoltattoa fiinctlon of the trassltioDS to the ground state

(Vq) and flrst excited state {yj) in arbitrary units.

I

I

i

FORM NBS>418
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REF. H. Ullrich
Proc. Paris Conf. 1038 (1964)

METHOD

EL EM. SYM.

Si 28 14

REF. NO.

32 MeV Betatron
64 U1 3 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,P SPC 13-23 C 24 SCD-D 1-11 4PI

FORM N8$*418
(RCV. 7-14-64)
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REF.
J.A. Weinman, L. Meyer-Schiitzmeister

,
L.L. Lee, Jr.

Phys. Rev. JJ2, B590-97 (1964)

ELEM. SYM.

Si 28 14

METHOD

Van de Graaff Page 1 of 2]

REF. NO.

64 We 1 NVB

REACTtON RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE RANGE

A «G NC^X 12 - 14 D 3-5 NAI-D DST

(12.7 - 13.7)

1
,

resonances have ground state transitions.
WIDTHS

Fio. 5. Gatama-ray an-

gular distributions meas-

ured on the peaks o£ the

various resonances studied.

.Mpha-particie energies and
observed transitions (to

ground state or exdted

state) are indicated with

each plot. The solid curves

are theoretical curves calcu-

lated for a resonance having

the spin and parity indi-

cated and corrected for

finite solid angle of the

detector. .A.t the resonance

at £a=»3.42 MeV, the tran-

sition to the first excited

state is of mixed multi-

polarity, the intensity ratio

being /(E2)//(Ml) -4.
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J.A. Weinman, L. Meyer- Schutzmeister, L.L. Lee, Jr.

Phys. Rev. U3
,
B 590-97 ( 1964 )

METHOD

Van de Graaff [Page 2 of 2 ]
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£L£M. SYM.

Si

A

28

z

14

REF. NO.

64 We 1 NVB

ANGLE
RANGE

S oi X
I

3

S 2 •=' "2
i: « £

o £
< fiu

S S
2 2 o oXUpZZ
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.^EF.

p.G. Blzzeti, A.M, Bizzeti Sona, M. Bocciolini, G.

T. Fazzini and M. Mando

. Nuclear Phys. l6l (1965)

METHOD

Di Caporiacco

EL EM. SYM.

SI 28 14

[page 1 of 2] 65 Bi 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOe TYPE RANGE

GjP RLX 18 D 18 SCD-D 4-8 4PI

GfA RLX 18 D 18 SCD-D 6-8 4PI

Energy of photon varied around 17.62 MeV,

In Table 3, ST = sum of transmission coefficients.

Cross sections are averaged.

Table 3

Average cross sections

Transition *)
Experimental

cross sections El

sr,
E2

<v>/s r,

El E2

4.26 0.652 1.098 6.53 3.88

1.44 0.960 0.366 1.50 3.94

P.(r) 1.33 0.971 0.684 1.37 1.95

P.(}^) 0.3 0.019 0.094

P.(i*) 0.76 0.335 0.193 2.27 3.94

ao(0+) 0.25 0.973 0.729 0.26 0.34

«.(2+) 0.28 1.161 1.117 0.24 0.25

*) Spin and parity of the final level are shown in parentheses.

i

1

I

i

i

i

t

POitM HBS»4U
(RKV. 7*I4»«4I
uscommmOc asoio*p«4

U.S. DEPARTMENT OF COMMERCE
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P.G. Bizzeti, A.M. Bizzeti Sona, M. Bocciolini, G

T. Fazzini and M. Mando

Nuclear Phys. l6l (1965)

METHOD

Di Caporiacco
^ t Art.

Si 28 14

[Page 2 of 2]

REF. NO.

65 Bi 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

(a)

Fig. 3. Experimental cross sections versus energy for the six transitions observed,
a) proton transitions, b) a transitions.
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S. Matsumoto, H. Yamashita, T. Kamae and Y. Nogami

J. Phys. Soc, Japan 2D, 1321 (1965)

EL EM. SYM.

Si 28 14

METHOD

[Page 1 of 2]

REF. NO.

65 Ma 6 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,P ABX 17-22 D 17-22 SCD-D 4-12 4P1

G,A ABX 17- 22 D 17-22 SCD-D 4-12 4P1

Chonrci AumMr

Fig. 4. T/pical pulse-height distributions of

charged particles: (a) £•,= 17.62 Mev (1), Li

(p. r) resonance radiation, (b) and (c) 18.17

(3), 19.82 MeV (10), Li (p, r) radiation (1, 3, 10,

see Table I), po, Pi and p* represent the

proton groups leading to the ground, first, and

second-excited states of *’A1 ; a# and cti represent

the alpha-particle groups leading to the ground

and first-excited states of “Mg,^

i
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S. Matsumoto, H. Yamashita, T. Kamae and Y. Nogami

J. Phys. Soc. Japan 1321 (1965)

EL EM. SYM.

Si

A

28

z

14

METHOD

[page 2 of 2]

REF. NO.

65 Ma 6 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 5. The crosa sections for the “SiO*, p) *’A1 and the **Si(ri a) **Mg reactions. (Numbering

of peaks, see Table I.)
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REF.
A. W. Parker, R. R. Whitehead, G. G. Shute
Aust, J. Phys. J^, 15 (1965)

EL EM. SYM.

Si 28 U

METHOD REF. NO.

65 Pa 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 19-22 D 8-11 NAI-D 8-25 90

GOOUMO »TAT« y-RAY CNCaOV (Mm

Fig. 2.—Yield curves of ground state y-raya (lower curve) and first

excited state y-rays (upper curve). The full circles are the present

results, and the open cirelea are the resuita of Gove, Litherland, and

Batchelor (1961). The target-thickness correction 14 keV) to

the energy scale has not been applied.
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' P. P. Singh, R. E. Segel, L. Meyer-Schutzmei ster, S.

and R. G. Allas

Nuclear Phys. 577 ( 1965)

METHOD

S. Hanna

&M. S YM.

SI 28 14

REF. NO.

[Page 1 of 3] 65 Si 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 16-24 D 4-13 NAl-D 16-24 90

Table 1

/o 4

Crots-McUon measurements for Si**(y, p)Al” compared with those for 0*0', p)B**

Nueteus

Peak value

ofe(y,p)
(mb)

Jo(y, p)d£
(dipole sum)

Upper limit

of Integration

(MeV)
Reaction Ref.

Si" 13 0.14 23.2 (p.y») •)

Si“* 5 0.06 23.2 *) (p. yt) *)

Si" 22 0.24 24.1 (p.yi) «)

Si“* 8 0.09 24.1 fc)
(p. yi) ”)

Si"+Si"* 16 0.17 26.0, 24.2 (p. yt+yt) “)

Si" 31 0.33 23.0 (y.p) •)

Si" 0.64 28.0 (y.p) •)

C‘» 12.5 0.29 29.0 (p.y») •)

c*** 2.7 0.09 29.0 *) (p.yi) •)

O* 13.3 0.31 29.0") (p. y») ')

C" 3.5 0.12 29.0*) (p.yi) ‘)

o* 21.6 0.49 29.0 *) (p.y») ")

O* II.O 0.28 29.3 (e.pe') ”)

C‘* 14.7 0.26 24.0 (y.p) ")

c** 12.7 0.23 24.0 (y.p) “)

O* 8.1 0.20 30.7 (y. Ps) «)

Results for the (p, y) reaction have been converted to the inverse (y, p) process by means of the

detailed-balance theorem. In general the (y, p) measurements may include transitions to excited

states in the final nucleus. Whenever appropriate, the results have been corrected for the observed
angular distributions. The integrated cross sections are in units of the electric-dipole sum
(2rt*e*»/Hfc)(WZM) - 0.42 and 0.18 MeV • b for Si“ and O*, respectively.

*) Present work.

*) By extrapolation of the yield curve.

Table 6

Values ofP in Si** from various reactions

Reaction
in Si"

(MeV)
Method

r
(keV)

Ref.

Al*’(p. y,)Si" 17.4 -21.7 autocorr. 50±10 A

Al‘*(p. y,)Si“ 17.4 -2Z2 peak spacing 63±10 •)

Al**(p, y,)Si"* 17.4 -21.7 autocorr. 55±10 ‘)

Al**!?, y,)Si«* 17.4 -22.2 peak spacing 604:10 *)

Si"(y. p. . . .)A1*» i

Si"(y, o«a,)Mg** /

17.36-17.68 peak spacing 40 ")

AI*’(p, a, . . .) 20.6 -22.1 autocorr. 65 “)

Al**(p, a«a,)Mg** 20.3 -23.2 autocorr. 45 “)

C"(0'*, a, . . .)Mg" 23.9 -30.9 autocorr. 116 ")

•) Present work.
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REF.

P. P. Singh, R. E. Segel, L. Meyer-Schiitzmeister, S. S. Hanna

and R. G. Allas

Nuclear Phys. 577 (1965)

ANGLE
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Fig. 6. Coefficients obtained in fitting series of Legendre polynomials to the angular distributions

for Al”(p, yo)Si“.

DEGREES

Fig. 5. Typical angular distributions observed for Al**(p, y)Si“."*. ‘.LEAR DATA SHEET 353
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SYM.

P. P. Singh, R. E. Segel, L. Meyer- Schiitzmeister, S. S.

and R. G. Allas

Nuclear Phys, 577 (1965)

METHOD

Hanna

St 28 U

[Page 3 of 3] 65 Si 1 EGF

DETECTOR
ANGLE

TYPE RANGE

Fig. 14. Dependence of the autocorrelation at s — 0 (mean squared deviation) on the averaging

interval for Al"(p, y#)Si“.

Fig. 16. Autocorrelation functions for y, and y, for limited energy ranges.
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C. P. Swann

Phys. Rev. JJ2, B271 (1965)

METHOD Van de Graaff, (p,ay)0'^‘’ source; resonant scattering, not

self- absorption

c.^ z.fn. d <

Si 28 14

REF. NO.

65 SW 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.G LFT 7 D 7 NAl-D DST

(6.880) (6.890)

Mean lifetime t

,-13 ,-13
1.93 X 10 sec < T < 2.43 x 10 sec, assuming ground state branching to be

between 70% and 90%,

J = 2.

Table I. Ratio oi the effective cross section at 121.5® to that

at 90®. The calculated values are for the spin sequences 0-1-0,

0-2-0, and 0-3-0, respectively.

Calculated values

Spin 1 Spin 2 Spin 3 Expt. value

1.27 0.60 2.68 0.5S±0.23

f

I

i

I

1

i

FonM HB5-41S
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USCOMM-OC 26010*P64 PHOTONUCLEAR DATA SHEET 355
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^
H. Arcus, P. Brix, H. G. CLerc, F. Eigenbrod, A.

F. Gudden, E. Spamer, P. Strehl, M. SCroetzel,
and K, J, Wetzel

Proc. Gatlinburg Conference, 314 (1966)
METHOD

Goldmann,
0. Titze,

EL EM. SYM. A

Si

REF. NO.

28 14

66 Ar 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

E,E/ LFT 5 D MAG-D

(4.97)

TABLE 1

Summary of Experimental Results*

Nuclide E.(MeV) Type r?(eV) R» (F)

•li 2.18 E2 (3.9 ± 0. 5) X lO"* 14.4 3'.77 ± 0.48

3.56 Ml 8.9 ± 0.4 9.4 2.96 ±0.11
Yi 11.28 p O (Ml) or (1.3 dt 0.4)/g“ 0.043/g —

(M2) (0.026 ± 0.008) /g 2.6/g _
•Be 15.97 ± 0.03 Ml (3.7 ±0.8) /g 0.043/g —
“b 4.46 E2 and 0.0173 ± 0.0021 8.2 3.44 ± 0.50

Ml 0.64 ± 0.08 0.34 2.60 ± 0.35

5.04 Ml 1.84 ± 0.14 0.69 2.60 ± 0.11

*’C 4.43 E2 0.0122 ± 0.0008 5.30 3.14 ± 0.30
'•o 6.92 E2 0.100 ± 0.015 3.28 3.82 ± 0.46

11.52 E2 0.52 ± 0.13 1.31 —
“Mg 9.85 ± 0.04 Ml 7.95 ± 1.2 0.38 3.50 ± 0.49

9.97 ± 0.03

10.35 ± 0.03 E2 0.24 ± 0.05 0.58 5.05 ± 0.50

10.70 ± 0.03 Ml 22.2 ± 2.4 0.36 3.60 ± 0.36
10.93 ± 0.04 ' E2 0.26 ± 0.11 0.50 —

“Si 4.97 ± 0.02 CO (2.0 ±0.5) xlO'** 6.90 ± 1.20

«®Ca 6.89 ± 0.05 E2 0.29 ± 0.04 2.85 4.60 ± a 50

‘The Bom approximation has been used except lor “O and *”Ca.
*g= (21, 1)/(2I, T 1).

' r,* equivalent to ME « (8.87 ± 1.00) F*.
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B.I. Goryachev, B.S. Ishkanov, V.G. Shevchenko,
ZhETF Pis'ma 4, No. 11, 491 (1966)
JETP Letters 4, No. 11, 330 (1966)

METHOD

and B.A. Yur'ev EL EM. SYM. A

Si 28 14

REF. NO.

66 Go 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 17-30 C 17-30 BF3-I 4PI

9. b

Cross section of the reaction Si^( 7 , n), measwed every
125 keV: a) counted in steps AE = 1 MeV, b) counted in
steps AE = 0.5 MeV.
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H. Lichcblau and B.M, Spicer

Ausc. J. Phys. _12, 297 (1966)

EL EM. SYM.

Si 28 14

5 MeV Betatron; NBS ionization chamber

R£r. SO-

66 Li 1 JDM

reaction result
EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

,TYPE RANGE TYPE range

G.P SPG THR - 32 C 21,32 SCI-D 1 - 19 90 1

Fig- 7.—Energy spectrum of photoprotons from silicon, with brems-
strohlung end-point energy 32 MeV.

Fig. 3.—^Energy spectrum of photoprotons from silicon,

with bremsstrahlung end-point energy 21-2 MoV.
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REF. EL EM. SYM. A

H. Liesem
Z. Physikj 174 (1966) Si 28 14

method REF. NO.

Llnac [page 1 of 2]
66 Li 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 2,11 D 30-56 MAG-D DST

Fl(. 1. Spaktiuin dtr gcstreutcn Elektroaen mit 0 bit 3,5 MeV Saergievetliitt (9»0,510fra~> for
#•1,70 MtV). Olt reUtivt Energieunscharto voa Primantrmhl und Spektremeter betmc (d£/£),t"
(d£7£)t~3°/ot, Zur FrOfung der Reprodiuierbariceit wurde du Spcktrum zweimtl diuchgesMtaen
(offeot Kictit voD techts, tuigefttUtt von Unlu kommead). Auf der Ordintte aufgetngea ist die Zabl der
reguititrua Elektronen pro EncrgieintcivaU bezogen auf die vom Strahlfanger tufgesamiBelta Ladung.

Die link# SkaU gilt for die unelaatiache, die recbte (Or die elastitcha Linie, Dat Target stand in
Trawsfi^t^ta^ne^«#»Uwwg

Tabelle 2. Mefiergebnisse

Definition von a, Gl. (5). Weisskopf-Abschatzung ^

w

nach Wilkinson —
in Aizenbero^elove, F.; Nuclear Spectroscopy, PartB, NewYork and London:
Academic Press 1960 — mit 1,2 fm. Werte in eckigen Klammem: Auswertung
unter Einbeziehung des „Pbotonenpunktes“ nach (vgl. Fig. 4).

Anregongaenergic

(MeV)
Ubergang

(fm) (e^

1,77 ±0,01 C2 4,7 + 0,5

[4,3]

(1,21 ±0,17) *10-^

[1,05 • 10-3]
16

[14]

11,42±0,02 M\ 3,2 ±0,3 32,4 ±4,5 1.0

J
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REF.

U T 4 o Qom

z! Physlk 1-74 (1966)

METHOD

£M, d t M.

Si 28 14

[Page 2 of 2]

REF. NO.

66 Li 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Ehergie cfergesfrwtenfJeMfronen [MeV]

Flfci Energurerteiliuig der mit 7 bis 13 MeV Energieverlust unelistisch gestieuten Elektroaen (a—
0,410 fm~ for l•>ll,4MeV). Men bcschte, daO der NuUpunkt des OrdinatenmaOiUbes untcrditlckt

worden isL Das Target beland tich in Renexioosstellung

Tabelle 3. Experimentelle Parameter und Mefiwerte fur 10,9 und 12,3 MeV-Nloeau.
Die bei AjIAg angegebenen Fehler warden geschdtzt, sie gelten auch anndherndfur die

beiden letzten Spalien

0
O

Eo
(MeV)

AilAe
(10-J) (berech*

net)

lUdaldOy
(lO-Jl
cmt/sr)

BtMl, 4)
(I0-Ucm2)

SL“ 152,45 53,74 0,471 0,724-50% 0,380 0,66 0,54

10,9 McV 152,45 35,83 0,294 0,21-1-30% 0,635 0,73 0,68

(Ml) 152,45 46,52 0,400 0.424-30% 0,486 0,67 0,57

164,55 53,84 0,482 2.8 4-30% 0,363 0,72 0,60

164,55 53,82 0,482 2,3 ±25% 0,363 0,59 0,49

152,45 45,85 0,393 0,32±25% 0,495 0,52 0,45

152,45 55,16 0,485 0,81 ±20% 0,360 0,67 0,55

153,15 47,23 0,413 0,74±20% 0,474 1,05 0,86

165,05 46,55 0,413 1,9 ±15% 0,471 0,79 0,67

Si“ 152,45 53,74 0,463 C,69±50% 0,380 0,63 0,56

12,3 MeV 164,55 53,84 0,474 2,0 ±50% 0,363 0,48 0,43

(Ml) 164,55 53,82 0,474 2,2 ±50% 0,363 0,56 0,50

152,45 55,16 0,477 0,80±25% 0,360 0,66 0,58

153,15 47,23 0,404 0,614-20% 0,474 0,86 0,76

165,05 46,55 0,405 2,1 ±15% 0,471 0,90 0,82
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R, B, Begzhanov and A. A, Islaraov

J. Nucl. Phys. (USSR) 483 (196?)
Sov. J. Nucl, Phys. 339 (196?)

ELEM. SYM. A

Si

METHOD REF. NO.

Z

28 14

67 Be 5 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 2.0 D 2.0 NAI-D 120

= ( 6.0 ± 1 . 2 ) 10
-13

sec. 1.78 MeV
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REF.

H. W. Kuehne, P. Axel, and D.

Phys. Rev. 1278 (196?)

METHOD

C. Sutton
ELEM. SYM. A Z

Si

REF. NO.

28 14

67 Ku 2 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LET 11-13 D 11-13 NAl-D 11-13 135

Photons, defined in energy to about 1% with the aid of a bremsstrahlung monochromator, were scattered
by isolated energy levels in C, Mg, and SL Parameters for the six observed levels are:

Isotope Energy
(MeV)

ro*/r

(eV)

r,/r B(m)/(eh/2U^)*

C" 15.11 36 1 0.93
Mg* 10.66±0.02 14 0.8 1.21

Si“ 11.42±0.02 23 1 1.33

Si“ 12.33 ±0.03
Mg* 9.92±0.03 3.0 0.5 0.49
Mg* 10.07 ±0.05 4.2 >0.36

The 15.11-MeV level in C'*, the 9.92- and 10.66-MeV levels in Mg“, and the 11.42-MeV level in Si“ are
I, r,-0 analogs of low-lying 1-f- states in the neighboring odd-odd nuclei. These levels exhaust most of

of the magnetic dipole transition strength of the respective nuclei, and therefore give information about the
expectation value of 1-s in the ground state.
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REF.

J, M, Lolseaux, J<, M. Malson,

J, de Physique LI (1967)

METHOD

and M. Langevln
ELEM. SYM. a

Si

REF. NO.

28 14

67 Lo 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

g,g/ ABX 15-32 C 34 NAI-D DST

tabli-:au 1

Coefficient a ues msTKim^noNs anciii.airks

1K(6) = 1 ; a ros^ 0

>*0 ... (I {19-23 MeV) = 1 ± 0,1

= o.i -c 0.1 ai 16,3-23 Mi-V) - o.
1

1
0.13 <7(23-30 MeV)

n( 16, .3-20 MeV) 0,3 ± 0,1 <7(20-23 M.'\ )
- 0,3 0.1 <7(23,3-32 MeV)

-’Si a(13-17,3 Me\'l •= 0,,S7 ±0.1 <7(1.S23 M.-Vi 0,7 0,1 <7(23.3-32 MeV)
'K <7(14.3-16,3 MeV) -- (1.3 ± 0.1 <7(10-21,:. M.A'I 1 • 0.1 «(23-.32 MeV)

I'rc.. 7. — **Si Scrtion effirare flifTerentielle de difTu.sion

a 140" (courbe I) (> =- 2‘> MeV ; .
— 32 MeV).
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I
G. A, Savitskii, N. G. Afanas'ev, I. S.

A. S. Omelaenko, V, M. Khvastunov, N.

J. Nucl. Phys. (USSR) 6, 685 (1967)

Soviet J. Nucl. Phys. 6, 499 (1968)

METHOD

Gul'karov, V, D. Kovalev,
G, Shevchenko

Si 28

REF. NO.

14

67 Sa 1 HMG

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ EWF 1-10 D 100-260 MAG-D DST

B(EL), widths, and lifetimes also given.

Tfi iwiriiM Matrix Eleiiieiita and Chanc«erialica of Excited Si** States Obtaiaed wilb a Modet-depeBdeatF* aad i Metted

En-

CTgy.

McV

Level Spin

and

Parity

Bx </ 1 1 O •

F“

1

Am.
F «*f**

r. eV r. jec G

Method
of dc-
termin-
ing
ram*
eten

i.TS 2+ 2.19±0.08 0.43:^.03 l«.S±0.4 216.8±I2.7 3.87±0,17 / 2SS±20
\ aos.s±ii.e

(0.82±0.06)10-«
(0.60±0.03)*tO-« (l.(»±0,06MO-'*

ll.3±0.S
8.3±p.S

4.S t+ 0.37±0.W 0.28±0.02 IU.t±3.2 3037.5±1 19.2 4.50±p.l3 / (2.i2±0.l9).|0*

\ (2.32±0.10).I0»
(2.S8±0.22).IO-**
(2.n±0.12)*l0-«

(2.29±0.18).!0-«
(2.»±3.!0).lG-«

«.0±3.5
3.8±0.3

(.(±0.2 3- 1.0t±0.Q8 O.Mi^l.OT <S.«±3.T aOO.O±12S.9 t.l(^.i9 / (3.29i:0.3SM0*
\ (1.19±l).3ftH0»

(1 .3I±0.U).10-*
(0.B±0.U).|»-*

{5.(B±0.*8).|0-«
C7.*7±I.18).I0—

lO.l+l.l
t.gfl.t

*.T±».I 3- 0.79±0.Qft 0.35±0.07 3SJ±2-3 M7.2±aB.S L2:^.U / «.30i«.19).|0i
\ (Ia3±0.l7).|«a

(9.n+o.s2).io-< t.0±0.«
Lt±p.S B

_ . .
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N. G. Afanas'ev, I. S. Gul'karov, G. A.

and N. G. Shevchenko
Yad. Fiz. 7, 13 (1968)

' Sov. J. Nucl, Phys, 7, 8 (1968)
METHOD

Savitskii, V. M. Khvastunov
EL EM. SYM.

Si 28 14

[page 1 of 2]
68 Af 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 10-30 D l‘^0-22‘^ MAG-D 120-225 DST

F:^2. Dcpcadence of the aquare of the form factor of ineUatic

alcc&Wi'aciiqwng with exdtatioa of the lerela 12.7 ± 0.2 MeV (a)

and 1S.V^ MeV (ft) oa the moneataaa tranafer (poinu). The

ouwcs were calcalaled froea the phenoaeaotogical model.'*'

B(EL)

KrllMK9;l|o*>i*

Fig. 3. Dependence of the square of the longitudinal form

factor
I < 1 '||Al,(q)||0* > 1* on the momentum transfer. Circlea-experi-

mental poinu, containing also a small addition of the square of the

tnnsrerse form factor; cross—experimental value of the square

of the longitudinal form factor. Curves 1 and 2—calculated from

the collective models of the hmgitndinal form factor.

Fig. 4. Dependence of (dtrldil) (^^EISwa^E'VdS)) on the mo>
mentum transfer. Poinu: A— photon point;'*'"— point of Barhee
et al'**; x-value of (Pt(9)/KT<fl))|(l-||Af,(,)||0*>l*; O-our expcri.

mental data. Curves 1 and 2 —calculated firm the collective.models
of the square of the transverse form factor (1—Goldhaher>TeQar
model, 2— Cays model).
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REF. N. G. Afanas'ev, I, S. Gul'karov, G. A. Savitskii, V. M.

and N. G. Shevchenko
Yad. Fiz. 7, 13 (1968)

,
Sov, J. Nucl, Phys. 7, 8 (1968)

METHOD

Khvastunov ELEM. SYM.

Si 28 14

r Page 2 of 2]
68 Af 1 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOe TYPE RANGE

Tabiel
Abaolule differentimi cross secdofu for inelastic scatterinf of electrons with excitadon of the

12.7 and 15.0 MeV peaka and the giant rrannanrr peak.

e.
da/dQ, cm*/sr

deg £T,McV
12.7±0.2 MeV 1S.0±0.2 MeV Oiam resonance

25
40

150.0
150.7 (3.46±1.81)-10'*‘ (2.31±1.21)-10-«

(2.53t0.80)-10***
(5.46±1.47)-10‘*

45 151.0 (5.93±1.72)-10~« (1.99±1.04)-10'*‘ (4.17+0.92)-10*»
50 150.8 (2.43±0.78)-10“»‘ (1.36±0.71)-10~** (3.30 +0.73) -lO'**-
55 150.8 (2.91 ±0.72) -lO"" (1.06±0.55)-10-« (2.24±0.49)-10-*»
60 150,6 (2.42±0.60)-10“« (1.35±0.45).10-»* (1.82±0.57).10-»
65 150.1 (1.67±0.41)-10-*» (6.87±3.59)-10-« (9.21 +2.90) .10-“
50 199.1 (1.72±0.42)-10-w (8.50+4.45) -10-« (1.52±0.21)-10-»,
50 199.1 (1.73±0.35).10-n (5.96±2.54)-10-« (1.25±0.17).10-»
55 199.3 (1.01 ±0.21). lO-n (4.60 +2.39) -10-« (7.42±1.02)*10r*
60 199.3 (7.42±1.8O).10-« (2.65±1.13)-10-« (4.81+0.66).10-«
55 225.0 (1.13±0.U).10-«

Table U
Matrix elements of tcansidon and characterisdea of hifhljr excited Sr* states, obtained by the mnrlrl dcprnilrnt'*' and model*

independent* ‘** methods

.Spin and

parity of

levels

Energy-. Mc\’ r/Oi^n i>
</lIr^+2 ||i)^

F^+2
e».F“ r.,. a

.Method el tie*

termining the

parameters (see

reference)

2+ 12.7±0.2 3.31 ±0.23 51.6±8.9 3.95±0.48 / 15.3±4.3

\ 1I.0±1.5
0.81 ±0.23
0.58±0.08

(S.I±2.3)-10-*«
(11.3±1.6)-10-'«

0.ol±0.17
0.44 ±0.06

n
n

2+ 15.0±0.2 2.86±0J25 54.1 ±11.9 4.35±0.67 / 6.7±1.9

\ 8.2± 1.4

0.82±0.24
1.0±0J2

(8.0±2;3)-10-"*

(C.6±:1.2)-l0-'»

0.27±0.0S
0.33+ 0.06

n
['®i ,

1- 15.0±0.2 0.29±0.02 2.8±0.3 3. 11 ±0.24 / (14.3±4.3)-10-*

\ (8.4+0.7) - 10-*
167.7 ±50.3
98.5±8.2

(3.9±1.2)-10-">

(6 7±fl.6)-10-‘*

n.OS+ 0.02

().0.6±0.01

m •*

*1
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REF.
T. E. Drake, E. L, Tomusiak and H. 3, Caplan
Nucl, Phys. AL18 . 138 (1968)

ELEM. SYM.

Si 28 14

METHOD REF. NO.

68 Dr 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE RANGE

E,E/ FMF 11 D UO MAG-D DST

11=11.4

11.4 MeVLeveT«“Si

Fig. 11. The momentum-transfer dependence of the square of the form factor for the 11.4 .MeV

magnetic dipole Ie\'el in ”Si. The theoretical curves were calculated using harmonic-oscillator

wave functions with the oscillator parameters b as shown.
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I.S. Guikarov, N.G. Afanasyev, G.A. Savitsky, V.M. Khvastunov and
N.G. Shevchenko

Phys. Letters 27B . 417 (1968)

EL EM. SYM.

Si 28 1.4

METHOD REF. NO.

68 Gu 1 egf

REACTION RESULT
EXCITATION
ENERGY

DETECTOR
ANGLE

E,E/ ABX 10-30 150-225 MAG-D 100-225 DST

q^= 0.09 - 0.9 fm"^

Fig. 1. Inelastic electron spectra in ^^Si measured for
different momentum transfers. Radiative tails from
elastic and inelastic peaks are subtracted; C is the
excitation energy. Vertical lines represent the particle-

hole model calculations of the longitudinal formfactor
[3]. Di order to get better agreement with experiment
all vertical lines were t MeV shifted to the left. The

length of the lines is given in relative units.

Table 1

Absolute differential cross sections of the inelastic
electron scattering with the giant resonance excitation

Integration limits from 14 to 30 MeV.

0° E (MeV) ?(fm'^)
dff

dS)
(cm^,/ar)

Vt(0)

25 150.0 0.32 (2.53 ± 0.80) X 10'-29 1.65

40 150.7 0.50 (5.46 1.47) X 10--30 1.52

45 151.0 0.56 (4.17 0.92) X 10--30 1.43

50 150.8 0.61 (3.30 ± 0.73) X 10'-30 1.34

55 150.8 0.67 (2.24 ± 0.49) X 10--30 1.26

60 150.6 0.72 (1 .82 0.57) X 10'-30 1.17

65 150.1 0.77 (9.21 i 2.90) X 10-•31 1.08

50 199.1 0.82 (1,52 0.21) X 10'-30 1,37

50 199.1 0.82 (1.25 ± 0.17) X 10--30 1.37

55 199.3 0.89 (7.42 1.02) X 10--31 1.28

60 199.3 0.96 (4.81 ± 0.66) X 10-•31 1.18

50 224.3 0.92 (1.01 ± 0.14) X 10--30 1.37

doe

4M

opt

I

3. I. B,Seaborn, I.M. Eisenberg,
Nucl.Phys.^,496

( 1965 ).
4 . B,N .Goryachev, B.S.Ishkanov,
I.M.Kapitonov,Zh,M.Seliverstova,
V .G,Shevchenko .B,A.Yuryev, Yad,
Fiz.4,,505(l966).

5.

B.N.Goryachev,B,S,Ishkhanov,V.G,
Shevchenko,B,A.Yuryev,Zh.Eksp.i
Teor.Fiz.Pis'ma Redakt.^,49l( 1966)

.

6

.

W.C .Barber, F.Berthod,C.Fricke,
F.E.Gudden.Phys. Rev. 120 .208I(

I

96O)

.

7.

W.Czyz,L.Lesniak,A.Malecki ,Ann.
of Phys.42 , 97 ( 1967 ).

Fig. 2. Dependence of (dcr/dSl)/(A*/Swoe^Vi'(9)) E/E' on
the momentum transfer. The solid curve is the par-
Ucle-hole calculation of the transverse formfactor (3,7]. •

0 data; 4 - photon point [4,5] ;

(5 - Barber et al. [6] ; ii) - ref. 7. 368
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L, Meyer- Schutzmeister. Z. Vager, R, E. SegeL and P. P. Singh
Nucl, Phys. A108 , 180 (l968)

method

ELEM. SYM.

Si 28 14

[Page 1 of 2] 68 Me 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,A ABX 15-22 D 5.3-14 NAI-D 10-22 DST

EXCITATION ENERGY IN **Si (MeV)

ISO le.O 17.0 10.0 19.0 20.0 21.0 22 0

Fig. 3. TTie absolute cross section for the reaction ’*Mg(a,7,)**Si, plotted as a function of the bom-
barding energy Eg. In integrating the y* intensity over all angles to obtain these cross sections, the

measured angular distribution of the sin* 0 form - characteristic of pure electric-dipole transitions —
has been used- A slight correction for the solid angle of the detector is included.

Tabu I

The averaged absolute cross sections tf(!t,yo) and o(«,y,) for the reactions “Mg(o,y,), ’*Mg(a.y,),

i
”Mg(a,y,) and “Si(o,y,)

I
“Mg(a,y)“Si “Mgfe. y,)“Si “Sifa, y,)«S

(MeV)
<r(ot,yo)

0*b)

ff(«,y,)

(/*b)

4E.
(MeV) (pb) (MeV)

<*(«-•/.)

Cpb)

14.65-16.63 8.5 3.0 14.1-16.1 6.1 13.1-13J 1.7

16.65-18.65 12.9 6.1 16.1-18.1 9.7 15.5-17.5 2.2

18.65-20.65 11.0 8.6 18.1-20.1 4.6

20.65-22.65 2.1 3.6 20.1-22.1 1.0

14.65-22.65 8.6 6.3 14.1-22.1 5.3 13.1-17.5 1.9

The cross sections in the first four rows were obtained from the data in figs. 3-6 and IS by averaging

over the indicated 2 MeV ranges of excitation energy £, in the product nucleus (“Si, “Si or "S).

The last line gives the average for the entire energy range that was studied.

1j
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L. Meyer-Schutzmeister
,
Z. Vager, R. E. Segel and P. P. Singh

Nucl, Phys. ALPS , 180 (1968)

ELEM. SYM.

Si 28 14

method

[Page 2 of 2]

REF. NO.

68 Me 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table y

The cross sections a(y, o^) for the a-decay of the nuclei ’*Si, **Si and **S

Target AE <t(y. «•) o(y. P«) <j(y, ot«) y*(«.)/y*(P.)

nucleide (MeV) (mb) (mb)
o{y, Ps) /-I /=-3

"Si 16.6S-18.6S 1.01 6.2 0.16 0.35 0.12

18.65-20.6S 0.94 11.7 0.080 0.095 0.041

20.6S-22.65 0.22 9.6 0.023 0.019 0.011

16.65-22.65 0.72 9.2 0.08

•^1 14.1 -16.1 0.43

16.1 -18.1 0.69

18.1 -20.1 0.35

18.1 -20.1 0.35

20.1 -22.1 0.08

14.1 -22.1 0.38

"S 13.1 -15.5 0.20 1.7 0.12

15.5 -17.5 0.27 2.1 0.13

17.5 -19.5 3.0

13.1 -17.5 0.23 1.9 0.12

The averages were taken over w 2 MeV wide energy regions AE and over the total studied energy

region of the giant dipole resonance. These cross sections were obtained by detailed balance from the

aopture in ’'Mg, "Mg and "Si. For comparison, the average cross sections <r(y,p«) over the same
energy regions d£ for the reactions "Si(y, p«)’’Al and "S(y, P()"P are also presented. These likewise

were obtained by detailed balance from the inverse reactions as measured by Singh et al. ') and by
Deamaley ei ol. *). For the calculation, we assumed an isotropic angular distribution for the "Si(y,Pt)

reaction, a sin* 0 distribution for "S(y, p«). In addition, the ratios a(y, a^)la(y, p*) are given for both
"Si and "S and also the calculated reduced width y’(ac«)/y’(p«) for an orbital-angular-momentum
transfer of / = 1 and of / = 3 in the decay of "Si.

FORM NBS-41S
(REV. 7-14-«4l
USCOMM.OC aaoto-pea PHOTONUCLEAR DATA SHEET 370

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS



iu. X?. /'vi-LUL ' 1-A' , V. X,. V. B. Ganenko, V. S. Kuzmenko,
I, 1 . M i I'oslu; i v.'lii'iiko , ami L’ . V. Sorokin

Ukr. Fi.:. Gh. G4S I Wu9)
Si 28 U

method REF. NO.

69 An 6 egf

REACTION RESULT excitation
ENERGY

source OETECTOR
ANCLE

TYPe PANCe TYPE AANCe

G,P ABY 109-999 C 700,999 TEL-D 97-230 DST

G,D ABY 120-999 C 700,999 TEL-D 97-205 DST

999 = 1.2 GE/

S u m m A r y

The cross-scctions of the (y. p) (V. d) reactions were investigated. LF,

Cu** Mo** and Ta‘** targets were irradiated with the brcmsstrahlung 01 700 and 1200 MeV
maximum energy from the Kharkov PhTI Ac. Sci. UkrSSR linear accelerator. JThc P^o^o*

protons ond doutcrons were detected by the scintlllnllon telescope iil 30 . GO , and l-O

with the beam. Possible mechanisms of the proton and deuleron pboloproduction are dis»

cussed. The qualitative agreement of A dependence of Ute cross-secllons is observed wUU

a suggestion on the meson mechanism for these reactions.

L -iqH
a^i(3EQ A

^ f,'i200mt

'r
S.3r»

;#
BA

t

r:
0.7 i.

I

0.5

0.5

O.i

0.3

02

50 WO 150

d6 L-.in^'
adtitQ fillA

•* •

E-moMts

Pile. 1. 3aae«HicTb nepepiay (y, p)-peaKuiI aia A\ a — d—30*. E, = 97 Mea; 6— E^=*
=205 Mea; a — ^-60“, £p-230 Mea; a — £,-157 Mea (X— aani [3]); d— 0=120*.

O — £p=120 Mea, ^— £,= 157 Mea. o— £, = 230 iVlea. AdcoaioTHe SHaRCHHH nepepiay
HaaeaeMo npn eneprii npoTOHis £,= 120 Mea. Ihuii iiaui HopMoaaHi ao nepepiay aah LF

npH £, = 120 Mea.

Piic. 2. SanewHicTb nepepiay (y, d)-peaKuii oia NZIA: a— 0=30", £,< = 97 Mea; 6 — 0 =
=30*. £d=205 Mea; a: A — 0=60®, £,=97 Mea, O — 0=120®, £, = 97 ;Vfca (nepepiaa

HaBCABHi B oaiiHiiuax 10~“ CM^Icrep • Mea • Q).
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L. W. Fagg, W. L. BendeL, E. C. Jones, Jr., and S. Numrich
Phys. Rev. 1^, L378 (1969)

L4. C.M. ^ r M.

Si 28 14

METHOD REF. NO.

69 Fa 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 9-16 D 39,56 MAG-D 30-56 180

(38.9,55.9)

J-PI. B(ML)

Fig. 2. Differential cross section for
180* electron scattering from ’*Si at
£*—55.9 MeV covering the excitation
energy range 10-15 MeV.

K2-J

IJ.I2 (2-)

,..„2.663_
ZA90

2.2orL2Z2=.„4^ ,T

i

!

LS33
U72 |.» IO.Se " I i*

as'rj ( 1+)
lOM ——I*

«F

Fig. 4. Energy-level diagram adjusted for the Coulomb dis-

placement so that the "Si and ".M analog states are approxi-

mately aligned. Only the "Si states denoted with a solid line

were exdt^ in this experiment. The energies given in the “.41-

level scheme are those quoted from Endt and Van der Leun
(Ref. 22) . The parentheses around the states at 14.66 and 14.01

MeV indicate a considerable degree of uncertainty as to their

existence and position.
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Tabik T. Values of differential cross sections, spin and parity, transition radii, and radiation widths for energy levels excited in “Si.

Level energy

t.\feV)

dir/d^)u

(
10"** cmVsr) J’

Rki
(fm)

PWBA
F,

(eV)

DWBA corrected

Rm Fo

(fm) (eV)

10.4S±0.06 10eb3 39d=9 1+ 4.1 3.3 3.9±0.4 2.4_,.,+‘->

10.86±0.(M 60d:S 117^:10 1+ 3.25 8.0 2.98^.«-«“

10.90±0.06* 4.8±1.3»

11.41^:0.03 230d:14 408±28 r 2.93 29.2 2.58_,.a-^-»> 20.8_,,j«-*

11.42±0.02* 3.2±0.3 • 32.4±4.5* 3.0±0.3'' 25.7±3.6'-

11.42±0.02» 47±12'>
33«

22.9±4«

12.27±0.(H 55ds6 103±12 1-^ 3.22 10.1 2.93_o.a«-“ 7.3_,..^«

12.32±0.06* 7.5±1.9«

12.79±0.10 17±5 37±12 1+ 3.5 4.5 3.3_,.,"’-^

13.12±0.05 53±10 55:1:18 (f) 5.0 0.20 4. 6_,., 0. 14.j.n-«'‘»

14.01±1.10 20±10 62db24 (1*) 4.0 12.2 3. 8., 8.9_i.,-^J

14.66±0.08 1 10±35 62±26 (2-) 3.3 0.28 2.7_..,^‘* 0.20-a.io^-*

* Reference 5. la this reference the value of Jttf found for tlie 1 1.4-MeV ° Reference II. Photon scacterins result using Ta/r — 1, where F is

level n-as also used to find F« for other levels. the total level width.

Reference IS using the data of Ref. 5. Reference 6.

• Reference 7.

Leisem, Z. Physik 196 , 174 (1966).
®W. C. Barber, F. Berthold, G. Fricke, and
F. E. Gudden, Phys, Rev, 120 . 2081 (1968).

^R. D, Edge and G. A. Peterson, Phys, Rev,

128 . 2750 (1962).

’^H, W. Kuehne, P. Axel, and D, L, Sutton,
Phys. Rev. 1278 (1967).

^^P. M. Endt and C. Van der Leun, Nucl. Phys.
A105 . 1 (1967).



S.V, Dementii, N.G. Afanas'ev, I.M, Arkatov, V.G,
V.A, Gol'dshtein, and E.L, Kuplennikov

Yad. Fiz. U,, 19 (1970)

Sov, J, Nucl. Phys, _n, 10 (1970)

METHOD

Vlasenko, ELEM. SYM. A

Si

REP. NO.

28

z

14

70 De 1 hmg

REACTION RESULT

ABX

EXCITATION
ENERGY

400-999

(400-1115)

DETECTOR

TYPE RANOE

D 690-999

(690-1115)

MAG-D

ANGLE

DST

Results for ^®Si are claimed to be similar

to those for

NO DATA. SEE C12

I

i

-j
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PEF. T. W. Donnelly Jr.j J, D., Walecka, G. E. Walker and I. Sick

i
Phys, Letters J2B, 545 (1970)

EL EM. SYM.

Si 28 U

method REF. NO.

70 Do 1 egf

1

reaction RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

type RAN«e TYPE RANGE

E,E/ FMF 11-24 D 100- 300 MAG-D 145

Fig. la. The croaa section d^a/diidE for Inelastic elec-

tron scattering from 28Si at Eg = 275 MeV. 0 = 145®

unfolded for radiative processes. The non-negllgible

cross sections predicted by the p-h model for <f
»

= 525 MeV/c are shown as spikes (arbitrary overall

scale). The dashed line is tte computed quasl-^lastlo

spectrum; b) Same as (a), except £« = 200 MeV and

theoretic^ cross sections computed for ?= 375 MeV/c

Fig. 2. Form factors for the 11-12 MeV, 13-14 MeV and

14 MeV complexes. The p-b states comprising each

complex and the experimental energy intervals are

given in the text. All theoretical T = 1 form factors

have been reduced by i.

FORM NBS>418
(REV. 7.I4.MI
USCOMM.OC 2S0I0-P84

[ever]

U.S. department CF COMMERCE
NATIONAL BUREAUOF STANOAROS
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Fig. 3. Form factors for the 20-24 MeV, 16-20 MeV
and 13 MeV complexes. For the first two complexes,
the quasl-elastlc (see text) and T « 0 p-h contributions
are ^so shown. The r» 1 p-h contri^tions have been
reduced by The results of moving the Ifs/2 confi-

.
guration energy down by 1 MeV is indicated by the heavy

dashed line.
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REF.

M. A. Meyer, N, S. Wolraarans, D. Reitmann

Nucl. Phys. AI44< 261 (1970)

&1_ CM . 3 f M.

Si 28 14

method
REF. NO.

70 Me 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE type range

P,G RLY 12- 13 D 1-2 SCD-D 0-13

Table 2

Gamma decay of *''AI(p,y)**Si resonances in the energy range £p = 1.01-2.00 MeV

Resonance Gamma decay in percentages to (MeV) in ^*Si

£,•) >*) 0 1.78 4.62 4.98 6.28 6.69 6.88 6.89 7.38 7.42 7.80 7.93 Other levels

(keV) (keV) 0* 2* 4* 0* 3* 0* 3" 4* 2**) 2* 3* 2* £.(%)

I02S 12574 I*.

2

2 28 1 2 1 6 47 8.26(8), 8.33(1), 8.59(2),

8.90(1), 9.50(1)

1090 12636 (3-) •) 19 21 14 1 6 1 8.33(5), 9.32(6), 9.38(4),

10.38(23)

1098 12644 (4-)*) 13 41 17 '

8.95(4), 9.42(3). 9.70(22)

1118

1

12664 4- •) 0.7 29 6 8.41(48), 8.59(12), 9.32(0.3)

9.70(1), 11.43(3)

1172 12713 1.2* 0.5 70 2 7 1 1 6 0.5 8.26(1 »,9.3H(6), 9.50(2),

I0..VX.1)

1183 12726 2*') 68 21 6 1 9.32(2)

1199 12742 3-*) 22 30 26 2 2 7 8.41(1), 8.59(2), 9.32(3),

9.38(3), 9.42(1), 9.70(1)

1213 12755 1-.2* 76 1 12 1 4 1 0.5 8.26(2), 9.50(2), (10.72(0.5))

1262 12802 3-*) 43 5 1 41 6 8.41(2), 9.32(0.5),

9.38(1). 9.42(0.5)

1278 12817 4*,5- 32 4 20 8.54(2), 8.59(22), 9.16(5),

9.42(14), 10.31(1)

1317 12855 4+ •) 13 13 52 2 6 5 8.59(2), 8.95(1), 9.32(6)

1328 12866 2*. 3.
4* 89 7 2 2

1364 12900 (4*)*) 1 25 10 42 15 8.59(2), 9.32(3), 9.38(3)

1363 12901 2* •)
j

1381 12917 2*. 3,
4* 86 5 4 2 1 8.59(2)

1388 12924 2*,3- 83 1 3 3 3 1 3 8.26(1), 8.59(1), 9.16(1)

1457 12991 2,3,4* 3 13 1 4 9 8.41(5), 8.59(8), 9.32(57)

1302 13034 2* 5 38 23 12 5 6 1 4 8.26(2), 8.41(1), 9.32(1),

9.38(2)

1520 13051 76 1 18 1 2 8.33(1), 9.76(1)

1366 13093 (3-.4*)0 3 6 5 9 2 25 8.26(8), 8.41(2), 9.32(36),

10.38(4)

1578 13107 2* 43 6 3 r 7 8.54(4), 8.59(11), 9.32(U),

10.18(5)

1388 13117 2*. 3, 4* 45 22 3 6 9 2 8.26(1), 8.41(3). 9.16(3),

10.21(6)

1647 13173 3-')

1

23 6 16 4 6 10 2 9.32(30), 9.38(3)

1662 13188 32 3 5 2 2 8.26(1), 9.50(5)

1663 13189 I

1680 13205 2, 3, 4* 91 3 1 1 3 9.32(1)

1684 13209 3", 4* 79 10 9.70(11)

1706 13230 2*. 3,
4* 23 5 8 27 1 8.59(3), 8.95(3), 9.32(17),

9.38(9), 9.70(4)

1724 13248 3-
'), 5- •) 2 2 6 (1) 9.70(89)

1749 13272 78 8 9.32(11), 9.38(1), 10.38(2)

1800 13321 0.2,3") 2 95 3

8.59(1), 9.32(21), 9.42(2),1842 13361 3-') 2 11 3 4 11 18 1 2

10.38(24)

1899 13416 2* 19 22 5 7 11 10.38(36)

1910 13427 62 21 8.59(4), 8.95(6), 10.42(7)

1969 13483 40 M 10 4 5 4 8.33(1), 8.59(7), 9.32(3),

9.38(2), 9.50(4), 10.21(3)

—— ERCE

*) Ref. *) and the present experiment, see tabic 1. ») As computed with the from ref. *).

*) Present experiment (see subsect. 4.1) unless indicated otherwise. *) Ref. *). •) Ref. )andref. ).

») Ref. “).
,

•

0 Ref. ”).



P. Strehl

Z. Physik 416 (1970)

ELEM. SYM.

Si

A

28

Z

14

METHOD REF. NO.

70 St 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN«e TYPE range

E,E/ ABX 5,6 D 30- 58 MAG-D DST

(4.98. 6,69)

Tabcllc 3. Experiinentelle Piirai tcU r und MeJ. werfe. E^, & PrimSrenerg ie, StreuwinM
tnt Liit‘i?rsystcm. q undastisciwr impulsuCicrtrag, gcmcsfcncs Vcrhiillnis vpt%

unclastischkni zu clastischem diffcrcnticUcn Wirkungsqucrschnitt; in Klammer isi deg
simistische Fclitcr in aiigcsi'hi-n. Jajdfl tmclastischcr diffcrcntielter Wirkungsquer^ 5=4.98. 6=6.69 0+
schnitt\ wcgcn dir Fckkrunstihi-n tgl. Text. Die Mcfiwvrte fiir Si und S sind alt

Ergebnisse fiir "*'S/ und "*'5 aiifziifassen (vgl. Text)

(MeV)
9
n

9*

(fm~^) (10*^)
daJdQ
(10-“cm*/ster.)

7,65 MeV 59,58 117,04 0,231 14,90 (0,6) 24.69±1,60
56,94 129,02 0,231 13,79 (1.0) I3,68±0,9«
54,12 141,11 0,229 14,98 (0,7) 8,15 ±045
52,75 153,15 0,231 15,24 (1,0) 6.62 ±0,47
51,90 165,05 0,231 15,78 (1,8) 1.16±0.09
51,18 104,98 0,145 5.80 (0,7) 28.80±l,69
47,90 117,04 0,145 5,51 (0,7) 17.19 ±1,01
45,48 129,02 0,145 5,97 (1,2) 11,14±0.71
43,57 141,11 0,143 5.95 (1.1) 6,09±04t
42,54 153,15 0,145 5,82 (1,4) 2,67 ±0,11
37,51 104,98 0,074 1,41 (1.4) 15,38 ±1,07
35,08 117,04 0,073 1.33 (1,6) 9,14 ±047
33,39 129,02 0,073 1,44 (1,7) 5.89 ±047
32,04 141,11 0,073 1.39 (2.0) 3,11 ±041
31,36 153,15 0,073 1.39 (3.2) 1.39 ±041

"Mg 6,44 MeV 59,01 116,94 0,232 5,53 (2.2) 28.28 ±244
55,81 129,03 0,231 5.41 (1,5) 16.65 ±140
53,64 140,95 0,231 5.65 (1,6) 9,51 ±0,70
52.14 153,00 0,231 5.17 (2,1) 3.95 ±042

104,96 0,074 0.59 (2.6) 25.08 ±1,71
116,94 0,074 0.56 (3,2) 15.09 ±1,16

32,87 129,03 0,074 0.58 (2.8) 9,37 ±0,66
31,72 140,95 0,074 0,58 (3,1) 5.10 ±049
30,86 153,00 0,074 0,68 (5,5) 2,69 ±047

Si 4,98 MeV 58,38 116,94 0,232 5.61 (1.9) 38,70 ±2,66
55,12 129,03 0,231 5,27 (0.9) 21,98 ±144
52,87 141,11 0,231 5,58 (1.3) 12.72 ±0,81.
51,28 153,00 0,230 5.69 (1.9) 6.00 ±0.42
49,93 104,96 0,145 2,05 (1.6) 49,60 ±3,13
49,97 104,96 0,146 2,10 (1.4) 50,68 ±3,09
46,77 116,94 0,146 2.23 (2.2) 33,90 ±241
44.28 129,03 0,146 2,14 (2.0) 19,48 ±149
42,44 141,11 0,146 2,20 (1,7) 10.98 ±0,70
41,23 153,00 0,145 2,45 (2,1) 5,64 ±044
41.37 153,00 0,146 2,48 (2.5) 5,67 ±0,40
36,28 104,96 0,074 0,53 (4.5) 32,51 ±2.90
36,26 104,96 0,074 0,56 (4.0) 34,35 ±2,89
33,98 116,94 0,074 0,55 (4,3) 21,28 ±1,83
32,17 129,03 0,074 0,52 (4,0) 11,98 ±1.00
30,87 141,11 0,073 0,59 (5,3) 7.54 ±0,73
29,96 153,00 0.073 0,66 (5.7) 3.89 ±0,39
30,09 153,00 0,074 0,60 (5,0) 3.52 ±0,33

•Si 6,69 MeV 58,38 116,94 0,225 0,48 (25) 3,30 ±1,00
S 3,78 MeV 59,19 101,96 0.210 0,32 (37) 5,17 ±3,36

58,80 104,96 0,209 0,27 (45) 4.40 ±3,30
'•’Ca 3,35 MeV 53,98 140,95 0,250 0.92 (9) 3.03 ±1,21

FORM NBS.418
(REV. 7-14>a4l
USCOMM.OC 2S010-Pa4

Fig 3 MeBcrgebnisse fur Monopolubergange in ^^Mg(6,44 MeV). **Si(4,98 und

6 69 MeV), «S(3,78 MeV) und *’Ca(3,35 MeV) als Funklion von Die eing^

tragenen McBpunkte und die rugehorigen Kurven gelten fQr eine Awwertung nut

/ ,x. und X, nach Modell I. Fur -'Si (4,98) sind nur die aus alog und />” berechn^

longiiudinalen Anteile aufgetragen (vgl. 5.1), wobei die McBpunkte bd ^etcher

Impulsuberiragung und gJeichem Streuwinkel (vgl. Tabelle 3) pisanunengefaM wur^

?7R i den. Die gestrichclten Kurven zeigen die Extrapolation nach ^=0 mit vorgegebenem

PHO"^Oh Ubergangsradiui



D, V, Webb, E, G, Muirhead and B. M. Spicer
Nucl. Phys. A159 . 8l (1970)

ELEM. SYM. A

Si 28 14

REF. NO.

I 70 We 1 egf
i

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE range

G,N ABX 17-32 C 17-32 ACT-I 4PI

Fig. 2. Analysis of the J. = 50 keV data to 22 MeV in J. = 100 keV bins for the photoneutron

cross sections of (a) silicon and (b) magnesium.

^°)B, I,Goryachev, B.S.Ishkhanov

,

I

V.G. Shevchenko, B.A.Yur'ev, JETP

j

Lett.^ (1966)330.
^’)J,T. Caldwell, R.R.Harvey,
R.L.Bramblett, S.C, Fultz, Phys,

Lett .6 (1963)213.
^*)L.N. Bolen, W.D.Whitehead,
Phys. Rev. 132 (1963)2251.

I ——

_

FORM NBS-418
(REV. 7-J4-e4>
USCOMM«OC 260t0.P«4

Tabu Z

Integrated cross sections for silicoo

Source rlA M.V

J ^
ff<i£ (MeV • mb)

f3 1 MeV

J ^
<7d£ (MeV • mb)

this experiment 53±5 93±8
Caldwell et al. **) 45 69

Goryachev et al. *®) 63 105

Bolen and Whitehead 64

[over]

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAUOF STANDARDS
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Fig. 1. The photoneutroa cross section of silicon. The full circles indicate the coarse resolutioa

measurement (J, •> 250 keV, J. = 500 keV). The higher resolution measurement (J. = 50 keV,

J, = 200 keV) is presented by the error bars up to 24 MeV. The heavy vertical bars show the pt»
dictions of Drechset tt al.

^°D.Drechsel, J.B, Seaborn and

W, Greiner, Phys, Rev. 162

(1967)983.
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W. F» Davidson, J. L, Black, M» R, Najam, B* M. Spicer

Nucl, Ehys, A168 , 399 (I971 j

Si 28 14

REF. NO.method

71 Da 2 egf

RESULT EXetTATtON SOURCE DETECTOR
REACTION ENERGY type range TYPE RANGE

ANGLE

HEjG ABX 27-31 D 4-8 NAI-D DST

HE=HE3

Table 1

Summary of differential cross sections for and y, observed in the reactioa »*M8(T,y)**Si

<MeV)

Angle Target thickness

(keV)

A*)
(MeV)

(do)

(dO)^*
(nb/sr)

(do)

(^"‘
(ab/sr)

' 4.44 90* no 27.20 20±10 ' 23±tO

AOS 90* 430 2S.64 9± 6 26±13

AOS 55* 430 2S.64 17i; 8 40d;20

4.0S 35' 430 28.64 12± 7 26i:I3

C.IS 90* 90 28.73 22±I3 70±30

S.26 90* 73 30.61 <20 <20

•) The *He bombardin* energies quoted here have been adjusted for energy degradation in the

*) The e-scitaiion in **Si has been corrected for energy loss in the target, and is simonymous

with the energy of the ground state capture y-ray.

\

I

1

j ;

roRM NBS-418
IREV. 7*t 4.«4 )

USCOMM*OC 26010-Pe4 PHOTONUCLEAR DATA SHEET 381
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N.V, Goncharov, A. I. Derebchinskii

,

and V.M. Khvorostyan
Yad. Flz. JA, 31 (1971)
Sov. J. Nucl. Phya. 14, 18 (1972)

METHOD

0. P. Konovalov, S. G. Tonapetyan,
ELEM. SYM. A Z

SI

REF. NO.

28 14

71 Go 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE range

G,PI+ RLY 150-500 C 500 CCH-D DST

PI-/PI+ YIELD RATIO

Meaaurementa are reported of the relative yield of v* mesons and the v’/s* yield ratio for mesons
with energy 40 ± 10 MeV emitted la the angular range » 50—160* In photon*lalueed reactions
with * 500 MeV with light and medium nuclei. The charged v-meson detector was a 34-cm
Freon bubble chamber with a tube for the beam. The r*/s' yield ratio for He* Ll’ C“ SI** S“
Ca**, and Nb“ was found to be respectively 0.94 ± 0.14, 2.15 * 0.31, 1 ± 0.21, 1.25 * 0.15, ’l.O

’

± 0.13, 1.11 i 0.13, and 1.53 ± 0.25. It was established that the v*~meson yield follows a ZA”*^*
law.

nc. 3. »7»* yi«W ratio m a
function of nuna number A.

FIG. 2. Relative yield of v* merona per nucleus as a function of
man number A.

I

FORM N8S*4]8
(REV. 7*t4»e4)
USCOMM*OC 26010-P64 PHOTONUCLEAR DATA SHEET 382
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Y. Horikawa, Y. Torizuka, A. Nakada, S.

and M. Klmura
Phys, Letters 36B, 9 (1971)

methoo

Mit sunobu , Y. Ko j ima

,

Si

REF. NO.

28 14

71 Ho 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

E,E/ FMF 2,5 D 183,250 MAG-D Dsr

1.78,4.61 MEV

Flg.l.Tha exparlmanul form factora for tho 2* mam-
bera of the eround-aUta rotational banda in 20no,

and are ahown as a function of the (3],

F1k. 2'. Tho oama as for fig* 1 except for tha 4* membara.
Tha unraaolved data of tha 4,12 MoV (4'*^ and
4.23 MeV(2^ states Is presented in the case of 24;^^,

!

r FORM NBS>4I8
I

(REV. 7-l4-«4)

I

USCOMM.OC 2e010-P64

(over)
" ""
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(2) R, de Swiniarski, D. Glashausser, D. L. Hendrie, J. Sherman, A D. Bacher

and E. A. McClatchie, Physi Rev. Letters 2̂ (1964) 317.

(3) D. G. Ravenhall, quoted in: R. Hofstater, Rev. Mod. Phys. _2§. 0-956) 214.

(5) H. Rebel, G. W. Schweimer, J. Specht, G. Schatz, R. Lohken, D. Habs,

G. Hanser and H. Klewe-Nebenius, Phys. Rev. Letters 26 (1971) 1190.

Table I

The values obtained from the Nilsson orbits which provide the best fit form factors. The siftns of the moments wero
determined by the charactoristtc of the orbits. The 02 3-t values of the present study are comparod with those

of the (p. p') (2| and (a. a') (S| reactions.

(,,2)1/2 (;4)1/4
Qo "o

44

(fm> (fm) (efm2) (efm^
present
(8.0’)

(P. P') (a, a') present
(e.e')

(P.P') (cr.a')

20no 2.91 3.14 +58*3 +249*27 +0.40 +0.47
+0.35
±0.01

+0.19
+0.28

*0.05

+0.11

±0.01

2‘‘Mk 3.03 3.24 +69*3 + 48*16 +0.45 +0.47 -0.06
-0.05
*0.08

28si 3.14 3.35 -64*3 +205*33 -0.39 -0.37
-0.32

±0.01
+0.10

+ 0.25

±0.08

+0.08

±0.01

. .
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V. G. Vlasenko, N. G. Afanas'ev,
and E. L. Kuplennlkov

Yad. Fiz. 13, 259 (1971); Sov. J.

METHOD

V. A, Gol'dshceln, S, V, Demencil,
ELEM. SYM. A

Nucl. Phys. U, 144 (1971) Si

rtEF. NO.

28 14

71 VI 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 0-300 D 592- 999 MAG-D Dsr

999 = 1143 QUASIELASTIC SCTNG

FIG. 3. Inelastic electromagnetic foim factors of B“. Ai*^, and Si^,

measured in the region of the continum. The dashed curves are the re-

sult of a calculahon based on Eqs. (2), (7X and (8X and the solid curves

based <m Eqs. (3). (7), and (8X

i

J

roftM NBV418
(RCV. 7*I4>64»
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REF.

A. Nakada & Y. Torizuka

J. Phys. Soc, Japan 22, 1 (1972)

fcl_ C.M. i T M.

Si 28 14

METHOD

72 Na 1 egf

{

1

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

! . E,E/ LET 1-10 D 183-250 MAjG-D DST

1.78,4.6.6.9.9.7 MEV

"Si.

Table II. The B(EL) values extracted from the experimental form factors.

Bom approx. DWBA

Nucleus
E,

(MeV) J*
B(EL)
(W.U.)

B(EL)
(e’F**)

B(EL)
(W.U.)

B(EL)
(e»F*A)

1.37 2* 18.1±1.7 (3.27±0.35)X10* 21.7±2.2 (4.46±0.4S)xl0*

“Mg 4.23 2+ 1.11±0.18 (2.28±0.37)xl0

6.00 4+ 10.6 2.87xl0«

1.78 2+ 11.1±1.5 (2.80±0.38)X10* 13.7±1.3 (3.46±0.33)xl0t

4.61 4T 4.35±0.49 (1.78x0.20)Xl0*

6.88 3- 8.99±0.71 (2.93±0.23) X 10*

9.70 3- 1.88±0.30 (6.13±0.9S)X10* 386

Fig. 5. The inelastic form factors for the 1.37-(7+

4.20-MeV (2+) states in «Mg and for the 1.7}

MeV (2^) in **Si are shown as a function of q,.

The curves are the best fit form (actoo calculate

with the Bom approximation.

(over)

U.S. DEPARTMENTOF COMMERC
NATIONAL. BUREAUOF STANDARD
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Fig. 8. The inelastic (brm factor for the 4.97-

MeV(0'*’) slate in >»Si. The dau of Darmstadt,

Phys. Utters 27P (1968) 641. are also plotted.



J.E.M. Thomson, N.D. Champion, R.J.J. Stewart, M. N. Thompson
Aust. J. Ph78 . 25

, 669 (1972)

£L C.M. S YM. A

Si 28 14

METHOD REF. NO.

72 Th 8 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N6 ABI 00CM100 C 28 SG»-D 140

G.PG ABI 12- 28 C 28 SGD-D 140

TaBI£ 1

BKSCT.T3 70K STATES POFCXAXSD CT AND 27A1

(a)

B Jm Jl'crdf? Spectroscopic factor C^S
(MeV) (MeV mb) (3He,a)* (P.d)f

0 5/2+ 53±1J 2-99 2-14

0-784 1/2+ 14 0-42 0-65

0-954 3/2+ 7 0-38 0-37

2-17 712*- — — —
2-65 5/2 <2-3 0-73 0-23

3-86 — 3-4 1-43 0-82

2-91

(6) ”Al

B JfcdB (d,SHe){

(MoV) (MeVmb) 1 C*5

0 5/2+ 50±5t
4> 3-1

0-843 112* 32 0 0-58

1-013 3,'2+ 19 2 0-60

2-21 <2 — —
2-73 6/2+ 12 2 0-63

2-98 3/2+ 13 (2) <0-3
3-001 9/2+ — — —
3-68 1/2+ 8 — —
3-9« (3/2) (3) — —
4-05 (1/2. 3/2)- 9 1 —

* Data from Swaoaon, 2urmufai«, and Fou (1967).

t Data from Jones, Johnson, and Griffiths (1968).

X Seo text for derivations of ground state integrated cross sections.

{Averages of the data from Gove et ai. (1968) and Wildenthal and Newman (1968).
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J. Ahrens, H.B. Eppler, H. Gimm, H. Gundrum, M. Kroning,
P. Riehn, G. SitaRam, A. Zieger, and B. Ziegler
PICNS-73, Vol. I, p. 23 Asilomar

SLEM. SVM. A Z

METHOD

Si 28 14

REF. NO.

73 Ah 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPC RANGC TYPS PAN6C

G,MU-T ABX THR-140 C 10-140 MGC-D 4PI

'

Statistics may have been improved over those of 72Ah7.

See figure on other side.
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0- /^I

0-

3- \
"iHllill,

•|ii|||i|| 1.1

lo 15 2o 25 3o 35 k/M eV 4o

> -A6^ /mb

,1
1. -j

1*

^ nli|li
|i

'^!ih
j, jjrU 11 1

’|M» ‘ 1

'
f

' ’

Li_^ .
\ 1

-

'is. 7. Same as Fig. 2 for Si. The Si-target consisted of monocrystalline Si-rod^

in which occurs coherent pair production. As this effect has not been oa.-cen

into account when siuotracting the pair cross section from the measured data

it appears in the data given here. The predicted shape of the inier-erence

term 6^^^^ from theory 5 is given in the insert.
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,

R£F.

i

t

I

I METHOO

Bergere» H« Bell, P, CaxloS) A, Lapretra,
PICN S - 73, Vol.I, p. 525 Asllomar

A. Veyaslere
ELEM. SYM. A

SI

REF. NO.

Z

28 lA

73 Be 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G.N ABX 16- 30 D 16- 30 BF3-I 4PI

Pig. 1
28Si[(Y,n) + (Y,pn)] cross sections
measured with an energy resolution
1) AE 350 keV (dotted line)

2)

. AE - 180 keV (aolid line)

Pig. 13 Integrated photoneutron cross-sec-
tions for 3-d shell nuclei.

Fig. 3 28si and 2^a1 [(Y.n) + (Y,pn)J cross-

sections compared to 27Al(p,Yg)^°Si

measured by Singh.

^

® P.P. Singh at al., Nucl. Phys . 577
(1965)
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1. 1. ChkJilov, N.G. Shevchenko, N. G. Afanas'ev, 1. 1.

A, A, Khomlch, V.N. Polishchuk, A. S. Litvinenko, A.

Yad, Fix. 9A5 (1973)

Sov. J. Nucl. Phya. LB, 487 (1974)

M6TH00

ZalTubovskll,
Yii. Bxikl eUEM. SYM. A

SI

RCF. NO.

14

73 Ch 7 hmg

RCACTION RESULT
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOK

B.B/ FMF 11- 30 D 108-220 MA(^-0 135

Si“

J7McV UM«V Zm«VZ7MeV IfVhtS /fMcV//M<V

FIG. 2. The spectrum of Fig. I after correction for the ionization and

radiation effects. The fuil curve was drawn freehand through the experi*

mental points; the dashnlot curves show the separated states at 1 1.2, 1 2.2,

and 13.65 MeV; and the dashed curve separates the spectrum into reso^

nance and nontesonaiKe parts. The braces at the top mark the limitsof

the several complexes, as indicated.

w.tteV

a,C«Vfe ^GaV/e

FIG. 3. The squares of the form factors for the complexes as functions

of the momentum transfer. The curves are theoretical, while the points

give the squares of the experimental total form factors. To separate the

curves, the ordinates (both theoretic^ and experimental) for some of the

complexes have been multiplied by 10 or 100 (as indicated at the curves).

Theoretical and experimental values of the form factors for the 16-13
MeV complex

4. M«V/c

I81.2S 8.91 9.0^039 1 334.9$ 9.T S.82:fc0ar
23I.S

asrs
7.«5

tst
7.7S±0J4

. euaroa 1

387.2 4.97 5Jt±0JS
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REF.

G. C. L£, M. R. Yearlan, and I. Sick
Fhya. Rev. 1861 (1974)

ELEM. SYM. A

SI 28 14

method REF. NO.

74 Li 2 hmg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOE TYPE range

E.B/ FMF 2 G 21Q.,*^0Q_. MAG-D DST

(1.778)

Detailed elastic scattering data tables for

24„ 27*. 28„ . 32„
Mg, Al, SI, and S.

LEVEL 1.778 MEV

FIG. 12. Experimental form factor of the 1.778-MeV
(2*) level in ®Si.
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REF.

METHOD

S. G. Tonapetyan, N. V. Goncharov, and V.

Yad. Fiz. 22, 440 (1975)

Sov. J. Nucl. Phys. 22, 226 (1976)

M. Khvorostyan EL EM. SVM. A Z

Si

REF. NO.

28 14

75 To 4 egf

FXriTATION SOURCE DETECTOR
REACTION RESUL T ENERGY TYPE range TYPE RANGE

ANGLE

G,PI+ ABY 150-400 C 300,400 BBL-D 90

G,PI- ABY 150-400 C 300,400 BBL-D 90

G,P ABY 91-400 C 300,400 BBL-D 90

FIG. 2. Energy spectra of and r~ mesons. - 400 MeV,
^Ub 90 ± 7*. The points are the same as in Fig. I.

HG. 5. Dependence of yields ofr
mesons 1, protons 2, and the sum oi *•

meson and proton yields 4 as a functioo

of mass number of the nucleus. The

dashed line 3 is the theory. Points: a—
experimental differential oost sections

for pions of all signs, differential cross

sections for protons emitted at the sartw

angle 0|ab * o—combined values of

these differential cross sections. The

statistical erroii are shown. U I '

10 zo no so m :oo a

FIG. 3. Energy spectra of protons, “ 300 NieV, fljab “ 90

1 7*. Points: •—**C, *‘SL. X— a—^Nb, o—**‘Ta, o—data from

ret 5, ‘-data from ref. 6.

FIG. 4. Energy spectra of protons, 2^*** * 400 MeV, ?iab 90 i 7^.

The points ate the same as in l;o-data from ref. 7.

^P.C.Murray et a., Phys . Rev .94,764 (54).

^C.Levinthal et al. , Phys. Rev. 82, 822 (51).

^P.Dougan et al.,LUSY Prep. 1002 (1970).
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V.D. Epaneshnikov, V.M. Kuznetsov, O.I. Stukov
Yad. Fiz. 249 (1976)

Sov. J. Nucl. Phys. 23, 129 (1976)

ELEM. SYM.

Si 28 14

METHOO

76 Ep 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,P- ABX 150-400 C 180-400 ACT-I 4PI

The activation method has been used to measure the yields of the reactions “Si(y,tr")**P and
"B(y,tr")"C from the ir-mesoa production threshold to 400 MeV. The results obtained are in satisfactoty

asreement with theoretical calculations based on the model of surface production of mesons.

FIG. 1. Ylbtd curve (a) and total

croaa sections (b) for the reac-

tion **Si(r, T*)**P.

form NSS-418
IREV. 7-1 4-«4)

USCOMM>NBS*OC
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«er. V.M. Asaturyan, E.O. Grigoryan, G.A. Vartapetyan, A.S. Danagulyan,
N.A. Demekhina & A.G. Khudaverdyan
Sov. J. Nucl . Phys. 601 (1977)

Yad. Fiz. 25, 1133 (1977)

EL EM. SVM.

Si 28 14

METHOD

77 As 10 hmg

REACTION RESULT EXCITATION
ENEROT

SOURCE DETECTOR
ANCLE

TYPE EANOE TYPE range

G,Be7 G,C11 ABY THR*5 C 2*5 SCD-D UKN

G,N13 G,F18 (4.5)

G,Na22 G,Na24

Photonudear reactions in the targets ^Al, ”Si, ^'P, ’’S, and **Ca have been studied for maaimum
bremsstrahlung energies of 2. 2.4, 3, and 4.3 GeV. The yields of the residual nucld ^Be, "C, ”N. "F,

°Na. and ^*Na were measured by means of a germanium-lithium semiconductor detector with a sensitive

volume of 30 cm^. In discussion of the results we took into account the contribution of the low energy part

of the bremsstrahlung spectrum. Comparison of the measured yields with estimates by

Rudstam's formula permined us to conclude that there is a difference in the mechanism of formation of

the light fragments ’Be, "C, and from that of the other residual nuclei "F, ’^Na, and ’*Na.

*GEV 5=4.5 GEV

FIG. 1. Yields of the isotope ^*Na from targets of Al, SI, and
Ca, X—Oau of Ref. 4, O—data of Ref. 2, V—daU of Ref. 6.

o—data of Ref. 10, •—data of the present work. The dashed
lines show the contributions of the low energy part of the brems-
strahlung spectrum to the yields of the reactions Al—**Na, Si—*^a according to the data of Ref. 4 and the results of the

ealctUatioos of the present work.

FIG. 2. Yields of **Na from targets of Al, 31, and Ca. The
hollow symbols show the data of Ref. 2, and die solid symbols
the data of the present work. Tbe lines Indicate the results of
the calculations of the present work, which determine the con-
trlbuticn of the low-energy part of the bremsstrahlung spectrum
to the yields of the reactions Al—“Na and Si—”Na for 2 GeV
:s£,„s4.3 GeV.

TABLE U.

Icaciioa puUi. m»/0

•bkNm SCtV ^%G»V 20* OGaV tfc4

yMi

Al UrfM

oil (Lit 027 087 090 051
a7CAO.oe I4C*0I3 427*01 08« 098
037»QiXa ojR*aoe 04*008 QJ0*U0t OS8 12

OOSt*0.004 0025*0005 0.082*0004 00137 158
••c aiiT<a.oti OHM*0015 012*028 0107*0.015 001 U-19
*l» 039*001 027*008 02*0.08 0318 158-10^

S ui«n

O3UO0I 0274*0014 037*0.03 gL3aO(B O29*0.« 054 - oa
FU 047*0.03 1.22*02 123*01 1.17 328

0.2*aM 028*0.01 038*002 029*008 028 320
OU33*O.OI 0087*001 OQOsOiM 00Bf7 728

"C OtOlaOia 0115*0108 0.134*0087 0107 52-lOF
020*0.05 023*0.04 0301

Ptactn

031*001 1 0.^*0 08
1

0438 072
Nt 0L3s«oja

1

055*008 1 0421 tos
I*

StuiM
1 035*008 1 0298 1 8JM09

•fU 024*001 024*002 027*00 0.417 LI
•Ws QJS«aM 081*008 OM 3J8

OIMjM OateOM 625*001 on*ooi 0284 473R OO47*0lOI 0.083*008 flfl8*6fy» 0064 188^1Q>
“C 0123*000 0108*0000 0142*0021 015*0.08 0128 123-19

OriaGOi 028*008 024*004 0314 1181

a iwiK

1
022*001 oa*ois 02*008 038*008

1
02n L8p 0»*OjQt 02i*ajos

E tiiiw

' 018 7S»

-R. 0.00*0.008 01*001 taussaoia 1 auA«DiM3 1 0» 2
-P OOMOQI 011*000

Cl tMllt

1 01 ;sa

MU 000*0008 0008*0.01 OOlsOOl
1
012*0013 0147 12

•u OOMOOS 031*00 021 •27
0245*01023 1 OS 1 1219

Data for Cl and K targets previously
published in Reference 11.

“G. a. Vartapetyan tt al.

,

Yad. FIs. 17, 68S (1973) iSov. J.
Nucl. Phys. IT, 350 (1973)1.
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J.E.M. Thomson and M.N. Thompson
Nucl. Phys. A285, 84 (1977)

EL EM. SYM.

Si

A

28

z

14

METHOD REF. NO.

77 Th 1

«

egf

RCACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TVPC IRAMaC TYPC PANCC

G,NG ABY 18-28 C 28 SCD-D 140

G,PG ABY 13-28 C 28 SCD-D 140

G,AG ABY 11-28 C 28 SCD-D 140

Table 1

Population of and states following photodisintegration and partide pick-up reactions

MeV y Relative

population

ii*<rd£

(MeV - mb)*)

Spectro

factor*-')

Acg. mom.
transfer

’'Al levels

g.s. r 56±10* 3.5 2

0.842 i* 54±22 35±15 0.64 0

1.013 r 32±10 20+6 0.66 2

2.210 r < 4 < 2

2.734 r 19±5 I3±2 0.68 2

2.981 r 18±3 12±2 < 0.4 (2)

3.004 V (4)

3.678 i* 12±3 8±2 < 0.02

3.955 (}. ir
4.054 (i.i)' 13±3 9±2 1.8 1

4.409 r V. weak V. small 0.35 2

4.510 XI*
2

4.580 r
4.812 r weak

5.155 (i. i)- 1.2 1

5.434 weak

”Si levels

g.s. r 48 ±14* 5.6 2

0.780 r 22±7 14±5 1.3 0

0.956 i ll±4 7±2 0.7 2

2.163 i

2.647 < 3.5 < 2.3 0.7 2

2.864 (Mr 5±1.5 3.4±1 1.6 2

2.96

**Mg levels

1.368 2* 9±3 6±2

•) Relative errors only see text.

") Refs.

') Refs.

* Deduced from published total cross sections using present data for exdted state cross sections.

Thomson, R.J.J. Stewart and M.N. Thompson, Proc. Int.

Conf. on nuclear structure, Sendai 297 (1972)

Grove, K.H. Purser, J.J. Schwartz, W.P. Alford and

0. Cline, Nucl . Phys. All

6

369 (1968)

Wildenthal and E. Newman, Phys. Rev. 167 , 1027 (1967)

^°G.D. Jones, R.R. Johnson and R.J. Griffith, Nucl. Phys. A107 ,

659(1968)

I'ORM Nas-ais
incv. T.I4.44I
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Rer. V. Di Napoli, J. B. Martins, G. Rosa, F. Salvetti, 0. A. P. Tavares
M. L. Terranova and H. G. De Carvalho
J. Inorg. Nucl . Chem. 40, 1619 (1978)

MCTHOO

EL EM. SVM.

Si

REE. NO.

78 Di 10

28 14

hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVFe RANGC TYPC RANGE

G,C11 ABY 31 (31. 33) -999 C 300-999 ACT-

1

4PI

G,Be7 ABY 31(31.53)-999 C 300-999 ACT-

1

4PI

Abstra«»—Mean cross sections for the photoproduction of ’Se and "C from '*F, ”A1. “Si and ”S targets, ’Be from 999=1 GEV
'“"B, and "C from ''‘N and '*0 targets have been measured using bremsstrahiung beams in the energy range

0.3-l.0GeV. The results have been compared with previous measurements and an excellent agreement has been
found. In most cases, the values obtained turned out to be much larger than those expected from a simple

spallation mechanism. A fragmentation and/or a lission-like process has been suggested in explaining the

mechanism of such reactions.

39 SO

r',-T'Oar, £,

Fig. I. .Mean cross sections per photon. <f,. of "C phutuproduc-

tion vs the target mass number A,. E.sperimental data are taken

from; •. Ref. (9]; G. Ref. (I3|; , Ref. (2); 0, present work.

The straight line is a least squares lit of the e.spenmental points.

Fig. 2. The same as in Fig. I for ’Be pliotoproduction. E.speri-

mental data are taken from; A. Refs. [6,7): V, Ref. (j); 0. Ref.

[91 ; A . Ref. ( 10 ); . Ref. (1 1|; T . Ref. [ 121 :. Ref. [ 131 . H. Ref.

114); O. Ref. (2); O. pre.sent work.

Table I. Cross sections per equivalent quantum of "C phoioproduction

^0

(Ge¥)
’S ’«0

Cross Section, Og

”a 1

(ub)

28s, 22s
35.37g,

0.30 520:30 200:X 110:X 23:10 35:10 45:10 X:10

0.32 S20±X 210:X 1X:X X:I0 42:10 50:10 X:I0

0.3S S30:X 2X:X 12S:X 38:10 45:10 60:10 40:10

0.40 SX:30 2X:X 1X:X 42:10 52:10 65:10 50:10

0.48 550:30 2S5:X 150:X 60:10 •'•X:I0 X:10 60:10

0.S5 570tX 2E0sX 160:X 60:10 78:10 85:10 60:10

O.SS 600:X 290:a IXtX X:10 85:10 98:10 75: 10

0.75 6X:X XOeX •1X:X 79:10 95:10 110:10 85:10

0.90 650:X 320:X ISOiX 90:10 110:10 IX: 10 95:10

1.00 6X:X 3XtX 210tX 100:10 115:10 125:10 100:10

Table 1 Cross sections per equivalent quantum of ’Be photoproduction

(GeV)
IO.II3 ’S

Cross Section, Og

’«0

(ub)

22*1 28si 22s

O.X 150tX 200tX 113:X 152:X 40:X XtX 50*X
0.32 160:X 200:X 1X:X 150:X 45:X X:X S4:X

0.35 160:X 210:X 1X:X 1S9:X 42:X XtX 60:X
0.40 175tX 2X:X 14S:X 1X:X 9B:X XtX XtX
0.48 19C:X 24S:X 163:X 186:X 100:X 50:X 140:X

0.53 200:X XOtX 187:X X0:X 93:X 48:X 90:X
O.SS 2XtX 280:X 197:X 2I4:X 140:X 63:X IXtX
0.75 225:X X0:X 215:X 227:X 1X:X XtX 1X:X
0‘.90 240:X 318:X 2X:X 24StX 186:X astx 165:X

1.C7 •’50:X 3X:X 242:X 260:X 2C0:X 97:X 190:X

Eomw M8S>41S
IRKV. 7-l4>«4l

use 0MI«Mi«8S<«C PHOTONUCLEAR DATA SHEET 398
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Table 3. Comparison bei^ets eTperimentafly determined and calculated cross sectioos of ’Be and "C photo-

production and indicadon of the dominant reacdoa channels

Ttr^t

aucltui ^Itm
NmiiiUl
Kucltfie

Loste.'A

4*/«(

(lICO)
tip
(U8)

»CW0
<**>

(P8)

^eio

^cao

Appereet
T>irt5hold

(E«.)

£«(«•»)

9ns1b1t
JItchAnisa of
frocuctlot

(3) (30). 38 87 28 2 < SO SpelUcton

’»e 'u 5 42 110 2D S < M Spelleclon

7 so 108 12 9 < so Fission
SpelUtlon

’S "c 1 21 IX 60 2 <S0 SpelUtlon

'‘o ’s. 9 St 107 8 13 S0<£..<2CQm Flisfon
Fri^nudon

'«o "c s 31 117 u 3 <50 Sp*II«tton

'*F 'a. 12 83 106 s 21 u<£g,<:oo Fission
Fra ^atflcation

'V ”c ( 42 105 16 7 50<£y,<200
Fission
Frjanen cation
Spaf Ucion

’s. 29 74 142 2 71 > 230 Frj^rencacion

”.l "c 16 S9 70 5 U 50<ty,<203 Flll’30
fn ;r>sr*itif)r.

«Sl ’a. 21 7S 56 2 28 > 200 Fn^nutyon

'»s. ”c 17 61 68 4 17 50'ty,<200 Fiitics*

Fre^ant^tton

’s. 2S 7S 114 2 57 2C0 Fra>*«r4taeien

"c 21 66 68 3 23 M<Cu,<2)0 Fission
Fra^rentacion

“•”c. ”c 2*.(2S) 89.(70) 59 3 X M<C^.2DO Fission
Fr«9*entation

«Ca 's. 31 83 ra I TO > 200 Fr?79.nC4Cion

"c 29 73 TO 2 35 > 200 Fra^entac^cn

’te*n of the lifftfwit acaiur^fBtnts (let Figi. I, end 2).

CeicuUud veigsi aceertfiR^ to ftef. Q^.
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REF. W. Knupfer, Phys. Lett. 77B , 367 (1978) EL EM. SVM.

Si 28 14

METHOD REF. NO.

78 Kn 7 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Type RANGE TYPE RANGE

E.E/ RLY 13-16 D UKN MAG-D n<;T

Tlje location of the M2 giant resonance in ^®Si, and ^°®Pb, predicted within the framework of the .MSI-RP.A. par-

ticle-hole model, has been confirmed by high-resolution inelastic electron scattering » 44/4"''^ Me\"). The fragmented

M2 strenetli distribution can only be described assuming a mass-dependent quenching of the intrinsic gj factor. This has the

i. 'r’vjquence that tlie long sought Ml strength is much reduced in heav>- nuclei, an effect which is supported experimentally.

MZ LEVELS

Fig. 1. The left part shows selected (e, e") spectra on ’*Si, *®Zt and ^°*Pb at various energies but all at fl = 165*. The 2" states are

marked by arrows. The ri^t part displays the model prediction for the M2 strength.
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J.W. Maas, E. Somorjai, H.D. Graber, C.A. Van Den Wiinaaart
C. Van Der Leun and P.M. Endt

wijngaart,

Nucl . Phys . A301 , 213 (1978)

EL EM. SYM.

Si 28 14

METHOD REF. NO.

78 Ma 3 rs

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G NOX 2- 13 D 1-2 SCD-D DST

A,G NOX 11- 13 D 2-4 SCD-D n.<-.T

J-PI

Table 3

Excitation energies (in keV) of “Si levels determined in the present work

Present exp. Ref. “) J": T')

1778.61+0.15 1778.88 ±0.09 2
*

4616.81+0.17 4617.8 ±0.2 4

6275.9 +0.3 6276.5 ±0.2 3
*

9315.7 ±0.5 9316.1 ±0.5 3* 1

9379.8 ±0.5 9381.2 ±0.6 2* 1

10375.8 +0.4 10377.1 ±1.0 y 1 •)

10598.9 ±l.0‘) 10598.2 ±2.0“) r 1

10724.7 + 0.4 10724.6 ±1.3 1

10901.9 +1.0*) 10901 ±3 1* I

11446.2 +0.5") 11445 ±3 r 1

12635.0 ±0.4 12635

•) The J’ values are taken from ref. if not indicated otherwise; the T-values are from table 9.

*) Resulting from an unpublished resonant absorption experiment.

') The J* value has been determined in the present work.

>) Ref.“).

•) Measured relative to E, = 10.72 MeV; see subsect. 3.1.2.

^^P.M. Endt and C. Van der Leun, Nucl. Phys. A214 (1973) 1;

A105 (1967) 1

^'M.A. Meyer, I. Venter and D. Reitmann, Nucl. Phys. A250

(1975) 235
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Table 5

Gamma-ray decay of ^*Mg(a, y)'*Si resonances

Resonances V-decay (%) lo £, iMeV) in ^*Si

1 .78 4.62 4.98 6.28 6.69 6.88 6.89 7.80 9.32 9.38 other levels

ikcV) (keV) 0* 2* 4* 0* 3* 0* 3- 4* 3* 3M2M £.(%)

1530 11296 r 75 21 <3 2 2

1787 II5I6 r 64 12 3 9 12

1X66 11584 y 90 5 5

1952 11657 2" 14 27 6 6 II 8 4 7.38(3). 7.42(3).

7.93(12). 8.33(5).

9.48(1)

1966 11670 r 7 82 3 4 4

2094 11779 2* 100 <1

2235 11900 (2*.3-.4*) 81 14 8.59(5)

2323 11975 (2’.3-.4*) 2 76 1 15 8.59(4), 9.42(2)

2378 12023 5- 5 51 6 8.41(16). 9.16(13)

10.18(9)

2435 12071 2* 58 13 2 4 9 2 8.26(1). 8J9(I)

10.38(10)

2564 12182 r 36 6 9 7 7.38(12). 8.90(13)

10.90(17)

2578 12194 3- 77 16 4 3

2633 12241 4* 52 23 2 2 7.38(17). 8.59(4)

2690 12290 2* 54 1 3 II 30 7.93(1)

2703 12301 (I-.2*) 27 8.33(3). 8.90(42)

9.50(19). 10.60(3)

10.72(6)

2866 12440 2* 74 5 3 4 1 3 9 1

2906 12474 4* 94 2 1 1 7.93(1), 8.26(1)

2921 12488 3* 75 25

2994 12550 4* 61 3 5 2 7.38(5), 7.42(11)

7.93(5). 8.26(3)

10.38(3), 10.42(2)

3198 12725 2* 68 21 6 1 2 2

3291 12805 (1-.2*) 13 27 6 7.42(6). 10.60(38)

10.90(10)

3303 12815 r 70 20 2 10.27(8)

3349 12854 4* 13 13 49 1 6 5 6 8.59(2), 8.94(1)

10.67(4)

3354 12859 (2*. 3-. 4-) 7 19 31 9.16(35). 10.945(8)

3402 12899 2* 7 26 7 1 31 1 5 10 7.80(11). 8.59(1)

3429 12923 (2*.3-.4n 53 8.26(40), 9.48(7)

3486 12972 r 43 3 17 1 4 7.42(1). 7.93(2)

8.33(3). 8.90(2)

9.48(2), 10.27(20)

10.60(..)

3565 13039 O’- 56 7.42(3), 8.90(41)

3628 13093 4* 10 7 12 13 40 8.26(8). 8.41(3)

9.48(2). 10.38(5)

3642 13105 2* 88 6 3 2 1

3787 13230 2* 3 18 8 8 47 5 11

•) All resonances have r = natural and are (predominantly) of 7" = 0 character; for the J' assignments,

see table 4.
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M.A. Kovash, S.L. Blatt, R.N. Boyd, T.R. Donoghue, H.J. Hausman
A.D. Bacher
Phys. Rev. Lett. 700 (1979)

mef. EL EM. SYM. A Z

METHOD

Si 28 14

REF. NO.

79 Ko 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYRE RANGE TYPE range

P,G SPC 50-89 D 40-80 NAI-D 60

Observatlooa are reported from the first systematic studies of proton radiative capture
at intermediate energies. In addition to captures to the ground and first few excited

states, the reactions **B(p,y)'^C and ^^Al(/>,.y)^*Sl reveal unexpectedly strong transitions

to Isolated high-lying states. These latter transitions could take place via “second-har-
monic" giant resonances. Protons on produce a rich spectrum of y rays which may
arise from captures to high-lying single-particle states.
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R. Pitthan, F.R. Buskirk, J.N. Dyer, E.E. Hunter and

G. Pozinsky

Phys. Rev. C 19, 299 (1979)

EL EM. SYM. A Z

14Si 28

METHOD REF. NO.

79 Pi 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

E,E/ FHF 4- 50 D 91 MAG-0 DST

(91.2)

Inelastic electnm scattering in ”Si between 4 and 30 MeV excitation energy reveals two concentrations of

El strength in the continuum. One is between 13 and 20 MeV, with a peak at 17 MeV, and can be-

identified with the giant quadrupole resonance in the ground state oblate weU. A broad distribution of El
strength between 22 and 42 MeV is predominantly isovector in nature. In addition, a small but persistent El
peak at 24 MeV was found, which may be interpreted as being the corresponding state in the prolate well to

the 17 MeV resonance. It is shown that 30% or more of the photon cross section in excess of the classical

dipole sum rule between 10 MeV and the pion threshold may be due to El absorption.

FIG. 2. Th« 0X038 soctlan divided by the Mott cross

section for the states (or group of states) at 11.2 and

13.0 MeV. Comparison with a DWBA calculation based

on the Taaste (Identical with the Goldhaber-Teller)

and normalized to the percentage exhaustlmi of

the Isoscalar EWSH as Indicated shows clearly that these

states axe quadrupole excitations.

I

FIG. 3. Similar to Fig. 2 but for flie level at 63 MeV.

B

Comparlaon with DWBA calculations shows this state

to be £3. This stats agrees very well with the

I scalar £3 state predicted by the shell model at 24A

j

MeV wltti a strength of 28% of the EWSH (AT*0) (see

I

Ref. 22).

USCdMM-NaSOC

1

1

(MeV)

FIG. 5. Data of Fig. 1 after subtraction of a back-
ground described In the text and correction for tiie con-
stant dispersion of the magnetic spectrometer. Soma
similarity to the photon data of Fig. 4 in the 17 to 22

MeV region can be recognized, especially the four

characteristic peaks at 17.7, 18.3, 20.2, and 21.4 MeV.
The ghost peak located at 92% of the elastic energy (£^
>7.3 MeV) has been subtracted. The spectra were taken

and fitted with 10 points per MeV, which have been
reduced by a factor of 2 for graphical purposes. The
statistical error is equal to the size of the circles In

the 120’ spectrum and slightly larger for 105*.

I. Hamamoto, in Proceedings of the International

Conference on Nuclear Structure Studies Using

Electron Scattering and Photoreaction, Sendai,

1972, edited by K. Shcda and H. Ui [(Suppl

.

Res. Rep. Lab. Nucl . Sell, Tohoku Univ. S,

208 (1972)]
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FIG, 7. Comparison of DWBA calcuUtlons baaed on

the three models Indicated. It is evident that, e.g.,

use of the Goldhaber-TeUer model Instead of the My-

ers-Swlateckl model would Influence the quantitative

results because the relative difference tc (MS)- <r (GT)1/

ff (MS) changes from 8% for 60* to 28% for 120*, lowr-

Ing the £1 strength subtracted by approximately 20%.

However, measurements In other nuclei Indicate that

the MS model describes the GDH better, and, further-

more, the qualitative features do not change no matter

what model Is used.

FIG. 8. ComparlsMi of (*,*') strength between 15 to

20 and 20 to 30 MeV with DWBA calculations based on the

MS model for the £1 and the GT model for the £2. The

data correspond to the values of Table I, but the 15

to 20 MeV data do not Include half of the £2 strength

found between 14 and 16 MeV.

TABLE L Distribution of£ 2 strength In ^1 into the

various regions discussed in the text. Although isospln

cannot be directly Inferred from (e,e'), the strength

below 20 MeV should be predominantly laoscalar and the

one above Isovector, baaed on macroscopic and micro-

scopic conslderaUona and comparison with heavier

nuclei. The subscripts max and min refer to maximum

and minimum values of the sum rule extracted under

the background assumptions discussed in the text, AH

shows the error an%) If one does not take into account

contrlbuUons to the error from the background assump-

tions.

£, (MeV) D *
"IBM

AR (%)

0-15 30 30 10

15-20 26 *» 14 20

20-30 32 10 20

30-50 70 50 30

50' 30'

*R = ErB (£2)/EWSR(£2,AT » 0, 1) x 100.

*»Includes 3-5% EWSR from 14-16 MeV complex.

'Lower value derived by assuming 70% of isoscabr

3£wj)£ 3 strength between 30 and 50 MeV (Ref. 22).

TABLE IL Comparison of the strength of the Isoscalar

£2 resonance around 17 to 20 MeV from various reac-
tions. R is evident tiiat die strength la grouped around
two values, (12 to 14)% and (25 to 31)% of the isoscalar

sum rule. As outlined in the text the higher value in

hadronic experiments la from measurements where the

£ 1 was not taken into consideration. If we use the

equivalent background procedure as in (ct,a'), the

lower value of (14i>3)% EWSR results.

£« (MeV) Reaction Reference

16.9-24.8 (a, o’) 31d;5 Kiw76
15.5-23.0 («*.«') 27±6 VanB77

(P. P') 12±4*
-19.4 (a,a') -25 YouRTT
15-22 “Mg(a,y) -13 Han76
15-20 («,*') 26±5' this

14±3'* work

*£-£«£ (£2)/EWSR(£2,AT = 0)x 100.

^Valiie corrected for Myers-Swiatecki modeL
'Including nonresonant strength.

'^Background consistent with (a,a').
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R. Schneider, A.

W. Knlipfer
NucU -Phys. A323,

Richter, A,

13 (1979)

Schwierczinski

,

MCTHOO

E. Spamer, 0. Titze, EL EM. SYM. A

Si

Rcr, NO.

79 Sc 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

rVPC NANGC rypc NANce

E,E/ LFT 10-13 D 38-58 MAG-D 26-48 DST

(10. 594-12.331: (38.7-57.5)

Abstract: High resolution inelastic electron scattering at low momentum transfer yields the precise

location of sutes with 7*. T= I*. 1 in ^*Si at excitation energies £, = 10.594, 10.725, 10.901,

11.445 and 12.331 MeV with an overall energy uncertainty of about ±1 keV. An analysis of the
inelastic cross sections to these states in terms of the DWBA with RPA wave functions from the

model of separable interaction (MSI) yields a total isovector strength of = 34.40± 1.37 eV.
This result is compared to RPA and open-shell model calculations and it is shown that Ml spin-flip

transitions seem to be a sensitive tool to investigate ground state correlations. A qualitative

comparison of the Ml transitions with analogous charge exchange reactions involving hadrons
and radiative pion and muon capture is also made.

NUCLEAR REACTIONS “Si(e, e"), E = 38.7-57.5 MeV; measured a{E^, 9). ^“Si

deduced levels with J* = 1*, transition probability; performed shell-model calculations.

Fig. 4. The B(M1, q) values determined from experiment with the help of eq. (1) in the main text plotted

as a function of q^. In the momentum range q- < 0.2 fra** the influence of the higher moments

^ = <r*>/<r> and /?* = <r*>/<r> in eq. (2) is small. Therefore for the fit we have used the estimates
=» 1.32 [R*]* and R‘ = 2.25 [R*]* following from the prediction of a phenomenological model

which reproduces the experimental value of R* = <r*)/<r>. Fitted to the experimental values is expression

(2) which yields extrapolated lo q ^ k ^ EJhc the R(M1. X-) value at the photon point

LEVELS 5 J-PI, B(M)
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v.v.
«EP- V.I.

Izv.

Bull

METHOD

Varlamov, B.S. Ishkhanov, I.M. Kapitonov, A.N. Panov,

Shvedunov
Akad. Nauk SSSR 43, 186 (1979)
Acad. Sci. 43, 157 (1979) St

REF. NO.

Z

28 14

79 Va 5 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G,P ABX 11-29 C 18-29 SCD-D UKN

Fig. 3 gives cross section for transitions to various states in A1 . The areas under
these data are given in Table 2.

The many-channel method was used In the work to measure the energy spectra of
photoprotons from the ‘*31 nucleus a.t 16 values of the upper boundary of y-
brensstrahlung from 18.1 to 29.0 MeV.

§ 4

2

\

V"'..

£

a a5 0

b 4
a

•/

£

1 '2

1 *

5 «

Va

n

^ u

IS IS Z3 tj. M«v

Fig. 3

Table 3

M*V 0—23
M«V

0-20
SMV

Q W.7, 3.1 13 IS

0,9
2*7, 0.9

‘40 38

ai

•IM (»»>•»

M«V 0-n
0—23

0—2t
MaV

2.8
1

w.;; d8

W.7. 0.3

18 18

4.0
1f7. 1A 14 17

8.4 to 18

Fig. 3* Partial cross sections of the photoproton reaction on the ^*S1 nucleus.

Pig. 4. Total photcproton cross section obtained In the present work (a) and
total-absorption cross section (b) for the **S1 nucleus [12].

12. J. M. v;yckoff, 3. Ziegler, H. W; Koch, and R. Uhlig, Phys. Rev., vol. 137,
P. 3576, 1965. /

The principal results of the work, besides Pigs. 3 and 4 and Table 2, are likewise
summarized In Table 3 where the hole states (NZj)“ and their spectroscopic factors (c*S)

obtained in [11] for the corresponding excited states of the ^^Al nucleus are shown along
with the fractions of the total cross section of the photoproton reaction represented by
the Integral cross sections In the ranges of excitation energy of the ^*S1 nucleus extend-
ing from 0 to 23 MeV and from 0 to 28 MeV.

Table 2

M«V
AS, M»V

M«v*mb M«V
AS, M*V

M«V*mb

0 04-0.7 34^ 4.0 14 33At
flit 04-0,7 78At 4.4 AO 20*t
24 04-0.7 32A10

roRM NBS.41t
(MCV.
USCOMMrOC 2€OtO«P64 PHOTONUCLEAR DATA SHEET 407

U.S. OEPARTMgNTOF COMMERCE
NATIONAL BUREAU OF STANDARDS



ntr K.E. Whitner, C.F. Williamson, B.E. Norum, S. Kowalski
Phys. Rev. C^, 374 (1980)

EL CM. SYM.

Si 28 14

METHOD REF. NO.

80 Wh 2 egf

REACTION RESULT EXCITATION
ENEROY

SOURCE DETECTOR
ANGLE

TVPC ranok TYPE PANCe

E,E/ FMF 2,5 D 126=293 MAG-D DST

Natural Silicon Target 2=1 .78, 5=4.62 NIEV

Electron scacter.ng from ^*Si and '"Si has been performed at energies from 126 to 293 MeV and at angles

of 43’ and 90’. Form factors were cssracted for iet els below 5.0 .MeV in '*Si and ^’Si over an erTective

momentum transfer range of 0.6 to 2.1 fm"'. A partxle-phonon coupling calculation using hanr.onic-

oscillator single-particle states and dan from "*Si give a reasonable description of the low-lying states of

=’Si.

Nt:CLE.\R REACTIONS "’SKe.c'l first 2 excited states; ’’SKe.e'l first 5 e.x-

cited states; measured form factors 45* and 90°, 0.6« 2.1 fta'‘; natural Si

target; PV7BA analysis, vibrating core and intermediate coupling for ‘®Sl.

TABLE VL Electron scattering squared form factors for levels In ^*31.

Run

O*

(fm-‘)

(0.00 MaV)

iFl*

X10"‘

A

%

2*

‘Ita

(1.78 MeV)

iFl* *

xl0"‘ %

4*

(fm-‘)

(4.62 MeV)

iFl* *

xiO"* %

1 0.601 3270 0.72 0.597 443 0.72

2 0.701 2000 0.67 0.698 617 0.94 0.692 4.10 21

3 0.796 1150 0.54 0.793 658 1.64 0.787 7.31 7.1

4 0.89S 613 0.74 0.891 691 1.14 0.886 15.2 4.2

5 0.951 361 0.97 0.944 628 0.70 0.934 16.2 3.0

6 0.999 261 0.88 0.995 636 0.81 0.990 24.9 7.9

7 1.051 138 0.64 1.044 561 0.61 1.034 27.4 2.4

8 1.156 36.5 2.0 1.149 425 0.65 1.139 36.5 2.5

9 1.203 17.6 0.81 1.196 337 0.47 1.186 37.7 1.06

10 1.234 10.6 0.51 1.228 324 0.53 1.217 42.6 1.23

U 1.266 5.89 3.87 ’ 1.259 271 0.37 1.250 44.7 0.54

12 1.304 3.62 8.31 1.297 243 0.55 1.287 49.2 2.5

13 1.360 3.32 1.15 1.354 159 0.45 1.340 47.9 0.82

14 1.412 4.89 3.1 1.406 126 0.89 1.396 50.9 1.38

15 1.467 63.3 0.86 1.438 49.6 1.35

16 1.544 8.77 0.42 1.537 32.4 1.17 1.530 45.6 1.27

17 1.599 9.60 1.12 1.593 17.7 2.5 1.580 44.6 3.3

18 1.678 8.22 0.54 1.672 3.62 2.1 1.660 35.9 1.68

19 1.744 6.08 0.73 1.737 0.932 6.7 1.734 26.9 2.9

20 1.836 4.60 0.95 1.330 3.35 3.9 1.819 23.4 1.53

21 1.939 2.49 1.13 1.932 7.81 2.7 1.922 15.3 1.85

22 2.039 1.12 1.S8 2.032 10.5 1.09 2.020 3.81 1.43

23 2.134 0.417 1.68 2.127 10,9 1.01 2.120 4.98 6.4

24 1.131 397 3.5
r'TTTr".i'

* The squared form factor should be multiplied by the indicated factor.

^ Percentage errors are statistical only.

(over)
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7-14w«4l

USCOMMH4SMC PHOTONUCLEAR DATA SHEET 408
U.S. OE^ARTMCNTOr COMMERCE

NATIONAL BUKCAyOR STANOAAQS



FIG. 4. Squared form f»ctorm tor electron •cattertag from "Sl. (a) 2*(1.78 MeV) levd. (b) 4* (4.61 MeV) level. Da-

ta from three dlffereot laboratorlea are shown along with the fits to the diffuse edge vibrating liquid-drop model.

FIQ. 5. Squared form factors tor electron scattering from the low-lying levels In ^1. (a) MeV) level, (b)

I* (2.03 MeV) level, (c) 3*(2.43 MeV) level, (d) |*(3.07 MeV) leveL (e)-i*(4.0fl MeV) level. The present data are shown
as solid circles and the data of Ref. 17 are shown as solid triangles. Also shown are theoretical curves calculated

from the three sets of eigenvectors as described in text.

i
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S. Yen, R. Sobie, H. Zarek, B.O. Rich, T.E. Drake, C.F. Williamson
S. Kowalski, C.P. Sargent

Phys. Lett. 9^, 250 (1980)

REF. EL CM. SYM. A Z

METHOD

Si

REF. NO.

80 Ye 1 hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANOC TYPE PANCe

E,E/ FMF 15 D 1*3 MAG-D DST

(14.36)

High-tcsolution (e.e') was used to measure the form factor of the 6~,T = 1 resonance irt ^®SL The results disagree with Q IN FM-1
previous experimental results and with theoretical calculations. The role of meson-exchange currents in producing the ob-
served quenching of magnetic strength, and the relevance of (e, e') to other reactions are briefly discussed.

{ TOflONTO /WT
—~RMtS34

'i %•
si

if

s i

\ i

\i

10 1.4 l.a Z2 2.6 10 14

OttfKtiW (''"•‘I

l-'ig. 3. The form factor for the 6” 7"=
1 resonance at

14.36 i 0.02 MeV in ^®SL The open-shell random phase ap-

proximation calculation, renormalized to fit the data, is

shown as a dashed line.

i

Foma NSS-4U
<RCV. 7-1 4.44)
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REF. B.S. Ishkhanov, Yu. A, Novikov, E.S. Omarov,

Izv. Akad. Nauk SSSR 147 (1981)

Bull. Acad. Sci. 45, 129 (1981)

METHOD

I.M, Piskarev EL EM. SVM.

Si 28 14

REF. NO.

81 Is 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE

G ,G ABX 5-17 C 6-17 NAI-D 90

d. aid SI. Tatle 1

Levels Populated During Elastic Scattering
0 P

of Protons by an Si Nucleus

Slf M«V| T (HI
E,,, M.V

ln(«9r«i cfott svctlon. M«v*mo

(prtMnt work)
pr«a«nt worn .'<1

edJ*: 3* 0,.1i0,l o,i2±o,o:i

6,R7; 3-
U.SS; i*

T.:=o.i 0,10±0,03 -

7.7'.': 3*
7,0.1;

‘

1*
7.SiO,t 0.03±0,02 -

8.25;

8,32:

3,2s0,l 0,03±0,02 -

slsi: (4T 5*) 8,9±0,1 0,14±0,03

10,9: 1 *; r-1 10,9±0,1 03Si0,05 -
ii,«: !, r-i
12,33; l'^ r-1 11,4*0,2 23±03 2JB*04

— 143^0,3 0.06*04)2 -

^g. 1. Cross section for the elastic scattering of photons by an
denotes the threshold of the (YP)—reactlon.

nucleus.
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Rer, G.W. Dodson, E.C. Booth, F.L. Milder, B.E. Parad, B.L. Roberts,

D.R. Tieger, J. Comuzzi

Phys. Rev. C26, 2548 (1982)

EL EM. SYM.

Si

A

28

z

14

METHOD RCr. NO.

82 Do 3 egf

REACTION RESULT EXCITATION
ENERCY

SOURCE DETECTOR
ANGLE

TVPC PANOC

G,PI0 ABY THR*20 C 140-155 CKV-I IPI

off tMTesa e£ *LL “SL ^ 2a. natural Cd. and natural

Pb wee studied using a bremsatrahhmg beam with endpoint energies of 140, 143, ISO, and

tion. The measured yields were found to be in disagreement with published theOTetical

cross sections for ^i(y,>r°)^i and also in disagreement with a simple schematic model

which assumed only coherent contributions from the M\j^ multipole. The schematic

model, however, did approximately predict the relative magnitudes of the yield curves for

the energy range 14—20 MeV over threshold.

*MEV ABOVE THR

NUCLEAR REACnONS ^Li, “Si, "Ca, Cd, Pb, (y,ir‘’);

140— ISS MeV; measured a\ test of reacdoB modeL

FIG. 6. The experimental and calculated yields for

(y, 5r®) off a range of complex nucleL The data were

so that the experimental yield fit the

yieU at 9.7 MeV over threshold (see text).
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Ref.

I

I

!

Method

A.X* tMtiM, £«F. MiabeharT^tov
ZbMT. Be«f. i tmmt, FIs. 4^ 1013 ( 196I)
Smimt Tbcfm. JBF^ 721 (19&)

Elem. Syn.

Si

Ref. No.

B«tcKroBi mutmtlmm 61 B« 1

A

29

Z

14

JH

Reactioo E or AE trdE J Notes

(y,*) * 0*07 Mev

i 1
FORM NBS-418

USCOMM*OC I8«se-P69

PHOTONUCLEAR DATA SHEET 415
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Ref. E.C. Booth, K.A. Wright
Nuclear Phya. U-J2 (19^2)

Eleni. Sym.

Si 29 Ilf.

Ref. No.Method
2^ electron Van de Graaff; bremas,; nuclear reaonance

acattering, ring scatterer; Nal 62 Bo 6 JHH

Reection E or AE
s
ad E J ff Nofea

Si^^(T,7)

Bremas,

0 - If.

Tasls S

Meaa liledmea ol excited states deduced (fom the resonance scatterini^ of bremsstrahlnn;

Nucleus -0 Energy (MeV) Spins g r.ir 11" (9)
TXlO“i35%

(sec)

F« 100 1.46 ? 0.13 (1) 0.23g

Na“ 100 2.08 }’-i 2 0.1 0.79 >0.04
2.39 _} 0.33 (1) >1.6g
2.84 _5 0.6 (U >0.3<
2.70 (0.1) (1) >0.008(f
2.98 0.46 (1) 0,03g

Al*» 100 2.73 1 ^0.3 0.91 >0.22
2.98 -f } 0 216 1 2.2x10^

Si“ 4.T1 1. 28 2 1 0.88 1.5

2.43 -i' 2 (i) 0.38 0.2
pii 100 1.26 2 1 0.88 2.2

2.23 -» 3 1 0.79 4.5

3.13 -f 2 (U 0.88 0.2

3.29 - 3 } 0.79 > i.8(/’./r)*

3.41 _ 3 ) (U > i.3f (r,//’)*

3.51 -i 2 3 0.88 o.o2(r,/r)*

S« 93 3.78 0+-? 3 (I) > o.6f(r./n*
s« 4.2 2.127 0*-2 5 \ 0.63 >1.0
Cl« 75.5 1.22 }*-? 1 (1)

1.76 — ? (1) (i)

2.7(2.65) 3
(1) 0 3U{r,iD'

3.01 ^5 3
(1) o.37f(r,/r)*

CI« 75.3 3.1 p 3
(U- >o.T+?(/'./r)*

3.17 > 3
(1) > i.oyi/’./D*

Cl»» 24.5 0.838 }.-? 1 (U >13?
1.72 — ? >

(1) >a,8f(r„'/V
93 2.53 i*-> 1 (1) >l-ig

2.82 1 lU > 1.5?

3.02 -? 1 (1) 0 37?

3.60 I (1) >0.7?
3.88(3.94) _ 3 ? (1) o.uarjD'
4.06-4.12 _> ? (11 >o.2?(/’„'D'

Ca« 9« 3.90 &*-s* 5 1 0.63 >0.48
Cu« 59 1.33 i--i 2 (1) 0.8 44>r> 11

The factor g equals (3/+ l)(2/«-t>l)~‘.

°'ONM Hsa4ia

uscOMM*oc iteae.pes

TXlO>««ee
rjr

.
fv'(!9 ) —^

This work Other

LP 3.M 7 !- 0 i (1)

BP» 3.14 81 »--(*) i 1

Al» 3.21 100 f (1)

M" 1.01 100 } O.fl

S4» 1.78 92 0+-2^ 5 1

S» 3.24 95 0*-2+ 5 1

A*“ 1.27 78.6 S 1

1.61 26 1 U)

0.9M 69 »- 1 1

Ca* 0.67 69 I-+ i 1

0.0079
+0.0016 “>

1 0.012 -0.0019

0.0106±0.001 “>

1 0.69 0.47 ±0.06

1 9J 3.7 ±«*
L 590 170 ±50
0.63 89 79 ±29
0.69 26 <wl6

0.69 290 156 ±80 “)

1 3.9 16
±0.6
-0.4

0.99 290 79 4.18 “)

90 ±i» “)

1 lOO tt ±3

I teetor f equals (t/-f

1 S. Tiknrr. L. Ukndes aaidX. Biutlk IDO»M*W • '
_

’ '

1
***** gfciwfc- Tehee- WnakeK Ttvrtcs 14. (HC^ j4>

i

t V. C. Barber. F. Barthold, G> IFtfelia«d F. B. Gvddm, Fhjw.- BaWt-UB (lMi> 1MB ' .
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T, W. Retz-Schmidt, S. J. Skorka, J, Morgenstern and H. Schmidt
Proc. Paris Conf, 396 (1964)

ELEM. SYM. A

Si 29 14

METHOD

Resonance Flurescence ^®Si(p,p'Y)

REF, NO.

64 Re 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.G LFT 1 D 1 NAI-D 1 90

For the 1.277 MeV level in ^ssi 3/2'^

+ 0.83

r = (2.16 - 0.6l) MeV
+ 1.20

Tjjj = (3.05 - 0.85) 10-^3 secs.

3 +2.4
lMlE2 = (6.5 - 1.8)

2
+ 0.018

iMjMl = (0.048 - 0.014)

rn. 2. — rel. nninber of resonant photons/MeV os. lifetime of 3/3 + state in Si*.
Cartes a) and b) tee text. Slope of straight line resolts from experiment.

i

l
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Y. Oka, T. Kato, K. Nomura, T. Saito. Hui-Tuh Tsai

Bull. Chem, Soc, Japan 380 (1968)

EUEM. SYM. A

Si 29 14

METHOD

68 Ok 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

Type RANGE TYPE RANGE

G,P ABY THR- 20 C 20 ACT-

I

ASI

I'Aniii I. Summary op data on (r. p) reactions wtth 20MeV BRSstsrrRAHLUNO

Nuclide

Parent Residual
(Natural (HalMife)

abtindanre, %)

(MeV)

Observed r-ray
Yield determined

^Ci/mg*> Yield/mol -R
Energy
(MeV)

Branchin
ratio (%

i Type of
muttipole
transition

:»Mg (10.11) =*Na (15 hr) 12.06 1.37 100 £2 1.48x10-' 1.7x10*
»Si (4.71) «A1 (2.27 min) 12.33 1.78 100 £2 1.91 2.8x10*
•»Si (3.12) «A1 (6. 56 min) 13.59 1.28 93.8 E2+m 6.51 X 10-' l.5x 10*

«Ca (2.06) «K (22.4 hr) 12.17 0.374 85 E2+m 7.86x10-* l.3x 10*

(7.32) ‘•Sc (84. Id) 10.47 0.887 100 £2 7.1lxl0-« 3.1x10*
4«Ti (73.99) «’Sc (3.4d) 11.44 0.160 100 E2+MI 6.83X10-* 1.2x10*
‘•Ti (5.46) ‘•Sc (1.8d) 11.35 1.31 100 £2 4.40x10-* 5.8x10*
”Cr (9.55) «V (3.8 min)

.

11.15 l.'43 100 £2 5.01x10-' 6.6x10*
>’Fe (2.17) «Mn (2.58 hr) 10.57 1.81 23.5 £2+Afl 8.10x10-* 2.1x10*

(36.74) ’Kla (4.8 hr) 10.92 0.295 97 (£2) 3.70x10-' 1.3x10*
"Se (7.58) ™Ai (26.5 hr) 9.61 0.559 41 £2 1.48x10-* 1.3x10*
»»Sr (7.02) ••Rb (I9d) 9.41 1.08 9 £2 5.I5xl0-« 9.9x10*
«»Cd (12.26) "*Ag (3.2 hr) 9.74 1.39 35 £2 1.91x10-* 2.1x10*
"»Sn (7.57) "•"In (54 min) 9.58 1.27 84 £2 9.80x10-* 6.9x10*
iuBa (11.32) utCt (13d) 8.67 0.830 100 £2 1.68x10-* 2.2x10*
*"Hg (16.84) it«Au (2.7d) 7.27 0.412 100 £2 8.43 X 10-* 2.2x 10*

a) The value corrected at the end of I hr irradiation (9.4 X 10* R/min).

Atomic number

Fig. 2. The yield curve for the (r, p) reaction

with 20 MeV bremsstrahlung.

j

1



H. E. Jackson and R. E, Toohey
Phys. Rev. Letters 29. 379 (1972)

El EM. S YM. A

Si 29 14

1
METHOD REF. NO.

72 Ja 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.N SPG 8- 11 C 11 TOF-D Dsr

•o100
V-/ (10.42)

A study of the reacttoo '^Si(y,n) aear threshold suggests that a doorway state witha/*

= §' commoa to the channels and ^^Si+y lies aear 750 keV. We observe experi-
Trronfaiiiy Lane’s prediction of a significant nooresonant background cross section asao—
elated with strong partial-width correlatioas.

9.25 DOORVWY



«ef. k. Fuknda and S. Okabe
J. Phja. Soc. Japan 315 (1973)

EL EM. SYM.

SI 29 14

METHOD REF. NO.

73 Fu 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,N ABX 8- 13 G 8- 13 BP3-I DST

(T (13) » 11 MeV-fflb
o
da/dn = a + b sii^9

b/a 2.1 ± 1.0

3.9 0.8

B = 11.7 MeV
m

12.9 MeV

Fig. 2. The photoneutron cross-section for »Si using

a bin width of 0.5 MeV.

Fig. 3. Angular distributions of photoneutrons from
>*Si irradiated with bremsstrahiung ^«ctra of 11.7

and 12.9 MeV maximum energies.
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S. W. Brain, A. Johnston, W. A. Gillespie, E
R. P, Singhal

J, Phys. G 3, 681 (1977)

W. Lees and
EL CM. SYM.

Si 29 14

REF. NO.

REMARKS: Inelastic form factor plotted for all levels
77 Br 10 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVRC range TYPE range

E,E/ LFT 1- 9 D 63-117 MAG-D DST

13 STATES
Abstract The excited states of up to 8-3 MeV excitation energy have been studied

by inelastic electron scattering in the momentum transfer range 0-4 to 105 fm*'. Ground-
state transition probabilities and transition radii uere obtained for the levels excited.

At lower excitatio.-; energies our transition probabilities agree with previous work. A
number of high excitation and high-multipolarity Icxels are studied for the first time,

and several previously tentative spin-parity assignments are confirmed. Transition proba-

bilities for L = 2, 3 and 4 are compared with die predictions of the inte.-mediate coupling

model, and the Nilsson and shell models.

I

Figure 2. Inelastic form faaors for the ^’Si E2 transitions at 1-27 MeV (V), 203 MeV
(A) and 2-43 MeV (O). The full curves are the best-fit dwba form factors.

Figure 7. cwba fits to the form factor data for the 7-91 MeV ( ^ E2; E3),

813 MeV ( , E2) and 8-27 MeV ( E3; , E2) levels. over
foam NBS>41t
lACV. 7-14>e4l

USCOMM-NSS-OC PHOTONUCLEAR DATA SHEET 421
U.$. OC^ARTMENTOr COMMERCE

NATIONAL. aURCAUOr STANOARCS



Table S. Results for the present analysis of ^’Si using the Tassie model

£.(MeV) r Transition c„ (fm) £»(fm) R„ (fm)

B(XL,cjT«

(e^fm-'-) G„(Wu)«f

1-276 E2 2-979 2-23J 4-35 42 ± 10 3-9 ± 0.9

2022 r E2 2-841 2-23J 4-26 148 ± 21 9-1 ± 1-3

2418 r E2 2-844 2-23J 4-27 71 ± 11 6-6 ± 10
3-627 r E3 2968 2-23t 4-94 680 ±90 >3 ±0-4
4-107

74.
T E4 2-85{ 2-39{ 5-97 (7 ± 4) X 10’ 3-6 ± 20

4-90 t

5-280
74.

T E4 2-85J 2-39t 5-97 (2-1 ± 0-8) X 10* 10±0-5
6-514 mr E2 2-230 2-23J 390 11 ± 2

7019 Hi)- E3 2-427 2-m 4-71 (1-2 ±0-2) X 10’

7-621 Hi)- E3 2-818 2-23t 4-87 (1-8 ± 0-2) X 10’

7905 (ii)* E2 2-841t 2-23J 4-26 50
E3 2-968J 2-23{ 4-94 2-8 X 10’

8-132 Hii)* E2 2-841t 2-23J 4-26 3-3

8-272 Hi)- E2 2-841J 2-23J 4-26 40
E3 2-9681 2-23t 4-94 30 X 10’

t See table 6 and text

t This parameter was fixed during fitting.

§ S(XZ.,a>T) (X E or M) is the reduced transition probability for acitadon from the ground state to

the level of spin L.

*"The collectivity of the levels are given in Weisskopf units as defined in Wilkinson (19601

Wilkinson D.H. 1960 Nuclear Spectroscopy (New York: Academic)

part B 852-89
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ner S. Joly, G. Grenier, J. Voignier, J.W. Boldeman
Nucl. Phys. A334, 269 (1980)

EL EM. STM. A z

Si 29 14

REF. NO. 1

80 Jo 5 hg

METHOD

REACTION RESULT EXCITATION
ENERCY

SOURCE DETECTOR
ANGLE

TYPE NANCE TYPE nance

N,G LFT 9, 10 D 565*813 SCD-D 100

(9.34,9.28)

Y-Transitions assumes El for the angular distribution effect. *ENERGY IN KEV

Absiract: Gamma-ray specira from the neutron capture by natural silicon have been measured with
GylLi) and Nal detectors for neutron resonances at 565 and SI 3 kcV. Absolute partial and total

^

radiative w idths have been obtained and compared with prev lous results and with recent valence and
shell-model calculations.

g
NUCLEAR REACTIONS ‘*Si(n, /). E = 565. 813 keV; measured <t(£, E ). deduced

r^. r . Natural target.

Table 3

Ground-state radiative widths

Resonance
Weighted

energy
mean

(keV) Ge(Li) exp. (eV) Nal exp. (eV) (eV)

565 0.70+0.25 0.55±0.I5 0.60+0.15
813 2.40 ±0.65 2.10+0.50 2.20 ±0.40

FORM NSS-4U
IHCV. 7-I4-S4I

USCOMM-NSS-OC PHOTCNUCLEAR DATA SHEET 423
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K.E. Whitner, C.F. Williamson, 8.E. Norum, S.
Phys. Rev. 374 (1980)

METHOD

Kowalski EL EM. $YM.

Si

REE. NO.

29 14

80 Wh 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC NANOC Ty^c AANoe

E.E/ FMF 1,4 D 126-293 MAG-D DST

Natural Silicon Target 4 STATES 1.27-4.08

Electron scattering from ^*Si and '"Si has been perfonncd at energies front 126 to 293 MeV and at angles

of 45* and 90*. Form factors were extracted for levels below 5.0 MeV in ''Si and "’Si over an eiTective

ntomentum transfer range of 0.6 to 2.1 fm"‘. A particle-phonon coupling calculation using harmonic-
oscillator single-particle states and data from ’Si give a reasonable dcscnptton of the low-lying states of

21UCLEAR REACTIONS ‘*Si («,£') first 2 excited states; **3i(e,e') first 5 ex-
cited states; measured form factors 45* and 90*. 0.6« 2.1 £tn‘‘; natural Si

target; PtVBA analysis, vibrating core and intermediate coupling far ^^Sl.

TABLE Vn. Eleotioa scattering squared form factors for levels In ’*St.

Run

r
(fm"‘)

(1.27 MoV)
lf-|J A

xiO'* %

r
<fm“‘)

(2.03 MeV)

iFl* ±

xi0"‘ %

r
<ittt

tfm-*)

(2.43 MeV)

IFI* *

xi0"‘ %

i* (4.08 MeV)

der *

(fra'*) xio'* %

1 0.598 113 38

2 0.698 130 75 0.697 294 13 0.696 169 18.4

3 0.794 129 55 0.792 331 8.8 0.791 147 15.1

4 0.892 81.8 36 0.890 355 5.9 0.8S0 123 11.7

5 0.946 84.7 21 0.943 304 5.8 0.942 138 9.1

6 0.996 82.1 24 0.995 331 6.0 0.994 120 9.7

7 1.046 64.8 13.3 1.044 252 5.9 1.041 124 7.2

3 1.151 48.6 10.0 1.149 181 6.4 1.148 83.1 8.4

9 1.198 37.3 10.3 1.195 137 5-2 1.193 73.0 6.2

10 1.229 29.1 5.0 1.226 122 6,7 1.225 67.5 7.8 1.219 2.42 62

11 1.261 24.3 6.2 1.258 108 4.4 1.257 61.4 4.8 1.251 2.33 66

12 1.299 20.1 lO.S 1.296 97.2 6.9 1.295 44.3 8.9

13 1.356 13.0 5.6 1.352 64.2 5.3 1.351 37.5 5.7 1.346 4.05 25

14 1.408 8.63 25 1.406 46.9 10.3 1.403 23.9 10.5 1.397 6.29 25

15 1.464 15.5 10.8 1.458 S.89 16.5

16 1.536 10.7 12.5 1.535 7.60 11.5 1.530 5.51 10.2

17 1.595 0.96 121 1.590 1.88 61 1.584 7.07 14.8

18 1.673 0.28 179 1.670 1.10 49 1.663 5.07 9.9

19 1.736 5.32 12.9

20 1.831 1.72 49 1.829 2.98 18.7 1.827 1.94 36 1.821 4.95 15.5

21 1.931 3.36 41 1.923 3.43 15.3

22 2.034 2.11 11.0 2.031 4.39 15.8 2.029 2.41 17.2 2.024 3.00 11.6

'23 2.129 2.63 10.6 2.126 4.8S 17.5 2.125 . 2.68 16.3 2.119 2.18 14.1

24

* Tba squared form factor entries shonld be multiplied by the indicated factor.

^ Percentage errors are statlsttcal only.

(over)
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IF

FI

FIG. S. Squared form factors for electron scatterlog from the low-lylog levels In ^*S1. (a) i*(1.27 MeV) level, (b)

I* (2.03 MeV) level, (c) 1*(2.43 MeV) level, (d) |* (3 .07 MeV) level. (e)-J* (4 .08 MeV) level. The present data are shown
as solid circles and the data of Kef. 17 are shown as solid triangles. Also shown are theoretical corves calculated

from the three sets of eigenvectors as described In text.



«er. R.E. Pywell , B.L. Berman, P. Kean, M.N. Thompson
Nucl. Phys. A369, 141 (1981)

eUCM. SYM.

Si 29 14

METMOO RCI'. NO.

81 Py 2 hg

REACTiON RESULT EXCITATION
ENERGY

SOURCE DETECTOR

S,XN ABX 8-29 8-29 BF3-I 4PI

(8.5-29)

G,N ABX 8-16 8-16 BF3-I 4PI

Abstract: The phoioncutron cross section of **Si has been measured over the energy range 8 to 28 MeV
using the bremsstrahlung yield curve technique. The giant dipole resonance is observed to be

centered at 21.2 MeV and is 5.5 MeV wide, in addition, a pygmy resonance containing much Tine

structure is observed below 1 7 MeV. An attempt is made to interpret these observations in terms of

the weak coupling of the e.xtra neutron to a '“Si core. However, detailed comparisons of the

structure and relative .strengths of the *®Si and ’’Si cross sections reveal that the coupling of

the c.vtra-core nucleon is large and significantly modifies the core wave function.

NUCLEAR RE.ACTIONS "’Sily. vn). £ s: 8-28 MeV, enriched sample; measured 4it

neutron yield with bremsstrahlung. Deduced <rf£). observed GOR and pygmy resonance.

EXCITATION ENERGY (MeV)

Fig. I. The cross section *’Si(7. sn). obtained from the yield curve tneasared in l(X> keV iniervals. Error

bars ate suiisiical only. There is an unccnainty no greater than 10 % in the absolute magnitude of the

cross section. Horizonul bars indicate the width of the imenrai used in data analysis.

7 9 11 13 15 17

EXCITATION ENERGY (MaVI

Fig. 2. The cross section for ‘’SKy. n). obuined from the yield curve neaswed in 50 keV intervals. Error

bars are statistical only. There is an uncertainty no greater than 10*. in the absolute magnitude of the

cross section. Horizontal bars indicate the width of the interval used in data analysis

roNM Mas-4M
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REF.
L. Meyer-Schutzmeister, Z. Vager, R. E.

Nucl. Phys. A108 . 180 (1968)

METHOD

Segel and P. P, Singh
EL EM. SYM.

Si 30 14

REF. NO.

[page 1 of 2] 68 Me 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.A ABX 1Z.-22 0 1^-1 >—

•

NAI-D 10-22 DST

T5S +

EXCITATION ENERGY IN *®Si ( MtV)

Fig. 5. The absolute cross section for the reaction =‘Mg(a,/,)”Si plotted as a function of the energy
of the incident alpha. The data were taken in 100 keV steps. As in fig. 3, the angular distribution irwd

was of the sin* 0 form typical of an electric-dipole transitioa.

EXCITATION ENERGY IN ’^Si (MeV)

15.0 16.0 170 18.0

Fig, 6. Same as fig. 5 except that the measurements were taken in 30 keV steps instead of 100 ksV
and extend only from 5.0 to >.7 MeV.
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REF.

L. I4eyer-Schutzmeister. Z. Vager, R. E. Segel and P. P. Singh
Nucl. Phys, a108 , 180 (1968)

ELEM. SYM.

Si 30 14

METHOD

[Page 2 of 2]

REF. NO.

68 Me 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table 1

The averaged absolute cross sections 0(0,7,) and 0(0,7,) for the reactions **Mg(o,7,), *‘Mg(o,7,),
“Mg(o,7,) and “Si(a,7,)

“Mf(o,7)«Si “Mg(«.y,)"Si «*Si(o,y,)“S

(MeV)
<r(<x,7,)

(A«b)

^(aLyi)

(/ib) (MeV)
<t(aLy.)

(Mb)

JEx
(MeV)

<?(«.*/•)

(Mb)

14.63-16.63 8.3 5.0 14.1-16.1 6.1 13.1-15.3 1.7

16.63-18.63 12.9 6.1 16.1-18.1 9.7 13.3-17.3 2.2

18.63-20.63 11.0 8.6 18.1-20.1 4.6

20.65-22.65 2.1 5.6 20.1-2Z1 1.0

14.63-22.63 8.6 6.3 14.1-22.1 3.3 13.1-17.3 1.9

The cross sections in the first four rows were obtained from the data in figs. 3-6 and 13 by averaging

over the indicated « 2 MeV ranges of excitation energy Ex in the product nucleus C*Si, **Si or ”S).

The last line gives the average for the entire energy range that was studied.

-

Table 3

The cross sections 0(7, a,) for the a-decay of the nuclei **Si, **Si and **S

Target

nucleid*

AE
(MeV)

a(y, «,)

(mb)
<^y. P«)

(mb)
a(r, a.) /(««)/y*(p»)

afy. Pt) f — 1 f 3

"Si 16.63-18.65 1.01 6.2 0.16 0.35 0.12

18.65-20.65 0.94^ 11.7 0.080 0.095 0.041

20.65-22.65 0.22 9.6 0.023 0.019 0.011

16.63-22.63 0.72 9.2 0.08

“SI 14.r -16.1 0.43

16.1 -18.1 0.69

18.1 -20.1 0J5
18.1 -20.1 0.35

20.1 -22.1 0.08

14.r -22.1 0.38

"S 13.1 -15.5 0.20 1.7 0.12

15.5 -17.3

17.5 -19.5 \

0.27 2.1 0.13

3.0

13.1 -17.3 0.23 1.9 0.12

j

The averages were taken over mi 2 MeV wide energy regions J£ and over the total studied energy

I

region of the giant dipole resonance. These cross sections were obtained by detailed balance from the

I a>capture in **Mg, ®*Mg and **Si. For comparison, the average cross sections 0(7, p,) over the same
i energy regions for the reactions ’*Si(y, p,)”AJ and “S(y, p,)’-P are also presented. These likewise

were obtained by detailed balance from the inverse reactions as measured by Singh er a/. *) and by
Deamaley er a/. '). For the calculation, we assumed an isotropic angular distribution for the ‘*Si^,p,)

reaction, a sin* 9 distributkm for ‘*S(y, p«). In addition, the ratios 0(7, ci^)la(y, p,) are given for both
*’Si and and also the calculated reduced width 7*(e,)/7^(p,) for an orbital-angular-momentum

; transfer of / »• 1 and of / 3 in the decay of **SL
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Y. Oka, T. Kato, K. Nomura, T. Saito. Hui-Tuh Tsai
Bull. Chem. Soc. Japan 380 (I968 ;

ELEM. SYM.

Si

REF. NO.

30 14

68 Ok 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE X DETECTOR
ANGLE

TYPE RANGE TYPE range

G,P ABY THR- 20 C 20 ACT-

I

4PI

l Ani.t I. .Summary of data on (r, p) REAcnom with 20 MeV BuiomiAHLUNO

Nuclide

Parrni

(Natural
abundance. %)

Residual
(HalMife)

(MeV)

Observed
- ~ V

Energy Branching Type of
(MeV) ratio (%f muitipole

transition

Yield determined

pCi/mg»>

=’Mg (10.11) •Na (I5hr) 12.06 1.37 100 El 1.48x10-' 1.7x10*
«Si (4.71) '•’Al (2.27 min) 12.33 1.78 100 El 1.91 2.8x 10*

>»Si (3.12) «Al (6.56 min) 13.59 1.28 93.8 El+MX 6.51x10-' 1.5x 10*

»Ca (2.06) (22.4 hr) 12.17 0.374 85 El+Ml 7.86x10-* 1.3x 10*

•’ri (7.32) '•Sc (84.1 d) 10.47 0.887 100 El 7.11x10-* 3.1x10*
"Ti (73.99) ‘»Sc (3.4d) 11.44 0.160 100 El-trMX 6.83x10-* 1.2x10*
**Ti (5.46) »Sc (1.8d) 11.35 1.31 100 El 4.40x10-* 5.8x10*
»>Cr (9.55) «V (3.8 min). 11.15 1.43 100 El 5.01x10-' 6.6x10*
»’Fe (2.17) '«Mn (2.58 hr) 10.57 1.81 23.5 El+Atl 8.10x10-* 2.1x10*
’«Ge (36.74) ’>Ga (4.8 hr) 10.92 0.295 97 (£2) 3.70X 10-' 1.3x10*
”Se (7.58) ’•As (26.5 hr) 9.61 0.559 41 El 1.48x10-* 1.3x10*
*’Sr (7.02) ••Rb (I9d) 9.41 1.08 9 El 5.15x10-* 9.9x10*
u'Cd (12.26) K»Ag (3.2 hr) 9.74 1.39 35 El 1.91x10-* 2.1x10*
"»Sn (7.57) "•'In (54 min) 9.58 1.27 84 El 9.80x10-* 6.9X10*
»Ba (11.32) u«Cs (I3d) 8.67 0.830 100 El 1.68x10-* 2.2x10*
>**Hg (16.84) i»»Au (2.7d) 7.27 0.412 100 El 8.43 X 10-* 2.2x 10*

Yield/mol -R

a) The value corrected at the end of I hr irradiation (9.4 x 10* R/min).

Fig. 2. The yield curve for the (r,p) reaction

with 20 MeV bremsstrahlung.
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B, Friberg, G. Anders son, and B.

Nucl. Phys. A171, 551 (1971)

METHOD

Forkman

Si

REF. NO.

30 14

71 Fr 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.P ABX 14-800 C 100-800 ACT -I 4PI

' R, meson •*C, meson*

Fig. 2. Absolute yields for the reactions ^“Si(><, p)**Al and ’*P(y, n)^®P. Solid lines same as for fig. 1.
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J. P. Russell, W. E. Taylor, F. E. Dunnam and H. A. Van Rlnsvelt
Nucl. Phys. A187 , 449 (1972)

ELEM. SYM. A

Si 30 14

METHOD REF. NO.

7 2 Ru 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYRE RANGE TYPE RANGE

A.G ABY 13-14 D 3-4 NAI-D Dsr

Tabu 2

J- PI, LET

Resonance

number*)
£^(MeV) E. (MeV) Observed

h« («.y)

Observed

in ((x,e)

/' r,
(keV)*)

(2/+I) r_(eV)*)
r.r„(eV)

~T~

9 3.283 13.495 X I- 0.75
l« 3.612 13.778 X 0* 14.0

IS 3.709 13.862 X y 1- 1.5 0.1 *) 0.4
19 3.750 13.903 X (I-) 0.3

23 3.880 14.012 X 0* 8.0
24 3.981 14.102 X X I* t.O 1.0*) 6.1

4.091 14.197 X 0* 3.0

28 4.160 14.258 X (2*) 0.3
29 4.231 14.317 X X I- 2.0 2.1*) 8.3

*} The resonmncs niunben correspond to the nnmbers of table I, except for the resonance at
4.091 MeV which has not been identiiled in the («, n) data.

*) The error is estimated to be ±40
*) The eahies shewn for r. an the rcsolts from the mnlti>ieTelfflalti-cbaiiaeiil-aiatrticaieuiaCioa.

The error is of the order of ±30
*) The total widtha naed in the cornpntmlon of the radiatne wMtha/^ an shown in table 1. It

wes also asanead that » 0.

26Mg(a.y)3°Si

GROUND STATE TRANSITION ANGULAR DISTRIBUTIONS

I

i

!

i

Ea-3.709MeV 3981 MeV Ea*4.231MeV

Fig. 3. Ground state transition angular distributions measured at the three **Mg(*,y)’°Si restv

nances. The solid lines represent the theoretical angular distributions for a 1
~ resonance spin. The

solid angie attenuation has been taken into account: Qx — 0.79 for the 3.709 MeV resonance and

Qx » 0.87 for the two remaining resonances.
(over)
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F««. 1. Excitation functions for the reactions “Mg(«,n)*’Si and '•Mg(«,j»)»«Si. The weak 3.709
MeV resonance in '•M|(*,y)*»Si was measured with a 33 keV thick Urget and for a charge of

1 000 ttC accumuialcd at each energy: the results are shown in the insert.

Tana 3

Kadiatha sttengths of El radiation ohsereed in '*Si and **Si: resonance energies, excitation

anergisa, laaonance stieagllis for the groond state transition, radiative strengths in Weisskopf attio

£;(MeV) A (MeV)
(2/+I) ^^(eV)

|M|*xl0»

l.3»«) 11.296

‘•Si

0.08 0.03 *)

1.964*) 11.670 0.02 0.006 •)

2.366*) 12.183 0.03 0.01 *)

3.311*) 12.830 0.3 0.07 •)

3.304*) 1Z989 0.3 0.07 •)

3.709 13.862

**Si

0.1 0.2 *)

3.9SI 14.102 1.0 3.3 *)

4.231 14.317 24 4.4 •)

*) Results from Smuiders snd Endt '*).

*) Resohs from Weinman *t mL **).

*) The radiative srMths nsed in the caJeniatioa of the radiative sttengifas |M|* were extracted

fteea the lesoneaee atreaftha aasaming Fy and F, < F^,
*) Tie mdialhn wMdM^r^ aaad hare era shown in table 2.

14
P. J. M. Sbulders & P.M, Endt, Physica 28
(1962) 1093

22
J.A, Weinman et al. , Phys. Rev. 133 (1964)
E590



CROSS

SECTION

/EQ.

QUANTUM

(tnbl

ntw.

method

B. Billow, B. Johnsson and M. NUsson
Z. Physik A282, 261 (1977)

EL EM. STM. A

Si 30 14

HEF. NO.

77 Bu 11 egf

REACTION RESULT EXCITATION SOURCE DETECTOR
ANGLE ,

»
ENEROY TVPC RANOK TYPE RANCe

G.P ABX 13-800 C 75-800 ACT-

1

4PT

The yields of (y,p) reactions on ^°Si, «®Zn and ‘^°Te have been measured as a function of
the bremsstrahlung end-point energy, „„„ in the energy range 75-800 MeV, using the
activation method. Cross sections have been deduced and are compared to results
obtained using a serai-empirical model.

Fit. t* Measured 3deids for the (7.;^ reactione ia **Zn and

‘^'Te. The solid lines are the fined yields due to the gianC

resonance and quasideuteron cross sections

Fit. ^ curves show the smoothed cross sections arising

from photoproduction of mesons and the hatched areas indicate

the estimated errors. -h sings are values calculated using the semi-

empirical formalism

U.S. DEPARTMENT OF COMMERCE
NATIONAL SURKALOF STANDARDSFORM N3S-41t

IRCV. 7.I4.A4I

USCOMM-NSS-OC PHOTONUCLEAR DATA SHEET 436



B. Bulow, B. Johnsson and M. Nilsson; Z Physik A285 , 323 (1978) ELEM. SYM.

Si 30 14

REF. NO.

78 Bu 9 RS

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,2P ABY 24-640 C 75-640 ACT-

1

4PI

The yields of the (y,2p) reaction on ^°Si and of the (y,2p). [y,2pn), {y,3p) and (-/,3pn)

reactions on have been measured as a function of the maximum bremsstrahlung

energy in the range 75-640 MeV. The cross sections have been deduced and are

compared to Mome-Cario calculations. The magnitude of the cross sections in the energy

range above the threshold for the photoproduction of mesons is also discussed using a

simple analytical approach.

Fig. 1. The filled circles show measured yields as a ftacuoa of the
maximum bremsstrahlung energy. The meaning of the solid lines,

the hatched areas and the plus signs is given in the terr

7»Wel Reaaion thresholds. GR and QD nortnalizationfactors and
«lculaied mean cross sections for the dilferem reactions

Heaction Thresh-

old

(MeV)

Nor-

mali-

zation-

factor

(200-640 MeV)
GR and QD
reference

24.0 0.67 713 ± 3.9 [12]
^lv.2p) 20.J 0.98 88.3 ± 7.8 [U]

•V.2pn) 30J 1.3 197. ±19 [11]
(V.3p) 31.3 12 3.1 ± 1.0 [12]
b. 3pn) 39.8 t.O 4l.6± 1.8

form N3S>418
(REV. 7>1 4-«4}
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REF G. Odgers, B.L. Bennan, R.E. Pywell, M.N. Thompson
Nucl. Phys. A388, 445 (1982)

CL CM. SYM.

Si

RCF. NO.

30 14

HKACTION

On
ReSUUT

EXCITATION
ENERGY

ABX 10-28

TYPE

SOURCE

RANeX

10-28

Abstract: The photoneutron cross section for ^Si has been measured over the energy range 10 to

28 MeV using the bremsstrahlung-yiekl-curve technique. The cross section is observed to be highly

fragmented, consistent with systematic trends observed in other Hght nociet consisting of two

neutrons outside a self-conjugate core.

NUCLEAR REACTIONS ^°Si(y, in), £ — 10-28 MeV bremsstrahlung; measured

neutron yield; deduced <r(£). ^°St deduced CDR fragmentation.

Fig. 1. Low-energy region of the “Sit'y, n) cross section determined from a yield measurement taken

at 50keV intervals. The vertical bars indicate sutistical uncertainty and the horuoniai lines give a

measure of the resolutioo.

Fg. 2. The ’°Si(y,in) cross section. No correction has been made for double counting from the (y, 2n)

reaction. The vertical bars indicate statistical uncertainty and the horizontal lines give a measure of the

resolution.

2) A. Veyssicre, H. Beil, R. Bergere, P. Carlos, A. Lepretre and A. de Miniac, Nud. Phys. A227
(1974)513

8) R.E. Pywell, B.L. Bennan, P. Kean and M.N. Thompson, Nud. Phys. A369 (1981) 141
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82 Od 1 egf

DETECTOR

BF3-I 4PI

Table 1

Resonances observed in the reaction ’°Si(y, in)

Energy

(MeV)
Peak height

(mb)

FWHM
(MeV)

10.8 1 0.15

11.6 2 0.4

12.4 4 0.3

13.1 8 0.4

13.8 12 0.5

14.6 8 0.5

15.8 14 0.8

17.5

18.9

21.0

22.3

(24.2)

The widths and heights are values obtained

from a fit of lorenizians to the high-resoiulion

data.
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p

A=29

i

PHOSPHOROUS

Z=15
The name phosphorous, derived from the Greek phos + phoros meaning "light
bearing", indicates its properties of glowing in the dark when exposed to

air

.

Raimondo di Sangro (1710-1771) mentioned the "perpetual lamps" of Saint
Augustine (354-430) which were found in the sepulchers of the early
Christians. Di Sangro believed that these lamps contained phosphorous.
Paracelsus (1493-1541) had a recipe for "the separation of the element
from watery substances". He obtained "icicles which are the elements of
fire" apparently from the distillation of urine. This probably was
elemental phosphorous.

Most authorities attribute the discovery of phosphorous to Hennig Brand of

Hamburg who used the residue from evaporated urine as the source of the

element. No one knows what led this zealous alchemist to hope, that in

human urine, he might find a liquid that might change silver into gold,

but it is well known that his odd experiments, produced both startling and

strangely beautiful results. Mews of the discovery spread across Germany
but Brand kept his process secret at least for awhile.

Its history at this point is sprinkled with deceit and intrigue. Many
alchemists sought the philosopher's stone and it was thought that such an

unusual material as phosphorous might lead to this stone. Von Leibniz

(1646-1716), the famous German mathematician and scientist, was personally
acquainted with Brand and wrote a detailed account of the discovery of

phosphorous as well as a biographical sketch of the people involved. It

is interesting that an element so difficult to isolate should have been

discovered through the unguided fumbling of an alchemist.

P

A=29

439 P
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K.J. Van Oostrum, N. Hazewindus, A.H. Wapstra, J.W. Olness,

J.L. Parker
Nuclear Phys. 2^, 1+09 (I96I)

Elem. Sym.

P

Ref. No.

61 Va 3

29 15

Method

2.5 MeV VandeGraaff; Nal
JHH

Reaction E or A E
S"

dE J rr Notes

(p,t) 0.5-2.

5

0.571

1.65

2.09

= (ev)

>0.8x10"^

l.85±0.ii-0

0.ii-3±0.08

5/2"

3/2‘

1/2'

E = 5.09 MeV (very weak; mostly by
y.

E =4.3^ MeV

E = 4.76 MeV
yr\

cascade)

dlfn

i 1

]>40%

I <40‘V»S«k

<

”5 oretortf. 14 n«itrw« 14 pfQtor>«. IS h«utw* IS prgtor*. '6

Le««f aclMBO o< tliree socks wnb thvodd psrbckm Nilaos orbit 9(t|j ia the (Tosad nsU.
For each kvel tb« ezutetSoa eocrfv >» viveo oa me left ude oi the The rpio, psnty uid^ Niknc orhrtrOTmb» ci« peea oo tbe nc&t tsle. The tsUOw* iBtaaos ol cbe tna-

mSna ar« tadkawd by tb* vanow Uaa tbicfeaa^K
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REF.

D,H. Youngblood, G.C. Morrison and R.E.
Phys, Letters 22

^ 625 (1966)

METHOD

Segel
EL EM. SYM.

P

REF. NO.

29

z

15

1

Van de Graaff; 3Ssi(p,y)39p 66 Yo 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

P.G SPC 8 - 9 D 5-6 ACT 4P1

The lowest T =-1 state in is at E
P

5.833 ± 0.010 MeV

^total

Fig. 1. Excitation curve for the-reaction 28si(p, y)29p
measured with a thin (~ 100 /ig/cm2) target. The inset
shows the excitation curve over the 5.83 MeV resonance

^

with a thick (~ 250 ng/cm2) target.
j

i

i

i

i

i
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REF. M. Riihonen, J. Keinonen, A. AnttiTa
Nucl. Phys. A313 , 251 (1979)

ELEM. SYM.

29 15

REF. NO.

79 Ri 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE range

P,G NOX 3-5 D 0-2 SCD-D DST

(3.11-4.76) (.37-2.09)

,\bs»ract; The absolute resonance strengths of the reactions have been studied. New STELLAR REACTION RATE
values for the frequently used standard resonances at = 370, 416 and 620 keV in the above
reactions, respectively, have been determined. In addition, the strengths of the ^®Si(p, y)^’P
resonances at = 1381, 1632 and 2088 keV and of the four dominant ^°Si(p. y)^‘P resonances at

£p = 499. 777, 942 and 983 keV have been determined. The branching ratios and angular
distributions ot the y-rays used in the determinations were obtained in the same experimental set-up

as the strength measurements. Using these revised resonance strengths, the astrophysical reaction
rates ol hydrogen burning of

*'*
^°Si in explosive carbon burning have been deduced. The reaction

rates found for hydrogen burning of '
^“Si in the stellar temperature region of T = (0.3-1 0) x 1

0’ K
are compared with Hauser-Feshbach calculations.

NUCLE.AR REACTIONS -“Si(p, y). E = 0.37, 1.38, 1.65. 2.09 MeV; -’Si<p. y).

^
MeV. ^“Shp,-/). £ = 0.50, 0.62. 0.78, 0.94, 0.98 MeV; measured <r(£^). /^(O).

2«-^o.3ip

resonances deduced y-branchings, resonance strengths. Ge(Li) detector. Natural and enriched

targets.

Fig. I. The results of angular distribution measurements of the standard resonances at E^ = 370, 416

and 620 keV in the ^"Silp, y)*'*” ^‘P reactions. In the case of the £^ = 620 keV resonance, the

experimental points are shown without eccentricity or absorption corrections. In other cases these

corrections have been made. The solid lines are the fitted curves of the form IV{U} = 1 -ra,P,{coiU)

+ a^P^(cos0).

(over)
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Table I

Summary of the angular distribution results for "? resonances and comparison with previous

values

Reaction
(MeV)

Transition

(MeV)

"1

present ') previous present *) previous

•”Si(p. ;•)='? 0.37 r - 1.95 0.52 + 0.02 0.372 ±0.036 "I -0.19±0.03 0.097 ±0.071 ”)

r - 1.38 -0.79 + 0.02 -0.809 ±0.041 ") -0.01 ±0.03 0.026 ±0.074 ")

1.38 0 -0.58 ±0.03 -0.568 ±0.0 17*’) -0.05±0.04 -0.0I7±0.03I ")

1.95-0 0.19 ±0.02 0.211 ±0.039 *) 0.1 3 ±0.03 0.1 20 ± 0.080”)

1.38 r - 1 .95 -0.83 ±0.03 -0.55 ±0.55 ‘) 0.14 ±0.05 0.01 ±0.07 ')

r - 1.38 0.67 ±0.02 0.51 ±0.09 ‘) -0.47 ±0.02 -0.25 ±0.09')

1.38-0 -0.61 ±0.03 -0.59 ±0.05 "I -0.03 ±0.04

1.95 - 0 0.41 ±0.02 0.44 ±0.07 ') -0.34 ±0.03 -0.30 ±0.07')

1.65 r - 0 -0.43 ±0.03 -0.53 ±0.04') -0.03 ±0.04

'•SKp, 7)"®P 0.42 r - 0.71 0.30 ±0.02 0.01 ±0.03

r - 0.68 -0.37+0.02 0.00 ±0.04

^"SKp.-.O^'P 0.50 r - 0 -0.49 ±0.03 -0.39 ±0.01 *) 0.00 ±0.02 -0.01 ±0.01 '’)

-0.41 ±0.02')

0.62 . r - 0 0 0

0.78 • r - 0 -0.40 ±0.02 -0.31 ±0.01 ') 0.01 ±0.04

0.94 . r - 0 -0.83 + 0.03 -0.72 ±0.02') 0.05 ±0.05

0.98 - r-0 -0.65 ±0.03 0.07 ±0.04

The £p and £, values are taken from ref.

*) The coefficients are corrected for finite solid angle of the Ge(Li) detector ^®). The correction due to the

finite size of the beam spot on the target is negligible and is considered to be included in the uncertainty of the

target-to-detector distance, 50+2 mm.
”) Ref. ’). ') Ref. *). '*) Ref. ’). ') Ref.

Table 2

Summary of the present strength measurements

Reaction
Transitions Branch- ^^'„=(55») ^l«b

(keV) (MeV) ing*)(%) eV/(10‘’ at/cm^) (eV)

*'Si(p. v)”P 370 r- 1.95 30±2 1.04 14.1 (5.5 +0.8) X 10--*

r- 1.38

1.38-0
70±2
70±2

1.00

1.01

(5.4 ±0.5)xl0-^
(5 6+04)xl0->

(5.6 ±0.4)x 10-’ (5.6±0.4)x 10

1.95-0 27 + 2 0.97 (5.7 ±0.8) xlO"’

1381 r- 1.95 51±1 0.97 6.8 (103 ± 8)xl0->

r- 1.38

1.38-0
46±1
49+1

1.09

I.OI

(84 ± 8)xl0-^
(92 + 81x10-^

(89 ±10)xl0-'
(92+.8)xl0

1.95 -0 51±1 1.07 (93 ± 9)x 10*^

1652 r-0 93±1 1.00 6.1 9.0 ±0.7

2088 r-0 91+2 1.19 5.1 0.95 ±0.1

4

”Si(p, v)^®P 416 r - 0.71

r - 0.68

33±1
57+1

1.00

1.00

13.3
1.04 + 0.10

0.99±0.15

”Si(p.v)^'P 499 r-0 52 '*) 1.00 12.1 0.33 ±0.05

620 r - 0 95±I 1.00 10.8 5.0 ±0,3

777 r-0 68 •) 1.00 9.5 1.2 ±0.2

942 r-0 66 *) 1.00 8.5 2.0 ±0.3

983 r - 0 70 *) 1.00 8.3 2.0 ±0.3

The £j and E, values are taken from ref.

*) All values given are relative to the value of 100 % for the total intensity for the decays of the resonance

state.

"} As deduced from the angular distribution data obtained in the present experimental geometry. Thus the

solid angle attenuation is taken into account experimentally. Error limits are within I %.
'
‘) Ref. •*). Error limits estimated to be +5 %.
“') Ref. ’). Error limits estimated to be ± 2 %.
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Ref. A.K. Val'ter, Yu. P. Antuf'ev, E.G. Kopanets, A.N. L'vov, P. Tsytko
Zhur. Eksp. i Teoret. Fiz, lMf-9 (I96I)
Soviet Phys. JETP lA, 1035 TT962)

Elem. Sym.

50 15

Method

if-- MeV Van de Graaff; Na I

Ref. No.

61 Va 2 JHH

Reaction E or A E
S"

dE J ^ Notes

(p,t) 1.33 6.8if-±.o8

1.97±.o8
0.68±.05

(For trans
itions to

ground
state, se

Table I

below.

)

2 +

0 +

Angular distribution of 6.8k MeV line
(Figure 2) fitted by least squares to

(lw(o) = 1 - (0.if-85±.015) cos^S.

FIG. 2. Expenmeotal an-

gular distribution of the y rays

for the y transition from the

6.847-Mev level to die ground
state of P" {see (1)].

£
U*

J*r

*.!}

L3i

'.37

US'

1
7 ;

't

n
/,

7

r

1

—I

—

1

1

1

1

1

1

1

1

!

1

1

1

-L.
I

'

_j
bJ#

Uli

3*9

FIG. 3. y-transition

scheme ia P** from the

6.847-Mev resonant level.

FIG. 1. Hard part of the y-ray spectrum for the resonance

at Eo =» 1330 kev in the reactioo Si* fp, vIP*.

FORM NBS-4I8
(8-1-83)
USCOMM-DC 10556-PS3

Tabu I.

No.
y lines observed
in the spectrum,

Uev

Level of P“
nucleus Soergy of y

trsnsition snd
reUUve
intensity*

i2Litl«l

—
final

1 6.84=0.08 6.847 0 6.847 ; 70%
2 4.30=0.08 8.847 1.97 4.877; 10%
3 3.90=0.08 6.847 2.94 3.907; 15%
4 3.50=0.08 4.18 0.684 3.496; 5%
S 2.70=0.08 6.347 4.18 2.667

6 2.25=0.08 2.34 0.684 2.256

7 1.97 = 0.08 1.97 0 1.97

8 1,65=0.08 4.18 2.54 1.64

9 , 1.45=0.08 2.94 1,45 1.49

10 0.68=0.05 0.684 0 0.684

•Th« sum oi all th* trassitlona trom tha resonant level is

takea to be lOO pe<<eeat.

u.s. department of commerce
NATIONAC BUREAU OF STANDARDS

PHOTONUCLEAR DATA SHEET 449



Yu.P.Antuf 'ev, A.K.Val'ter, A.N.L.'Vov, E .G .Kopanets, S.P.Tsytko

Zhur.Eksptl. i Teoret.Fiz. 4Z, 386 (1962);

Soviet Phys.JETPlS, 268 (1962)

Method

Nal(Tl)

Reaction E or AE E
0

r
S'’*"'

J

Si^^(p,7)P^

keV

° E =
P

1.3-1.55

keV

E =
P

1308

1330

1375

(1470)

1500

1+

2“^

1375 KeV

6.89±.08

1500 Kev

level

.

Elem. Sym.

P 30

Ref. No.

62An2

15

(ic-

Notes

resonance corresponds to

MeV level.

corresponds- to 7,01±.08

u.s. department of commerce
national bureau of STANCAFOSFORM NBS-418

(8-1-63)
USCOMM-OC te596>P63

PHOTONUCLEAR DATA SHEET 450



Ref. A.K, Val'ter, E.G. Kopanets, A.N. L'vov, S.P. Tsytke
Izv. Akad. Nauk SSSR, Ser. Fiz. 252 (I963 )

Method
Monochromatic protons; Nal

£lem. Sym.

30

kef. No.

63 Va 2

15

Reaction AE ad E J Notes

Si^^(p,7)P
;;o

1.308 6.8 1 +

I I I

to Si 12 12 12

TT

c:/'s
o.u.

i f

1
w

1
{(Z) 3

III:::

pJO

2" t

(z‘) 0

r 0
o' I

1' 0

Pile. 1 . iKi'CTKaH MacTbcacKTpa cootaeTCTBy-

Biuiii.'C ppaoiiaiicy l:W8 keV n peaKuim Si-’ {p, T)?’*.

I. B, C. r>. C. II — niiKii iio.iiioro nor.iomeHHa "r-iiy-

K'li J.TH Moiio.'cpoMaTiiMocKnx T-.iyaeii, no-Tyaenmie

iipii paMoa^eiuiH a3nepeHiioro caentpa

3ucpruu n iinrencusHOcni i^o:imiua«>iunx npu pAspiUKa pe^nsBaioro
ypouiia U.827 MeV

Pnc. 2. Cxeiia pacnaaa peao-
naiiciioro ypoanji c o'.Top-

rnoii ao.iuyiidcnita C.827 MeV
(E„ = io'jS koV). UiiqipaMii

OKO.ao crpe.aoK vKaaauK iiu-
|

TenciiBiiocTn 'f-Eepexoaou
j

MeV
OdoaHaxe*

mill (Ha
pitc. 1)

y&onim 1’*

uaia.ibiiud
1

V .si«v

KOMC'IHUU

“ OiiiTrnn -r-ne-

r'c\u.';a lUO

j
CXCMC T’lIC- -)

OianciiTa-
.~i>hah

'

siirrcacuB-
1 Ui>C7fc •

uovTb n ra
-••KT^P T-n<

r«xazi

6.3 - 0,03 -1 3,S27 0 6,.h27
1

10 .£3)

ii,l - 0,08 B s,.8a- 1 »
) , ii,S4 ' 6.14 34 Ml

.6,3 0,08 c 6.327 1 , 46 : .3,33 12 {CZi
•4.3 - 0,08 D 6,827 1 2 ,

.64 •4. 20 ! 12

3,0 - 0.08 G 6,^27 2.04 3,5.1
;

12

0.03 n 2,'.W i
0 ' 2,0-4 2

2,.v; -^0.05 0 2 .6-4 . 3
2,2.6 - 0,0.6 2,M ,

0,684 i 2 . 2G
;

10

1,4.6 0,0.6 - 1 A--i ' t)
.

1 4.6 12—9
1.10 0,03 - 2,.5i 1 . 1-6

:

i.oo i 0 1-2'.

0,684 - 0,05 — 0,65-4 1 0 1 0,6>4 ; o4 -i;;

r-nrpexoaoD c a-'inioro ’. e^ou^ucuoro

FORM N 35*413
( 8- 1 -63 ;

USCOMM-OC l 86e 6*P 63
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H. Ejiri, Y. Nakjima, K. Horie, S. Matsumoto and Y. Nogami
Nuc. Phys. 470-480 U964)

METHOD

Si^®(p,y)P^° Electrostatic accelerator; Nal

30

REF. NO.

64 Ej 1

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANOlTYPE RANGE TYPE RANGE

G N0X 7 D 1 NAI-D DST

Q = 5.57 ± 0.03 MeV J-PI . WIDTHS

Table 1

Excited Gamma ray De-excitation

state £^(MeV) Initial State-Final state (MeV) Reduced width /’^j(eV)
4 -

6.335 MeV 6.85 6.835-0 0.02 4-0.01
2
<u

;« = l+, r = 0 6.15 6.835-0.685 0.17 4-0.03 >
r, <4 keV (3.9) (6.835-2.94) (0.0 15 ±0.008) a

6.36 MeV 6.85 6.86 -0 0.22 ±0.04
r = 2±, r = 1 5.4 6.86 -1.45 0.05 ±0.015 2 -

r, = 6±2keV (6.15) (6.86 -0.7) (0.01 ±0.006)
Relative

THE “Si(p, y)*»P REACTION 475

1
-

£p
1.333
1.309 =!
a9585_,
0.9175=
0.730 =
Q698
0.415 =
0.326

asa
29,
SiTP

6.835 6.86

647 651

6?6 629

5.90 .599

294 3j02

2.72
284;

254

1.97

1.45

nfiS4 0.705

(ft

(f-

(.-

.101

2T

1 1
+ in

(i:
in
2r

3+

2*' 0

/>

255m

0 +

r 0

T

Fig. 10. Angular distribution of ganuMjays to lik

ground state at ^ 1.333 MeV resonance.

£|B- 1 1. Coefficients of tfae Legendre polynomial expansion of the aogti

distribution of gamma rays to the ^ound state at = 1-333 .MeV Tsona

.,4, and indicate the coefficient^ of8|(cos d) and Fjfcos d), resp^vel;

A and B renre^nt the calcgiate^ coefficient of 2'^-l+ transition for cha

spin 0 a^ Ij, respectively. Cand-^ are thoseof 2~-l* tran^on^for ljj‘ la;

respecdvely. Parameters on theJinM.ofA atnd B indicate the ratio of the ainoi

of E2Yransition to thatoT&fl' tran sition. Eapcriaieatal value and the error

represented as the inner part of the rm angle.

'Fig.. 5. Decay schemes of gamma ra^ from thei

1.3(i9TMeV'wid the f.SinvfeTreMnancM. (a) van

FORM NBS-41S
(REV. 7.I4-64)
USCOMM>OC 2S010-Pe4 PHOTONUCLEAR DATA SHEET 452
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,
G, I. Harris, A. K. Hyder, Jr,, and J. Walinga
Phys. Rev. 1^, U13 (1969)

ELEM. SYM. A

30 15

69 Ha 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G LET 6-8 D 0-2 SCD-D 0-7

J-PI

Tails L KMeoanca In tha SP*(>, t}F** raictioa for £,>300-1800 IceV. The resonance strengths (Z/+1) TyTf/r and the total

widths r are given. For comparisoo, resonances reported in Refs. 22 and 23 for SP*(^, ^)Si” are also listed. The (p, p) daU at 1505

recent work in this laboratorr, to be published ebewbere (Ref. 17).

E,
(MV)

&(!-)
(keV)

SF(/,t)P-
S

(eV)

r
(MV)

E,
(MV)

SF(/,/)Si*

r
(MV)

'327 S.913 0.077^:0.015 ^3
416 3.999 O.TOdsO.lO ^5
696 6.272 0.87:^. 17 ^4
731 6.304 0.44^.09 ^3
917 6.483 0.40:^0.08 ^4
9S8 6.323 0.19d:0.04 ^2
mi 6.671 0.21±0.04 ^2
1302 6.856 1.4d:0.3 ^2
1324 6.877 0.36^0.07 ^2
1327 6.880 2.4i:0.5 S.7:fcl.O 1331 6 r
1374 6.925 4.0±0.S 7.1±0.7 1377 7 1-

1470 7.018 0.73:d;d).15 ^4 1470 ^4* 1-2-

1502 7.0« (weak)

ISOS 7.052 5.0d:1.0 ^3 1505^ 0.037 4-

1643 7.185 14:1:3 17.2^.0 1648 16 1-

1664 7.206 0.S3:±0.16 ^1.3
1669 7.210 0.591:0.12 ^3
1686 7.227 11±2 5.91:0.7 1686 7 1-2-

1746 7.285 2.21:0.5 ^1.5
1749 7.288 5.2±1.0 ^2
1773 7.311 0.871:0.17 ^1.5
1773 7.313 l.llD.2 ^1.5
1792 7.330 cs2.0 1796 20 1-

1967 £S 1+

* ?nUmlawv aastvsb 0> |) data nluaiaad ia tUa labaraloty ihoai taparata value* od T. dctcnniaexi is «la*tlc>«cattcriaa mmaarcaieati, an
haV (Kef. 17). |iv*B la lie Appcadlz.

OxMat Witt aaartv Idmtkal aiewbir* «ttatatad tw 7W *V. Tbs

! over

Fcs^M NBS-418
(AEV. 7*1 4»«4I
USCOMMwOC 26010-Pd4 PHOTQNUCLEAR DATA SHEET 453
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REF.
B. Baslle
Ann. Phys. (Paris) 2, 267 (1957

EUEM. SYM.

31 15

! METHOO
i

I

REF. NO.

57 Ba 3 JOC

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.N ABY ll-U C 11-14 ACT-I API

BREAKS

Position des disco.ntinuites

DANS LA couRUE d'activatio.s ue ”P (85. 6)

Seuil (MeV) Energie des discoiUinailes (MeV)

i3,33±o,o5 12,58 ia.73 12,90 i 3 ,i 8 i 3,38

Ecart enlre les discontinuiles (keV)

25o 170 i5o 280 200

I--
£ncrgie en MeV dos

rates 12.33 12.5S 12.75 x2»go (>3.05) i3.‘8

J-(\V)(AV en keV.

barns 0,065 0,284 0.235 0.523 0,232 0,660

U.S. OK^ARTMENTOF COMMERCE
NATIOMAL BURSAuaF STANOAROt

PHOTONUCLEAR DATA SHEET 458

FORM N8S-418
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ELEM. SYM.

51 15

REF. NO.

58 Ch 2 Nn/B

i.G. Chidley, L. Katz, S. Kowalski
Can. J. Phys. 58 , 4-07 (1958)

Betatron

reaction result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPC RANGE

G,N RLY THR C THR BF3-I 4pi

See 58 Ka 1 for cross sections.
TABLE I

THRESH(^LD

Measured photoneutron thresholds

Measured Other Q values.

Reaction Q value, Mev. Mcv. Method Reference

P'Ky. n)P” 12. 50 3=0. 05
(12.45±0.08)

12.35 ±0.2 Threshold
12.4 ±0.2 Threshold
12.05 ±0.20 Threshold
12.40 ±0.08 Mass data

12. 391 ±0.030 Review

McElhinney et al. (1949)
Katz and Penfold (1951)
Sher et a!. (1951)
Wapstra (1055)
Mattauch et al. (1956)

TABLE II

Comparison of thresholds from mass data and from photoneutron reactions

Reaction
Photoneutron

threshold, Mev.
Mass data

threshold, Mev.
Difference,

Mev.

.\a“(7, «).Va“ 12. 47±0.05 12.417±0.014 —0.05 ±0.05

.M”(y. n).Al“ 12. OG±0.06 I3,.« ±0.06
P’‘(t. n)P” 12.48±0.05 '2 :;0 ±0.03 -u. 00 ±0.06
Co‘*(v, «)Co“ 10.44±0.05 10.40 ±0.01 -i-0.05±0 .05

Pr‘<‘(7, n)Pr“» 9.46±0.05 O c Ho -0. 16±0.08

^S-418
4 . ^41
"..C 260 l''-P 6 «

U.S. OEP AST;..^.sT r Cv.v.M .r.CE
N A r ION Al. t. O • -S T A. . L..* • . i

PHOTONUCLEAR DATA SHEET 459



Ref. J. Dular, G. Kernel, M. Kregar, M.V. Mihailovic, G. Pregl,

M. Rosina, C. ZupanSic

Nuclear Phys. JA, I 5 I (1959)

Elem. Sym.

51 15

Ref. No.

59 Du 1

I Method

j

Compton Spectrometer; 50 Betatron
EH

Reactioa E or AE S"
dE J fT Notes sal

Bremss,

28.9
30.3

Fi*. Nuclear absorption cross section for P.

U.S. DEPARTMENT OF COMMERCE
NATIONAU BUREAU OF STANDARDSFORM N8S*418

(8-1-S3)
USCOMM-OC laBS6*P63

PHOTONUCLEAR DATA SHEET 460



J. O'Connell, P. Dyal, J. Goldemberg
Phy«. Rev. 11^ 173 (1959)

£L£M. SYM. A

31 15

MCTHOO

Betatron

REF. NO.

59 oc 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,2P RLI THR-100 C THR-100 ACT-

1

il-PI

G,N2P RLI THR-100 C THR-100 ACT-I 4-PI

REL Td G.N

I

Tablx n. Relative integrated cross sections.

Element (t.»)

Poeition
of the
peak for

(t.») (y,2«)

Position
of the
peak for

(t.2«)

C“ 1 23 Mev 0.003 42 Mev
Nit 1 24Mev 0.007*
0« 1 22 Mev 0.002 40 Mev
F» 1 20 Mev 0.14 32 Mev
Na» 1 20 Mev O.OS 32 Mev
P« 1 20 Mev 0.06 (y,2p)

0.08 (r,2^)
45 Mev (y,2fi)
50 Mev (t.2^)

* '^he (r,"l inteirated cron section mj taken from refereaoe 4.

Fio. 1. The enerj^ dependence
of several pbotonuciear reactions.

The relative yield scales of dif*

ferent graphs are independent.

FORM N8S*41S
(RCV. 7*la.S4t
U3COMM.OC 2SOIO.P«4 PHOTOHUCLEAR DATA SHEET 461
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iW. E.c. Booth
Nuclear Phys, _1^, 426 (19^)

Elem. Sym.

51 15

Nicthod Van de Graaff; electron bremss.; Ring scatterer; Nal iilef. No.

60 Bo 5 JHH

Reaction E or AE ad E J Notes

(7,7) Bremss.

0 . 5
-2.2

1.26 5/2 Mean lifetime t/g:

= (5.4±1.5)10“^^ sec
[resonance scattering]

where g = (1+2I)/(1t2I^)

.

U.S. OEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

FORM NBS-418
( 8 - 1 -63 )

USCOMM-OC Ia569-P83

PHOTONUCLEAR DATA SHEET 462



K.N. Geller, J, Halpern, E.G. Muirhead
Phys. Rev. U8, 1302 (i960 )

C.I. &M. d t M.

51 15

Betatron; neutron threshold; Ion chamber
REF. NO.

60 Ge 3 N7B

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANCe TYPE range

G,N Njfe THR C THR ACT-I 1+PI

THRESHjifcD

Table L Summary and comparison of neutron separation energies inferred from present threshold measuremenU with values predicted
from mast data and reaction energies. Alt energies are expressed in the center-of-masa system in Mev.

Kmclhm No. runs I’rcscnt a-sults Other results Method Reference

5 ^ 12J91:t0.026 12.40 ±0.08 LSA c
12.591 ±0.030 LSA a
12.359±0.017 reaction cycle e
12.321±0.009 mass data g
12.50 ±0.05 threshold 7

• J. MattflucU, L. Waldmann. R. 3leri. and F. Everllnir. Annual RifUw 0/ SueUtr ScUnu (Annual Review*, Inc* Palo Alto, 1956), Vol. d, p. 179.
k U. W. Kavanngh and C. A. Qamea. Phyt. Rev. 112, 503 (1953).
• A. II. Wapstra. Phy«ica 21, 367 (1955).
< T. T. Scolman. K, S. Qulscnberry, and A. O. Nler, Phyt, Rev. 102, 1076 (1956).

• P. M. Van Patter and W. Whaling. Reva. Modem Phye. 26, 402 (1954); 29, 756 (1957).
f See reference 4.
• C. F. Giese and J. h. Benson, Phyt. Rev. 110, 712 (1958),

I

i

I

Fio. 6. Activation curve for phosphorus from 12.18 Mev to

12.66 Mev. Change in slope at 12.SS Mev is attributed to a level

in the (y^) cross section at 12.59 Mev of width about 80 kev.
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Ref. A.I* CnrtinwT, r.P* D«alMV, T.A« Kalutkhia

awr. Ik«9. 1 fmrmt. FIs. J8, 106i^ (i960)
8«vlM PUTS. JBf 7&3 ( 1^)

Elem. Sym.

P 51

ftef. No.

60 Go 2

15

Method

260 YU9 Syochrocroot ostxoatisot B etrs. **phocoo difforoiwo' JBl

Reaction E or A E
S"

dE J Notes

P^^(7,?)Na'
2^

50-260 Observed threshold 60 MeV indicates
substantial contribution from
emission of bound nucleans,

(Y, He^2pn). Probably some (y,

B

et).

Refers to "quasi-neutron mechanism."

-y 1

CJO cm*

FIG. 1. \ctive yields of the Al" - Co** - Mn**. and

P*‘ - Na"** reactions as a function of the peak btemsstrahlung

energy. The values of BxfE,) ate given by the continuous

curves, of 8,CE,)- by the dashed curves [the values of B,(E.) 4, EffeCtiVC CrOSS SBCtiOIl fof the P^‘ - Na^* rfiartinn
are given in arbitrary units!. icox-tiwu.
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T.G. Walker, W.T. Morton
Proc. Phys. Soc. ^4- (i960)

51 15

METHOD
Synchrotron; proton-neutron cross section; radioactivity

REF. NO.

60 Wa 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, 6p6n ABX O-2I+O C 2^0 ACT-

1

14-PI

“2T 2
a = (0.08±0.0i4-) 10 cm /equivalent quantum
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Ottavia Borello
Rev. Un.Mat. Argent. As. FI 8.Argent. 19. 251 (l96l)

C.L. =.M. d r

31 15

METHOD

6l Bo 3 EBF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

g,mu-t ABX 11-20 C 11-20 ACT-

1

Used activity to measure total attenuation.

Tabei.a t

Mtyia
Limiar
(Mev)

Enrr/fia tlo BClalron Encrijia Midia
Rrn^oft Material vida

(Mev)
pji put (Mev)

(Mov) (Mdv) pn Pr'«

(IV) Cu-( 7 ,
n) Cu** Cobre 10,1 10,0 11,4 11,8 11,0 11,2

(b) Fo“( 7,
n) Fo“ Forro 9,0 11,0 — 16,0 14,0

(c) 0"(7, n) 0" Acido
borico

a,i 18,0 17,0 10,5 10,0

(<1) C"(t, n) C" Polie*

tileno
20,5 1«,7 20,3 20,1 19,6 19,0

Tabela II — pn

Energia em Mev |i(cm cm*/g) 8 (cm m bam»)

11,0 0,0237 * 0,0003 1220 15
16,5 0,0235 :t 0,0002 1210 - 10
19,5 0,0250 * 0,0003 1287 i 15

Tabela III Pr’*’

Enerpia cm
Mev li(cw cm‘/g) a(>-m bnmji)

11,2 0,0435 * 0,0009 10,19 i 0,21
14,6 0,0481 i 0,0008 1],26 * 0,19
16,6 0,0505 S: 0,0008 11,83^:0,19
19,6 0,0560 0,0005 13.no i 0,12
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REF.

A. Busslere de Nercy
Ann. Phys. (Paris) Third Series 1379

METHOD

(1961)

ELEM. SYM.

REF. NO.

31

z

15

61 Bu 4 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

6 ,G ABX 15-30 G 32 NAI -D 140

•
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Ref. D, Sadeh
Phys. Rev. 855 (196I)

blem. Sym. A

51

Ref. No.

61 Sa 1

15

Method
Betatron; activation; Nal for annihilation radium from P^^posi-

trons.
egf/jh

E or A E
S’

d E J ^ Notes

(Y,n) 12- Ilf- "Breaks" shown in Figure 1 are
list in Table 1 .

Y thresh.'
12.33 ± O.Oh MeV.

Table I. The cncrg>* of the breaks in the I“‘f7-™)P*

compared to the results of other groups.

Schull* Celler rt td.** Bromlov ft jJ.*

±0,04 Mev ±0.05 Mev ±0.026 Mev ±0.007 Mev-*

12.23
12.41*12.37 12.33 12.39

12.+4

12.49

12.47 12.58 12.53 12.53*

12.56

12.63

12.M 12.66*

12.73

12.76

12.78 12.75 12.80*

12.83 12.‘X)

12.98

13.18 13.18

13.32 13,38

• merence 1.
I r--h-r«‘nce 7.

' rt-ierence 14.
' Ke<uit.'' eTtracu*<i irom Brotnicy'd graphs
* Mfong r?9unantrs.

Ref llf- Bromley et

Phys. Jl,
Ref 2 ; C

1
.G. Schull
cimento k

Ref 7 : Ghller et al, Phys. Rev.

118. 1502 (i960)

al. Can. J.

155 (1959).
Suppl. Nuovo
1162 (1956)

P*

Fij. /.
* yn

('7,71) rgg^t/On

p*

Tabu n. Thre^olds (in Mev) of the P**(-y,»)P* and
CP*(i',*)Cl** reactions compared to the results of other groups.

References P“(t,«)P* Cl»»(7,»)€!*•

Our results* 12.23 ±0.04 12.66±0.04
Schull'* 12.33 ±0.05 12.79±O.OS
Chidley «< of.’ 12.50 ±0.05
Wapstra (mass data)** 12.40 dbO.08 I2.71±0.12
Everiing (mass data)* 12.316±0.02 12.57:fcO.OA. f

* These resuJts are siven in the laboratory system. In the center-of-
system the results will not decrease more than 3 kev.

>> See reference 2.
' Can. J. Phys. 3«. 407 (1956).
Physica 21. 367 (1955).
Nuclear Phys. 15. 342 (1960).

Ref 2 Schull, Suppl. Nuovo cimento
ij. 1162 fiqs6
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Ref- K. Shoda, S. Shiina, K. Kobayashi, K. Abe, M. Kimura
J. Phys. Soc. Japan 16, I807 (I96I)

Elem. Sym.

P 31

Ref. No.

61 Sh k

15

Method
2k- MeV betatron; proton spectrum; angular distribution; nuclear

emulsion; r - chamber NVI

01 2 9 4 5 8 7 S 9 10 II 12 >3 14 IS

P«OTON ENtBSY (M#V)

Fig. 5. Energy distributions of protons from P^i

ir, p for three directional groups. The smoothed
results are shown by the points.

Fij. 6. Energy distribution of total observed pro-

tons and calculated distributions by the statistical

theory from P>‘.

Full line: Observed spectrum smoothed out by
the method of Ferreira and V'aloshek.

Broken line: Calculated spectrum using

•23=C exp (2v 0.52 51 MeV-i

Dotted tine: Calculated spectrum using

-=C exp [2v'2.-l2 5| MeV-‘.

Each curve is normalized to best ht to experi-

mental points.

Table II. Angular distributions calculated

by least squares for a-t-6 sin* 9 .

• (LAS oieaifs)

Fig. 7. Angular distributions of protons from P”.
Full lines are obtained by least squares.

Element Proton energy
fMeV) .Augular distributions

1.8-3.

3

1 — (0.50±0.39i sin* 9

3.3-4.

7

1 —(0.09±0.44) sin* 9

4.7-6.

3

l-f-t0.01i0.40) sin* 9

6.3—7.7 1 -r(0.06±0.49) sin* 9

larger than 7.7 1 -r (0.48 ±0.73) sin* 9

Total 1 —(0.05 ±0.20) sin* 9

2. 7-4.

5

1 T (0.85 ±0.42) sin* 9

4.5—6.0 1±(0.3S±0.34) sin* 9

P3l 6.0—3.5 1 ±(1.31 ±0.59) sin* 9

larger than 8.5 (-0.08±0.1S)-sin* 9

Total
j

1±(1.10±0.27) sin* 9
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Ref. E.C. Booth, K.A, Wright
Nuclear Phys. kj2 (I962 )

Elem. Sya.

51

Ret. No.'

62 Bo 6

15

sfethod electron Van de Graaff; bremss,; nuclear resonance
scattering, ring scatterer; Nal JHH

Reaction E or AE
s
ad E Jff Note*

Bremss.

0 - If.

Detector at 110

% OfcV)

>1 itrj/v
> .

omtrjrr

.

>airtr.ry*
>!• •<

os7r\T^
>«. 74«crvn*^
>LH^rjrr

>O.Tf
ai4*(TJO

>Mi

tfi .

FORM HB5-4J8
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Ref. N.

J.

Method

Mutsuro, K. Kageyama, M. Mishina, E. Tanaka, M. Kimura
Phys. Soc. Japan 1675 (1962)

Betatron; BF counters; A£ thin-wall ion chamber monitor

Elem. Sym.

51

Ref. No.

62 Mu 2

15

NVB

Reaction

(Y.xn)

E ot A E

Bremss.

12.5-2if-

15.5

Ik.

6

15.8

(17)

22.5

J
= 120±10

MeV-rab

J Notes 1S5-

Suggested correspondence with
observed proton energy peaks.

17.5

19.0

20.5

Fig. 1. Cross section for P”(r. n) reaction, in

which solid line was deduced from yield curve

smoothing method and dotted line was deduced

from running integral smoothing method.

Table. Characteristic constants of both reaction.

psi
! sa*

En» (Mev) tfrea (nib) Eres (Mev)
'

Etea (mb)

13.5 6 ,
1

14.6 8
j

15.8 14 15.7 7

(17) (17) 16.8 10

17.5 21 17.9 20
19.0 22 18.75 ! 11

20.3 22 19.7 i 16

rn.A
^T.n)dE \ ^(7 . n)dE

Jo

= 120± 10 Mev-mb =60±5 Mev-mb

.1.
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Ref. K. Shoda, T. Ishiztaka, N. Kawamura, K. Abe, M. Kimura

J. Phys. Soc, IZ, i+01
( 1962 )

j
Method Betatron; red P powder on gold foil target; nuclear emulsion

Elem. Sym.

51 15

Ref. No.

62 Sh 12 NVB

Reactioa E ot AE crd E J Notes

Bremss.

19.0

9-19

\

!

Fig. 1. The energy spectrtun of photoprotons

from P” irradiated by 19 Mev bremss trahlung.

The solid line is a smoothed curve. The

broken line is a calculated curve using the

statistical model with the Weisskopf level

density.
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Ref. P.M»Tutakin Elem. Sym. A z

Zhux »Sk«ptl . 1 Teorct.Plz. 1140 (1962)

Soviet Ph7».JETP 805 (1963) P 31 15

Method

loo. accel. (elcctroctatic ~ heavy H^O esnilsion

Ref. No.

62Tul 66-

Reaction E or AE E
o

r J ^ Notes

Si^°(p,7)f^

1

^ keV

E - 773
P

939

979.5

1393 5/2^

Gives Js as determined in. other

experiments for 773, 939, 979.5 KeV.

Mixture coefficients and angular

dist±ibution determined.
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Ref. L.N. Bolen, W.D. Whitehead
Phys. Rev. 2251 (I965)

Elem. Sym.

51 15

Method Synchrotron; neutron yield; BF_ counters; NBS chamber monitor
5

Ref. No.

63 Bo 1 JHH

Reaction E or AE
S"

dE J " Notes

(Y,xn) Bremss.

10-50

28

J = 127 MeV-mb
th

For "E^" and "a(mb)", see Table III

below.

Table II. Integrated cross-section values obtained from the (7,111
cross sections of elements measured in this laboratory.*

EimJts of

integration

Element threshold to

jadE

MeV-mb

Dipole

sura rule % of DSR
•V = 0 e.xhausted

MeV-mb by (7,11)

nr SmmmKtf A diST^ST

£(5fc*>

14T 1 J**14T £ tun

i «* I', at’
ux- : IX i

IS.*

».•
2L4

0 31MeV 46 240 19
-Mg 29 84 360 23
\1 28 97.5 405 24
Si 23 80 420 19
P 28 127 465 27
s 28 81 480 17
Ca 28 74 600 12

X 25 60 210 29
50 116 55

.\r 25 392 600 65
50 598 100

Li 25 39 105 37
50 93 ,S9

Erargy in MaV

(top curve) and 1-MeV bins (lower curve).

£(U*V> £(K«V) #(mb)

13J 6

r 14.75 3.9 14.6 8

15.75 S.6 1S.8 14

17.25 9.2 (10 (17>

18.25 lOJ 173 21

19^ 113 19.0 22

20J5 13.6^ 203 22 • i

21J5 16.^ 2

22.75 19.5

2425 13J

Uotvenity otf Vlcginia

£(MeV> #<mb> £CU«V) .(Db)

S 16 1.7 15.7 7

173 6.0 16A 10
!8J5 9J} 17.9 » *

19.75 13.4 18.75 tr
30 21.25 115 »* 16

22.73 lU -

ins

240 9i7

I U. Ml

I U.S.

• Hri.. I. 12 . . 111.1 13 .

‘ L. N. Bolen and \V. D. W hitehead, Phvs. Rev. Letters 9, 458
1 1962).

• K. L. Brainblett. J. C. Coldtvell. and S. C. I'ultz. I'riversity

of California Lawrence Radiation Laboratory Report LCRl. 1156
unpublished).

‘ E. W. K. Eirk and E. R. Rae. International Svmpoiium on
Direct Interactions and .Vuclear Reaction .Mechanisms. I’adua,
1‘>62 (to be published).

* .V. Mutsuro, K.. Kageyama. .M. Mishina. T. Vak.igawa.
E. Tanaka, and .M. Rimura, J. I'hys. Soc. Japan 17. 1072 'looii.

’ N'. -Mutsuro. K, Kageyaima, .M. .Mishina. E. Tanasa. and
M. Kimt^. |. Phys. Soc. Japan 17, 1673 (1962).

R. W. East, P. Eloumov. R. S. Tickle, and W'. D. W hite-

head, Phys. Rev. 118. 535 'I960).
'• K. Min. L. X. Bolen, and \V. D. Whitehead. Phvs. Rev.

132, 749 (1963).

~~»IL it Oww> Uttiriii a. Bauxite, M«ci Phyi.

r. Shod*. N. Milara, T. Trjiil, X.

«* T. Atto. J. Pfcya. 3bc. U,
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R. Lombard, P. Kossanyi, G.R. Bishop

J. de Physique 2̂ , 968 (1963)

I
METHOD

' Linac; electron scattering; magnetic

P

REF. HO.

31 15

spectrometer
63 Lo 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOC

e,e/ FMF 1 - 6 D 130,180 MAG -D DST

Enebcib Spuu S91VU
(MeV) COIfRU raoB;

1,26 3/2+ (85 ±
2,23 5/2+ (114 +

(3,13 ± 0,1) 3/2+ (12 ±
3,5 3/2+ (54 ±
4,25

4,63 511- (17 ±
5,01 (± 0,1) 7/2+ (8.5 ±

(5.7 ± 0.1)

ou

5/2+

111- (20 ±

B{ET\ 1 Natuu
TUANS.

B[EJ)
JW

10) 10—**'cm*- 2 E 2,9

10) 10~** cm* 2 E 4

6) 10~** cm* 2 E 0.4

5) 10-** cm* 2 E 1,9

2,3

3) i0-^» cm* 3 E 4,3

1,5) 10-’* cm* 3 M 70

3) 10-'* cm* 3 E 5.1

FOMM N&S-41S
(RCV. 7*14-44)
USCOMM-OC 24310-Pe4 PHOTONUCLEAR DATA SHEET 478
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W.J. McDonald, B. Buchholz, R.N.H. Haslam
Can. J. Thys. ^1, l80 (I965)

31 15

METHOD
Betatron; neutron cross section; activity; Cu63(y, n) monitor

REF. NO.

63 Me 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANOC TYPE RANOE

G,N ABX 12-214- C 12-24 ACT -I 4pi

(II.6-2I4..O)

Peaks at: = l8.2 MeV, I9.5 MeV

a =19 mb, at E„ = I9.5 MeV
max ^

^ 7

Half-width of giant resonance = J.

6

MeV

I

Fio. 2. Oo6s-scction curve for the reaction ?**(%

FORM NBS-41t
(RKV. 7<*I4m64|
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E. C. Booth, B. Chasan and K. A. Wright

Nucl . Phys. 403-420 (1964)
REF. EL EM. SVM. A

31 15

method

Van de Graaff; resonance fluorescence

REF. NO.

64 Bo 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RAN 6C TYPE range

G,G LFT 1-3 C 1-3 NAI-D 100

(0.5 - 3.0) (0.5 - 3.0)

ABI

Table 1

Cases of observed resonance fluorescence

Nucleus

mullipol.

Slate

(MeV)
Spin rjr T(u»r,vn)-‘

(sec).

Mean lifetime T
BCW
(sec)

Mean lifetime T
Ollier

(sec)

Ref. ^o/^W
BCW

P“ 0,(X)

Ml 1.26 i* 1 54± 17x10-“ 95+ 30x 10-“ 71.62!Jx 10-“ “) 1.7x10-*

I

FORM N8S«418
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r< ti r

.

B. S. Ishkhanov, 1. M. Kapitonov, V. G

Phys. Letters 162 (1964)

METHOD

C.L. C.M. o f .

Shevchenko and B. A. Yur'ev
31 15

REF. NO.

Betatron 64 Is 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP ABX THR - 32 C 15-32 SCl-D 0-3

Table 2

Measurements results

Maximum
Element cross

section (b)

Peak
position

(MeV)

Peak half-

width (MeV)

Integrated

cross sec-

tionJ^^caE
o

(MeV,b)

P 0.043 21 10 0.35* o.oa

s 0.050 21 9 0.37* 0.05

Mg 0.018
0.018

22.5

26.0
11 0.18* 0.04

’
15 IJ 13 a "• “ M(*V

Fig, 3. The (y.p) cross section for P.
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P. M. Tutakin
d ( (Wt. *-

Zhur. Eksp, i Teoret. Flz. 4^, 10-17 (1964) P 31 15
Soviet Phys. JETP 7- 12 ( 1964)

METHOD
30 3

1

Electrostatic generator; Si (p,y)P ;measured photoproCons

REF. NO.

64 Tu 1 NVB

1

i REACTION
1

RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE MANGE TYPE RANGE

$ P,G N0X 10 D 3 EMU-D 90

(10.492) (3.308) ,

J-Pl
^
POL OF G

for 10.492 level.

Table n. Numbers of photoproton tracks, observed and calculated
ranges, and y transitions for resonance at Ep = 3308 keV

Croup No. of
tracks

Range, fi

obsiS^d
j

CalcuUted
Transition

1 45 189 187 10.492 — 0 (Vi+)
2 19 141 140 10.492 — 1.265 (Va*)
3 35 111 110 10.492 — 2.232 (Vi*)

1

irORM NBS-4lt
(REV. 7-I4.44I
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p, Kossanyi-Demay, R. M. Lombard and G. R. Bishop

Nuclear Phys. 6l5 (1965) 31 15

METHOD REF. NO.

[page 1 of 4] 65 Ko 1 EGF

1

REACTION
1

RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ FMF 1-6 D 130-180 MAG-D 120-180 DST

Table 1

Les sections efficaces mcsurdcs pour la diffusion des Electrons i diffdrsntes dnergics ct divers angles par le noyau de P’*

I

i

I

I

i

i

I

finergie

incidents

(MeV)

Angle de

diffusion

e

Transfers

de quan-

titd de

mouvement
g(fm-‘)

Section

efficace

diastique

(^b)

Sections efficaces indlastiques (m/<b)

1.27

(MeV)
2.23

(MeV)
3.47±0.06 4.20±0.06 4.56±0.15 5±0.15
(MeV) (MeV) (MeV) (MeV)

5.67±0.07 6.55±0.15

(MeV) (MeV)

181.17 40 0.627 600±48
128.64 65 0.699 79±5
128.49 70 0.746 47±5 627±194 1105±143
181.27 50 0.775 83±5
129. .18 75 0.797 28±3 431±72 571 ±80 322±42 M2±37 252±50 225±56 235 ±58 229±55
179.31 60 C.907 14+0.8 604±114 953 ±133 430±66 I40±38 490±108 252±85 405± 1 1

5

476 '-102

180.72 65 0.983 5.25 ±0.32 425 ±105 544±80
182.09 70 1.062 1.46±0.12 209±50 321 ±84 144±27
179.44 73 UlO 0.47 ±0.03 !41±21 I53±28 87±19 28±6 152±:s 95±28
182.91 80 1.183 0.1 ±0.009 73±21 78±12 56±9 25±iO 117±16 32±7 125±17 50±I1
182.76 90 1.306 0.043 ±0.005 11 ±2.9 22±10 20±4 14±9 43±8 38±7 70±16
180.09 100 1.393 0.037±0.003 6.4±2 6±1.6 8.6±1.5 3.3±1.1 28±2
179..34 110 1.480 0.031 ±0.002 2.9±±9 3.2±0.8 1.8±0.9 9.5 ±2.2 14.7±3.4 lSt±5
180.28 120 1.575 0.015±0.002
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[Page 2 of 4 ]

REF. NO.

65 Ko 1 EGF

REACTION
t

RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

10
^

136 McV

1

St

J_J
.IQ '

— -
I

‘

2 3 ‘ S S qR

Fig. 5. Le facteur de forme expdrimental du niveau a 1.26 MeV. La courbe tracte reprdsente I’ex-

pression F, = j,^{q R)s-t^t* multiplide par le factcur de normalisation = 2.78 • 10~*.

Fig. 6 . Le facteur de forme experimental du niveau i 2.234 MeV. La courbe tracde reprisente I’ex-

pression F, multiplite par /?, = 3.72 • 10~*.

Fig. 7. Le facteur de forme experimental du pic a 3.47i0.06 MeV. Les courbes tractes reprisentent

(R°e”v*^ 7 F, et Ft = multipliees par leurs facteurs de normalisation respectifs = 1.81 • lO'*

uscoM» et ^, = 1.34 • 10-*. 434
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METHOD

[Page 3 of 4] 65 Ko 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

{

I

Fig. 8. Le facteur de forme experimental du pic a 4.20±0.06 MeV. La courbe tracie reprisente
I’expression F, raultipliec par le facteur de normalisation = 0.68 • 10-*.

S'

>o4

Fig. 9. Le facteur de fort^e experimental du pic k 4.56±0.15 MeV. La courbe trace* represent*

I'expression F» = multiplies par le facteur de normalisation = 5.47 10~*.

Fig. 10. Le facteur de forme experimental du pic i 5i0.15 MeV. Les courbes tracies reprisentent

us« expressions F, et F* multipli6es par leurs facteurs de normalisation respectifs = 0.92 • 10~*

et jS, = 6.1 • 10->.
485
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REACTION RESULT
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TYPE RANGE TYPE RANGE

Fig. 11. Le facteur de forme experimental du pic a 5.67±0.07 MeV. La courbe tracde reprisente
Texpression F, multipUec par le facteur de normalisation = 5.7 • 10-‘.

Fig. 12. Le facteur de forme expoimental du pic a 6.55ii;0.15 MeV. La courbe tracie reprisente
I’expression F, multipliee par le facteur de normalisation = 1.8 • 10~*.
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REF.
ELEM. SYM. A

J.H. Hough and W.L. Mouton
Nucl, Phys. t6j 248 (1966) P 31

REF. NO.
METHOD

1.4 MeV Linac; self- absorption 66 Ho 2 JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

G
j
G LFT 1 C 1 NAI-D 0 - 1 117

I

Table I

Mean lifetimes

Nucleus State Spin Mean lifetime Mean lifetime Ref.

(MeV) tpSCC) (psec)

(Hough and (Other workers)

Mouton)

"Al 1.01 5.2±t.7 •)

0 041 +0 029 •)

*• -O.J
')

lip 1.26 i 0.46+0.23 •)

0.22+0.07 •)

')

’)

“Cl 1.22 0.30±0.10 •)
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1. M. Kapitonov, Zh. M. Se liverstova, V. G.B. S. Ishkhanov,
Shevchenko and B. A. Yur'ev

Izv. Akad. Nauk SSR Fiz. 1385 U
RmH. Acad, Sci. USSR 30, ILL6 ( L9M

31 15

METHOD REF. NO.

66 Is 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPC THR- 34 C 18,34 EMU-D 2-l6 30

'V>

Energy distilbuticHis of photoprotcHis from
= 34 I*V.

a = 18 MeV, b -
y max ’ / max
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REF.

H. A. Van Rinsvelt and P, M, Endt
Physica J2, 513 (1966)

I
METHOD

EL EM. SYM.

REF. NO.

31 15

66 Va 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

P.G SPG 8 - 10 D 1-2 NAI-D 1 - 11 DST

Angular correlation data given for all resonances.

TABLE I

Resonances in *°Si(^, y)**P

Proton energies, excitation energies, strengths, total widths, resonance spins, decay modes.

t 2 3 4a 46 5 6
1

7

(keV)

an ± 0.05%

£.
(MeV)

(2/+l)y
(eV)

all ±30%

/(keV) Resonance

spin

Decay modes
Also

reported

in
iP, y) work (p, p) workt) yo yi y« yi y« ys y« Others*)

1S9S.3 8.830 0.3 7/2 <2 <2 15 <3 <4 26 <3 yr.i» = 31 ; y«.,3 = 28 <)»)•)

1660.4 8.393 0.6 0.U ±0.05 0.12±0.0S 1/2 + <2 6 5 36 <3 <3 43 y«.«a = 10 J)4)t)

1667.4 8.900 0.6 5/2 <1 29 9 <2 10 <2 6 ys.53 = 20;ys.«6 = 26 *)•)

1694.4 8.926 1.7 3/2(+) 22 6 33 7 <1 <2 <2 y«.7f = 20;ys.oi = 12

1746.1 8.976 0.3 3/2 too <2 <3 <2 <2 <4 <2
1770.1 8.999 ZO 0.10±0.05 0.08x0.04 5/2 + 16 2 8 <I <2 <2 21 yen = 35; yi.js = 6; y4.« = 12 >)*)

1808.4 9.036 3.1 vOb b 9.8 ±0.6 3/2 - 84 10 2 4 <2 <2 <2 3,4)4)

18IS.2 9.043 0.7 9/2(+) <3 <3 17 <3 <3 40 <3 yj.n = I0;yj.63 = 33 ’)•)

1830.1 9.057 2.4 (0.04 ±0.02) 5/2 + <1 5 38 <2 8 16 <2 y4.2« = 7; y4.63 = 26

1875.6 9.101 0.9 7/2 <1 2 43 <2 2 23 5 y4 . 2 « = 14; y4.TS = 1

1

1878.3 9.104 4.0 (0.04 ±0.02) 5/2 + <2 2 48 <2 9 <2 IS y4.i» = 8; y4.«i = 18 3)4)4)

1891.6 9.117 0.7 (0.025±0.0I5) 5/2 + 9 8 17 <2 9 7 4 y4.s4 = 9; y4.5t =• 37 *)

1895.2 9.121 1.1 C0.025±0.015) 5/2 <1 38 2 <2 27 <2 4 y4.7i = 29 *)•)

1918.2 9.142 0.7 7/2 <2 8 40 <2 <3 13 <3 y4.xt ” 22; ys.ss 17

1920.4 9.144 1.9 3/2<+> 68 6 9 <1 8 <2 4 ys.Bi — 5 4,4)

1941.6 9.165 1.3 0.12 ±0.05 0.20±0.05 3/2- 65 3 10 <2 8 <2 <2 y4.7» “ 6;yj.ot — 8 3,4)

1971.7 9.194 0.5 7/2 <1 8 11 <2 67 <3 <2 ys.li ” 14 ‘)*>

199Z8 9.215 0.8 3.1 ±0.4 3.6±0.2 1/2- 12 61 <2 <1 <2 <2 5 ys.oi ” 22 »)•)•)

*) Possible transitions not reported here are weaker than S%.

t) T^bracketed widtbs are preliminary values.

Fig. 2. Single gamma-ray spectrum at the resonance = 1660 keV. The background

measured just below the resonance, is subtracted. The spectrum is analysed using the

"peeling" procedure. The level scheme can also be used as a guide in reading the

rest of the text.

I
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EL EM. SYM.

P 31 15

METHOD REF. NO.

67 Bo 1 EGF

REACTION

NOX

EXCITATION
ENERGY

9-10

SOURCE

2-3

DETECTOR

NAI-D 1-10

ANGLE

55

Table 2

Proton energies, excitation energies and principal decay modes of resonances in “Si(p, y)”P

(keV)

£4

(MeV)
Vo Va */3 •/4 Vi V. 7i 7a Primary transitions

to higher levels

1939 9.16 58 4 15 <3 9 <3 <3 yt.i» = 7 76.01 =* 7

2007 9.23 34 23 6 13 7..7, = 1

5

76.60 = 9

2021 9.24 58 = 9 76.60 = 33

2090 9.31 14 35 41 lO

2173 9.39 23 19 <5 37 2l

2186 9.40 5 5 = 90

2215 9.43 27 10 12 20 25 /'4.S3 — 6

2223 9.44 25 13 15 15 7i.63 ~ 7s.6o = 15

2302 9.51 8 8 <5 <5 18 5l = I 5

2315 9.53 10 75 “ 9 7i.ti = 6

2352 9.56 86 <4 <4 10 <4 7s.oi ~ 4

2358 9.57 23 5 47 12 6 7s .01 “ ^

2375 9.58 41 59 weak
2542 V.75 65 18 10 7*.59 “
2546 9.75 2 73 18 /..» = 7

2551 9.76 11 57 6 11 9 7».«3 = 6
2632 9.33 20 33 30 74.78 “
2641 9.84 56 23 2l 74.28 ^ 5

2655 9.86 3 60 17 II 7a .48
“ 9

2657 9.86 64 13 23 weak
2698 9 90 50 11 30 7a.oi “ ^
2733 9 93 40 18 7..41 = 15 7i.oi = 10 7.... = 17

2814 lO.ul 4 34 34 14 7 V4 .M =* 7

2842 10.04 3 63 <3 19 II 7».oi ” ^
2872 10.07 50 76.u = 50
2886 10.08 6 40 9 6 y*.n — 8 74.4S = 8 76.it = 23

2896 10.09 27 20 16 37
2943 10.13 3 19 24 19 lO 74.59 5 7..4S = 25
2993 10.18 7 66 13 lO 74 .7s

= ^
3011 10.20 7 34 27 9 76.01 = 23
3027 10.22 22 28 37 13
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H. M. Gerstenberg and E. G. Riller

NBS Tech, Note 416, June 196?

EL EM. SYM.

31 15

METHOD REF. NO.

67 Ge 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABY THR-27 C 22,27 BF3-I 4PI

Table 7. Comparison of neutron yields. Yields are given In units of (neutron cm®/VleV nucleus)xlO

The estimated uncertainties in Y a-nd are of the order of b% and 10^, respectively.

Element E^ Y(EJ UCRL Saclay Va. NBS(Old) UCRL Saclay Va. NBS(Old) Ref.

Exp Exp Exp Exp

^c

Pb 27 103 36 0.83 26,30
22 111 92 ll6 0.33 1.05

Au 27 39 97 1.09 24,30,
22 92 98 83 U5 1.07 0.96 1.25 38

Ta 27 81 82 77 1.01 0.95 27,30,
22 85 79 30 113 0.93 0.94 1.33 38

Ho 27 67 75 1.12 27,31,
22 69 77 32 103 1.12 1.19 1.49 39

Ag 27 36
22 34.3

Cu 27 14.4 13.2 0.92 28,30
22 12.6 11.5 12.4 0.91 0.98

Co 27 12.7 12.1 0.95 29,34
22 10.6 9.9 13.5 0.94 1.27

1

Ca 27 1.69 1.13 l.Ol 0.67 0.60 32,35

P 27 2.35 1.76 0.75 36

1

27 1.92 1.62 1.33 0.84 0.72 25,37

j

0^® 27 0.54 0.42 0.48 0.42 0.73 0.39 16,32,
37

1

27 0.50 0.35 0.33 0.46 0.70 0.66 25,32,

_I2

i

i

FORM NBS-418
(R av. 7-1 4.S4)
USCOMM-OC 2eOIO-P«4 PHOTONUCLEAR DATA SHEET 491

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUR EAU OF ST ANOAROS



Fig. 31. Absolute neutron yield as a function of atomic number. The neutron yield from calcium
(Z = 20) is particularly low in comparison with the other elements because its (y,n) threshold
is high compared to the mean energy of the giant resonance.
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M, Mishina, E. Tanaka, K. Kageyama, N

Y. Kawarasaki and Y. Nakajima

J, Phys, Soc. Japan 919 (1967)

I
METHOD

Mutsuro, A, Asami,
EL EM. SYM.

31 15

REF. NO.

67 Mi 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XN SPC THR-20 C 23-27 TOF-D 2-12 100

Fig. 1 1 . ReJative cross section for P»> (r, a) P*», deduced from tlie time spectrum in Fig. 9 assuming i.hc

ground state transition only.

i
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K. Abe, N. Kawanaira, and N. Mutsuro
J. Phys, Soc. Japan 1725 (1968)

METHOD

ELEM. SVM. A

REF. NO.

31 15

68 Ab 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G.XP SPC THR-27 C 22,27 SCD-D 3-16 90

(21.5)

phosphorus at 90°, with bremsstrahlung end-point

energy 21.5 MeV.

300 (-

700 •

600 [•

>
- 500 •

o

^
400 -

f 200 -

200

00

"P (y.pJ'^Si

£;i-C7 UtV

5 S f a 9 ;o II 12 13 (4
i5 16

= ® 0 :0 N ENERGY I'MeV)

Fig. 2. Energy spectrum of photoprotons from
phosphorus at 90°, with bremsstrahlung end-point

energy Z7t4mV.
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ELEM. SYM.

31 15

REF. NO.

68 Cr 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G LFT 3 C 3 NAI-D 0-3 135

(3.13)

Self-absorption measurement gives T = 49±10 MeV

.
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J. H. Hough, Z. B. du Toit and W.

Nucl. Phys. A109 « 393 (1968)

METHOD

L. Mouton
ELEM. SYM. A Z

P 31

REF. NO.

15

68 Ho 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G,G LET 7-8 D 7-8 NAI-D 6-8 0

30 3

1

Measured self-absorption of Si(p,y) P radiation at E = 945 and 622 keV
P

E
o

8.201
7.90

2.6±0.2 eV

68±9 eV

r

1.4t0.1 eV

1 . 6±0 . 2 eV
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t REF.
I

s. w,

Phys.
Robinson, C. P. Swann, V. K, Rasmussen
Rev. JL74, 1320 (1968)

EL EM. SYM. A Z

I METHOD

31 15

REF. NO.

68 Ro 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANGE TYPE range

G,G LFT 3.0 C 3 NAI-I

(3. 13)

= 3.13 MeV ryr = 1 r = 66.3±7 Mev.
SELF- ABSORPTION
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K, Shoda, K. Abe, T. Ishizuka, N. Kawamura, M. Oyaraada,

and Baik-Nung Sung
J, Phys, Soc, Japan 664 (1968)

EL EM. SYM.

31 15

METHOD REF. NO.

68 Sh 3 _es|_

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,XP SPC THR- 19 D 19 EMU-D 2-lA DST

Tabic III. Anisotropic factor BlA of angular distributions estimated for the groups of strong transitions.

1

Assumed residual Ey
BlA Used data-'"

1 Energy (MeV) (MeV)

1

1.27 13.3-20.5 0.5 = 0.

4

20.5

**Na
j

1
20.8-22.1 coOi 2)

1 22.1-24 co‘^» 24.0

20.7-22.7 OII D

15.7-21 24.0,19.0
up

1

1
17.4-20.2

1 20.2-22.7

0.5--0.6 D
1

7.0
i

1. 3 = 1.

3

D
t

1

/ 14-20 ooW ip- To)
1

1

0 j

14-14.8 2.4=0.7 17.0
1

1

j

14.8-16.2 cc>» 17.0

1 ( 16.2-17.1 CO»l 17.0

1
( 19.2-20.1 o IIo D

!

1 20.1-21.3 0.4±0.2 D

0 17.1-20.5 1.5=0. 2-
20.5

.oca 1

2.8 17.4-19.9 2.6+0.3 20.5

1

^-0
1 17.2-18.7 0.05x0.09 20,5

i 18.7-20.5 0.6x0.

1

1JO

a) The numerical number indicates the maximum energy of the bremsstrahlung irradiated for the data.

D shows the difference between the two distributions. ij>, ro) shows the inverse reaction dam.
b) The notation oo indicates that the distribution is almost sin»^, i.e., the result has stronger maximum

than l + lOsin^^.

Table II. Anisotropic factor BlA of angular distributions determined by least-squares fits with

A^B sin= d.

“P

= 19.0 .MeV) (£V„,«:«=24.0MeV)w (Curve D in Fig. 2)

ff,(.MeV)
i

B',A £;2McV) BlA £,(MeV) BjA

3.9-5.5 i 0.6x0.

1

3.0-4.

6

0.9x0.

4

3.0-5.

7

0.5x0.

6

5.5-7.9 1.3=0.

3

4.6-6.0 0.4x0.3 5.7-8.

1

1.3x1.

3

7.9^
I

00*1 6.0-8.

2

1.3x0.

6

8.1-11.3 00*1

3.9^
1

1.7x0.

2

8.2^ 00“*

1

I

3.0/ 1.1±0.3

Fig. 2. Energy distributions of photoprotons from
,

’‘P irradiated with 19.0 .MeV bremsstrahlung. The .

early data on 24.0 .MeV bremsstrahlung^ is also
,

shown. See also the caption of Fig. 1 for curx-es
,

D. a and b. Here a and b correspond to the ground

and 7.0 .MeV state of residual nucleus respcaively.

“*K. Shoda ^ aJL.: J, Phys,
a) The notation oo indicates that the distribution is almost sin2 5. It is used when the result has stronger

Japan (l96l) 1807.
maximum than that of 1 -r 10 sin* 6.

^

b) The dau are used from ref. 4).
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A. C. Wolff, M. A, Meyer and P. M. Endt
Nucl. Phys. A107, 332 (1968)

%

P 31 15

METHOD REF. NO.

[Page 1 of 2]
68 Wo 1 EGF

! REACTION
!

RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

P,G SPC 0-9 D 1-2 SCD-D 0-9 90

\

i

Table 2

Branching ratios ofbo'"id slates of ’'P (in percent)

Bound state Decay to (.EJn=‘Pin MeV)
yiti) 0 1.27 2.23 3.29 3.41 4.19 4.43 other levels

(MeV) ? f
2 B" B^ B+ B" i-

1.27 100

2.23 100

3.13 100

3.29 !>.+
t Z4±2 16±2

3.41 V 100

3.51 621:4 38±4 g 6

4.19 1-^ 76±2 24±2
4.26 1* 75±3 25±3
4.43 55i2 41i2 4il
4.59 V 24 i4 541:5 22i6
4.63 Q.D* 25±3 47i5 2S±3
4.78 r* 42 ±3 12±3 15±3 31_n3
5.01 0, i)* 6S±3 32 ±3
5.02 ih i)* 40±3 60i3
5.12 (5)* 40 20 unknown 40

5.25 100 •

5.34 29i8 21-1:8 50±10
5.53 (5)^* 30 35 unknown 35

5.56 (D* 82 ±5 181:5

5.67 (ty 55 10 10 10 unknown 15

5.77 Q.ir 15 20 4.63 25, unknown 40

5.89 0. i-y 100

5.99

(6.10)

(3)*

100

80±15 5.12 20±15

(6.23) 40 unknown 60

6.38 r. T = J 18±5 82±5
6.40 (i. 1)* 2±\ 6i2 7±3 75±4 5.12 6x2, 5.67 4x1
6.50 a, B)* 60 _ unknown 40

6.59 (5)* 70 unknown 30

6.61 (3)-* 23 ±8 4.63 41 -19,

5.01 or 5.02 35 £9
6.84

(6.91)

(3, B)*

60

100

unknown 40

6.93 (B. B)* 83±6 17x6
7.14 7'= B 100

') From ref. ‘) with additiona 1 inform:; tion (marked with an asterisk) from the present work (see te.\t).
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REF.

A, Q. Wolff, M. A. Meyer and P. M, Endt

1

. Nucl. Phys. A107, 332 (1968)

i

'

ELEM. SYM.

P

A

31

z l

15

1

METHOD REF. NO.

[Page 2 of 2] 68 Wo L EGF
Table 5a

3:anchir.’ of ’‘Si(p,y)^*? resonances (in pereen;) for £p ^ ItoO keV

Resonances Decay to (£x in f' in N.eV)

£p^)

(keV)

E
ikeV)

yn.) 0 1.27 2.23 3.13 3.29 3.41
7 +

3.51 4.19 4.26
1 —

4.43 4.59 4.63 4.7S 5.0P)5.02**) other levels

499 7 7S0
--

43 29 6 1 I 1 3 2

620 7 S9S 1- 2 1 3

671 7 946 i o 20 4 5 16 26 9

7o0 S 033
-1

13 5 4 10 23 1 3 5

777 3 050 63 T
3 2 14 5 3 5.67(3)

335 S ;05 % 65 5 11 2 2 5.77(3), 5.99(2), 6.23(8)

942* 3 209 A 60 24 10
*>

2 1 5.25(i)

959* S 225 a. :'/« 50 1 3 3 11 5.12(4), 6.40(26), 6.34(2)

973* 3 244 1 1 10 2 1 55 1 5.67(24), 6.34(3), 6.91(2)

933* 8 243 66 4 9 10 1 3 5.25(1), 6.50(1), 6.59(2)')

1 095 3 356 1 46 1
'

1 6 4 19 3 6.34(1), 6.93(3)

1 175 S 435 41 33 4 4 5.39(2), 6.40(10), 6.59(4)

1 203 3 -62 •(-r) - 25
->

23 13 23 1 4

1 213 S -r71 > 29 13 3 24 3 4 6 5.67(7), 6.59(4), 6.34(2)

1 239 3 544 1 - 9 54 1 2 34

: 29S S 553 04 6 1 3 5.56(5)

1 301 8 556 31 . 'T 25 1
i 12 5.25(5)

1 322 8 576 33 10 3 4 27 4 9 2 5.53(3)

1 33 i S 535 % 27 14 24 4 6.10(3), 6.61(10)

1 343 3 602 1 5 iO 56 4 10 2 5.35(13)

1 390 S 642 49 20 3 2 5 4 4 3 1 5.12(4)

1 398 8 650
“ (t) 3 73 1 13 3 3 1 5.99(1)

1 430 3 730 T 1-) so I 3 1

^) From ref. ) w;:.b additional inforrnation (marked with an asterisk) fro;m the p i esent work (see text).

^) Numbers in between these two columns :^ndiwate that it is tincertain whether the £ = 5.01 or 5.02 .MeV level is excited.

°) Also to 6.61(2) and 6.o4(I).

i, AuwC J 0

Resonances Decay to (£^. in :r. MeV)

<
„

£x
(keV)

yr.i) 0 1.27

A-r

2.23 3.13 3.29 3.41 3.31 4.19 4.26 4.43 4.59

i' i

4.63 4.7S 3.01 3.02^) Other levels

1 432 S 73

1

J 68 2 14 5 2 3 4
1 490 3 739 > 3 9 3 37 *>

12 13 5.25(2), 5.56(5)
1 5i0 o 75S 55 7 26 1 4 3 1 3
I 316 8 . 6*» l.T e4 t 4 8
I

1 660

1 657

1 694

1 746

1 770

1 60S

1 S15

1 S30

1 S75

I S7S

1 S91

1 S95

I 91

S

I 920

1 941

1 971

1 992

2 137

17

S 904

S 910

S 956

3 937

9 vjlO

9 047

9 Oo5

9 068

9 112

9 114

9 127

9 131

9 1;3

9 155

9 176

9 205

9 225

9413

(j)*

60

11

90

1

69
3- 57

5

25

1

17

6

53

33

3

35

10

37

43

51

47

11

13

7

7

13

14

12

5

31

15

20

19

33

5.67(4), 5.39(6), 6.40(32) “)

5.99(3)

5.56(9), 5.67(24), 5.99(2) '^)

5.12(7), 7.14(1)

unk.nown 40

5.53(6), 5.77(6), 6.33(3)

5.67(13), 6.33(7), 6.93(3)

5.53(5), 5.99(2)

5.39(9)

5.53(6), 5.56(3)

5.34(16), 5.77(2)'
'

5.56(1), 5.67(7), 6.61(6)

5.12(6)

6.50(2), 6.61(2), 7.14(2)

5.12(2), 5.34(1), 5.67(3) »)

From rei. *) with a.ddit;ona.I intormtuion (mur.^cd with an asterisk) from the present work (see text).

) Numbers ... between tnese two columns indicate t.tat it is uncertain wr.wther tne — o.Oi or 5.02 \leV level is excited.
«) Also to 6.93(12). <i) Also to 6.59(5). «) Also to 5.39(1). 500
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METHOD

i. iH. Pistcarev

31 15

REF. NO.

I

) 69 la 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANCLE

TYPE RANGE TYPE range

G.XN ABX 12-30 G 5-30 BF3-I 4PT

30 454
adE = 211±20 MeV mb

la

20

10 -

(over)
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Positions (MeV) of Resonances in ^Al(7,n) and ^^P(7*n>

•
Mua i BUB Ph xphorea t

Oiir ••rk n«f.4 nal,.9 I\b1.7 Oar ««rk n# t .< Ral.l

13,3 12,8

13,8 13,7 13,7 13,3

14,1 14.2

14,5 14,5 14,6
14.7

14,3

14,9
15,4 15,2 14,8 14,75 14,6

15,6 15,7 15,6 15,75 15,4 15,75
16,1 16,2 15,8

16,5 IG ,4 16,4 16,4 17.1
17,0 17,0 17.1 17,7 17,25 17,5

18,0 17.7 17,6
18,2 18,1 18,1 18.25 18,4 18,25

19,1
19,6

19.1 19,3 19,25 19,0

20,0 20,0 19,8 20,5 20,25 20,3
20,5 21,3 21,25

21,1
21,5

21,2 21,4 22,0
22,75

22,0 22,0
22,4

23.6
24.6 24,25

23,0 23,1
24.1 27,5
25,0
27,8 27,2

4
A.N. Tikhonov, V.G. Shevchenko, V.Ya. Galkin, B.I. Goryachev, P.N. Zaikin,

B. S. Ishkhanov & I.M. Kapitonov, Program and Abstracts for the Eighteenth
Annual Conference on Nuclear Spectroscopy and Nuclear Structure, Riga, M.-L.

1968, p. 268.

^L.N. Bolen & W. D. Whitehead, Ibid. 132, 5 (1965).

^N. I^tsuro, K. Kageyama, M. Mishina, E. Tanaka & M. Kimura, J. Phys. Soc.

Japan 1673 (1962).
g
N. Mutsuro, K. Kageyama, M. Mishina, T. Nakagawa, E. Tanaka & M. Kisiura,

Ibid, ^672 (1962).
9
M.N. Thompson, J.M. Taylor, B.M. Spicer & J. E. E. Baglin, Nuclear Phys. 64 ,

486 (1965).

^^L,N. Bolen & W, D. Whitehead, Phys. Rev. Letters £, 458 (1962).

^^J.E.E. Baglin, Nuclear Phys. 22, 216 (1961).
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V. I. Noga, Yu. N. Ranyuk, and P. V. Sorokin

Yad. Fiz, 2, 1152 (1969)

Sov, J. Nucl. Phys. 2) 673 (1969)
31 15

METHOD REF. NO.

69 No 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,NA24 ABY 69-999 C 100-999 ACT-

I

4PI

C.Ol • •
9 •

FIG. 3. Dependence of P on number of
cleors which have left the nucleus.

nu-

999 = 1.2 GEV

Table I

Re«ctioa
Kucleont
emiued

Thre«l»*

oWV
UcV

Torstc
Oistnbutio* «d
uotopev %

Al"— N*« Zp, n A.
.Si"- ^P* A •Si 02.27

- N»« Ap, r.o P
'tp, 7H s O.I.i'Z

01“ — N.“ (>p, fiA tili Nil,Cl
K/:»,

v>,\
K* No** Hp, 7a IV)
c»"— N«“ 9f. MS c»o 90.97

*The threshold wu caJcuUud u the binding

energy of the emitted nucteons.

Table n. Cross sections for
reactions in the saturation

region

Reactioa 10—™'; Reaction
9^.

2Kr-»cm

Al"— IR5..iil CI“-Ns“ 63-^7
Si"— 72-H 1 K»—N»“ 35-t-5
P® -» Nd'* 71^8 i C»'«—Na" 22 -*-5

52±6
1

According to the photomesonic mechanism, the cross
section for the reaction can be written in the form

<j = orAP. (1)

Here Oo is the total cross section for interaction of

the photon with a free nucleon with inclusion of the

nucleon motion in the nucleus (<7o, as has been shown by
' Roos and Peterson, depends only weakly on photon
energy for 'Ey > 300 MeV); A is the. number of nucleons
in the nucleus, and P is the probability that the reaction
will proceed by a given c.hannel.

FIG. 1 . Crosj section per equ
photon as a function of maxintuin brem^
stiahiun* energy. Points: O - Al, O - Si.

A - P, A - S. Q - a, a - K, 0 - Ca.

FORM HBS»418
(R€V.
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V. K. Rasmussen and C. P. Swann

Phys. Rev. 183 . 918 (1969)

methoo

31 15

REF. NO.

69 Ra 3 hmg

RESULT EXCITATION SOURCE DETECTOR
REACTION ENERGY TYPE range TYPE range

ANGLE

G
^
G LFT 3 C 3 NAI-D DST

(3.51) (3.66) (96,128)

r = 52±8 MeV. The width of the level was determined by comparing the

scattering with that by the ^^P and ®Li 3.56 MeV levels.
3 = 3.51 MEV

Fio. 5. Plot of the angular distribution coeflicient
sequence i-J-J. The .4, term is identicall“ ero for this

expenmental limits for the C“ and P« distributions
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G. Wiechers, W. R. McMurray and I. J. Van Heerden
Nucl. Phys, AI24 . 165 (1969)

ELEM. SYM. A

31 L5

METHOD REF. NO.

69 Wi 1 egf

i EXCITATION
SOURCE DETECTOR

1

REACTION RESULT ENERGY TYPE RANGE TYPE RANGE
ANGLE

i P,G LFT 10- 11 D 3-4 NAI-I 0-11 55

1

1

«

i

Taslb

1

Properties of levels in

G-G CORRELATION

£9 (MeV)
±3 keV

9ip«

(MeV)

y* (2J+i)r^^ir
(eV)

±50%

Resonance

width

(keV)

Relative decay

Pi '/«

2.995 10.185 i 5.0 1 5 4
3.011 10.201 7.0 4 4 2
3.013 10.202 i 3.0 1 1 8
3.027 •) 10.216 3.3 1 3 6
3.034 10.223 i 3.5 1 5 4
3.070 10.258 i 3.6 1 4 5
3.074 10.262 2.6 1 3 6
3.091 10.279 i 4.5 1 2 7
3.108 10.295 3.5 1 3 6
3.140 10.325 i* 1.2 1 2 7
3.191 10.375 2.5 1 3 6
3.208 10.391 i(*) 3.6 1 3 6
3.233 10.415 (i.i) 1.0 4 3 3
3.264 10.446 0.9 0 4 6
3.293 10.473 1.8 0 3 7
3.295 10.476 3.0 2 5 3
3.297 10.478 i 2.9 4 3 3
3.313 10.494 0.8 1 3 6
3.349 10.530 i 16 5 3 2
3.377 10.555 1.5 3 4 3
3.422 10.599 i* 9.1 1 3 6
3.435 10.612 5.0 1 4 5
3.445 10.620 3.0 1 3 6
3.461 10.636 3.0 2 4 4
3.466 10.641 in 6.0 1 6 3
3.476 10.651 i* 24 2 4 4
3.489 10.664 i 3.3 1 4 5
3.516 10.689 i 11 3 5 2
3.521 10.695 i* 2.9 3 5
3.524 10.697 i* 3.2 3 4 3
3.535 10.708 0.8 1 5 4
3.578 10.750 1.3 0 4 6
3.594 10.765 i 26 3 4 3
3.613 10.784 0.8 0 0 10
3.622 10.792 i . 1.8 3 3 4
3.640 10.810 2.7 4 4 T

3.656 10.825 i* 1.5 2 4 4
3.669 ») 10.837 7.0 1 4 5
3.680 10.849 2.1 0 4 6
3.706 10.874 2.4 1 4 5
3.732 •) 10.898 2.0 1 4 5
3.762 *) 10.928 2.5 3 3 4
3.774 10.939 i* 10 4 3 3

3.807 10.971 1.2 2 2 6
3.905 11.066 i* 4.5 4 3 3

3.911 11.072 0.9 3 3 4
3.951 11.111 0.7 2 3 5
3.967 11.126 i* 1.4 2 4 4
3.985 11.143 0.2 -»

1 7
4.006 11.164 i* 2.3 4 4

FORM NBS>418
(REV. 7-l4-»AI
U3COMM.OC M0<
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505

i.S. DEPARTMENT OF COMMERCE
TIONAL SURSAUOF STANDARDS



D. W, Anderson and S. C, Swift

Nucl. Phys. A150. 625 (1970)

ELEM. SYM.

P

\

A

31

Z

15

MeTHOO

i

1

1

REF. NO.

70 An 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE range

G,2P Son ABX 23-63 C 23-63 ACT-

I

4PI

G,2PN ABX 23-63 C 23-63 ACT- I 4PI

0 4 p
1"

1 i
‘

'

T

?o ^

40 45
ENERGY MeV

Fig. 3. The least structure cross-section solutions for the 2p)^’Al and ’‘PCy, 2pn)**Al reac-
tions. The flags on the points represent the estimated cross-section errors. The arrows on the energy
axis indicate mass threshold energies for the (-/. 2p). (y. >He), (y, dp) and (y. 2pn) reactions from left

to right.

‘P"> « phosphoRis ate shown. The
fror bars indicate the standard deviations for the yield points. The smooth curves represent the

polynomials fit to the yield points by the least structure procedure ’).

9
F,S, Gouldingj D,A, Landis, J, Cerny

and R,J. Pehl, Nucl, Instr«31 (1964)1.

Ahitnct: Breimstrahlung activation curves were measured for the reactions *'P(y, 2p)**Al and
*‘P(y, 2pn)^*AI in 0.5 .MeV steps from 23.0 to 62.0 MeV. The cross sections obtained from these

curves show peaks at 32.6 ±0.7 .MeV, 4 1.2 ±0.3 MeV and 5 1.0 ±1.5 .MeV for both reactions. The

.

_ cross section integrated to 62 MeV for the (y, 2p) reaction is 5.6±0.6 MeV' • mb and for the

O'. 2pn) reaction is 7.6±0.8 MeV • mb. S>3

roRM NBS*4t8
(Rev. 7 - 1

4

-e4 i

USCOMM.QC 260T0<.Pe4



N. Shikazono and Y, Kawarasaki
Phys. Letters 32B , 473 (1970)

£L£M. SVM. A

31 15

method REF. NO.

70 Sh 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,G LET 6 c 14 SCD-D

6 6.381 MEV

Table 1

Comparison between experimental log/( values and radiative widths: Fth represents the width estimated only from
the spin part with eq. (1); R denotes the ratio of the reduced matrix element of the spin part to that of the orbital

part.

E, (keV) Ey(keV) log Ji Tth (eV) T"obs (eV) R

23Na 7895 \2» 2 >
0 (hf) 5.3 0.21 1.02 ± 0.37 5.5 ± 1.2

7895 (j.j*) 439 (i.f) 5.4 0.14 0.57 ± 0.21 4.8 ± 1.1

31p 6381 (ii" 0
(t. 5a5 0.07 « 0.11 « 1.2

a) In the estimate of Fobst the branching ratio Fq/F for 23Na and 31p were assumed to be 0.64 and 0.18, respectively.

I

U.S. department OF COMMERCE
national 9UREAUOF STANDARDS

S3
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B. Frlberg, G, Andersson, and B, Forkman

Nucl, Phys, A171 . 551 (1971) 31 15

METHOD REF. NO.

71 Fr 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G.N ABY 12-800 C 100-800 Acr-i 4PI

Fig. 2. Absolute yields for the reactions ’®Si(j', p)*’Al and n)’®P. Solid lines same as for fig. 1.

FORM NBS-418
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Tatstiya Salto

Bull. Chem. Soc. Japan 1800 (1971)

C.M. ^ r M.

31 15

METHOD REF. NO.

71 Sa 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

G .NA24 ABX THR-250 G 20-250 Acr-i 4PI

G,3P ABX THR-250 G 20-250 ACr-i 4PI

Maximum brcmMrahlung energy (MeV)

Fig. 4. The yield curvci for the reactions **Si-**^a, **P—

“Na, and ••S-.**Na.

O: "Si-*»*Na, 3; "P—»*Na, “S—«Na

Fig. 5. The yield curves for the reactions

*'P(y,3p)**Mg, and ’*S(y,4p)**Mg.

*;«Si(r.2p)«Mg, O: •'P(>’.3p)**Mg. 3: “S(y,4p)-M«

(over)

FORM N3S*418
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I’iMKon ciKTRy (McV)

Fig. 11. The excitation function for the reaclion *'P(y,3p)-

“Mg.

Fig. 13. Yield ratios versus maximum bremsstrahlung energy.

f>: y(’»Si(y,2p) »*Mg)/y(«Si-»'Na)

O: JT'P(y,3p) »Mg)/y(’<P-.»'N.a)

• ; }'(”S(y,‘lp) “Mg)/y("S-.»'Na)

510



REF.

D. W. Anderson^ Petry and H.J. Flschbeck
Radlat. Rea. X, 33 (197 2) 31 15

METHOD REF. NO.

72 An 12 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,N ABX 14- 60 C 14- 60 ACT-I 4PI

Least Structure Analysis %0

i

I

i

j

i

I

i

i

i

Fig. 3. The moss attenuatioja coefficient for the photonuclear reaction n)-'^P is given

as a function of photon energy.

FORM N3S*418
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REF. EuEM. SVM. A

METHOD

N. Shlkazono and Y. Kawarasakl
Nucl. Phys. A188 . 461 (1972) P 31 15

REF. NO.

72 Sh 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLETYP* * RANGE TYPE range

G,G/ SPG 0-14 C 14 SCD-D 87

Tabu 4

Gamma-rays resulting from the photon bombard.ment of a red phosphorus target

Ey Observed Relative Transition

(MeV) peak intensity

3.13 F 9 46 3.13 -*0

5.26 D. S, F 22.0-1.7 3.26 — 0

3.36 D, (S). F 8.1 ±1.4 3.36 — 0

3.87 D 4.2±1.2 7.14— 1.27

6.91 D, S 3.0±0.8 6.91 —0
6.94 D, (S) 3.2 =0.7 8.21 — 1.27

7.14 D, S, F 21.8=0.9 7.14 — 0

7.21 D, (S) 3.4±0.8 7.21 —0
i.n D, S, F 17.0±0.8 7.32 — 0

7.46 (D) 1.9 =0.9 8.73 - 1.27

7.83 D, S, (H 6.7 =0.6 7.83 — 0

7.90 D. S 3.6±0.7 7.90-0
8.21 D, (S) 8.3 ±0.7 8.21 -0
8.73 D. S, F I3.6±0.8 8.73 — 0

9.37 D, (S) 4.9 = l.3 9.37 — 0

Table 8

Excitation energies and ground state transition widths obtained from the reaction

Excitation energy (keV) (2>-f-l)/;o (eV) ^
present previous present previous
work work work work

! 3133±3
1 3233 ±4

3134. 3 ±0.4 r 1.0 0.06 ±0.04 0.104-0.02 ')

5253 ±2 ') ') 1.0 0.68 ±0.10
5359±4 5557 ±2 ') r ') 0.82 ') 0.37^-0.08

1
6909±7 6908 ±3 =) 4- ') 1.0 0.43 4-0.09

! 7140±4 7139 ±3 ')
,
r = } “) 0.84-L0.04 3.2 4-0.4 •)

7214±5 7206 ±6 ') (h I.O 0.57-^0.11
7316±4 7314 ±9 ') 1.0 2.2 -L0.3 ')

I
7850±4 7847 ±9 “) 1.0 I.05-F0.17 )
7896±6 7898 ') i ') 0.93 “) 3.2 -^0.7 J)

j

8209±4 8209 ') r 0.54±0.08 3.7 -^0.8 5.6 ±0.4 ")

' 8728-L4
(

18730

18731

')

')
4 0.88=0.05 7.2 ±1.1 0

1 9365±7
!

9569 “) 1.0 4.0 ±1.2 0

I •) The branchings are obtained from the relative intensities observed at the scattenng angle of

I

87’. The effect of the angular distribution of the y-rays is not taken into account,

j

The error for (2/-rl)/’^o only includes the statistical error. An estimate of the uncertainty

I

associated with the shape of the incident bremsstrahlung is not included.

1 ') Ref.

’) Ref. »).

j

•) Ref ’»).

I ') Ref
*) The value of (Z/-H)/’yo has been estimated by combining the value of r.,o from ref and the

branching from the present work; this value has been used for normalization.
•

“) Ref “).

') The value given is not (2y-|-i)/’.j,o but the (2/4-1 )r,or.j,/r value.

The vaiueof (2/+lxr.,i’g,/r’ from ref. ’) has been used toestimate the valueof (2/4 l')/lo.
(over)

‘) Ref ^*).

') This branching is not FyolFy but Fyo/F from ref
") Ref *). The energy is corrected for the C-value given in ref ”). 512
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^^C.B. Moss, Nucl.Phys. A124 (1969 ) 440.

^P.P. Hinrlchsen et al. Phys. Rev. 140 (1965) B549.

^S.H. Hough et al. Nucl.Phys. A109 (1967) 393.

^Vl. Gfeten et al. Nucl.Phys. A107 (1968) 347.

Wolff et al. Nucl.Phys. A140 (1970) 319.



B.J, Thomas, A. Buchnea, J. D. Irish, and K,G. McNeil
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3085 (1972)REF. EL EM. SYM. A Z

METHOD

P 31 15

REF. NO.

72 Th 5 hmg

EXCITATION SOURCE DETECTOR
ANGLEREACTION RESULT ENERGY TYPE range TYPE range

G,PG ABI 7- 22 C 19, 22 SCD-D 150

G,NG ABI 12- 22 C 19, 22 SCB-D 150

6,AG abi 10- 22 G 19, 22 SCB-D 150

GAMMA DST

Table 3. Yields of gamma rays from the reaction ^'P(y,X7'), £g = 30 MeV; 9 = 150°

Estimate of

Residual State Known Relative*

nucleus (MeV) J' T V decay yield (MeV mb/sr)

30p 0.678 0*
1 GS

0.709 1* 0 GS 0.60 3.1 ±0.8
1.455 2* 0 GS 0.19 1.0±0.2

35% (GS) - 1
1.976 3* 0 50% (0.710) 0.19 > 2.0±0.4'

15% (1.455) N.O.‘J

3.018 (I)
10% (GS)

90% (0.678)

N.O. \
O.09 )

0.5±0.17

10% (GS) N.O. )
4.181 2*

1 60% (0.678) 0.02 > 0.15±0.07
30% (0.710) 0.01 J

5.412 0.06 0.3±0.08

"Si 2.233 2*
1 GS 1.00 5.2±0.2

3.507 2*
1

45% (GS)

55% (2.233)

0.06)
0.07 /

0.8±0.2

3.767 ! 40% (GS)

60% (2.233)

0.13)
o.os; 1.1 ±0.3

3.786 0*
1 GS 0.07 0.4±0.1

6.730 r 80% (GS)

20% (2.233)

0.03)
N.O./

0.2±0.5

8.930

0.03 0.2±0.5
8.950

*’AI 0.843 i[2* 1/2 GS 0.28 1.5±0.5
1.013 3/2° 1/2 GS 1.25 6.5±0.6

'Nomaalued to yield of the 2.233 MeV first excited state of **Si.

*N.O.—not obeerved.

'GS decay obecured by Compioa edge of 2.233 MeV ‘‘IL
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R. Bergere, H. Beil, P. Carlos, A. Lepretre, A, Veysslere
PlGNS-73, Vol. I, p. 525 AailomarREF. ELEM. SYM. A Z

P 31 15

METHOD REF. NO.

73 Be 10 hmg

RESULT EXCITATION SOURCE DETECTOR
ANGLEREACTION ENERGY TYPE RAN6C TYPE RANGE

G-N ABX 12- 29 D 12- 29 BF3-I API

G.PN ABX 19- 29 D 19- 29 BP3-I API

G.2N ABX 27- 29 D 27- 29 BF3-I API

Fig. 4 Partial photoneutron cross sections
a(Y,n), a(Y,pn) and a(Y,2n) of

Fig, 6 Comparison of '^P and photoneu—
tron cross sections with ^^?(p,Y
measured by Dearnaley.^

°

® G. Dearnaley et al., Nucl. Phys . 6^, 177

(1965)

Fig. 13 Integrated photoneutron cross-sec-
tions for s-d shell nuclei.
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R,W. Gellle, K.H. Lokan, and N. K. Sherman
PlCNS-73» Vol. I, p. 171 Asllomar

EL EM. SYM.

31 15

MCTHOO REF. NO.

73 Ge 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN«C TYPE RANGE

G,N ABX 13- 23 C 15- 25 top-d 90

GND AND EXCITED STATES

PHOTON £N£PGT (M£V) PMOTOM ENEROT (MfiV)

-Figure 1: differential cross
section at 90° as a i\mction of excitation
energy.

PHOTON ENERGY (M£V)

Fig-are 3: ^^F(Y,n) total differential
cross section at 90" as a function of
excitation energy. Dashed cur'"e fro.Ti

total ’^?(Y,n) cross section by Mutsuro
ez al.^ assur.in.g isotropic distribution.

Figure 2; partial differential
cross sections at 90° as a function of
excitation energy.

Table 1

Integrated ^^?(Y>n) cross section

Fxperiment Upper
li.mit

/acLP

MeV-mb

Present experiment CVJOJ 120 + 10

jCatz and Penfold^* 26 120

'iutsuro et al .
^ 22.5 120 X 10

Polsn and ’7h.it ehead^ 23 127

McDonald et al.® 22 101

(over)

PonM N8S-418
(RSV.
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EL CM. SYM. A Z

P 31 15

METHOD REF. NO.

73 Ja 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

G,NA24 ABY THR-999 G 100-999 Acn:-i 4PI

Target mass number

<2

m

c
.2
"o
<u
•A

•A
iA
o
O

Fig. 7. Mean cross sections for production as a function of target itam number.
Present work filled circles. Noga et ai. [3] open triangles, Kumbartzld et td. [13] cross

and Korteling er a/. [1] 400 MeV protons open circles, lire solid line gives the mean
cross sections calculated by Jonsson et a!. [17]

999=1 GE7

Fig. 3

Fig. 3. The determined yields for the reactions -» ^'*Na (filled circies), —S —
(open circles) and ^’•^'^Cl—•^Na (filled triangles)

^Kortellng, R.G, et al. , J. Inorg.
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3
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H. Tsubota, N. Kawamura, S. Olkawa,
J. Phys. Soc. Japan 3^, 330 (1973)

METHOD

M. Sugawara, K. Shoda

P

REF. NO.

31 15

73 Ts 3 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANOE TYPE PANOB

E.P ABX 14- 26 D 16- 26 MAG-D 90

Table I. The integ.-ated differential cross sections (mb MeV/sr) at 90*.

f da(r.Pa)^c

J dfl
R

«P
1.93±0.21<>

25.68-13.82 MeV«
0.69±0.48»i

25.98-15.75 MeV**

27.87K'

0-32 MeV**
0.07

,

“S
4 70

1.6- 19 MeV**

20.71*1

0-23 MeV**
0.23

• Deduced from the total cross section assuming an isotropic angular distributions.

•* Energy region.

a) Present data.

b) ref. 17.

c) Calculated from the data of ref. 22 using a detailed balance theorem.

d) ref. 6.

6) K. Shoda, K. Abe, T. Ishlzuka, N. Kawamura,
M. Oyamada, Balk-N-Sung, J. Phya. Soc. Japan
15 (1968) 664.

17) B. S. lahkhanov, L.M. Kaitonov, D.G. Shevchenko
and B.A. Yur'av, Phys. Letters £ (1964) 162.

22) G. Dearnaly, D. S. Gemmel, B.W. Hooton and
G.A. Jones; Nuclear Phys. (1965) 177.
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Fig. 5. The differential cross section for *‘P{r. po)*®Si

reaction at 90*.

Fig. .V T lie pmion energy .spccir.1 for *'P(c. c
reaction.

USCOMM'.OC 28010-PS4 PHOTONUCLEAR DATA SHEET 51 9

IS
2
O

u

Fig. 4. The comparison of the proton energy spectra

between *‘P(e, e’p)wSi and “PCt, p)*“Si reactions.

The spectrum of “PCe. e»**Si was obtained with

the electron beam with 22 MeV and that of «P(r,

p)^Si was obtained with the breirastrahlung of the

end point energies of which was 21.3 MeV.

Fig. 6. The differential cross section for *‘?(r.Pi)*’SL

reaction at 90*.



L. Zalcman, J. B.M. Thomson and M. M. Thompson
PICNS-73, Vol.I, p.169 Asllomar

ELEM. SYM.

31 15

73 Za 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE range

G,NG SPG 12- 30 G 30 SGD-D 125

G,PG SPC 7- 30 G 30 SGD-D 1 25

DE-EXCIT G-RAYS

1 Level

1

(y«v)

Kna/m
Cascade
(r^f. 7)

CaiT.T3-ray

Elnersy

(y.aV)

Cbier.’Da
relative

Cascade
corrected
Cl:SV-G'jD/3r)

r dE
i

ref. 6.

(”eV-rrb/Sr}

i

.678 100W.S. .678 A .29 2.Ci.3
. .7C9 IOC’^.3. .709 3 .26 2.4i.5 3.11.3
1.I-5S 100 1-3. S. 1.455 c .18 1.31.2 l.Cl.2
1.376 351-3.3. 1.976 D .02 0.7±.3 2.01.4

£u-.7:i 1.257 E .29*

15V-1.V35 .521 fi.C.

2.539 ICG'S—3.3. 2.539 T .06 .61.2
«•

2.725 1001-3.3. 2.725 Q .07 .7±.2 ;;.o.

2.937 ISl-l.G. 2.937 H .02 M.O.
2.259 I .04

i.«52 J .05

3.013 10';-G.S. 2.013 N'.O. .71.2 .51.2
903-.. 679 2.340 K .07

5.1^12 1001-^. s. S.^12 - .04 .11.03 .31.1

3P_. 1

7TTT2 10Q1-<3.S. 2.232 1.00 7.31.9 5.21.2
3.505 -51..C.S. 3.3C5 [1 22 3.3 .91.2

551-2.222 1.273 !1 .14. 1

3.767 3.767 0 .16 1 2.S1.S 1.11.3
6ij':-2 .232 1.535 ? .11

j

3.796 lCOV-2.232 l.S5^ 5 .09 ' .51.15 .4*.l
6.735 32 . 3

.

5.735 .01
I

.11.05 .li.uS
211-2.232 4.501 :i.o.

1

FORM H3S*418
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Fig 1 Tlie result of various analysis procedures for ihe-''P(y..v»i cross section, as explained in text; (a) \BPL method, (bl CLSM procedure, bubeauof stanoabds

(c) VBPL including decorrelation; (d) and {el VBPL and CLSM after smoothing of the individual yield points
I



CROSS

SECTION

(mb)

^Ishkhanov, B.S. al . , Bull. Acad. Sci. USSSR 1594 (1969).

2
Bergere, R. ^ » Proc. Int. Conf. Photonuclear Reactions & Applications (Asilomar

1973). Ed. B. Berman (1973), Vol. _1, p.525.

^Mutsuro, N. etc , J. Phys. Soc. Japan 17, 1673 (1962).

^^Gellie, R.W. et al., Proc. Int. Conf. Photonuclear Reactions & Applications (Asilomar

1973). Ed. B. Berman (1973), Vol. 1, p.l71.

^^Wong, S.S.M. et , Phys. Lett. 48B , 403 (1974).

Abstract. The .v/;) cross section was measured from threshold up to 25 MeV, using

the brems^trahlung photon beam from the 35 MeV linac. Several analysis procedures were

used to compute the photoneutron cross section from the experimental yield curve. Our

results are compared with other bremsstrahlung measuremients and with the quasimono-

energetic photon work by the Saclay group. The leading edge of the giant resonance shows

an extremely rich fine structure which seems to be characteristic for nuclei in the Id— 2s

shell.

Fig. Z Comparison of the present cross section results (c) with

the data obtained by (a) Ishkhanov eiul. [1] using bremsstrahlung.

and (b) those measured by Bergere ei al. [2] using a quasi-mono-

energetic gamma-ray beam. At the bottom (d) we have plotted

the total gamma absorption cross section for as calculated

by Wong al. [14]

Table 2. Integrated Ply. x n) cross section

Experiment Integration limit

(.MeV)

\aJE
(.MeV. mb)

Mutsuro et al. [9] (1962) 22.5 120±10
Ishkhanov et al. [1] (1969) 22.5 107+10
Bergere et al. [2] (1973) 22.5 96±10*
GcIHeef u/. [12] (1973) 22.0 120+10
Present experiment 22.5 I20± 6

' Determined from the figure in Ref. 2.
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A. Veyssiere, H. Beil, R. Bergere, P. Carlos, A. Lepretre, and
A. De Miniac

Nucl. Phys. A227 . 513 (1974)

C.U C.M. ^ r M.

31 15

METHOD REF. NO.

74 Ve 1 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE range

* G.N ABX 12- 29 D 12- 29 BF3-I 4PI

** G,2N ABX 24- 29 D 24- 29 BF3-I 4PI

*** G,NP ABX 19- 29 D 19- 29 BF3-I 4PI

* 891
** 889

*** 890

Fig. 7. Partial photoneutron cross sections [trCy, n) + cT(j/, pn)] a(y, pn) and a(y, 2n) of ^'P.

Fig. 22. Ratio of c.xperitncntal integrated photoncutron cross section rra" over the Tltomas, Rciche

and Kuhn sum rule [0.06 NZ!A], Numerical values and upper integration limits £m are taken from
table 3. Also Jco" = ±7% for all nuclei. (over)

FORM HSS-418
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Fig. 24. The [ffo"/(0*06 NZfA )] ratio ns a function of isospiu T, Possible overall errors of i 7"., a;-

to be applied to all nuclei shown.

Table 3

Experimental integrated photoneuiron cross sections <r" = ^^^cr^^(£)d£ compared with the

classical sum rule [0.06 iVZlA] of Thomas, Reich and Kuhn

1

oII
1 r = i ir=iij r = 2| r= j

Nucleus ‘<^o
2 0Ne ^“Si ”S ‘°Ca I5C “Na -'Al 31p "’K

1

-Se
1

“>Ar
!

siV

Co'' 58 42 94 98 100 108 137 158 182 210
1

333 393 602

(MeV • mb)
1

— ±3 ±7 ±7 ±7 =9 ±10 ±13 ±14 ±25
1

±23
ii

±^^2

ffo"/(0.06,VZM)| 0.24 0.14 0.22 0.21 0.17
j

0.38 0.40 0.39 0.39 0.36
}

0.57
j

0.66 0.3
1

£m (MeV)
1

30 26.7 30 30 29.5 1 29 30 30 29 30
i

28.1
1 26.7

i

28
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D. Reitmarm
Nucl. Phys. A254

,

45 (1975)

ELEM. SYM.

31 15

REF. NO.

75 De 3 egf

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE range

P,G LET 9- 10 D 1-3 SCD-D 55

30 RESONANCES

Data on strengths and branching ratios for 65 resonances tabulated.

Excitation energy 7.78-9.72 MeV.
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Table 3. Cnns-5ection per equivalent quantuo (7Q(>ib) of

photoproduction of“Na

Brcfflsstiahlung oiaximum enerjy £« (GeV)

Target

nucleus 0-30 0-40 0-55 0-75 100

”A1 490 s20 560 £20 667 £20 690 £20 745 £20
-Si 290±20 330 £20 380 £20 430 £20 470 £20
i.p 230i20 250 £20 290 £20 330 £20 350 £20
”S 206il0 240 £ 10 280 £10 320 £10 330 £10

230^10 260 £10 290£l0 320 £10 330 £10
-K 30±3 50£5 65r5 80£5 100£3

*Ca 5±2 20£3 45£5 60£5 60£5

Table 4. Cross-section per equivalent quantum (Toilib) of

photoproduction of “Na

DI Bremsstrahlung maximum energy £« (GeV)

nucleus 0-30 0-40 0-55 0-75 100

”A1* 370s 10 440£I0 500 £20 550 £20 660 £20
-Si 100 £10 140 £ 10 160 £ 10 2I0£l0 240 £10

”P 100 £20 160 £20 200£20 270 £20 310£20

”S 120 £ 10 160£10 180£l0 210 £10 240 £10
”-”a 65 £10 100 £10 140 £ 10 190 £10 220£l0
-K 20£5 35 £5 55 £5 65£5 80 £3
"Ca 12£3 2J£5 35 £5 50£3 60£5

•The results for ”A1 have already been published (see[8D and

are reported for comparison.

Table 3. Mean absolute cross-section mi Oab)

in the energy rangeO-3-1 CeV

Target

nucleus

Produced radionuclide

•F -Na -Na

”Na
"Al*

190 £30
120 £10 200 £20 220 £20

“Si 100£10 150 £20 120£10
•ip

100 £ 10 100 £20 180 £20
“S 110£l0 120£l0 100£l0
-•"q 133 £20 100£l0 130£l0
"K 43£3 60£5 30£5
*Ca 46£5 60£3 40*5

•The results for the photoproduction of '*F

and ’•Na from ”A1 have already been

published (Ref. [3] and [8], respectivdy).

2. V. di Napoli and M. L Terranova, J. inorg. nucL Chem. 3d. 3633
(1974).

^
3. V. di Napoli, A. .M. Lacerenza, F. Salvetti. S. M. Terenzi, H.

G. de Carvalho and 1. B. Martins, J. inorg. nucL Chem. 35
1419 (1973).

•
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H. G. de Carvalho, J. B. Martins, O. A. P. Tavares

J. Inorg. Nucl. Chem. 37 , 1101 (1975)

ELSM. SYM.

31 15

METHOD 9EF. NO.

75 Di 4 egf

REACTION RESULT EXCITATION SOURCE DETECTOR

ENERGY type R AN QE TYPE RANGE
ANGLE

G,F18 ABY THR-999 c 300-999 ACT-I 4PI

G.NA22 ABY THR-999 c 300-999 ACT-

1

4PI

G.NA24 ABY THR-999 c 300-999 ACT-I 4PI

999 = 1 GEV

iO J5

Target mass aumoer

Fig. 2. Mean absolute cross section of "F pholoprodaction vs the

target mass number. Open triangle: energy range 01 5-0- '2 GeV,
Ref. (18). Filled circle: energy range 0-.1-I GeV. Ref. [?). Open
circles: present work. The curve has been calculated by means of

Eqn(l).
Target mass nuraCir

r

10

1

25 30 25 40

Ta'ge* moss number

Fig. 3. Mean absolute cross section of ^’Na photoproduction vs

the target mass number. The curve has been calculated by means
of E<vaM).

FORM Has-41t
(REV. 7- I 4.S4)

USCOMM-NSS-OC

Fig. 4. Mesm absolute cross section of ^Na photoproduciion vs

the target mass number. Filled circles: energy range 01-1 GeV.

Ref. (20). Reversed open tnangle: energy range 0-3-1 GeV, Ref.

[8], Open triangles: energy range 0-25-1 GeV. Ref. [19]. Open
circles: present work. Tne curve has been calculated by means of

Eqn(l).

Table 2. Cross-section per equivalent quannia o-ijlub) of

photoproducrionof “F

Bremsstra-hlung maximum energy £,iCeV)
Target

nucleus 0-30 0-40 0-55 0-75 1-00

"Na 590 i 30 640 = 30 720 = 30 780 = 30 830 = 30
*’A1* 115 = 7 172 = 6 202 = 6 2^5 = 5 270 = 5
“Si 80 = 10 110 = 10 145 = 10 1*0=10 200= 10
”P 60=10 90=10 130=10 150=10 180 = 10
”S 55 = 10 90= 1C 125=10 160=10 190=10
”-”ci 185 = 20 230 = 20 270 = 20 310 = 20 350 = 20
”K 35 = 5 50 = 5 65 = 5 75 = 5 90 = 5
“Ca 3 20=3 35=5 45=5 50 = 5

•The results tor ^A1 have already been published (see [3]) and
are reported for comparison.
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Table 1

Fitted parameters

State Cir (fm) f„ (fm) .B(E2. a>)|(s.p.u.) “I r*//

1.27 MeV 2.2 ±0.7 2.9 ±0.4 6.0±0.9 0.49

4* 2.23 MeV 3.6 ±0.8 •) 1.5 ±1.2 6.3 ±0.5 0.98

3.33 ±0.02 •*) 1.96±0.07 6.3±0.5 Z37
3.31 ±0.02 ') 2.03 ±0.05 6.9 ±0.3 Z24

i* 3.51 MeV 3.7 ±0.4 1.3 ±0.7 2.7±0.3 0.57

*) Fit to NBS data only.

Fit to Stanford data only.

*) Fit to NBS plus Stanford data.

*) Uncertainties quoted have been adjusted by x^/f-

Table 2

Form factor constants in the intermediate-coupling vibrational model

Excited state At ^2 ^2

4+ 1.27 MeV 0.320 0.157 -0.732

i* Z23 MeV 0.105 0.051 -1.119

4* 3.51 MeV 0.242 0.117 0.528

Table 3

”P E2 transition strengths in Weisskopf single-panicle units

1.27 xMeV, 4*

B(E2, co)|

2.23 MeV. 4* 3.51 MeV, 4+

Ref.

This experiment 6.0 ±0.9 6.9±0.3 2.7 ±0.3
Previous e.xperiments 4.6 ±0.3 6.4±0.4 1.9 ±0.4
Twin et al., expt. 3.8±1.0 7.3 ±0.7
Glaudemans et al., theory 4.7 5.1 0.01

Castel et al., theory 2.8 13.5 3.5 ’)

Present calculation 3.2 8.7 6.1

Castel et al.. Can. J. Phys. 48 (1970) 1490
12
P.W.M. Glaudemans et al., Phys. Lett. 28B (1969) 645

21
P.M. Endt et al., Nucl. Phys. A214 (1973) 1

22
P.J. Twin et al. J. of Phys. A7 (1974) 1410
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1 F. J. Kline, C. L, Lin, G. A. Peterson, S. Penner

Nucl. Phys. A241 , 299 (1975)
I

REF. EL EM. SYM.

31 15

REF. NO.

75 K1 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ LFT 1- 4 D 50-250 MAG-D DST

q (fm‘*)

Fig. 2. Plot of converted form factors squared for the J* (1.27

MeV), (2.23 MeV) and I* (3.51 MeV) slates in ^‘P versus q. The
data points were obtained at NBS. The solid curve is the fit using the

distorted-wave code DUELS. The dashed curve is the distortion cor-

rected and normalized (cf. text) form factors squared, calculated in the

intermediate-coupling vibrational model.

I

I

1.27, 2.23, 3.51 ME^

Fig. 3. Plot of converted form factors squared for combined NP'^

and Stanford data on the I* (2.23 MeV) state. The crosses are t;.*;

U. Mass-NBS data and the circles are the U. Mass-Stanford data. The
solid curve is the fit using the distorted-wave code DUELS. The
dashed curve is the distortion corrected and normalized (cf. text)

form factors squared calculated in the intermediate-coupling vibration-

al model.

(over)
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REF. B. Bulow; Z. Physik A285 , 323 (1978) ELEM. SYM. A Z

31 15

REF. NO.

78 Bu 9 RS

EXCITATION SOURCE DETECTOR
REACTION RESULT ENERGY TYPE RANGE TYPE range

ANGLE

G,2P ABY 21-640 C 75-640 ACT-

1

4PI

G.2PN ABY 30-640 c 75-640 ACT-

1

4PI

G,3P ABY 31-640 c 75-640 ACT-

1

4PI

G,3PN ABY 40-640 c 75-640 ACT-

1

4PI

The yields of the (y,2p) reaction on ^°Si and of the (y,2p), (y,2pn) (y 3 d) and (v
reactions on -p have been measured as a function of tt mal^^^m bri^sslr^
energy m the range 75^40 MeV. The cross sections have been deduced and arecompared to Monte-Carlo calculations. The magnitude of the cross sections in the enerzv
range above the threshold for the photoproduction of mesons is also discussed usine a
sunple anal

3dical approach. ®

Rg.1. The Glled circles show measured yields as a funaion of the

maximum bremsstrahlung energy. The meaning of the solid lines,

the hatched areas and the plus signs is given in the te.Tt

TiWeZ. Reaction thresholds. CR atsd QD normalizationfactors and

calculated mean cross sections for the different reactions

Reaction Thresh-

old

(MeV)

Nor-

mali-

zation-

factor

(200-640 MeV)
GR and QD
reference

’”S.(7.2p) 240 0.67 715 ± 3.9 [12J

"Plv.2p) 20.8 0.98 88.3 ± 7,8 [H]

ly.2pn) 30.2 1.3 197. ±19 [11]

(V.3p) 31.3 1.2 5.1± 1.0 [12]

(7.3p«) 39.8 1.0 4l.6± 1.8

FORM N3S-418
(R EV. 7«1 4*64)
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REP. V.M. Asaturyan, E.O. Grigoryan, G.A. Vartapetyan, A.S, Danagulyan, ELEM. SYM. A z I

N.A. Demekhina & A.G. Khudaverdyan
Sov. J. Nucl. Phys. 25, 601 (1977) P 31

Yad. Fiz. 25, 1133 (1977) 15

METHOD «cr, NO.

77 As 10 hmg

REACTION RESULT excitation SOURCE DETECTOR
ANGLEENERGY TYPE RANGE TYPE range

G.Be7 G,Na22 ABY THR*5 C *5 SCD-D UKiN

G,Na24
(4.5)

Photonaciear reactions in the targets *^AJ. ”Si, ^'P, ”S, and **^Ca have been studied for maximum *GEV 5=4.5 GEV
bremsslrahlung energies of 2, 2.4, 3, and 4.3 GeV. The yields of the residual nuclei ’Be, "C, '^N, ‘*F,

^Na, and ^'Na were measured by means of a germanium-lithium semiconductor detector with a sensitive

volume of 30 cm^. In discussion of the results we took into atxount the contribution of the low energy part

of the bremsstrahlung spectrum. Comparison of the measured yields with estimates calculated by

Rudstam's formula permitted us to conclude that there is a dilTerence in the mechanism of formation of

the light fragments ’Be, "C, and '’N from that of the other residual nuclei '*F, ”Na, and “Na.

T.\BLE U.

w'acaofl m*.-0

7«tO>
•7c«yT*.*i ac«v c*v JCt* *»c«v

A1 t«TfM

•*C

»»N
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O.KMMQSgt

OJ^sO.OS
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S

0J7

a4s0.03

ojn:*i<xocr.

0.12±0.08

I
o:9ro.as

O.OQazUOi

aif^ziiua

0«7

197*0.1

QJU*uOt
0023*0 OM
O.IO:*OJ>15

oj«o<n

o3«o.oe

t.r*<iLi

ojs*g.(s

O-O^^OiX
0 i:izo.<r7

QJC±004

I
OJUzOlOS

I

I I

O2U«i0]

ox«o.oi

QLm*ooo
c&iiaoi

0La*oo(
aM7«Oflt

arnOft? ai4s0iS

o.m«ai3s
Q.U2aOga

(uuooi

Q taryst

o^tAm

a?7«o.oi

OOMQC
au«o.os

I

ojzaooi
I
ea^offi

I OJMOt I 0l21«CM

K Uri>t

91^03 t OJbOiB
i

I
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I

I Q4»*<LflQ5 I ILllftOitt

aoMos

j

0.123*0312

j

aa*0.0f3

J

C» UrfR

]
aoo*4oi

I
au*0L0i2 i

ojtj*o.o:

1 1 4243*0ga 1

091

0«M
0»
0.0127

o.tnt

434 .

I.IT

03S
0flC»7

0.107

0201

4CS
0424

0J9I

0417

0300
0.204

0004
0.130

O^M

0217

Ott

oie

01

0147

021

023

03S

o«a
t.O

OM
13 10*

138-10»

0 43

2.30

100
7^

3-2 10*

0.2101

0.7J

ZOS
IJt

Lt

iM
tn

ZSO-19
t^l9
IM*

U
7.13

2

7Ji

U
037

U-19

Data for Cl and K targets previously
published in Reference 11.

“G. a. Vartapetyaa et ai., Yad. FIz. 17, 683 (1973) [Sov. J.

Kucl. Phys. 17. 350 (1973)].
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^R. R. Weller, R. A. Blue, N. R. Roberson, D. G. Rlckel,

S. Maripuu, C. P. Cameron, R. O. Ledford, and D. R.

TlUejr, Phya. Rev. C ^ 922 (1976). (Note: an error
exists In the sign of the phase In this paper. The
quantity -^4 should be ^4 wherever It appears.)

P. Cameron, N. R. Roberson, D. C. Rlckel, R. O.

Ledford, H. R. Weller, R. A. Blue, and D. R. Tilley,

Phys. Rev. C 14, 553 a976).

*C. P. Cameron, Pb.D. thesis, Duke University, 1976

(unpublished).

*R. O. Ledford, Pb.D. thesis, Duke University, 1976
(unpublished).

•j. D. Turner, C. P. Cameron, N. R. Roberson, H. R.
Weller, and D. R. TUley, Phys. Rev. C JW, 1853
0978).
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H.R. Weller, N.R. Roberson & S.R. Cotanch
Phys. Rev. 08, 65 (1978)

EL EM. SYM. A Z

METHOD

P 31 15

REF. HO.

78 We 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANGE TYPE mange

$ P,G RLX 13-22 D 6-15 UKN-D DST

Analysis of data in reference 4. POLARIZED PROTONS

Measuremenu of cross sections and analyzing powers are examined for polarized proton capture on “C,
**Fe, ’*Fe, ^*F^ ”Co, and “Sr at energies which cover the giant dipole resonance region. These data

are used to extract the reiative amplitudes and phases of the contributing E 1 T-matrix elements. A typical

result exhibits two solutions. Calculation! using the direct (or a direct-semidirect) capture model appear to

provide a means for choosing the physical solution.

'nuclear REACTIONS: “C(/.y, ). ). Mpefp.y, ),

**Fe(p, y,). *’Co(^, y, ), ”Sr(p, y, ); measured o(0) and A(9) over energy region
of the giant dlpola resonance. Deduced T-matrix amplitudes and phases. Com-

pare results to direct-semidirect model calculations.

FIG. 1. The two solutions (dots and x’s) resulting from a pure El analysis of the data are shown along with the results
of the calculation for target nuclei of ‘^C, **Sr, and ”S1. The remaining cross section in the case of '^C and ®*Sr is due
to the Si/j matrix element. In the ease of ’®Sl It arises from thep^

j
matrix element. The error bars represent typi-

cal statistical errors associated with the data points. The amplitudes are presented In terms of the percentage of the
total cross section for which they are responsible. The curves represent DSD calculations as described in the text.
The dashed curves In the case of ”Sr were obtained using the optical model parameters of Ref. 16 while the solid lines
were obtained from the parameters of Ref. 13.
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Table 1

Summary of ihe angular disiribution results for
'
'®Si(p, /)" ' ^

' P resonances and comparison with previous'

values

Reaction (MeV)

Transition

(MeV)

"2 "4

present *) previous present *) previous

“Sit p. 0.37 T - 1.95 0.52 ±0.02 0.372 ±0.036*) -0.19±0.03 0.097 ±0.071 *)

r - 1.38 -0.79 + 0.02 -0.809 ±0.041 *) -0.01 ±0.03 0.026±0.074 *)

1.38-0 -0.58 + 0.03 -0.568 ±0.017*) -0.05 ±0.04 -0.017±0.031 *)

1.95 - 0 0.19 ±0.02 0.211 ±0.039 *) 0.13±0.03 0.1 20 ±0.080*)

1.38 r - 1 .95 -0.83 ±0.03 -0.55 ±0.55') 0.14±0.05 0.01 ±0.07')

r - 1.38 0.67 ±0.02 0.51 ±0.09') -0.47 ±0.02 -0.25 ±0.09')

1.38-0 -0.61 ±0.03 -0.59 ±0.05') -0.03 ±0.04

1.95-0 0.41 ±0.02 0.44 ±0.07') -0.34 ±0.03 -0.30 ±0.07')

1.65 r - 0 -0.43 ±0.03 -0.53 ±0.04') -0.03 ±0.04

“Sitp. -/)^“P 0.42 r - 0.71 0.30 ±0.02 0.01 ±0.03

r - 0.68 -0.37 ±0.02 0.00 ±0.04

'“Sitp.vl^'P 0.50 r - 0 -0.49 ±0.03 -0.39 ±0.01 ") 0.00 ±0.02 -0.01 ±0.01 ")

-0.41 ±0.02 ')

0.62 r - 0 0 0

0.78 r - 0 -0.40±0.02 -0.31 ±0.01 ') 0.01 ±0.04

0.94 r - 0 -0.83 ±0.03 -0.72 ±0.02') 0.05 ±0.05

0.98 r - 0 -0.65 ±0.03 0.07 ±0.04

The and £, values are taken from ref.

') The coefficients are corrected for finite solid angle of the Ge(Li) detector ^°). The correction due to the

finite size of the beam spot on the target is negligible and is considered to be included in the uncertainty of the

target-to-detector distance, 50 + 2 mm.
“) Ref. ') Ref. '*) Ref. ') Ref. ^‘).

Table 2

Summary of the present strength measurements

Reaction
Transitions Branch-

•^lib

(keV) (MeV) >ng*)(°;) eV/(10’’ at/cm^) (eV)

“Si(p. v)^’P 370 r- 1.95 30±2 1.04 14.1 (5.5 +0.8) X 10"^

r 1.38

1.38-0
70±2
70±2

1.00

1.01

(5.4 ±0.5)xl0-^
t5 6-041xl0-^

(5.6 ±0.4) X 10-^ (5.6_0.4)xl0

1.95 - 0 27±2 0.97 (5.7 ±0.8) xlO'^

1381 r - 1.95 5I±1 0.97 6.8 (103 +8)xl0*^
r - 1.38

1.38-0
46±1
49±1

i 1.09

'. 1.01

(84 ±8)xl0-^
,

(89 ±10)xl0-^
(92±8)xl0

1.95 - 0 5!±1 1.07 (93 ± 9)x 10'^

1652 r - 0 93±1 1.00 6.1 9.0 ±0.7

2088 r - 0 91 ±2 1.19 5.1 0.95±0.14

“Si(p. -/l^P 416 r - 0.71 33±1 1.00 13.3 1.09± 0.35
1.04+ 0.10

r - 0.68 57±1 1.00

“Si(p.;yP 499 r - 0 52 ") 1.00 12.1 0.33 ±0.05

620 r - 0 95 ±1 1.00 10.8 5.0 ±0.3

777 r - 0 68 ") 1.00 9.5 1.2 ±0.2

942 r - 0 66 *) 1.00 8.5 2.0 ±0.3

983 r - 0 70 *) 1.00 8.3 2.0 ±0.3

The and £, values are taken from ref.

•) All values given are relative to the value of 100 for the total intensity for the decays of the resonance

state.

") As deduced from the angular distribution data obtained in the present experimental geometry. Thus the

solid angle attenuation is taken into account experimentally. Error limits are within 1

‘) Ref. •*), Error limits estimated to be +5 %.
*) Ref. ’). Error limits estimated to be +2 %.
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REF. M. Riihonen, J. Keinonen, A. Anttila
Nucl. Phys. A3T3, 251 (1979)

EL EM. SYM.

31 15

METHOD

79 Ri 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G NOX 7-9 D 0-1 SCD-D DST

(7.78-8.25) (.50-. 98)

.abstract: The absolute resonance strengths of the reactions have been studied. New
values for the frequently used standard resonances at = 370, 416 and 620 keV in the above

reactions, respectively, have been determined. In addition, the strengths of the '*Si(p, •/)"'*?

resonances at = 1381, 1652 and 2088 keV and of the four dominant ^°Si(p, v)^'P resonances at

= 499, 777, 942 and 983 keV have been determined. The branching ratios and angular,

distributions of the v-rays used in the determinations were obtained in the same experimental set-up

as the strength measurements. Using these revised resonance strengths, the astrophysical reaction

rates of hydrogen burning of ^“Si in explosive carbon burning have been deduced. The reaction

rates found for hydrogen burning of '^"Si in the stellar temperature region of r = (0.3-10)x lO’K

are compared with Hauser- Feshbach calculations.

STELLAR REACTION RATE

NUCLEAR REACTIONS -*Si{p, •/). E = 0.37, 1.38, 1.65, 2.09 MeV; -’SKp, y),

McV, ’“Si(p, >•), £ = 0.50, 0.62, 0.78, 0.94. 0.98 MeV; measured 7,(0).

resonances deduced '/-branchings, resonance strengths. Ge(Li) detector. Natural and enriched

targets.

”Si(

1.01

1.00

Q99

P,7)”P Epj520kev r—OMeV

1 . 1 1 .

rn
Q5 0 Q5 1.0

'•si(p,7)”P Ep.3

r—.1.38 MeV

-ae

70 keV

133-0 MeV

J

Lva r— L95^^^
^

195—0 Mev J

I
*’3i(p,7)”p £p = 4

-i,Ov r— 0.68 MeV

08

0.6

16 keV

-14 r-0.71MeV ..

-12

-104-'^

0 0.5 0 05 -LO

cos w

Fig. I. The results of angular distribution measurements of the standard resonances at E, = 370. 416

and 620 keV in ihe ’"Slip. '^‘P reactions. In the case of the £„ = 620 keV resonance, the

experimental points are shown without eccentricity or absorption corrections. In other cases these

corrections have been made. The solid lines are the iitted curves ol ihe lorm IF(0) = 1 ,(cosJ)

i- u^Pilcos 0).
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TABLE I. The Ag, a, and Ag coefUclents obtained from least squares fits to tbei ’°Sl(p, yg)

data with Eqs. (1) and (2), respectively. Tbe coefficients are given below the coeffi-

cients at each energy. Also given In tbe two right-hand columns are the values obtained

when the data were fitted directly to the r-matrix element amplitudes and relative phases as

described in the text. The errors given for the Ag values are statistical.

Ep
(MeV)

A.
(pb/sr) oj/hj a^/b^ X* X*U0'’

6.36 10.6*0.2 -0.03*0.01 -0.70*0.02 -0.05*0.03 -0.10*0.04 4.0 3.4 3.4

0.02*0.03 0.03*0.01 0.04*0.01 0.02*0.02 2.4

7.46 10.6*0.3 0.04*0.01 -0.97*0.02 -0.65*0.03 -0.05*0.04 1.0 0.7 0.7

-0.09*0.03 -0.02*0.01 0.05*0.02 -0.02 ±0.02 0.3

8.40 14.2*0.3 0.19*0.01 -0.64*0.02 -0.00*0.02 0.02*0.03 0.9 0.6 0.6

-0.07*0.02 -0.10*0.01 -0.02*0.01 -0.01*0.01 0.5

8.31 13.1*0.3 0.19*0.01 -0.81*0.02 -0.09*0.03 0.06*0.03 1.5 2.2 1.8

-0.08*0.02 -0.12*0.01 0.02*0.01 0.03*0.01 2.2

8.85 10.0*0.3 0.24*0.02 -0.69*0.02 -0.15*0.03 -0.05*0.03 1.1 1.2 2.4

0.01*0.03 -0.07*0.02 -0.03*0.02 -0.00*0.02 1.5

10.23 10.3*0.2 0.18*0.01 -0.88*0.62 -0.21*0,03 -0.09*0.03 1.0 1.1 1.1

-0.07*0.02 0.21*0.01 0.07*0.01 0.02*0.01 1.1

11.01 7.3 ±0.1 0.15*0.01 -0.74*0.02 -0.04*0.03 -0.03*0.03 0.9 1.0 0.8

-0.01*0.02 -0.18*0.01 -0.02*0.01 -0.02*0.01 0.9

12.00 5.7 *0.2 0.13*0.01 -0.48*0.02 -0.16*0.03 0.03*0.03 0.7 0.8 1.0

-0.07*0.03 -0.27*0.02 -0.01*0.02 0.01*0.02 0.8

12.85 6.6 ±0.1 0.16*0.01 -0.91*0.02 -0.12*0.03 -0.07*0.03 1.8 1.1 1.1

0.01*0.02 -0.03*0.01 -0.02*0.01 -0.02*0.01 0.6

13.78 6.0±0.1 0.13*0.01 -0.81*0.02 -0.16*0.03 0.04*0.03 2.7 2.2 2.7

-0.03*0.02 -0.07*0.01 0.02*0.01 0.01*0.01 1.9

14.63 7.3 *0.2
.
0.17*0.01 -0.91*0.02 -0.18*0.03 -0.05*0.03 1.3 1.2 1.2

0.01*0.02 -0.03*0.01 0.00*0.02 -0.00*0.01 0.6

14.95 3.6 ±0.1 0.23*0.01 -0.93*0.02 -0.24*0.03 -0.12*0.04 0.5 0.7 0.7

-0.03*0.02 -0.05*0.01 0.02*0.02 0.01*0.02 0.7

* Set I, see text. Set n, see text.

4. IVplcal cross section and analyzing power
***Sular distribution for ^’SKp, yg)’‘P. The errors are
•^•ttatlcal. The solid lines are fits through fourth order

I«gendre aixl associated Legendre polynomials.
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FIG. 9. The Og and 5g coefficients for the ’“sKp.yg)**?

reaction. As discussed In the text, the curves are the

results of OSD model calculations with the following

conditions: dotted curves—complex dipole form factor,

solid curves—real dipole form factor, and dot-dashed

curves—real dipole form factor with semldlrect iso-

acalar quadrupole form factor set to zero.
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DEFINITIONS OF ABBREVIATIONS AND SYMBOLS

Note: In this list defimtions are given for various photoneutron
reactions in which the following symbols are used: N, NL, nN, SN and XN.

Corresponding definitions apply for reacti ons i nvol vi ng 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
reaction in ^^Co.

A alpha particle

ANAL analysis

ABI absolute integrated cross-section
data

ABX absolute cross-section data

ABY absolute yield data. Often means
cross-section per equivalent
quantum is listed.

ACT measurement of induced radio-
activity of the target

ASM asymmetric, asymmetry

AVG average

BBL bubble chamber

BEL reduced electric radiative
B(EL) transition probability

BF3 BF3 neutron counter with moder-
ator e.g., Halpern detector,
long counter

BML reduced magnetic radiative
transition probability, B(ML)

BREAKS levels located by "breaks" in the

I

yield curve
1

3RKUP breakup

BRMS bremsstrahlung

3TW between

C continuous. Used to describe a

I

photon source or a detector

as the reaction product, e.g. a G,MA22

response function. Contrast
with D = discrete.

CCH cloud chamber

CF compared with

CHRGD charged

CMPT Compton

COIN coincidence, coincide
COINC

COH coherent

CK Cerenkov

D deuteron or discrete. When
discrete, it is used to

describe a photon source or

a detector response function.
Contrast with C = continuous.

DLTE energy loss

DLTQ momentum transfer

DST distribution

DT BAL detailed balance

E electron

E/ inelastically scattered
electron

E+ positron

EDST energy distribution or
spectrum

E/N used only to indicate a coinci

dence experiment as in (E,E/N)
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N stands for any outgoing KE kinetic energy
particle measured in coinci-
dence with an inel astical ly L may be an integer or zero
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 specific states in the residual
outgoing particle N is detected. 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 ssi on LFT excited state lifetime

FMF form factor LIM 1 i mi t

FM-1 inverse femtometers LV,LVS level, levels

FRAG fragment LQD 1 iqui

d

G photon MAG magnetic spectrometer

G/ inel astical ly scattered photon MEAS measurement! s

)

G-WIDTH gamma-ray transition width MGC magnetic Compton spectrometer

HAD hadrons, hadron production MGP magnetic pair spectrometer

HE ^He particle MOD moderated neutron detector not
He3 employing a BFg counter, e.g.

rhodium foil, Szi 1 ard-Chalmers
I NT interaction, integral. reaction, ^He, ^Li reactions.

intensi ty GD loaded liquid sci nti 1 1 ator,
etc.

INC i ncl udes
MSP mass spectrometer

ION ionization chamber
MULT multiple, multi pole, multiplicity

ISOB i sobari

c

MU-T used only in combination with G

ISM i somer 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

indi cate a reacti on i n whi ch 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- residual nuclide.

tive integers greater than 1
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nN where n is any integer. (G,nN) SN sum of neutron producing

indicates the sum over all reactions, c( Y,SN)=a(y,N)

reaction cross sections in which + a(Y,HP) + a(Y,2N) + o(y,3H)

n neutrons are emitted. + etc.

NAI Nal(Tl) spectrometer SPC photon or particle energy
spectrum

NEUT neutron(s)
SPK spark chamber

NOX no cross-section data
SPL spallation

P proton (see also XP)
STAT stati stical

PART parti cl e( s)
SYM symetric, symmetry

PHOT photon(s)
T tri ton

PI pion, usually written as PI+,

PI-, PIO to indicate charge TEL counter telescope

POL polarized or polarization THR threshold for reaction or
threshold detector, e.g..

Q-SQUAR momentum transfer squared (q^) 2^Si ( n, p)29a1

.

RCL recoi

1

TOP time-of-fl ight detector

REL relative TRK tracks of particles or frag-
ments observed in solid

RLI relative integrated cross- materials (glass, mylar, etc.)

section data
TRNS transi ti on

RLX relative cross-section data
UKH unknown

RSP reaction spectrometer UNK

RLY relative yiel d data VIB vi brati onal

SCTD scattered VIR PHOT virtual photon(s)

SCO semiconductor (solid state) XN all neutrons, total neutron

detector yiel d, a (y ,XN) = a(Y>H) + 2 a
(Y,2H) + 3c(y, 3H) +a(Y,NP) + etc.

SCI scintillator detector other than

Hal, e.g., Csl, KI, organic
TTTquid or solid), stilbene, He

XP all protons, total proton yield
'7(Y,XP) = a(Y,P) + a(Y,HP) +

2a(Y,2P) + etc.

SEP separati on
XX reaction products defined in

SEP ISOTP separated isotope used XXX REMARKS

SIG SIGMA (cross section) YLD yiel d

I
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PI a 4 TT geometry was used or a

method like radioactivity or a

total absorption measurement

99 energy defined in REMARKS * or 0

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 REMARK S

.

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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