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FOREWORD

This series of reports is the culmination of an effort initiated over 15

years ago to compile and evaluate photonuclear reaction data. Over the

years, the NBS Photonuclear Data Center has been almost the sole source of

this type of information and as such is recognized for its contribution to

nuclear science throughout the world. Its Photonuclear Data Index publica-

tions are widely used and acknowledged in the community as an entry point

for important information about the field. Consequently, the issuance of

these data sheets in tabulated and graphic form, annotated by the authors,

will serve to place the overall field in perspective and render in concise

form those data which are of value to present and future efforts on nuclear

electromagnetic interactions. The Office of Standard Reference Data is

pleased to have contributed to the fruition of this effort as represented

by the Photonuclear Data Sheets.

D. R. Lide, Jr., Director
Office of Standard Reference Data
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Photonuclear Data-Abstract Sheets
1955 - 1982

These abstract sheets cover most classes of experimental photo-
nuclear data leading to information of the electromagnetic matrix
element between the ground and excited states of a given nucleus.
This fifteen volume work contains nearly 7200 abstract sheets and
covers 89 chemical elements from hydrogen through americium. It
represents a twenty-seven year history of the study of electro-
magnetic interactions. The sheets are ordered by target element,
target isotope, and by an assigned bibliographic reference code.
Information is given on the type of measurement, excitation energies
studied, source type and energies

, detector type, and angular ranges
covered in the measurement. For a given reference, the relevant
figures and tables are mounted on a separate sheet for each nuclide
studi ed.

I. Introduction

As used in connection with this collection of data-abstract sheets, the term
photonuclear data is taken to mean any data leading to information on the electro-
magnet!' c matri x element between the ground state and exci ted states of a given nuclide.
The most common types of reactions included in this compilation are: ( e ,

e
' )

,

( y,y ) , ( y, y*
) , (Y>n), (y ,p

)

,
etc. as well as ground-state particle capture reactions,

e.g. (a,Y 0 )» Two reactions which fit the matrix element criterion are not included
in the compilation because of their rather special nature. These are heavy particle
Coulomb excitation and the thermal neutron capture reaction ( n,y 0 ) • While the energy
region of particular interest extends from 0 to 150 MeV, papers are indexed which
report measurements in the region from 150 MeV to 4 Gev. Most of the experiments
listed are concerned with the excitation energy range from 8 to 30 MeV, the region

of the photonuclear giant resonance.

The first set of photonuclear data-abstract sheets was compiled by G. L. Shaw

and E. C. Gregg. Copies were distributed to the participants in the conference on

photonuclear reactions held at the Case Institute of Technology, Cleveland, Ohio on

May 2nd and 3rd, 1955. This compilation consisted of 71 sheets covering 68 elements
between hydrogen and uranium. Only three elements, magnesium, copper and bromine,
required two sheets to record the data available at the time. The entries made on

these sheets were almost equally divided between neutron separation energy and cross

section or yield data.

In 1959 Evans Hayward and E. G. Fuller agreed to provide a review article on

photonuclear reactions for volume II of the series Nuclear Reactions that was being

edited by P. M. Endt and P. B. Smith for the North Holland Publishing Company. In

preparing to write this article they updated the Shaw and Gregg file. It soon

became obvious that this file of data-abstract sheets was a valuable adjunct to the

research programs being carried out in the Betatron Section at the National Bureau
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of Standards. The file was maintained informally until January 1963 when a project

to compile photonucl ear data was established. Later that year, with -the establishment

of theNational Standard Reference Data System under E . L. Brady and M. B. Wallenstein,

the Photonucl ear Data Center was created. It was one of the first in the System.

After the creation of the Photonuclear Data Project in 1963, it was decided to

formal ize the data-abstract file, to carry out a systematic 1 i terature search to ensure

that it covered all experimental papers published after the cut-off date for the

Shaw and Gregg compilation, i.e., January 1, 1955, and to maintain it "current"

with the published literature for the field. A data-abstract form was devised to

systemizethe creation of this file. The format adapted was essentially an extension

of that which had been used in the Shaw and Gregg compilation. The main modification

was to establish a protocol in which, rather than using a single sheet to record all

the information about an element, a sheet was made for each nuclide covered in a

specific paper. The reference to the paper was given at the top and acknowledged the

source of the published data. Photocopies of the pertinent figures and tables from

each article were mounted on each sheet. A few of the data-abstract sheets in this

collection are inthis original format. Most of the sheets, however, are inthe format

that was developed about a year later when it was decided that a photonuclear data

index would be published by the Photonucl ear Data Center. In order to facilitate the

punching of the 80 column computer cards that woul d be used to generate this index, the

present data-abstract sheet was designed. On the revised form the information for the

data-index entry is given in punch-card format at the top of each data-abstract sheet.

As with the original format, the complete reference was left at the top. The relevant
figures and tables associated with each nuclide are mounted on the bottom of each sheet.

During the cl ose to twenty-year hi story of the Photonuclear Data Center, its file
of data-abstract sheets has proven to be a valuable resource not only for the photo-
nuclear research programs within the Bureau of Standards, but also for visitors from
other laboratories and various basic and appl ied research groups both within as well as

outside the United States. With the decision to cease operation of the Center in

late 1981, it was decided to reproduce this file of nearly 7200 sheets and make it
available free of charge, to the educational and research institutions as well as

specialists concerned with the interaction of electromagnetic radiation with nuclei.
This volume is the first of 15 that will cover the complete file.

II. Organization of the Photonuclear Data-Abstract File

The hierarchical grouping of the photonucl ear data-abstract sheets wi thin the fi 1 e

is by: 1. Target Element, 2. Target Isotope, and 3. by the Bibliographic Reference
Code assigned to the paper from which the data on the sheet were abstracted. In this
file, col ored pages are used to mark the begi nni ng and end of the sheets for each chemi cal
element. A brief historical sketch of the element is given on the divider sheet marking
the start of each section; the information for thi s sketch was deri ved from the fol 1 owi ng
references: Chapters i n the Chemi stry of Less Fami 1 i ar El ements, B . S. Hopkins, Stipes
Publi shing Co. 1 1939) ; Pi scovery of the i 1 ements

, Mary L 1 vi ra Weeks, Journal of Chemical
Education (1956); Encyclopaedia Britannica

, WiTTiam Benton Publisher, (1966); Encyclo-
pedia of the Chemical Elements

,
ed. by Clifford A. Hanpel

, Reinhold Book Corporation
(1^68). In those cases where the sheets for a given element make up a major part of a

volume, colored pages are also used to delineate sections pertaining to the individual
isotopes of the element. Each of the sections of the file, as delineated by two
colored divider sheets, represents a 27 year history of the study of electromagnetic
interactions in either a specific nuclide or a specific element.
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The data-abstract sheets are filed under the element and/or isotope in which the
ground-state electromagnetic transition takes place. For example, the abstract sheet
for a total neutron yield measurement for a naturally occurring copper sample would
appear in the elemental section of the copper file. On the other hand a measurement
of the 62 Cu 9.73 minute positron activity produced in the same sample by photons
with energies below the three-neutron separation energy for 65q u (28.68 MeV) would
be filed with the sheets for 63 q u> Similarly a measurement of the ground-state
neutron capture cross section in 12q would be filed uner while the corresponding
ground-state alpha-particle capture cross section would be filed under ^0.

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

, NBSIR 82-2543,
i ssued i n August 1982 by theU. S. Department of Commerce, National Bureau of Standards,
Washington, DC 20234. In some cases two notations are entered for the same quantity.
The second entry is the abbreviation that was used in one or more of the earlier
published editions of the index.

III. Acknowledgments

Many individuals made significant contri butions to the photonuclear data project
over the twenty year period it existed. Julia Holland was of invaluable help in

setting up the punch-card files used to dri ve the typewri ter that produced the camera-
ready copy for the first Photonuclear Data Index (National Bureau of Standards Miscel-
laneous Publ i cation 277 ,T^prTT~T7T?6FJTTorrove’r thi rteen years Theresa Collins Dunn
was the mainstay of the project. While ensuring that all entries were made in an

uniform and consistent format, she was responsible for maintaining and updating the

Center's data-abstract, data-index and bibliographic files. The careful digitizing
work of Debra Ann Free during the early 1970's did much to enhance the usefulness of

the Center's digital data library. In 1978 Cheryl Campbell willingly stepped in to

take on the tedious and exacting work associated with the publication of Photonuclear
Data Index, 1973-1977 (NBS Special Publication 380, August 1978). Finally, this set
of photonuclear data-abstract sheets would not exist if it were not for the invaluable
contri butions of Ann Rothgeb who edi ted and recomp i led the master file of data-abstract
sheets to produce the camera-ready copy from which the set was produced.

The final acknwl edgment is to the physicists at the National Bureau of Standards

who for varying time periods over the last 20 years participated in the photonuclear
data project. They searched the physics 1 i terature to locate and index the pertinent

articles and also determined the information that was to appear on each of the data-

abstract sheets resul ti ng from an article. In chronological order of their association
with the data project these physicist were: J. H. Hubbell, N. V. Baggett,

J. S. O'Connell , J . D. Murphy
,
H. VanderMolen (Nuclear Information Research Associate

at NBS, 1972-75) and R. D. Starr.
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H

A= 1

i

HYDROGEN

1=1

Hydrogen is the Greek word for "maker of water." It
appears that Theophrastus Paracelsus (Theophrastus
Bombastus von Hohenheim) (c. 1490-1541) was familiar with
hydrogen since he found that an inflammable gas was
evolved when a metal was dissolved in an acid. Paracelsus,
born in Switzerland, was a physician and alchemist who
established the role of chemistry in medicine. The n

epithet, Paracelsus, was probably his own invention and 11

was meant to denote his superiority to the great Latin A=1
medical writer, Celsus, who lived in the first century A. D.
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REF.

C. L. OxLey and V. L. Telegdi
Phys. Rev. 100, 435 (1955)

ELEM. SYM.

H

METHOO REF. NO.

55 Ox 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.G ABX 20 - 98 C 98 TEL-D 20 - 98 DST

Mean energy 64 MeV

Constant efficiency points 40-39 MeV

Fra. 1. Experimental points and theoretical curve of

differential com section*.



Ref. C.L. Oxley
Phys. Rev. 110, 733 (1958)

Elem. Sym.

H

.Method

counter telescope
Ref. No.

58 Ox 1 F/H

Reaction AE dE
J S' Notes

H
L
(7,7) 37 70-150 .

Angular distribution at E = 60±55/2

yn
A
f^
m
J^

aJueS °f A
’
B

’ frora^ relation (A +S sin**)
X tt + tt coa?*) representing the- cross section. The isotropic part“ C° 01053 S€Cti0ns are *vea » ^ l^t

Mev 2O
A

**b/sterad
B

ab/Kerad
4tA
m*>

SrB/3
Mb Mb

63 0.25 5.0 5.7 62 47 109
80 0.35 4.5 3.9 36 32 88
105 0.38 3.9 2.2 49 IS 67
140 0.40 3.4 1.3 43 11 54
114 0.40 5.3 0.9 67 7 74

:

149 0.44 3.5 1.2 44 10 54
' 194 0.22 4.2 2.9 33 24 77
1

248 0.10 4.2 0.9 53 11 04
220 0222 4.5 1.3 57 11 68

1

so «»• scattering

; Experiment*!.

Fro, t) Experimental and theoretical differential cress sections.

form NB5-418
(a-i-em
uacOMM-oc isssa-Raa
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Ref. V.I. Gol'danskii, O.A. Karpukhin, A.V. Kutsenko, V.V. Pavlovskaya
Zhur. Eksp. i Teoret. Fiz. *8, 1695 (i960);
Soviet Phys. JETP 11, 1223 U960)

Elem. Sym.

E

Method K3T N”

60 Go 1 JHH

Reaction E ot AE $* dE J » Notes

H
L

(7,7) 40-70

E
3

= 75

Cross-section measurements at 9 =

^5°, 75°, 90 °, 120°, 135° and 150
"

Magnetic polarizability determined
to be much less than electric polar-
izability.

From 90 setting determine proton
electric polarizability =

(ll±4) lo'^cm5
.

From rr production, or + a =

-43 5
EM

11 x 10 "W,

where or = ( 9±2 ) 10 ^cm^
£

au = (2+2) 10'45cm5 .

M

Angla

9.
cmVir

( Without
correction)

Correction far ertreneoua proc««Mi
(in juci ol 10

"*4 caVmr)
Correction

for aoaorpc lam Rut ber-
3( primary ford scat-. Tots!
and regia-
‘•red y
quanta.

Pair pro
duct ion Eaussioo

term* of « l"«* °' br*m‘- '

electrons i
*o«les -strshlun*,

with sut>- with sun- radiation

sequent sequent at large

radiation* radiation angle*

Cor-

rection

K-

cm1 /st
(final

value*)

45 ;.o«—o.:s -8 3 -.27
1— 14.1
j

—O.i — 146 3.40—3.23
“3 1.21-0.08 —•1.5 -10.

7

— 1.4 —3.47 -12.

S

1. 12-0. '.8

90 1 . 14—0.05 -3.5 —0." -3.7 1 -3.3 — 7.

7

1. 10—0.05

120 1.20-0.08 — 4.3 — 1.4 —0. 13 i -3.06 — 1.6 1 . 34—0 . OS

135 1 +3—0 . 08 —6.5 —0.89 —3. 09 ,
—3.04 -1.0 1 .56—0.08

150 1.32—307 —6.5 -0.36 —0.04 : —3.01 —0.4 1.93—0.0<

J XJ )Q *j ' •’

FIG. 5. Experimental data on yp scattering with -o0-Mev

y quanta. Curves - calculated: I - for A c • A v - 0; 2 - for

A s • 0, A y • 16; 3 — for A v * 16 and Ay • 0. The vp scat-

tering cross sections comoatible with the value A e * Ay
• 16 CA t . Ay > 0) lies between curves 2 ind J (6 — angle 'J

me laboratory svstew).

CO »m H 3S-4 1 8

^scomm-oc

U.S. (DEPARTMENT OF COMMERCE
NATIONAL 9UAEAU OF JTANOAPOS

PH0T0NUCLEAR DATA SHEET 9



Ref. J.M. Wyckoff, H.W. Koch
Phys. Rev. UJ, 1261 (i960 )

\ V
Elem. Sym.

H 1

180 MeV Synchrotron; total absorption; Nal Ref. No.

60 Wy 1 JHH

Reaction AE
<7d E

J it Notes

H (a
t

) Bremss.

35-90

Difference between graphite and
cyclohexane (C^

) attenuators.

ERRATUM: In Table 17, conversion
factor R [ = (cm2/g)/(barns/atoms)

]

should be changed from O .5997 to
0.5977.

T\ar» II. Experimental attenuation coefficients in cmVg.

Energy,
.Mev Carbon Aluminum Water

1JJ
17.5

21.5

25.9

30.3

54.5

53.5

42.5

46.5

50.5

54.5

58.5

62.5

66.2

70.2

74.2

78.2

32.2

Hydrogen

0.01795
0.01648

0.01626
0 01566
0.01507
0.01482
0.01465
0.01453
0.01446
0.01440
0.01440
0.01440
0.01442
0.01442
0.01442

0.01445
0.01445
0.01447

0.02215

0.02219
0.02268
0.02193
0.02208
0.02231
0.02259
0.02279
0.02500
0.02522
0.02551

0.02357
0.02392
0.02409
0.02429

0.02454
0.02472

002500

0.02026
0.01885
001846
0.01766
0.01721
0.01701

0.01693

0.01684
0.01677
0.01675
0.01676
001681
0.01685

0.01635
0.01687
0.01696
0.01600

001711

0.02521
0.02259
002013
0.01822
0.01702
0.01622
0.01546
0.01472
0.01409
0.01375
0.01347
0.01310
0.01293
0.01253
0 01233
0.01203
0.01155
0.01116

PHOTON ENERGY. vt«»

T10' M oxfioCTU (or IS) SrtTO. lb) nrbon. 'cl »«ltr. ind Td) numinun ibiwmc :ae irtc.cied

tCr.C MOmmoKamirva. Pm -luximura trmr inn,rued on .si none only me mtisliii. ucc-irscv is
bi. i I. on a -II The -nuns m me cireuise is) esriyn csinjunon jre ,no»n. rn. nrorai curv. nil oeen o .ltd lor i our

~ „ lnu m itiuitiun in me .slue I Olli used lor tbe wuer sna aluminum corves. The svmces.s ol s nuc.esr
' * wn ,nr rsroon. .ncr. sna aluminum is well ss the eroenmcnai our.car cross serliun. The -ul-.er " u uisir.oi :vluocneure me DIUIM curs e lor Urn electronic snetsses oni. irnm me esnenmenisi omnia. amenmemai dents 01 Us. It vs \;«*

c . as, ind 4i ->(ev are taova ov irunfia u are iom« 01 me tower energy ramu Uhuutea in re:erence 1 .

and Mon ait a

Tablx IEL Sources of error and estimates of uncertainties.

Response function, %

Material

Energy
range
Mev

Statistics

%
Den-
sity

%
Energy
uncer-
tainty

Correc-
tion

factor
TotaJ
%

Hydrofen 13-JO 2.4 1.4 0.9 1.6 jj
30-40 2.1 1.4 148 0J 3.2

Carbon 13-35 O.S 0.2 0.0 0.7 1.1

25-30 0.8 0.2 0.4 0.4 1.0

30-40 0.4 0*2 0J 0*2 0.9

Water 13-25 0.9 0.1 0.0 0.4 1.1

25-30 0.9 0.1 OJ 0J 1.0

30-40 0.9 0.1 0J 0.2 1.0

Alnralaam 13-25 0.9 0.1 0.0 0.4 1.0
25-30 0.9 0.1 0.1 0J 1.0

30-40 0.9 0.1 0.5 0J 1.1

•
1 G. White Grodstein, X-Ray Attenuation Coejicimts from 10 kev

— :.t !00 ifa, National Bureau of Standards Circular No. 533 :’U. S.

~ I Government Printing Otuce, Washington, D. C., 1957). An ’arlier
1 unpublished NBS report, 1952, also by G. White Grodstctn has
. been dunlicatcd in the following articles: (a) C. M. Davisson and

X. D. iivans, Revs. Modern Phys. 21, 102 (1952); fb) R. li.

Nlorgan, Handbook of Radiology (The Year-Book Publishers, Inc.,

M- Chicago, 1955), pp. ‘>0— 117; (c) K. Siegbahn, Beta- and Gamma-
^ Ray Spectroscopy (Tntcrscience Publishers, Inc., New York,

1955), pp. 857-374. The basic difference between the two Grodstein
' reports is in the triplet cross sections used. The 1952 report used

-

the Borseilino cross sections, while NBS Circular 53.3 used the

7 Votruba results. To illustrate the differences, the present e.rpen-

7"^ ment at GO Mev yields a carbon attenuation coefficient of 0.01441
il% cmVg to be compared with 0.0142 cmVg in the 1952 NBS
report and 0.0138 cmVg in NBS Circular 583.

FORM NBS-418
18 * 1 *43 )
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REF. EL EM. SYM. A Z

P. S. Baranov, L. I. SLovokhotov, G. A. Sokol, and L. N

J. Exptl . Theoret. Phys. (USSR) £1, 1713 ( 1961

)

Soviet Phys. JETP U, 1219 (1962)_____ _

Shtarkov

REF. MO.

61 Ba 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RAN GC TY PC R AN 91

G.G ABX 247 C 260 TEL-D DST

Energy of recoil p gave photon energy E - 247±10 MeV

.

to

so

<0

so

10

so.

sruai

O/Vcr
, i

SOUt-i '—{
i

^r.<1««

u so za so

FIG. 4. Angular distri-

bution (c-m.) of y rays scat-

tered elastically on hydro-

gen, converted to 247 Mev
Gab. system), o - present

work; x — from (*].

11

roxu MBS-Al*
IN IV. 7-1 4-MI
•jjCOtrffc^OC PHOTONUCLEAR DATA SHEET

UJ. DEPARTMENT OF COMMERCE
NATIONAL SURCAUOP STANOARD3



Ref. R.F. Stiening, R. Loh, M. Deutsch
Phys. Rev. Letters 10, 536 (1963)

ELem. Sym.

Method
Synchrotron; 4- spark chambers

Ref. No.

63 St 1 JHH

Reaction E or AE (Td E J ” Notes

K
l
(y,V) Bremss.

900

Results are for energy range 500-850
MeV.

"o»c. u.M. E-'erqy

.5r- « O'
51 wr' v

f

^i|

: ir
j

:

u 1 i

5CiT’?9tNG CSCSS SECTION

90- CM A)

r { . }

- . Y : ;

,
r > . 5

?
’

- .
1

; i

0 2CO ACC -500 bCO C<X
Incident Gamma flay L3D cn«rav (M#wi

FIG. 1. Differential cross section at 90* for elastic

^amma-nv scattering. Open circles show results of

this oaper. The snaueri area indicates the approximate
energy resolution.

form N8S-4I8
(a -

1

-« 3

1

USCOMM-OC 1 8 33 6* R 63
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A. ICo, R.
ref. 1

Phys. Rev.

-C’HCO

Loe, £. C. Loh, A. Ramanauskas, D. Ritchie, W. Schmidt
Letters 2^, 687 (1970)

ELEM. SYM. A

H

REE. NO.

1

z

i

70 It 1

I

hmg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE NANCE

G.PI-f RLX 600-999 C 600-999 SPK-I 4PI

(600-1700) (600- 1700)

Detected pions. R = Y(d,2N)/y(P,N) 999=1700 MEV

'«r

<y Photon Er^rqy M«V

FIG. 4. Ratio (y~d— r’nn)/(y~ p — r'n) as a function

of Incident photon energy.

roffM NQS-4 18
« € V . 7- I 4- 441
WSC3MU.3C 24010-044 PH0t0NUCLEaR Data SHEET 13

U.s. 0£® aat^ent of COMMENCE
NATIONAL 0U9EAUOP STANOARQ5



REF.
V.M. Kuznetsov, 0. 1. Stukov, E.V. Repenko, V.D. Epaneshnikov,

V. N. Zabaev, and A. P. Potylitsyn

EL EM. SYM. A 2

1

Yad. Fiz. 13, 1052 (1971)
Sov. J. Nucl. Phys. 13, 603 (1971)

H 1 1

METHOO REF. NO.
i

71 Ku 4 hmg

REACTION RESULT EXCITATION
ENERGY

OETECTOR
ANGLE

210-270 TEL-D DST$G , PI+ NOX 210-270

N , Pl-f COIN. POL. G

We present a procedure and results ol the measurements 0/ the asymmetry of the photoproductlon of
1 * mesons on a ltnearly polarized beam of photons for the angles 51, 82, 108, 118, 133, and 134* at

photon energies In the region 210—270 MeV,

%
J'r

7 -

J-

JO JJ 5 a, let

FIG. 2

1a
4*1-49*

FIG. 2. Dependence of the counting rate of the »'n coincidences on

the angle of installation of the neutron detector for 0, - 90° in the l.s.

and ^ * 230 MeV. The maximum at the point 0„ = 30° corresponds to

the kinematics of the reaction 7 + p — e* + n.

FIG. 3. Dependence of the asymmetry on the angle of the emission

of the e' meson in the reaction 7 + p — T'TnatE,.* 230 MeV. Points:

O— Frascati data [‘1
,
^-Stanford [ "], •, O—our data. Curves— theo-

retical calculation ( ‘]

.

Table n

Er M.V
•t

(OUJ, * A
v‘?

220*5
230* S
230*5
232*10
230*,0
231*10

51*15
a2*3.5
106*3.5
Il6t=15
133*3.5
l«6*J5

0-331*0 046
0.331*0.046
0 331*0 046
0-331 *0.046
1331 *0 046
1331*0 046

0106*0.133
0.254*0.0*5
0387=0.1 14
0 2 10*0 120

0-I10=0.oai
0.010*0 040

0 IOJ=OOl25
o.Ca7 i—

0

o.ijO

0 ITJJJ-rO 0514
1 0795=0 0~r.l
0tL64-Ou:,7
0.0033 =00 132

Table I

E^MeV (cm*). A

^*,3 106*6 0.1 JO 0.14*0.16 0.0168*00191
*=<? 106-6 0.132 0.17*0.19 0.0224—0.0248

---3*0 10**6 0.137 0,30*0. 16 0 041 l=O.02IS
133*6 0.130 0.16*0 13 0.0208*0.018*

JjO*7 134*6 0.136 0.1**0.17 0.0258*0.02 !9

form N3S-413
;r ev. 7.1 a-«ai
uscomm-oc 2«oio-p«a PH0T0NUCLEAR DATA SHEET 14

U.S. DEPARTMENT OF COMMERCE
NATIONAL 2 UREAUOF STanOAROS



S. Aral, S. Fukul, N. Horikawa, R. Kaj ikawa, T. Kasuga,
H. Kobayakawa, A. Maaaike, T. Matauda, T. Nakaniahi, T.
M. Salto, S. Suglmoto, T. Yamaki , K. Amako, K. Yoshlda

Nucl. Phya. BA8 . 397 (197 2)

WCTMOO

Ohahima, EL EM. SYM. A z

H 1 1

REF. NO.

72 Ar 9 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TVPC HANOI TYPC HANOI

JG,PI+ ABZ 300-900 G 300-900 MAG-D 90

\

POLARIZED TARGET

A21
an 25

(>%)

20

15

0

5

0
CO 200

A

*

«*,r

J.rSeoie t< al (CALT -68-08)

Orsoy 0963)

Ours

300 -00 500 600 700 800 900 COO
Prioton Energy kl(Mev)

Fig. 3. DifTerentaJ cross section of rp — **n at 90* can. obtained from the subtraction

(CHa - O axe jhown with other data meajured by the hydrogen target.

parson. (continued)

1 5

w o MM H8S-41I
m cv. 7-i

J3C CMM-n 15-0 C PHOTONUCLEAR DATA SHEET
U.S. 0EPARTW£NTOF commerce

NATIONAL 9URCAU OF 3T A N OA ft O S



.. . _ Table 3

Resuteof asymmetries in -rp-» ir
+
n at 90° c.m. The errors shown in the asymmetry column

are statistical only.. The errors arising from the ahknown asymmetries in double pion production

processes are Quoted in the-mlte-tmlumn; blank spaces indicate no contribution from the pro-

cesses. The- errors indicated m the -incident photon energy and the angle are FWHM of the spectro-
' *’

"meter acceptances.

Maximum
energy of

bremastiahlung

^tnax(MeV)

Incident

photon

energy

£y (MeV)

w* cm.
angle

9 (deg.)

Asymmetry

T (6)

Note

475 314 ±. 16 91.4 1 12 0J10 t 0.071

340 t 16 89.9 £ 2.5 0.598 £ 0.085

369 t 17 88.6 i 2.6 0.685 £ 0.094

398 £ 18 87.5 i 2.9 0.678 £ 0.096

419 t 13 86.9 £ 3.1 0.713 £ 0.137

575 417 t 22 89.7 t 3.2 0.690 £ 0.085

449 £ 23 87.0 t 3.3 0.603 £ 0.098

490 e 24 86.7 £ 3.3 0.470 £ 0.089

534 * 25 86.8 i 3.4 0.15S t 0.088

750 513 i 13 86.6 £ 3.4 0.346 £ 0.066 £ 0.066

537 s 14 86.5 e 3.4 0.181 £ 0.065 £ 0.029

561 t 14 86.6 * 3.4 0.136 £ 0.062

589 ± 15 86.6 t 33 0.043 ± 0.060
- 616 i 16 86.7 ± 3.5 0.083 £ 0.054

646 t 16 87.1 t 3.6 0.068 £ 0.053

675 i 16 87.3 t 3.6 0.171 i 0.053

1000 710 t 23 87.6 t 3.7 0.322 £ 0.092 £ 0.026

752 t 24 88.0-t 3.7 0.161 £ 0.115 £ 0.012

794 e 25 88.4 e 3.8 0.029 £ 0.150 -0
840 £ 26 89.0 t 3.8 -0.119 £ 0.207

883 i 26 89.3 i 3.9 0.064 £ 0.258

929 i 27 89.8 t 3.9 0.395 £ 0.267

16



REF.

METHOD

C. Bacci, R. Baldini-Celio
,

B. Esposito, C. Mencuccini, A.

G. Sclacca, M. Splnettl and A. Zallo

Lett ere al Nuovo Cimento 4_, 5 (197 2)

Reale,
ELEM. SYM.

72 Ba 5 egf

REACTION RESULT
EXCITATION
energy

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G.PIO RLX 400-800 C 999 TEL-D DST

Table I.

999 = 1. 1 GEV

31 = 60° 0

‘

= 00° o; =9 133’

r EL r Ei r

.505 0.78 — 0.07 430 0.VJ - 0.03 471 0.93 x 0.06

539 0.84 - 0.07 476 0.V4 = O.03 520 O.nT x 0.07

606 0.63 — 0.05 5*W 0.77 x 5.76 0.81 x 0.1 Hi

633 0.79 - 0.05 547 0.85 x 0.u3 51)6 0.82 x 0.07

:oi 0.63 — 0.05 391 0.84 — 0.1*4 644 0.77 x 0.08

733 0.98 ± 0.06 033 0.77 x °.u4 Gh3 0.90 x ".08

773 1.08 - 0.11 667 0.91 x 0.05 736 0.81 x 0.09

710 0.M8 4 0.05

738 0.90 = 0.07

i6 —

1 . 2 -

SCi jCJ '.COO

z‘ ,/ ? 1*

.

T20
~

Tfs ~2 Tsic
:

‘
'-'ev

.

FW- 1 . - rluio r m idditiQ'yyD—— —-t>

*

p) ai rtiiToreat rr* c.m. Ao^lee vs. cti

’ e.m. —— 1 V Uia An*J.«A*i4 creo-m Anri .Leo vs. Ky. he loeidnnc-ptinAon eoenjy —tuca jpiui
90 tra P9TMOO a uxas e.ra. vo*rw7 ii, at <4 - 40 *. It) »4 - 90 *. e) 134

’

PHOTONUCLEAR DATA SHEET 17

w z mm N3S-4 18

'R C V . 7- I A-44J
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Yu. I. Titov and E.V. Stepula
Tad. Fiz. 15, 649 (1972)
Sov. J. Nucl. Phys. 15, 361 (197 2)

ELEM. SYM.

72 Ti 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ SPC 0-530 D 999 MAG-D DST

999=1. 18 GEV

Li* ouclexu Proton. dn/dlL cm’/jr

9

0 (da/dn)^^. , anVtr (da/dQ)^. cm,
/«r Present work n«MT C’l

1FStf 0.65=0.08 (6.45=0.71) • 10** (120=0.09) -I0-* (1.04=0.12) • 10~* 0.99- 10-“
icrsc/ 0.66 x0.06i (3.01 x 0.30) • 10~* (4.09 x0.30) • 10“* (0.48= 0.05) 10-* 030-10-“
24*40' 0.70-0.05 (1.39x0 15) • 10-* (1.75x0.16) l0-» (0329=0.03) - 10—“ 0.28- 10—*
52* 0.72-0.05 (4,72= 0.40) • 10-“ (4.65x 0.46) • IO-*1 (0.76=0.10) -10-“ 1.02- IO-31
40* 0.76 s: 0.03 ( 1.71=0.13) -iO- 11 (1.39x0.15) -IO-* __ 3.98- 10”1 *

47* 0.31 ±0.06| (8.61x0.90) -10-“ (6.07 xQ-6l )
• 10“*® 1.93- 10-"

So' 0.82=0.061 (3.30=0.20) 10—

«

(2.52=030) to—13 — 931 10-“

Note. Th* initial electron energy is 1180 M«V.

FORM H3S-418
(R EV. 7-1 <U4A)
USCOMM.OC 2«010-p«4

U.S. OEPARTMEN7 0F COMMERCE
NATIONAL 3UREAUOF STANOAROSPHOTONUCLEAR DATA SHEET 18



REF.

METHOO

, EL EM. SYM. A Z

R. W. Zdarko and E. B. Dally
II Nuovo Clmento 10A . 10 (1972)

H 1 1

REF. NO.

7 2 2d 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G.PI + NOX 150-909 G 390-909 MAG-D 135

$ G.PI0 NOX 150-918 C 426-918 MAG-D dst

POLARIZED PHOTONS

Table I. - Atymmelry values measured in Uiit erperimsuL

YtP— n+“ dtm_=13o* r+p— p+n4
,

A
390 0.348 ± 0.042

403 0.247 ± 0.044

460 0.321 ±0.043

434 0.312 ± 0.047

793 0.160 ±0.076

S42 — 0.341 ± 0.123

849 — 0.171 ± 0.097

909 — 0.302 i 0.156

T+P— P-r^4 . - 60S

Er A

623 0.417 ±0.123

633 0.251 ±0.132

673 0.373 x 0.128

720 0.493 x 0.089

751 0.570 ± 0.069

775 0.667 ±0.075

847 0.561 x 0.092

8S6 0.646 ±0.120

913 0.573 ±0.150

(*)— oomddroco dat*.

A

426 0.517 ±0.021

440 0.504 ± 0.024

452 0.437 ±0.026

521 0.565 ± 0.063

541 0 607 ±0.074

556 0.622 ±0.0S9

594 0.323 ±0.080

617 0.694 ± 0.09S

636 0.834 ±0.114

667 0.629 ±0.069

694 0.707 ± 0.077

715 0.864 x 0.034

729 0.622 x 0.041

729(*) 0.657 ± 0.083

760 0.682 ± 0.044

760 0 0.600 x 0.077

783 0.750 ±0.050

783 O 0.632 ±0.085

816 0.654 ±0.057

851 0.688 ± 0.077

878 0.730 ±0.099

(continued)

ro«M N3S-418
t R CV. 7-1 a- 34)

U5C3MM.OC 2«010-P*4 PHOTOHUCLEAR OATA SHEET 19
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1.0

Pig. 3. - Asymmetry values A ^{eL— + <r,) from this experiment plotted with other data and compared to the theoretical

enrvea of Walxeji and ScmriDT: a) a4 at O
fc*.= 90S, y+p-*p-f re

4
; • this experiment, this experiment with n4 coincidence,

a Bologna el al., x Dtucxxt el <xl., Schmidt ed ai., Wauled, o Badbiellini <d al. b) v4 at 0,-au =» G0 4
1 y+p-.p+rt4

;

• this experiment, x Dnicxxr el ai. a) ir* at 9,

^

= 135S, y+p-^n+ Jr*-; • this experiment, » Liu el ai., a Smith el al.,

Schmidt el ai., Walked.



ref. Yu- M- Aleksandrov, V.B. Ganenko, V.F. Grushin,

I. I. Miroshnichenko, V.M. Sanin, P.V. Sorokin

Yad. Fiz. 20_, 915 (1974)

Sov. J. Nucl. Phys. 20_, 487 (1975)

EL EM, SYM.

H

METHOO REF. NO.

74 A1 13 hung

REACTION RESUL r
EXCITATION
EN ERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PI + RLX 200-400 C 600 MAG-D DST

The measured values of Che ratio of the yd—nnv* and yp—AV* differencial croc sections are D ( G , PI+) /P ( G , PI+ )

presen ted a the photon energy region 200-400 MeV for pion emivlon ingles 25*-140’. The average

itatisucal accuracy of the results is ±2-3%; the systematic error is — ±i%. The results disagree

with theoretical calculations based on the model of Chew and Lewis.

330
t.O -

0.1 -ff 1 1
I

*4
/ j

3.0 _ 310 W«V

0J
II ^

1
1

o.s

0 •1

330

3.0

0.0
,

1 1

0J
1

0 •r

1.0

310

0.0U'T"
f

I
i

0.0
1
i

t 3 ->

u> 5*

FIG. 2. Experimental results in the form of angular distributions.

The solid curves represent calculations based on the theory of Chew and
Lewis. ("|

U
G.F. Chew and H.tf. Lewis, Phys.

Rev. 84, 779 (1951).

FIG. 3. Ratios of the experimental total photoproduction cross sec-

tions from deuterium and hydrogen compared with the theory in ("J.

The experimental values were obtained by averaging the data represented

in Fig. 2 on the angular distributions of the yp— n»* process.

dofyd -* nnO/do<7P — nr*) for different angles and energies

• •in
vuv

so a

o

i*Q ao

3 0A5O =0.(723 0 880=0 030 0.735=0.013

S 0 835 =0.020 0 870=0 025 0.770=0 000

45 os"o=aoco 0.750=0.020 0.740=-; r.o

73 asa>±o.oa 0 Sl0=0 020 0.7S5=0.t>15 0.765=0 020

107 o.aw-o.cso 0.750=0015 0. 7TC s 0 020

140 0.53= 0.035 0.860=0 020 0.50*=0.020 0.770=0 020

Contmaad

1*. PI

. *«v

ns a* 3M UO

25 0 733=0 OCO 0.735= 0 020 0 810=0.030

IS 0.770=0.CO) '1766=*3.0 13 0.&30=0.020
45 o_sc;=o.cr» 0.310=0.020 O.S»j3=0.(720

73 O.TcO =0.020 0j3S—j.020 0. 333=*].020
!<77 0.700=0020 0 530=0.020 o 860=0110
140 0 780=0.020 0 500=0.020 0-9cn=o.a» 0.505=0.025

- O Pm H3S-4 13

:»£V. 7- I A- 5*1

JSC OMM-N 8S-OC PHOTONUCLEAR DATA SHEET 21
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P. Baranov, G. Buinov, V. Godin, V. Kuznetzova, V. Petrunkin,
c

L. Tatarinskaya, V. Shirthenko, L. Shtartkov, V. Yurtchenko,

and Yu. Yanulis

Phys. Letters 52B , 122 (1974)

METHOD

EL EM. SYM.

H

REF. NO.

74Ba 9 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 70-110 C UKN UKN-D DST

Monitor cross section ey -*e y

TIic 7p-d«stic scattering cross section has been measured in the photon energy range 70-110 NteV. As a monitor

process the electron Compton-scattering was simultaneously measured. The vaiues of the eiectric (a) and magnetic

(£T) polarizabilities of the proton were obtained from the experimental data: o = (10.7 i 1.1) X 10“43 cm 3
;

tf=*(-0.7± 1.6)X 10'43 cm 3
.

Table 2.

The experimental results on the photon elastic scattering on protons

The different

gamma-ray
counter sets

9

lab. syst.

(degree) u (MeV)

The ratio of the principal

to the monitor process cross sections

x 10~ 7

(da/dn)
10” 32 cm 2

/it.

1 90 85.4 1.52 e 0.05 1.09 ± 0.04

II 90 80.9 1.60 i 0.09 '.IS - 0.06

l 150 86.3 1.92 ± 0.14 oo1r-

11 150 81.9 2.02 ± 0.17 1.44 t 0.12

1 90 109.9 1.44 t 0.07 1.03 r 0.06

1 150 111.1 2.02 e 0.06 1.44 ± 0.06

11 150 106.7 2.22 e 0.09 1.60 i 0.08

form NSS-418
(R EV. 7-1 4- 44 )

uscoMM-Nas-oc PHOTOHUCLEAR DATA SHEET 22
U.S. OEPARTMENTOF commerce

NATIONAL BUREAU OR STANQAROS



SEF P.S. Baranov, G.M. Buinov, V.G. Godin, V.A. Kuznetsova,

V.A. Petrun'kin, L.S. Tatarinskaya, V.S. Shirchenko,

L.N. Shtarkov, V.V. Yurchenko, and Yu.P. Yanulis

ZhETF Pis. Red 19, 777 (1974); JETP Lett. 19, 398 (1974)

EL EX. SYM.

H

methoo REF. NO.

74 Ba 11 hmg

reaction RESUL T
EXCITATION
ENERGY

SOURCE
1

-

OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 85-107 C 1277I4S
-

TEL-D DST

We measured the differential cross section for elastic scattering of photons by protons at angles 90*

and ISC’ in the energy intern! from 70 to 110 MeV. The experimental data were used to determine

the coefficients of the electric and magnetic polarizabilities of the proton, d— (10.7^;l.l)X 10"“11 cmJ

and —0.7^ 1.6)X I0"
4
’ cm 1

, respectively.

Experimental results for elastic scattering- of photons by pro-
tons, absolutized against a monitor process.

V*rlo*f of

*m+rr*y*y of

NiMCOP*

». (JO
40 ,

M*V o( craw wcoom maim
an* od m«flwocor procaw

la~ 10 M ob*tw

1 90 85.4- (1.32x0.03) •10-' 1.09 r 0.04

Q 90 80.9 (1)60 > 0.09) • 1Q-* 1.15 eO.OS

1 ISO 3S.3 (1.92 » 0.14)- 10-* 1.37 xO.20

n 150 81.9 (2.02 .0.17). lO"7 1.44 i 0.12

i 90 109.9 (1.44 . 0.07) - 10—1 1.03 xO.SS

i ISO 111.1 (2.02 > 0.06) - 10—* 1.44 x 4.06

Q ISO 108.7 (2.22 x0.09). 10-* 1.60 : 0.03

•on N3S-4I3
a cv. 7.1 — «4i

use 3 MM-N SJ-OC PH0T0NUCLEAR DATA SHEET 23

U.S. OEPARTMENTOF COMMERCE
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REF. ELEM. SYM. A Z

R.W. Clifft, E. Gabachuler, L.S. Littenberg, R.
S.E. Rock, J.C. Thompson, D.L. Ward, and G.R.

Phys. Rev. Letters 13, 1500 (1974)

METHOO

Marshall

,

Brookes
H

REF. NO.

1 1

74 Cl 10 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE PANGS

G.PTO ABX 150-450 C 250-450 Tel-o DST

G.PI+ ABX 150-450 C 250-450 Tcf-D DST

TAGGED PHOTONS

Differential cross sections for the reactions yp — ipp , n*n and yn — ir'p ,
a°n wars mea-

sured in a single experiment using tagged photons in the energy region 240—450 MeV in-

cident on !H2
and JH 2

targets. Results of the measurements of the ratios a'r./r'p and

?'p/ir*7i are presented. The ratio of isotensor to isovector amplitude is found to be

0.00 ± 0 .02.

c:
n
o
•a

FIG. D. dai',p — 7r
e
p ) /dVl and da(',p — r *>i)/dP. from a

hydrogen target. Other data are shown for comparison
(Ref. 5). The incident photon energy is K (MeV). Cir-

cles, present experiment; crosses, T. Fujii et al.;

triangles, G. Fischer et al.; squares, C. Betoume et

al.; exes, R. Morand et al.

K(Mev

)

FIG. 4. The ratio R = (*(->71— /dnild^p — -*?i) /
dQ ]~

' from a deuterium target at center-of-mass picrn
angles of 90 J

, 110*, 120*. and 150* versus equivalent
laboratory photon energy. Filled circles, present data,-
exes, T. Fujii et al.; open circles, G. von Holtey et al'.

& o rm N3S-418
(REV. 7-1 4-441
USCOMM.OC 26010-P44

(continued)
U.3. OEFARTMENTOF commence

NATION*!. 3URSAUOF STANDARDSPHOTONUCLEAR DATA SHEET 24



i

_! i I i 1 i I i !_
250 100 Vd 380 420

K (MeV)

FIG. 5. The ratio j?= [defvt— r*n) /dn)ldo<:p - z*p)/

from a deuterium target at center-of-mass pion

angles of 90’, 110’, and 130* versus equivalent labora-

tory photon energy. The lines are predictions in which

t, the ratio of isotensor to isovector amplitude, is as-

sumed equal to 0 and ±0.05.

25



REF.

METHOO

J. Deutsch, D. Favart, R. Prieels, B. Van Ostaeyen, G. Audit,

N. de Botton, J.L. Faure, Cl. Schuhl, G. Tama 3, and C. Tzara
Phys. Rev. Lett. 33, 316 (1974)

H

REF. NO.

Z

1 1

74 De 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPf RAN QK TYPf R AN GC

G.PI+ ABX 145-155 C 145-154 ACT-I 4PI

2.1
-

20i

is-

is-

a
p (a.LD

2 (MeV)

<E,-E0 >

b

.10 -
a p

33-

|
i

,

t.06
00014

.04

.02-
He *2 n (2+)

f l

1 2 (MeV)

<E,-E
0
)

TABLE I. Photoproduction yield as a function of the energy of the elec-

tron beam.

Electron-beam energy Photoproduction yield

Target (MeV) ( arbitrary units)

145.68 1.38± 0.52

145.93 8.4 ± 1.1

146.33 26.0 ± l.S

146.33 76.3 ± 2.5

147.33 140.1 ± 3.3

151.90 215.6 ± 4.3

152.30 681.4 ± 9.2

152.70 1335 ±17
154.35 6175 ±49

9

J.H. Koch and T.W. Donnelly, Nucl. Phys. B64
478 (1973).

10
M.I. Adamovitch et al., Yad. Fiz. _9, 848

(1969); Sov.J. Nucl. Phys. 9_, 496 (1969).

FIG. 1. (a) Coefficient of the photoproduction on

proton as a function of the lah photon energy above

threshold. The line indicates the best-fit value ~a> .

(b) Coefficient a u of the photoproduction on "Li normal-
ized to the average a

p
as a function of the lab photon

energy above threshold. The position of the continuum

and the 2* level in "He are also shown.

FIG. 2. Total photoproduction cross section for ;

Li +
theoretical prediction. Ref. 9. The errors include the
it is 0.54 times the value from Ref. 9.

7
^e

gj.
* r * found in this experiment compared to the

inaccuracy of af . Ref. 10. The dashed curve is our best St;

FORM N3S-4K
IH EV. 7 . 1 *. 441
J3COMM-OC

U.S. OEP»RTM£NTOF CCMM £PC -

NATIONAL auREAUOF ST AM CAROSPHOTONUCLEAR DATA SHEET 26



q c? A. I. Derebchinskii, S.G. Tonapetyan, O.G. Konovalov,

V.P. Nazyrov, and A.E. Tenishev
Zh. Eksp. Teor. Fiz. 66, 68-73 (1974)

Sov. Phys. JETP , 39, 30 (1974)

EL EM. SYM.

H

A

1

z

1

METHOO REF. NO.

74 De 13 hmg

REACTION nesuuT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RANGE

$ G,PIO ABX 980-999 C 999 SPK-D (JKN

Measurements of proton polamanon Grom the reaction y+ p —va -rp ite reported in the

photoMncrg? range 9SO- 1223 MeV u a esnter-of-aais m$1c 9Cr. A peak a observed m the energy

dependence of iSc polarization with a maximum ax £ 7
— 1090 MeV. A comparison ia given of the

poUrizaaoo values obtained with those calculated by Walker. A disagreesett a observed between

experimental and theoretical poUrlzaivoo values.

ihe
POL P, 999=1.225 GEV

FIG. 2 . Experimental eneriy dependence of polarization of protons

from reaction (1 ) at 90’ c.m-S. in the photon-energy interval 550- 1 150

MtV: hollow circlet) results of the present work and ref. 8; solid circles)

ref. 1; hollow squares) ref. 5; solid squares) ref. 6.

TABLE I.

Er M.V

" toe* 10a

howi »o/fc

Cl

—0173=0115
—011=0.13 |

-Ol93=O.C43
-OlA2u.il

-0362 ±0.064
—036=0 L3

TABLE 1

*Y.
McV M«V ‘sr

Hviba of
7AA/ AaU

»b/«

M0 u 30.9 *66 —0173=0.1 13 —0 302—0.181

too) U 907 T.I —0193- 0.083 —0.3 13=01 25

\0U 13 903 till —) 262 3:0 084 —0 570=0123
1030 14 90.3 1363 -4372-0.053 —0381=0.113
1037 14 90J 1103 —0.442=0063 -0 404=0131
1073 13 90. t 1 2S\ -0 547-0.042 —0 630=0 1 48

1090 15 so.o 1242 -0 701=0.061 -0747=0123
MO) 15 89.9 1437 —0.636=0 037 —1673=0. 1 17

tin 13 M.7 396 —0373=0.070 —).541=0.m
tt:s 16 898 833 -0 .63=0 075 —0. 427=0 133

its: 17 89.3 760 —7 230=0 077 -0 244=0.059
1173 t* S9.3 532 -0. 32*.±0.063 —0 296-=1 123

IIM 19 89 | 525 -0.0) =0 o>o —0 0=0. 130

I2H 2

V

1S3 349 -0.3*33=0.120 —0 I9$*0.1IU

TABLE 3.

U.V
A.

n6/ir

a.
»b/if

c. D.
mb/m

930 —9 367—.3101 —on i-ooii 9 303=0 406 5.2f*=lCd

1060 —0531:^0.104 -0787=0 739 o.ou—>743 S-13 = -»-2)

1130 -0333=C.139 — 1.818=0:762 2.se=ooo 127=1:;

FIG. 3. Eneriy dependence of the polarization cross section (2).
The curve was calculated with use of the amplitudes for photo produc-
tion ( 1 ) from ref. 13.
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EL EM. SYM. A

H 1

z

1

REF. NO.

74 Ga 9 hmg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,PI0 NOX 400-650 C 999 UKN-D DST

Measurements are presented of the asymmetry of the differentia] cross sections for the reaction

yp—p ir° with polarized y rays. The angular distributions of the asymmetry have been measured in

the interval of picm-emission angle 60"-U 5* in the c-m-S. in the range of primary-photon energies

400-450 MeV. The measurements were made by means of linearly polarized photons obtained from

coherent bremsstrahlung of high-energy electrons in a diamond single crystal. The experimental

results are compared with theoretical analyses.

999= 1.4 GEV,P0Lg.

L

ti — <j) 1 ft — 1m
-r 0|

*"
~P R -r 1

Ey

.V A S
t'^

JK AS x
d*t 4*9 "

400 60
75
90
105

1.692

1.605

1.470

1329

47.7

410
39.0

353

0339=003;
0340=0.032
Q.48S=O024
0333*0333

105

120
135

U3S
L22S
U9S

ZSJ
18.7

tan

akjt-arxt
0543=0035
0585=0oa

123

135

t.439

U39
as
ZI2

0.632=0.035
0333=0.030

550 80
75

1-234

12S6
2323

223
0.433=006

1

0361=0047

450 90
73
90
IQS

1331
1356
1350
1.427

39.9

39.0

36.1

313

0325=0.034
0336=0.043
0397=0027
0353= 0.023

90
103
120
133

1371
1,254

i3oa
1.146

203
193
153
113

0371=0.037
0334=0042
0.623=0X133
0366=0056

120 1-237 24.3 0308=0024
550 50 L136 123 0579=0,068

135 tC92 19.4 0.65* =0.032
SO 1.183 12.7 0377=0051

500 60 t373 253 0.462=0.044
73
90

1347
l'”*

tit
14.7

0723=0.055
0636=0055

75
90

1.490

1387
273
223

0.721=0.041
0.7 ll=OC39

105
120

12377

1.175

lit
1 1-0

0.716=0.052
0.735 = 0.053

133 ua

s

ton 0535=004*

Angular distribution of the asymmetry of the reaction yp— pr*.

The theoretical curves have been taken from the following multipole

analyses: 1 -from ref. 9, 2-from ref. 10, 3—from ref. 1. Points: •—our

data, a—data of rtf. 3.
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REACTION RESULT EXCITATION
ENERGY

SOURCE OCTCCTOR
ANCLE

TYP| RAMOC TYRE RANGE

r.,pro ART 4nn-Rnn c. snn TFT.-n dst

Table 2 Parametrization of the dit cross sections by a polynomial in cos 0 with the fit coefficients A. 3 and C. the integrated cross section

and the x
2 *

K
MeV

A B C r.n

Mb, sier
pb

440.0 1029 1.97 -6.35 94.7

+ —5.0 — —0,29 4- -ai7 + -0.41 4- -4.0 u
4<ao 909 1.71 -7.15 S4.5

+• -5.0 4- -0.35 + -0.19 t -0.49 4- -4.9 1-5

460.0 8.54 1.61 -6.67 79.6

+ -5.0 - -0-39 + -ai7 •t- -0.41 4- -4.0 1.4

470.0 7.93 1-57 -6.20 73.7

--JO - -024 + -0.12 -0.32 4- -3.3 0.79

430.0 6.70 1-37 -494 63.7

•t —5.0 - —0.34 + -an 4--0J2 4- -3.4 0.91

490.0 5.96 IJ2 -4.24 57.3

* -5.0 - -0J7 + -0.14 - — 0_'6 - — 38 1.4

• 3R 71 BONN

• OE 58GORN

• v£ 58 CORN

• 3A67FRAS

— CE 71 BONN

• ST 58 CORN

if, I
1

Fig. 1 Excitation curve of - 3
-pnotoproduc-

_ _ noo at 90° The data of this experiment are
S50 x(M«v) labeled with GE 71 BONN

po«m H 3 S-418
* C V . -.14- 441
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E

ZhETF Pis. Red. 19, 659 (1974)
JETP Lett. 19, 340 (1974)

METMOO
~ ~

Tenishev

ELEM. SVM.

74 Go 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

$ G,PI0 NOX 150-495 c 600,999 MAG-D UKN

POL PROTONS PHOTONS

In the case when the photon-polarization vector Is

directed perpendicular (parallel) to the reaction plane,

it becomes possible to measure three experimentally

observable quantities 111
:

~F» ’ (1)

pWL
r

-4
1 * 1 iR.tf'j-* 1 zl

(2 )

(the plus and minus signs pertain respectively to per-

pendicular (i) and parallel ( 0 polarization-vector

directions).

If the angle between the photon polarization vector and

the plane of the reaction is 45°, then we can obtain three

components of the spatial polarization vector of the

nucleon

(3)

!«*<*>

T77
(4)

w (,-‘

,4
( *>

(5)

where A**’ and Au ' are corresponding bilinear combina-
tions of the helicity amplitudes

,

tu
p
a

is the polarization

of the nucleon on an unpolarized photon beam, T and T
y

are the asymmetries of the cross sections on the linear-

ly-polarized photon beam and the polarized nucleon

target, respectively.

Thus, measurements with linearly-polarized photons

yield information on five bilinear combinations of the

photoproduction amplitudes (out of the 10 needed for the

complete experiment).

We present here, for the first time, experimental

results of the measurement of the polarization of protons

from the reaction y + p— +p on linearly polarized

495-MeV photons with the polarization vector directed

perpendicular and parallel to the plane of the reaction.

The measurements were made at a pion c.m.s-. emis-
sion angle 3, = 105°.

The experiment was performed with a beam of linear-

ly-polarized photons obtained by coherent bremsstrah-
lung of electrons from the linear accelerator of our in-

stitute in single-crystal diamond. CJI The maximum
energy of the photon spectrum was 1380 MeV. The ener-

gy resolution in the experiment was <a£,= ± 20 MeV. The
experiment was performed with two magnetic spectrom-
eters

,

t31 in the focus of which the liquid-hydrogen target

was located.

The polarization of the protons and the asymmetry S
were measured with the aid of a telescope of spark
chambers 141 mounted at the exit from one of the mag-
netic spectrometers. The presence of the second spec-
trometer made is possible to monitor during the course
of the experiment the stability of the polarization of the

photon beam and of the measured asymmetry, by ob-
serving the yield of the photoprotons from the reaction
y+p— T^+p. 151

In the experiments we performed three independent
measurements of the proton polarization: 1) photon
polarization vector directed perpendicular to the reac-
tion plane, 2) polarization parallel to this plane, 3)

coherent effect, and consequently no photon polarization.
The third measurement is essential to take into account
the contribution to the proton polarization from the back-
ground due to the incoherent bremsstrahlung and to the
proton yield from the two-pion photo-production
process.

C" r »
j-( »rr )

£
y

P” P*
y

T
V

0.493

-o.ot 4

0.218

= 0.011

O.£6o

rO.Cffi}

0.731

=0.012

-0.2'JT

= 0.081

0.574

=C.U37

- 0.44

=0.23

0.20

= 0.52

-3.33

=<1
~

- 0.45

: 0.55
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p

FIG. 1. Dashed lines— results of Walker's analysis, ,TI O—P^.—p,-

This measurement procedure has made it possible to

separate the yields of the protons connected directly with

coherent part of the photon spectrum. This yields the

effective photon polarization Pjlm(t)
and the value of the

proton polarization P£^ pertaining to the coherent

spectrum, as well as the asymmetry parameter E.

The values of the proton polarization P 8t" for photons

polarized perpendicular (parallel) to the plane of the

reaction are obtained from the experimentally measured
values P-rtfft), and E with the aid of the following

relations:

. (l+EXl + P^^+U-EHl-P,,.,,,^:
,

(i^m+p^nJ+d-ad-p,,.,,,) ’

(6)

~ _
(1 +E)(1 - P,,.,,,)P( (1 -E)(l +P )Pj

a+E)(i-p7fcll))+(i-s,Hup7Wr))

•

From the values of P
y
im> ar.d Sq. (3) we can obtain

P; and T,.

To verify the experimental procedure, we carried out

a control measurement of the polarization of the protons

in the reaction y + p— + p on unpolarized photons under

the same kinematic conditions, noth a bremsstrahlung

spectrum with £^“ = 6C0 MeV. The obtained polarization

P^(l4#t3l
= ~ 0-267 ± 0. Qol is in good agreement with (.he

value obtained with the aid of Eq. (2) and the previously

measured data. 1,1

C l
, G", and C° are the relative yields of the protons for

the corresponding directions of the photon polarization

vector (the superscript 0 denotes the absence of the co-

herent effect). The errors given are statistical.

FIG. 2. Solid curve-results of Walker’s analysis, 1 11 dash-dot

line- results of Schwela's analysis. 1,1

The results of the present paper are listed in the

table. The relatively large errors in the measurements

of P
y
and P" are due to the small statistics and to the

appreciable contribution of the incoherent background.

At a small background, which is possible if thinner

diamond crystals are used, these errors can be greatly

decreased at the same statistics (1200 events of scat-

tering by the polarization analyzer). Reasonable agree-

ment is observed between the experimentally measured

quantity, P^(D,M) , and the value F°
y
obtained from rela-

tion (2).

The results are shown in Figs. 1 and 2, where they

are compared with the results of muitipole analyses. 17,81

Tile results are preliminary. Experiments are now
under way aimed at obtaining information in a wide range

of angles and energies, with much higher accuracy.

In conclusion, the authors thank 1. 1. Mircschnichenko,

V.I. N'ikiforov, and P.V. Sorokin for valuable advice

during the discussion of the results, ana P.I. Glushakov,

A. A. Zvbalov, and V.N. Skusinets for help with the

experiments.
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Fig. 5. Angular distributions of *°-photoproduction showing the

data of this experiment together with results of the experiment

described in Pan II

Fig. 6. T^-photoproduction cross sections near 9*m = 10° showing
our date togetner with those from Reis. 10 and 1 1. The curve is
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Fig. 1 1. Measured differential cross sections at il‘" =*60“

as a function of the photon energy. The solid line

represents a theoretical analysis

Fig.'* Measured differential cross sections at 40*

as a function of the photon energy. The soiid line

represents a theoretical analysts
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Table 3. The differential cross sections for 7+ p— p + *° ami their

absolute statistical and systematical errors

er k

MeV
da/dQ„
(ib/ster

J<7

statist.

d<r

system.

40* 300 18.0 ±1.6 ±1-2
340 19.1 ±0.7 ±1-1

360 16.3 ±0-5 ±1.0

380 15.1 ±0.6 ±0.8

400 10.8 ±0.4 ±1-2

50* 240 4.8 ±0.8 ±0.4

260 9.7 ±0.7 ±0.7

280 16.4 ±0.5 ±1-3

300 22.9 ±0.5 ±1.2

320 26.5 ±0.6 ±1.7
340 22.7 ±0.8 ±1-3

380 15.4 ±0.7 ±0.9

60* 240 5.9 ±0.8 ±0.5

260 12.2 ±0.4 ±0.6

280 18.7 ±0.4 ±1.0
300 77 7 ±1.0 ±1-2

320 23.7 ±122 ±1.8

70* 260 13.1 ±1-2 ±0.7
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 155-225 D 526-913 MAG-D DST

We report ihe results of inelastic scattering of electrons by protons at the threshold at = 5 F' 1
. We

detenrune the quantities t£j*l and IS,-!, from which we obtain the values of the aiial-vector form

factor of the nucleon and the form factor of the pion.

J, nt>

FIG. 3. Plot of A » I £,• I
*

! S^l : against the virtual-

photon polarization operator.

FIG. 1. Pion electroproduction cross sectioa vs. the pion 3-

momen turn in the c.m.s. Curves— results of best fit.
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SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,G ABX 70-110 C 127,148 TEL-D DST

The differential cross section for the elastic scattering of photons by protons is measured in the 70-110-

MeV energy range at 90* and 15CT laboratory angles. Yield data of the y+ e—y'+e' monitor process,

obtained by means of the same experimental apparatus, are used in determining the absolute values of the

cross section for the y-t- p— •/ + p reaction. Approximating the experimental values of the photon-proton

elastic scattering cross section by a phenomenological expression at low energies, we obtain the electric and

magnetic polarizabilities of the proton: dj*“ =(10.7 ± l.l)xlO~41 cm1 and =(—0.7 ± 1.6) X 10~° cm 1
.

TABLE II. Experimental results for elastic scattering of photons

by protons, absolutized in accordance with the monitor process.

wun *v>. <M«

Cio« mcuom nao
at tJMBOR tad
PQItOf pTOCMM
OtlO”)

(-£).*—
at Id** an 1/*

AJ2U 9n 85.4 1^2-*-O.Oi 1.09*0.04

A 1231A- 90 80.9 1.60*0.09 t.is*au«
A 1224 I.T0 86-3 1.92*9.14 1.37*0.10

A 1234A* ISO 81.0 102*0.17 i.4**ai2
A 1231 !*) 109.9 1.44*0.07 1.03*0.06

A 12U itt 111.1 2J>2±0.0» 1.44*0.06

A1233A ^ 100 106.7 2-C*U.OO 1.00*0.06

FIG. 2. Energy dependence of the cross section for lab angles 90“

(a) and 150“ (b). Points: -{“), •-[”]. X-present

work; shaded region-resuits in (”].
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Table of cross section values in paper. 999=1-2 GEV

Fig. 5. The cross-secnons for repro-

duction off protons att 1203 and 100*

pion cun. angle obtained in the meas-

urements described here are com pared

with other recent data. For clarity,

only the statistical errors in the pres-

ent measurements are shown. The

total errors io the other data are in

the range 6-l0°i

Fig. 6. The cross-sections for reproduction off

protons at pion c.m. angles ofW and SO 3 obtained

in the measurements described here are compared
with other recent data. For clarity, only the

statistical errors in the present measurements are

shown. The total errors in the other data are in

the range 6-10°;
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Fig. 7. The cross-section for ^“-production off protons at pion cjn. angles of 125°, 1 10°. 90° and 70° obtained in the present measurements are

compared with predictions based on the MOR phase-shift analysis [5]. The agreement is seen to be best at larger pion cm. angles
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G.A. Vartapeiyan, P.I. Galumyan, A.N. Lebedev,
E.G. Muradyan, S.E. Piliposyan, A.M. Sirunyan, and
A.G. Khudaveryan

JETP lett. 22L, 375 MQ7fi)

Pis'ma Zh. !Xsp. Teor. Fiz. 23_, 415 (1976)
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Rtr. no. I

76 Ab 7 hmg

BCACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ancle

tvm aanOC TYRf RANCE

$ G,PI0 A8X 900-999 D 900-999 MAG-D DST

We measured the asymmetry of the cross section of the photoproduction of v°
j

999-1 .65 GeV^POL G

mesons from hydrogen at 1 10* in the c.m.s. at linearly polarized photon energies

0.9-1.65 GeV. The results are compared with the existing model predictions in

;he resonance region.

V 7'

I

FIG. 2. Energy dependence of

the asymmetry of the cross sec- I

tlon of the reaction yP— Pr3 at .

110* in the c. m. s.

i

FIG. 3. Angular dependence of the asymmetry of the cross section of the reac-
tion yP — P-x

3 for Er
= 1. 5 GeV. The solid curve corresponds to the prediction

of the asymmetry Z in the case of the Jf,
7 (1950) resonance for pure A/^

magnetic excitation.

1

R-L. Walker, Phys. Rev. 182, 1729 (1969)
2
R.G. Moorhouse, H. Oberlack, and A.H. Rosenfeld, Preprint 131-1950,
1973; Phys. Lett. 428, 44 (1973)

7

J. Alspector et al .

,

Phys. Rev. Lett. 28_, 1403 (1972)
8
G. Knies et al .

,

Preprint LBL-2573, 1974,
q
Annual Report, Daresbury, 1974, and Rapporteur's Talk
of J.G. Rutherglen to XVII Intern. Conf. on High Energy
Physics, London, 1974.
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The obtained cross section asymmetries

2 .
* . _L

Ci~ C»

*j.
+ P

y
Cx +<

li

are listed in Table L C. and C. are the numbers of coincidences in the case ofxn
photons polarized perpendicular and parallel to the meson production plane,

respectively. The errors in the asymmetry include the statistical error in the

determination of C
L
and C

s , as well as the error (~ 10%) in the effective photon

polarization (P^.

TABLE L

Ey, GeV
9“=90*

2

6f* = 110* 130°

0.90 • • « -0.22±0. 07 • • •

1.05 • • • — 0. 616±0. 082 • • •

1.20 • • • — 0. 44 ±0. 085 • • •

1.35 • • • 0.056 ±0. 056 • • •

1. 50 0.52±0.05 0. 295 ±0. 063 0. 71 ±0. 07

1.65 • • • 0.48 ±0.06 ...

TABLE H.

Er , GeV lda/dU

)

ms (pb/sr)

0. 90 1.36±0. 074

1.05 1.34 ±0.054

1.20 0.5 ±0.024

1.35 0. 55 ± 0. 022

1. 50 0.61 ±0.02

1.65 0.37 ±0. 015



P. Blum, R. Brockmann, and W. Mohr

Z. Physik A278, 275 (1976)

EL EM. $YM.

H

REF. NO.

76 B1 9 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G.PIO NOX 700-999 C
2*

SPK-0 OST

( 2 .5GeV)

The polarization of the recoil proton from the reaction yp-*n°p has been measured for

photon energies between 900-1.350 MeV and pion c.m. angles between ,0" and loO .

There are significant delations from recent analysis.

999= 1.2 GEV,*GEV,$P

IQ

as . |P — 5r;aeql_

as
• 1.15 (3ev|

.

OA

a?\h
t

\\
/ V-

*

\y *
i
7,\

J-a? k •

\ /
-<k - / -

05
r hf 1

*J3
r

1

. r i .

* '*- -C Anauiar distributions 01 recoil proion polarization from r '

p

t This experiment
'

(SliiiD et ol.i

{ Slum et d [11

5 ’rentice et d. [71

1 Cbenq (71

{
Tanaka et si. [71

j 3ioom e» si. [71

9 Umdquist et si. !?!

- MQR

— MW

(continued)
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Fig. 6. Energy dependence of recoil proton

polarization from yp— it
0
p at = 130°

Comparison with a simplified Metcalf-Walker fit

Fig. 7. Like Figure 6. but at t)\
m = 150°

42
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- P. Blum, P. Brinckmann, R. Brockmann, P. Liitter,

W. Mohr, and R. Sauerwein
Z. Physik A277, 311 (1976)

EL EM. SYM.

METHOO

76 B1 14 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,PI0 N0X 600 - 999 C 2* MAG-0 DST

(2. 5GeV)

The polarization of the recoil proton from the reaction yp — ~°p has been measured for

photon energies between 600 and 1,200 MeV and pion c.m. angles between 903 and 150^.

999=1. 2GEV,*GEV,$P

Tabic 1

Primary photon cnerzv c.m. angle

OcV
Polarization

P*JP

0.70 *0.05 148.5* -0.595-0.17

0.75—0.05 129.5* -0.46 = 0.I

0.75=005 150.0* -0.531 = 0.16

0 50-0.05 1 29.3® -0.55 =0.1

0*0 = 0 05 1 50.0* -0.538 ±0.19

0.35 — 0.05 115.0* -0.332=0 09

0.s5 -0.05 i:s.s* 0.0 =0.07

0.90—0.05 1 1
5.0* -0.335=0.11

090-005 IGS.S* -0.410 = 0.115

1.05 r 0.05 37 2* -0.353=0.11

1.10 = 0.05 37.2* -0.668 = 0.14

1.15=0.05 39 5* -0.233 = 0.18

1 CO —0.07 39.5* -0.220 = 0.144

i 25=0.06 90.0* -0030 =0.28

0 65 -0.05 90.7* -0.835=0.3

iHydronen an

o(,J =oo3 90.0* -0 650 = 0.07

iCaroon anah

Fit. 3. Enerav dependence of me recoil proton polarization from the

reaction
.
»— e°p. Mju = 40 : -5 :

. i Lundquis; et al, 5 Prentice

et al_ • This esperimeaL Biun et aL z 3Ioom et al_ MOR.
\|W

Ef • 0 ! GeV

!

PION CH ANGLE

E r - G 3 [Gevi

PlCN CM ANGLE

E
f

• 0 95 (GeV I
• E

r • 0.9 IGeVl

PION CM ANGLE PIGS CM ANGLE

Fig. 9. Angular distributions of the recoil proton polarization from

the reaction •;p—~.°p. * This experiment. Blum e: aL y Luniiquist

etal.. 5 Prentice et al.. 5 3loom et al.. MOR. MW

>0>u M3S-al8
REV. 7,1 *-441
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MCTHOO

A. I. Derebchinskii , A. A. Zybalov, 0. G. Konovalov,
V, R. Nazyrov, A. E. Tenishev, and S. G. Tonapetyan
Sov. Phys.-JETP 43, 218 (1976)
Zh. Eksp. Teor. TTz. 70, 423 (1976)

CL CM. STM. A

H

Rtr. no.

76 De 7 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYRE RANOC

$ G,PI0 NOX 150-640 C 540-640 MAG-0 DST

Measurements ire reported of the poUrizauon of protons from the y-t-p— it
0+ p reaction at photon energies $ RECOIL P

of 54Q, 560, 585, 610, and 640 MeV at pion angle of emission of 90* in the center of mass system. The
angular dependence of the proton polarization has been investigated for this reaction at a photon energy
600 MeV. The data obtained are compared with the results of the phenomenological analysis reported by
Metcalf and Walker (Preprint CAiT-68-425. 1974).

FIG. 1. Energy dependence of the polarization of protons

from the y —v* *p reaction at 9, = 90* c.m.a. : -present

results and our previously published results31,
x—results of

Lundquist et ai.
OT

; solid curve— results of the Metcalf-Walker

analysts. 03

FIG. 2. Angular dependence of polarization at photon energy

of 600 MeV: p—present results; •—results from the com-
pilation of Genzel and Pfeilua ; solid curve— results of Met-

calf and Walker. 31

2
W.J. Metcalf and R.L. Walker, Preprint, CALT-68-425,
1974

7
D.E. Lundquist, R.L. Anderson, I.V. Allaby, and D.M,
Ritson, Phys. Rev. 168, 1527 (1968)

^H. Genzel and W. Pfeil, Preprint, Bonn Univ. PI, 81-163
1972.

c,*iS£.,>4iV: 538*10 580*11 585*12 310*13 MO*3
-0.43*0.09 -054*0.10 -0.59*0.09 -0.72l0.08 -074*0.07

3. 9C

T

-0.330*0080
HO” 120* 1413*

-0.803*0053 -0.445*0.033 -0.595*0 039

9. (c*n*):
Pi±A/>,

:

„
50• tier

-0-590*0.090 -0-523*0.065
-0.720*0.081 -0334*0084

120*

-0.424*0097
-0499*0093

!A2_S*

-0.324*0.078
-0523*0092

roftw H8S-41*
I«IV. 7.14.441

USCOMM-NSS-OC

u.s. o£PtRTue.HToa commerce
NATIONAL »URCAUOR ST ANQAflOSPHOTONUCLEAR DATA SHEET 44
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section

*ir. P. Oougan, V. Ramsay and W.

Z. Physik A276, 155 (1976)

Stiefler EL CM. $YM.

Conment: Detailed cross section tables given. See samples on back of sheet.76 Oo 6 egf

REACTION MCSULT EXCITATION
EMEHOV

SOURCE OCTECTOR
ANGLE

TYPC RAN GC TYPE RANOC

G,PI0 A8X 238 - 922 C 245-922 TEL-D DST

30

>it)/sr

I 20
o
0.
in

tn
ui
O
U

10

135” • ?“:S ‘work 120*

• ri 4
Cl]

T =?f HI
o *•* C 53 •

9 1

* , 1

9
•

# ^ 1

*
1

» i ' i.•

• c 1

.

9 • 1 9 *

* P *
!

*,*•
i

•©
7 9 I

- ® 1 •.
t

9 |

1 # •• • r
•

1 . *
i

- 1

*i<

N x 5

1

- • 1

* x 5

1

oo©

— ~ o

SL u

c/i rs K

300 iCO 500 600 300 L00 500 600
Er ( MeV)

Fig. L The cross-sections lor .-^-production from hydrogen at pioo

cm. angles of I35
3 and l2tT as found in the present experiment and

in [I] are compared with selected other data from similar measure-

ments The statistical eirors are not shown explicitly, being, for all

measurements, usually only slightly larger than the dimensions of

the s> mbols used. Note the change of scale to the right of the dotted

line in both ca ses. The suale-fautor is as shown in the figure _

l Dougan. P, Kivikas.T.. Lugr.er. SC. Ramsay. V, SueQer. W..

Z. Physik ! 19J5) _ _
4. Genzel. H- Hilgcr. E.. Kmop. G. Kemer- H.. Wedemever. R-

Z Physik 268. Jj H9,J>

6 DeStaebler Jr . H.. Eriuksoa. E. F.. Hearn. .VC. Schaerf. C.:

Fig. 5. As Fig. a. but pion cm. angles of 30” and 6CP Note the dif-

ferent scales in the two halves of the drawing

I. Dougan. P.. Kivikas. Th Lugner. Ramsav. V.. Stiefler. W.
Z Physik 274. 73 11975)

II. Moornouse. R.G.. Oberlauk. H„ Rosenfeld. A. H. . Lawrence
Berkeley Laboratory Report L3L 2410, 1 1973)

• 2a 2 _

a
>
v
2

I i

51

u —
* u
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^ ^ Ui

P ^5 *o
£ x q: q:

O

? *
r— 2m

«® .<
1! 3 2 E r=

3
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'— 5

O
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-± — . . z —

> £ — •'t o w 2 — ® ” E

2 . £ * 53 s 2
2.' ^ ~

< 3f>r=
— 2“
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- ? = z

5 > -i
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1
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= «
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/i _ —
re - C.
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Fig a. The cross-sections for .reproduction from hydrogen at pion

cm. angles of I4j
3 and 1003 from this work and [1] are compared

with results calculated from the phase-shift parameters given by

Moorhouse real. [II]. The statistical errors in the experimental

ooir.ts are not shown explicitly, being typically only slightly larger

than the dimensions of the symbols. Note the change of scale to the

right of the dotted line The scale-factor is as given in the figure

1. Dougan. P, ’<ivikas.T. Lugner. K_ Ramsav. V, Stiefler, W.

.

Z Physik 274. 73 ( 1975!

11. .Moorhouse. R. G.. Oberlaux. H.. Rosenfeld. A. H.: Lawrence
Berkeley Laboratory Report LBL 2410. 11973)
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Table I. The cross-lections for x a
-production from hydrogen as measured in ihe present experiment The values quoted include the contribution

from the proton Compton effect

CM.
angle

(deg)

Photon

energy

(MeV)

Cross-

section

ipb/sr)

Sut
error

(°/J

CM.
angle

(deg)

Photon

energy

(MeV)

Cross-

section

(pb/sr)

SUL
error

(%)

45” 98.9 325.7 33.25 0.9

47.2 725.6 2.96 3.5 99.8 3324 31.69 1.8

47.2 794.9 3.04 4.1 99.5 348.1 27.77 10 ,
47.1 867.6 179 4.7 1003 351.8 27.61 24

100.0 3705 21.41 1.4
50°

100.7 373.5 20.98 3.1

50.2 668.1 145 4.8
1003 391.2 16.41 22

50.3 729.3 187 4.1
100.5 4103 13.42 16

50.2 793.2 175 4.6
100.2 746.7 4.64 26

50.0 854.6 112 8.9
100.1 764.8 4.38 28

60° 100.0 786.4 3.99 3.5

59.4 485.5 6.76 12 99.9 803.7 3.41 4.8

59.8 521.0 4.82 3.1 99.8 819.8 3.07 4.0

59.8 541.4 4.01 29

60.1 553.6 3.56 5.2
105°

60.0 587.8 3.18 3.5
103.5 314.3 3222 1.2

6a 1 633.4 3.03 4.1
104.1 335.7 29.34 1.2

6a 1 675.6 3.08 4.9
104.6 357.0 23.90 1.5

6ao 716.7 3.72 6.4
104.9 376.3 19.07 19

104.5 383.3 18.32 20
70° 105.1 395.0 16.84 3.3

69.5 455.1 8.71 1.7 104.7 401.0 14.48 24
69.9 4903 6.43 1.7 104.3 417.4 11.94 29
7a 1 526.0 4.82 23 104.9 433.2 1009 3.3

70.2 559.6 3.79 3.0 105.0 4508 8.58 3.2

7tt2 5909 3.35 4.3

110°
75*

109.1 3016 30.69 1.1

74.5 423.1 1142 29
109.7 3119 30.31 1.1

74.9 454.9 9.29 25 1102 343.2 27.71 1.5

75.2 487.0 6.29 3.4
1105 361.9 21.25 1.9

75.4 517.1 5.60 3.6 1107 379.2 17.16 3.2

74.8 529.7 4.87 13 1102 679.6 3.33 3.8

75.4 545.1 4.55 4.4
110.0 697.3 1.67 3.7

74.8 557.3 4.01 3.9
110.1 714.7 204 4.4

74.8 583.2 3.46 4.5
110.1 731.2 126 3.0

74.8 608.3 3.53 5.1
109.9 745.4 1.60 4.3

75.7 636.6 3.09 5.1

120°
80*

118.6 261.9 16.98 18
79.3 397.2 17.27 09

119.3 277.5 21.35 27
79.8 426.4 1170 1.3

118.8 285.5 24.46 1.3

80.1 455.8 9.49 22
119.9 291.4 25.70 1.9

80.3 483.2 6.79 29
119.8 305.7 27.74 09

8tt4 508.7 5.54 5.1
1202 324.1 28.89 1.3

90“ 1202 3405 24.51 1.4

89.0 356.3 26.64 09 1204 356.4 21.81 1.9

89.6 381.5 2050 1.0 1201 631.6 164 4.0

90.0 406.8 15.42 1.5 120.0 646.5 251 4.0

9tt2 430.2 11.25 20 1200 660.3 171 4.3

904 452.0 9.03 3.0 1202 675.9 168 3.5

902 334.7 3.13 4.2 1201 689.6 168 3.6

90.0 856.5 184 4.5
125°

90.0 380.5 127 6.7
123.7 278.5 20.68 1.7

90.0 903.0 1.98 5.4
1244 296.8 24.71 1.5

89.8 9220 1.75 8.3
124.8 315.0 25.47 1.6

100° 125.1 331.7 24.39 1.7

98.4 297.7 3163 1.5 125.2 347.1 2113 1.5

99.2 316.0 33.70 1.6 125.2 611.6 126 4.0
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„ e , V.B. Ganenko, V.G. Gorbenko, L.M. Derkach,
L.Ya. Kolesnikov, I. I. Miroshnichenko, V.I

V.M. Sanin, P.V. Sorokin, S.V. Shalatskii
Sov. J. Nucl. Phys. 23, 162 (1976)
Yad. Fiz. 21 , 310 (1976)

method

Yu.V. Zhebrovskii,
Nikiforov, A.L. Rubashkin,

H 1 1

REF. NO. 1

76 Ga 6 egf

R E ACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

$ G,PI0 RLX 250-650 C 1*2 TEL-0 DST

Eaper.menta) rauiu on the asymmetry of the diflerenual cross sections for the yp~p-rra
reaction with

poUnzcd photons in the photon energy range 250—650 MeV (lab system) and the pion escape angle range
60-135* (cm. system) are presented and are compared with dispersion-theory predictions and with the

results of a pnenomenotogical muiupole analysis. The asymmetry angular distributions indicate that the S-
plus P-wave approximation is valid for the y p— p-rr

J
reaction at photon energies up to 650 MeV.

1 .15*1 .4 GEY, CQH-BRMS

PACS numbers: l3.60.Kd

*V>tofl twro MsV

FTC. 9. Excitation functions for the asymmetry at several

pion-escap« angles ic. tn. system). The points represent ex-

perimental results: :he olacic circles ire from the present

worfc. the ooen circles and squares from141
, and the triangles

from 51
. The aasned curves are (rora•,,

. the full curves from
from 101

. and the naxcr.ed bands from1111
.

TABLE 1.

Ms V
r ! r„

J
MS V

N*
Ml

z . aI
MsV

»„ S *2

250 90 0 397 O.OIj! 3S0 50 0,506 0.020 300 60 0 462 0 044
103 0.350 0.316 4 75 0.589 0.027 75 0.72! 0.041
•33 0.210 0.0171 90 0. 506 0 ,

j325 90 0.711 0.039

0.0131
105 0 560 0.030 105 0.534 0.047

300 73 0 473 120 0.528 0.026 120 0.543 0.035
50 0 541 0.0181 133 0.513 0.024 135 0,595 0.043

105 0.553 C 0161
1 20 0. ;52 0.014 400 50 0.539 0.034 550 SO 0.455 0 06!
135 0.337 0.015 4

*3 0.540 0.032 73 0 561 0.947
i 90 0.458 0 .'324 90 0.571 0.037

330 60 0.322 0 024 1 105 0 583 0.033 105 0.584 0 042
_
5 0.341 0.C25 . 120 0.532 0.035 120 0.629 0.035
30 0.632 0.327’. 135 0.533 0.030 135 0.586 0 056

ICS 0 560 0 028 i

120 0.356 0.024
. 4^0 60 0.487 0.024 95

0

50 0.579 0 068
135 0 291 0 020 1 75 0.435 0.023 60 0.677 0.091

j 90 0. 518 0.025 73 0.723 0.055
530 50 0 434 0 031 1 ! 05 0.444 0.026

*
90 0 696 0.033

*3 0.333 0 J2S :20 0.384 0.030 103 0.716 0.032
90 0 5U 0 02! 1 133 0.529 0.026 120 0.735 0.053

105 0.34310 322 1 135 0.389 0 .
'944

120 0.51610 024 | O0 60 0.326 0.034
133 0 41210. 030 ( 75 0 358 0.043

90 0.597 0.027
103 0 553 0.028

j

120 10 608 0.024

1 133 0.637 0.032

r oww HSi-aH
< cv. t.i *. aai
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Yu- A. Aleksandrov, V. A. Kozlov, V.N.

So v . J . Nucl . Phys. 25 , 43 ( 1 977

)

Yad. Fiz. 25, 80-84 (Jani 19771

Maikov, and V.V. Pavlovskaya
ELS*. aYM. A

I

z

H 1 1

RE?. NO.
"

'77Tt~5 hmg

R E AC TICS RE5UL T EXCITATION
ENERGY

SOURCE CSTECTOR
ANGLE

-v-C range tvpe 3 a%ce

G,p 10 ABX 320 c 350 CKV-0 OST

Differencial cross sections for neutral-pion photooroduction from hydrogen are obtained at 320 MeV and
pion c.m.s. angles 10. 30. 60, 90, and 120 degrees.

PACS numbers: 13.60.Kd, 14.40.Dt

r
*

FIG. 1. Differential cross sections for ? photoproductioa from

hydrogen at mean energy 220 MeV. E.operimentai points:

•—

,

m o—

,

(J 'x—our daca. Curves: dash- dot— approximation

of daca in Ref. 1, 3olid—approximation of our results together

with the combined results given in Ref. 2.

TABLE II.

Stauiacal Total #mar.
*. iei »w* «COt,*»6/u j»bya

£-320*17 MtV

10 14-10 *037 *iJ2
30 taj *0.32 * 1-39

60 27.08 *0-85 ±U7
30 3U7 *1C9 ±122
CO 25.0 *1-9

7

*124

-I*-.- M3S-4I3
N

A R T M £ N r ? - CCMViaC;
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I. Arai, H. Fujii, S. Hanna, Y. Hoshi
A. Itano, K. Maruyama, E. Ohshima,
N. Yamashita

, H. Ikeda, T. Ishli,
H. Okuno, A. Sasaki and

EL EM. SYM. A

J . Phys. Soc. Japan 43, 363 (1977) H

REF. NO.

1

z

1

77~Kr~T

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE PANS!

G,PI0 ABX 500-930 D 500-930 MAG-0 DST

G,PI+ ABX 500-930 D 500-930 MAG-D DST

Differential crow lectioru of the reactions, 7 +;>—/»+ it*. and j+p—n+ K*. Are

measured at about 85* and 65*. respectively, in the incident energy range from 500 MeY

to 930 MeV. A lagged photon is used as an incident photon beam. Overall features are

consistent with the theoretical analyses by MoorhouseOberlack and Rosenfeld. and by

Metcalf and Walker.

Fi*. 4. The differential cross sections in the reaction 7-t-p—p-^x’ at 0J = 8O°~85\ The indicated errors

are only due to statistical ones.

Fig. 5. The differential cross sections in the reaction y-Lp— at flj = 56°—69°. The indicated errors

are only due to statistical ones.

(continued)
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Table I. Cross sections for the reaction yp—p’s.

Photon
energy
(MeV)

CM
angle

(degree)

Cross
section

Otb/sr)

Photon
energy
(MeV)

CM
angle

(degree)

Cross
section

Gib/sr)

500 85.6 5.90±0.32 720 83.3 4.41 ±0-21

510 85.6 5.48 ±0.34 730 83.1 4.75 ±0.21

520 85.5 5.26±0.33 740 83.0 4.28 ±0.28

530 85.5 4.52 ±0.31 750 82.9 4.66±0-27

540 85.4 4. 86±0.37 760 82.7 4.82 ±0-28

550 85.4 4.42 ±0.33 770 8Z6 4.86 ±0.26

560 85.3 4.11 ±0.32 780 82.4 4.83±0.2S

570 85.3 3.94±0.30 790 8Z3 5. 14 ±0.27

580 85.2 3.59 ±0.30 800 82.1 4.19±0.25

590 85.1 3.39±0.2S 810 81.9 3.88 ±0.24

600 85.0 3.20±0.27 820 81.3 3.95 ±0.25

610 84.8 Z85±0_26 830 81.7 4.05 ±0-25

620 84.7 3-37±0.23 840 81.6 3.56 ±0-24

630 84.6 2.77 ±0-26 850 31.4 3.45 ±0-23
640 84.5 2.53±0.26 860 81.3 Z93±0.22
650 84.4 2.61 ±0.26 870 81.2 ZS3±0.22
660 84-2 2.74 ±0.27 880 81.1 Z63±0_21
670 84.0 3.16±0-29 890 80.9 Z62±0.21
680 33.9 3.17 ±0.3

1

900 80.8 Z19±OZO
690 83.7 2.86 ±0.29 910 80.7 2-28 ±0.20
700 83.6 3.63 ±0.17 920 80.6 Z18±0-20
710 83.4 4.15 ±0.20 930 80.4 Z17±0.18

Table II. Cross sections for the reaction -yp—m*.

Photon
energy
(MeV)

CM
angle

(degree)

Cross
section

Gib/sr)

Photon
energy
(MeV)

CM
angle

(degree)

Cross
section

Gtb/sr)

500 56.6 8.41 ±0.84 720 63.6 11.36 ±0.68

510 57.0 10.19± 1.02 730 63.8 11.16x0.66

520 57.4 8.41 ±0.93 740 64.1 10.51 ±0.88

530 57.7 10.79±1.07 750 64.4 9.35 ±0.78
540 58.1 1 1.08± 1.20 760 64.7 8.74 ±0.75

550 58.4 10.62x 1.10 770 64.9 6.22 ±0.60

560 58.8 10.77±1.13 780 65.2 7.86±0.74

570 59.1 9.58 ±0.99 790 65-5 5.75±0.59

580 59.5 1 1.70± 1.19 800 65.8 6.90±0.67

590 59.8 1 1.07± 1.08 810 66.0 5.72 ±0.60
600 60.1 8.85±0.99 320 66.3 5.41 x0.57

610 60.4 8.57 ±0.97 830 66.5 4.30±0.52
620 60.7 10.61 ±1.04 840 66.3 4.16±0.51

630 61.0 9.20±0.94 350 67.0 3.31 x0.45

640 61.3 10.86x 1.07 360 612 3.52±0.48
650 61.6 10.39±1.03 870 67.5 3.77±0.50
660 61.9 1 1.86±1.17 380 67.7 3.85 ±0.51
670 62.2 1 1 .90± 1.16 390 67.9 2.84 ±0.42
680 62.5 12.42 ±1 Z3 900 68.2 3.31 ±0.48
690 6Z7 10.21 ±1.11 910 63.4 3.09x0.46

700 63.0 10.50±0.61 920 68.7 3.24-0.47
710 63.3 11.33 ±0.67 930 68.9 4. 13 ±0.51
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Phys. Lett. 66B , 236 (1977)

EL EM. SYM.

H

METHOD REF. NO.

77 Bo 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , PI+ ABY 149-158 C 148-158 ACT-I 4PI

We have measured the excitation function from threshold to 9 MeV above threshold for the reaction 7 + d — ** +

n n by counting positrons after the bremsstrahlung beam burst. The extracted cross section is compared with a cajcu-

lation using the impulse approximation, and good agreement is found near threshold.

Fig. 1. Yield curves for the reactions 7tp,n)ir* and 7(d,nn)»*.

The hydrogen data is scaled to fit the yield obtained from

»P
= atflk shown as a solid line, and deuterium is normalized

to hydrogen. Curves a and b art calculated from theoretical

cross sections shown in fig. 2.
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P. Dougan, V. Ramsay and W. Stiefler
Z. Physik A280, 341 (1977)

£L £ V . -YU. ! A

77 Do 5 egf

rt £ * £ T 1OS ExC: -x -ION SOU ^ Z £ ;e-ectc=

-/=£ sxnoe T V =•£ - ZZ

G,PI0 ABX 262 - 238 C 375-475 TEL-D DST

fLt/sr

Fig.1. The cross-sections for n:°-production ofT protons at 100° c.ra.

as measured at Lund and Bonn. The Bonn data are fits to the
results of several experiments using different techniques. The Lund
data have been obtained over a four-year penod with major
alterations to the experimental set-up. • This work (1975), o Lund
(1974-1975) [10], 17 Lund (1972-1973) [9], x Bonn [11]

Table 1. The cross-sections for n° -production off protons at 100*

c.m. found in the present measurements. The groups correspond to

the different telescope configurations employed. Within each

group, the effective photon energy-resolutions (FWHM) are given

to a good approximation by the differences between consecutive

values. Systematic errors amount to about 5%

C.M. ancle Cross-section Stat. End-point

(degrees) (MeV) (jib.'sr) Error C*,) Energy (MeV)

96.7 262.6 17.30 7.6

97.7 275.4 26.30 6.2

98.5 286.9 26.93 6.3

99.3 301.7 32.65 4.5

100.0 319.2 34.89 48
375

100.5 335.2 29.45 5.8

100.9 350.0 2S.60 6.4

101.2 363.0 25.53 7.6

984 292.3 26.21 3.3

98.9 30ZS 31.43 3.1

99.3 312.6 33T0 3.3

99.

S

325.5 33.91 2.5 375 and

100.2 341.0 29.25 3.0

100.6 355.5 29.07 4.2 400

100.8 369.2 20.75 5.6

99.6 369.4 13.34 4.3

99.7 376.6 18.55 5.1

99.8 3S3.6 16.99 5.4

100.0 393.2 15.34 4.1 475

100.1 405.2 14.37 4.5

100.2 416.6 12.93 4.8

100.3 427.7 11.94 5.3

t00.3 438.3 9.11 6.6

S3" ;

~
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. Sorokin, &
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H

REF. NO.

z

1 1

77 Go 3
hmg
11/17/80

REACTION RESULT excitation
ENERGY

SOURCE CETECTOR
ANGLE

TYPE RANGE type RANGE

$ G, PIO NOX 500 D 500 MSP-D DST

-

We measured the poUnnnon of the recoil proton in the reaction yp— with a of linearly

polarized photons obtained with the aid of coherent bremsstrahiung from i diamond crystal tn the

KharTcov linear electron accelerator. The experimental values of the cross-seenon asymmetry «. of the

asymmetry T, on a polarized target, and the recoil-proton polarization components ?, and P, t are

obtained at a photon energy 100 MeV and at c.m i pion-emission angles 103, 120, and 140* and are

compared with the predictions of various mulhpole analyses.

POL Photon s. Protons

TABLE L Experimental results with photons that are linearly

polarized at ingles 0 and 90* (I, Pf , P\. P
t . TJ and 45 and

135* CP,. to the plane of the reaction yp — pr* at £r

• 500 MeV.

0%
paaccr

P\u* Jk 04 CJIA

i«r or 14T

2 1363*0.082 • uu>nio
-4431 *0170 - -4237 *0.1

Q

aGMOJTB - ils9*oj&:

r. -autahtss - -4-221x0.133

A, -ajs.o.ic -a S3*03 -003*0.11

*.v -442*0 19 -4Jt*ai6 •.144*0^02

FIG. S. Angular dependence of the proton polarization P, with

polarized photons at £_ » S00 MeV. Solid curve— results of

Schwela’s analysis,
1,31 dashed— results of Walker’s analy-

sis,
11,1 • — results of Ref. 18, x— results of Ref. 23, o— re-

sults of present paper.

FIG. 3. Angular dependence of the

proton polarization P\ 1 *
* at t T • SCO

MeV for pnotons that are linearly po-

larized perpendicular 'parallel) to the

reaction plane. Solid curves- results

of Schwela's analysis,
11,1 dasned— re-

sults of Walker's analysis.
11:1

FIG. S. Angular distribution of the asymmetry Z with linearly

polartzed photons at £, = 300 MeV. Solid curve— results of

Schwela's analysis, a3
' dasned— results of Walker's analysis,

UH •— results of Ref. 22, o— results of present work.

FIG. A. Angular dependence of the asymmetry T, of the cross

sections on the polarized target at £T * 500 MeV. Solid curve-

results of Schwela's analysis,
1131 lash-dot line— result of

Moomouse's analysis.
1" 1 •—experimental values of T, ob-

tained in Ref. 3, o—present results.

FIG. 7. Angular dependence of the recoil-proton polarization

component P^

,

in the plane of the reaction yp — pr1 at Sr
.500 MeV. Solid curve— results of Schwela’s aaa^ysi3 1

cl,,

dished— results of Walker's analysis, o— results of pres-

ent work.
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kef Yu. A. Aleksandrov, V.A. Kozlov and V.V. Pavlovskaya
'

Yad. Fiz. 28, 670 (1978)

Sov. J. NucT. Phys. 28_, 344 (1978)

MeTHOO

EL CM. SYM. A

H

KEF. NO.

78 A1 12 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ancle

T V PC RANGE

G,PI0 ABX 290-360 C 350-563 CKV-D DST

Analyzed angular distribution in terms of

~ = A(E)+B(E)cos9+C('E)cos
20)+D(E)cos

3
8

DtiTerennal cross Jecdona have been measured for photoproduction of m3 mesons in hydrogen in the

primary-photon energy interval 290-360 MeV ax pion emission ingles 10j0.i0.70, ind 90* in the

cols. The angular distributions have been analyzed by means of second and third degree polynomials in

coe 8.

TABLE I.

i,.
*o.v<*«

M«V
to 3M 3# Tt U

2*f

300

310

340

350

360

11.73*040*0. 48

12.13*014*033

14.22*033*0.69

1172=0.78*0.63

1029=0.', l*0.'«9

9-23*fi-39*Oil

13-33*0 *7*0.68

16.13x021*0.73

1622*0.47*0.71

1111*028*023
li.OixO.il r019
1 l.98=<UT.*0-32

113*02 ;*o.n

1921*0.69*027

20.22*0.6i,*086
20 07*073*023
19S3*067*il87

18.(4*038*079

21.19*044*096

2112*042*U2
2342*0.38* 1-24

2023*1/4*125
24.91*043*1.08

23-36*0.76*1.03

2642=1.OS* 1J3
2S38=li>aiH
23.73*1.0*141

29.42* 1.03*1-44

26-34*0 81* 1.24

2172*076* L23

TABLE H.

ComVTV
Sy.

T» 3PM 310 320 340 33M 300

A rut*-.,* :*.**«.« 3l.Vt±0.u0 33.3-t0.09
i ft 4^2** lfi •>.**«. 16 t.43±o.a I.J50±M.1V

C -U.AVC- si -«7.7A*M.r -I«U2±?».3 J-l613-tM.it

r i.n i.n l.M 2.4T t.® t.91 2. IT

!

_3
a
a *V|-

i I i

. i

rM^i,
i

'* «

*1
+

13
1 ip IP 7iP /ip itt'

FIG. 1. Differential cross sections for photoproduction of ts

mesons In hydrogen for an average energy 300 MeV. Points:
x—our measurements, •—Ref. 10,

~—Ref. 1, a—Ref. 11.

1. jolit
-

-
{ . r

!

* 1

; m.v

:so joo -n 100

FIG. 2. Energy depen-
dence of differential cross
sections near 0*10* In the

cans.: x—our measure-
ments, solid line—calcu-
lation of Ref. 3, cross-
hatched region—calcula-
tion of Ref. 4.

FIG. 3. Energy dependence of the coefficient D. 0—our
suits, solid line—calculation of Ref. 3.
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MgTHOO '

Faure, elem. sym. a z

Favart,

H 1 1

_____

78 Ar 2 rs

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P0 ABY 146-151 c m TEL-D DST

»* photoproductioa on deuterium has been measured In the region of 1 to 7 MeV above
threshold, relative to the same reaction on hydrogen. The comparison of our results

with available theoretical predictions shows the necessity to go beyond the Impulse ap-
proximation.

TABLE L Experimental yield A(£,) * SiE

,

EJt lE . Si)(do/dQ)dtldE in microbarns, normalized to

one target nucleus and one equivalent quantum, for

different values of the bremsstrahlung endpoint energy

£, above threshold £,.

Hydrogen Deuterium

E,-Et

(MeV) io‘ah

E.-E,
(MeV) 10* Aq

1.04 0.16* 0.06 0.38 0.40*0.07

2.04 0.61*0.11 1.88 1.16*0.11

3.04 0.92*0.13 2.38 2.64 * 0.26

4.04 1.94* 0.27 4.38 6.66*0.37

6.04 4.29*0.36 5.33 10.62*0.55

7.38 16.43*1.50

£* (MeV)

FIG. 2. The measured photo production yields as a

function of the bremsstrahlung endpoint energy E,
compared to theoretical estimates for deuterium with-

out rescattering (long dashes. Ref. 6, and short dashes.

Ref. 5) and including rescattering (dash-dotted line.

Ref. 6, and solid line. Ref. 5). These two theoretical

estimates use the same proton cross section; the cor-
responding yield has been adjusted to the hydrogen da-
ta. Arrows indicate the threshold energies. The yields

are given in microbaras per equivalent quantum.

^41 3^*0
9^8)

Laget ’ N ucl • p hys. A296
,

°J.H. Koch and
1963 (1977).

R.M. Woloshyn, Phys. Rev. C 16,
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Sov. J. NucT. Phys. 28 , 132 (July
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METHOO

V.R. Nazyrov, EL EM. SYM. A Z

H

REF. NO.

78 De 9

1 1

hmg

1/18/80

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

$ G.PI0 NOX 480-800 c UKN MAG-D 99

Polarized protons
TABLE i.

K?
.

UmV
(MUSAS. P t-lo C*

ff
. (to cju).

in
P AAA

480 99.0 —0.158 0.107 660 99.7 —0.778 0.093
500 99.0 —0.201 0.094 680 99.8 —0.797 0.093
520 99.1 -0.318 0.090 7CO 90.9 -0.722 0.090
540 99.1 —0.388 0.094 720 100.

1

—0.724 0.068
560 90.2 —0.384 0.102 740 100.2 -0.721 0.080
580 99.3 -0.431 0.095 760 100.4 —0.541 0.071
600 99.3 -0.597 0.093 780 100.5 -0.504 0.074
620
640

99.4
99.5

-0.657
-0.742

0.093
0.094

900 100,7 —0.438 0.103

Photon •twqy. MtV

FIG. 1. Energy dependence of proton polarization tn the

reaction yp— -r
,
p at an angle 9, - 100* c. m. s. The curve la

the result of Bef. 1; the points O are from Ref. 5, and C
from Che present work.
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78 Va 5 hg

REACTION aesult excitation
energy

SOURCE OETECTOR
ANCLE

TV** RAN 8* TY*C RANG*

$ G,P 10 NOX THR-800 C 800 MAG-D UKN
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Polarization of protons in interaction of photons with

energy up to 800 MeV with deuterium nuclei

P. I. Vatset, A. I. Derebdiinskil, A. A. Zybalov, O. G. Konovalov, V. R. Nazyrov,

A. £. Tenishev, and S. G. Tonapetyan

Khar'kar PHysico-technical Institute, Ukrainian Academy of Sciences

(Submitted 27 May 1977)

Yid. Fu. 27. 605-606 (March 1978)

The polarization of photoprotoos from deuterium has been studied. The data obtained are used to extract

information on the polarization of protons in the reaction yn—v~p.

PACS numbers; 13.60.Xd. 25.10.-fs

In this article we described an experiment on mea-
surement of the polarization of protons in reactions of

photons with energy up to 300 MeV with deuterium nuc-

lei. The purpose of the work was to obtain information

on the polaris-tion of protons in the reaction yn — s'p

by a difference method.

The experiment was carried out in the photon beam
of the 2-GeV electron linear accelerator by means of a

telescope of spark chambers^ 1 located at the exit of the

magnet spectrometer. Protons with momentum 612 ±24
MeV/c were detected by means of this apparatus. The
proton polarization was measured on the basis of the

asymmetry in their scattering in the graphite elec-

trodes of the spark chamber. H1

Three independent measurements were made, in

which the relative yields of the protons and their polar-

ization were investigated;

1) measurement la hydrogen at a maximum photon

energy 800 MeV';

2) measurement in deuterium under the same condi-

tions;

3) measurement in deuterium at a maximum photon

energy 600 MeV.

The kinematic conditions of the first two measure-
ments correspond to an effective photon energy 650 -40

MeV for the channels of production of single pions from
free nucleions at 90° in the c.m.s.

In the third measurement these channels are kine-

matically forbidden, and therefore the polarization of

the protons measured in this case is determined mainly
by the two- particle and three- particle photodisintegra-

tion of deuterium (PD).

The polarization obcained in measurement 2) is de-

termined by the contribution of the reactions yp — *a
p,

yn — v’p, and PD.

Thus, knowing the relative contributions of these pro-

cesses, we can obtain a value of the proton polariza-

tion in the reaction yn—i'p from the experimental polar-

ization values:

P,-(C.J..TCnPn rC.P.)/C„
( 1 )

where P, is the proton polarization measured in expert-

's. G. Tonapetyan, O. G. Konovalov et ai., Prib. Teka. Ekap..
No. 5, 58 (1970) lustrum. Exper. Teed.].

!
S. G. Tonapetyan, 0 . G. Konovalov, et al., Prib. Tekh. Eksp.,

No. 2, 61 (1970) ttnstrum. Exper. Tech.].
JM. Beneventano, S. d’Angelo, et ai., XVth Intern. Coni, on

High Energy Physics, Kiev, 1, 242, 1970.

*V. N. Stlhunov, Issledovanie fotoobrazovaniya na yadrakh 58

TABLE I

~7
i sj [ ai |

-o.72±hun I os2so.il
I -a«±ozt

ment 2); P# and C„ are the polarization and relative

yield of protons obtained in experiment 1); PPT)
and C?B

are these same quantities obtained in experiment 3);

Pr. and are the polarization and yield of protons as-

sociated with the reaction yn - i’p; Cj^C^ + C^-t-C^
is the yield of protons measured in experiment 2).

The relative yield C,_ is determined from the experi-

mentally measured yield Ct0 and the ratio of the cross

sectioas of the reactions Yp — r1 and yn — t'p.

In the table we have given the results of the present

experiment. The value of Pr0 was obtained from Eq.

(1). The value of P3
obtained in the present work is

-0.24 ±0.08. The errors are statistical.

The proton polarization value in the reaction yn — t’p

is in reasonable agreement with the polarization values
obtained in experiments in deuterium 131 and carbon£<1

with J’p coincidences in this energy region.

The studies carried out have shown an appreciable

contribution to the polarization from processes associ-

ated with photodisintegration of deuterium. The exis-

tence of polarization in the PD process can be explained
by the fact that this process is due to a significant

degree to creation of a pion from one of the nucleons
with subsequent absorption of the produced mesoo by

another .nucleon. :sl

The error in determination of the polarization ? .

depends strongly on the contribution of background pro-
cesses (yp — r*p and PD), and therefore even a substan-
tial improvement in the accuracy of the quantities mea-
sured in the experiment cannot adequately reduce the

error in calculation of P
?
_. This method of measure-

ment of polarization permits a qualitative picture to be
obtained of the angular and energy dependences and in

some cases may be effective in those regions where
information on proton polarization in the yn — t~p re-
action cannot be obtained by the coincidence method with
its higher accuracy.

picnov s vyletoa nukionov, Avtoreferai kandidatskoi dis-
sertated (Study of Photoreproduction of picas from nuclei
with emission of nucleons, author’s abstract of candi-
date’s dissertation), Tomsk, 1974.

’ll. H. Wilson, Phys. Rev. 104, 218 (1956).

Translated by Clark S. Robinson
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method

ELEM. SYM.

REF. NO.

78 Zy 5 hg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPC RAN6C TYPC MANSE

$G,PI(3 NOX 650,700 C UKN MAG-0 OST

The polanzanons of protcns from the 7^—c3
? racoon ire mcasiired for photon enerpm of 630 tad 700

POL PROTON RECOIL
McV usd cjl pioo CTrtnon angles from S3 to 140". The results tre compared with the prediction* of
various thcorencal anaiysea.

FIG. 1. Angular depen-
dences of polarization it

£,-550 MeV (a) and £,

-700 MeV (b). The curves

show the results of the an-

alyses of Ref. 1 (full). Ref.

2 (dash-dot), and Ref. 3

(dashed). The experimen-
tal points are from Raf. S

(•), Ref. 7 ( ), Ref. 9 f®>,

and the present worlt O).

TABLE I. Angular dependence of proton polarization for Ey
-550 and 700 MeV.

l^MtV ty-n» M.V

% *js,.M4V •m.
±&X? .N«V

ns -0lS89*Ol068 IS jao -0.752*0.089 20

900 -0.744*0.064 18 90J -0763*0095 19

1004 -0820*0.088 17 ioao -0786*0X772 18

IKL0 -0853*0079 11 tia* -0.8*4*G.M9 18

119.4 -0827 *0.056 19 119.7 -05M-0.06S 17

129.7 -1540*0.064 IS 130.0 -0.151*0081 16

1400 -0718*0072 14 1400 -01737*0.071 - 15

Note: the indicated errors are statistical.

-o-M H85-41I
ittv. 7. 1 4. *41
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,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels,
B. Van Oystaeyen
Phys. Rev. C20, 242 (1979)
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EL EM. SYM.

H

REF. NO.

79 Ar 1 hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE type range

G, PI+ A8X 150-156 C 152-156 ACT-

1

90

The positive-pion photoproducuon yield on JHe was measured near threshold. The transition matrix element

of this process is extracted with a + t.5% accuracy. We discuss the relation of our result, firstly, with

magnetic electron scattering on JHe and JH, secondly, with the properties of picnic 'He atom.

pfUCLEAR REACTION ’Hely, t*)
3H, measured <7 , f = 1-5 MeV

TABLE I. Photoproduction yield per nucleus for the

hydrogen and 3He targets at different values of the nom-

inal bremsstrahlung end point energy

A(fi) FM3He)

(MeVI (a.u.) (MeV) (a.u.)

132.

5

1.05* 0.19 145 ' 1.73*0.20
133 4.24* 0.39 145.5 3.74* 0.29
134 16.4 ±0.79 146.5 1223 * 0.58
155 32.0 * 1.1 147.5 23.3 * 0.70
156 54.3 * 1.4 148.5 37.0 * 0.93

0 12 3 4 5

FIG. 1. Measured t* photoDroduction yields per nucle-
us as a function of the excess energy above threshold m
the laboratory system for hydrogen and J

He. Solid lines
are the calculated yields giving the best fit to the experi-
mental data.

form N3S-AI8
:r e v . 7.1 *-,«>
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E.C. Booth, B. Chasan, J. Comuzzi , P. Bosted

Phys. Rev. C2Q , 1217 (1979)
EL CM. SYM.

H

METHOD REF. NO.

79 Bo 1 hg

REACTION RESUL T
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,PI+ RLY 151-174 C 151-174 ACT-I 90

The bremsstrahlung yield o( the Hfy.T ')Zn reaction is measured from threshold to 15 MeV above

threshold. The extracted total cross section relative to the p(y.ir*)n cross section is 3-10% greater than the

theoretical prediction.

NUCLEAR REACTIONS bremsstrahlung end point energies to 174

MeV, measured x'yield, deduced o(£).

«-r
i

<3 “
it ;i ;s 59 sj 5f 7 1 rs

FIG. 1. field for the pry. t'ti reaction vs ^ the

energy aoove thresnoid. The solid line is the calculated

yield using cne theoretical bremsstrahlung spectrum

folded with <Tp=qr)> 101 il -O.OObUwi as described in the

text.

io«h NSS-ulJ
Htv. 7. I 1-111
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BEF V.A. Get'man, V.G. Gorbenko, V.F. Grushin, A.Ya. Derkach,

Yu.V. Zhebrovskii, I.M. Karnaukhov, L.Ya. Kolesnikov, V.S. Kuz'menko,
A. A. Lukhanin, Yu.N. Ranyuk, A.L. Rubashkin, V.M. Sanin, P.V. Sorokin
E.A. Sporov, Yu.N. Telegin

JETP Lett. 29, 468 (1979)

EL EM. SYM.

H

REF. NO.

79 Ge 4 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPS RANGE jy RANGE

$ G,PI+ NOX 150-340 D 340 MAG-0 OST

We present the first results of measurement of the asymmetry of the cross POL . P, UP/DOWN ASYM
section of the reaction yp—air* using a polarized proton target in the region of

the first pion-nucleon resonance. The measurements were carried out at a

photon energy of 340 MeV for 7 values of the angle of escape of the tt
* meson

(30-150*). The obtained results can be used in phenomenological analyses of

the processes of single photoproduction of pions by nucleons.

PACS numbers: 13.60.Kd

FIG. I. Angular dependence of the T asymmetry of the cross section of the reaction yp—Air for £. — 340

MeV: a. results of our work; J and O, data of the Japanese group." ' 1 The curves give the predictions of the

phenomenological analyses (— , Ref. 10. Ref. 1 1; .... Ref. 12).

TABLE I.

0*
,
deg 30 45 60 90 115 135

*

150

T 0.520 0.623 0.612 0.588 0.680 0.545 1 0.554

^ T 0.117 0.065 0.074 0.033 0.042 0.051
1

0.070

FORM N3S-418
IR Ev . 7 -

1

a-eai
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V.A. Get'man, V.G. Gorbenko, V.F. Grushin, A.Ya. Derkach,
Yu.V. Zhebrovskii, I.M. Karnaukhov, L.Ya. Kolesnikov, A. A. Lukhanin,
A.L. Rubashkin, V.M. Sanin, P.V. Sorokin, E.A. Sporov, Yu.N. Telegin
JETP Lett. 30, 82 (1979)
Pi^ 1™ 7h Fksn—Ieor—Eiz—3fl, 2D. (19 79)

EL EM. SYM.

H

REF. MO.

79 Ge 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVP| RAN 4I TYPE NAN <3 K

5 G.PI+ NOX 340 C *1 MAG-D OST

(1.25)

Linearly polarized photon beam was obtained from the • *E IN GEV, $ POL G,P
1250 MeV electrons on a diamond monocrystal.

A rwo-fcid polarization experiment of the “beam-target" type is carried out for the

first time for the reaction yp—n-j’ for Er = 340 MeV, and the three polarization

parameters, 2, T, and P are determined simultaneously.

PACS numbers: dl3.60.Kd

3
jt < Je?

FIG. 1. Polarization data for the n-a' reac-

tion at £.. m J40 MeV: fiUed circles, our work;

open circles. F.ef. 6; squares. Ret. 7, nd tnan-

Jies. Ref. S. Dashed curves are for theoretical

predictions.
4
solid curves are predictions of the

e.iergy-independent analysis.
5

Z is cross section assymetry for linearly polarized photons,

T is the assymetry for polarized protons, and P is the recoil

nucleon polarization

V 3 DU M 3 S»4 lt
w C V. M 4> 44 )
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Rer P. Argan, G. Audit, A. Bloch, N. de Botton, J.L. Faure, C. Schuhl,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels,

B. Van Oystaeyen

Phys. Rev. C2T_, 1416 (1980)

EL CM. SYM.

H

KEF. no.

80 Ar 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYff RAH GC TV RE RANOE

G, PI0 ABY 145-153 C 146-153 CKV-D 0

ReUiive measurements of ir° photoproduction yields have been performed on hydrogen, deuterium, 3He,
THRESHOLD MEASUREMENT

and ‘He, in the region of 1 to 10 MeV above threshold. A simplified distorted-wave impulse approximation
model of the four reactions is described; it leads to an overall understanding of the results. Large Final data in 81Af2 .

rescattering effects are brought to evidence in deuterium and ’He, making the extraction of precise values
for the dipole photoproduction amplitudes on nucleons strongly dependent on the theoretical description
of the processes.

[NUCLEAR REACTIONS (Y . x*), 'H, *H , ’He, and *He targets; measured reac-j
Uon yields, E,a»l-I0 MeV.

j

FIG. 5. The measured r a ohocoproduction yields as a

function of the end-point bremsstrahlung energy E, .

The curves are the theoretical yields computed with

DWIA cross sections, and adjusted to the data up to

6 MeV above threshold as explained In the text.

TABLE m. Experimental yields YALE.) = C f* JatBLE.E.)fAiE,!l)U<TA/dn)dO dE in micro-
barns, normalized to one target nucleus and one equivalent quantum, for different values of
the bremsstrahlung end-point energy E, above threshold Note : The measurements with
empty targets gave Ymm =0.00*0.02. The average yields measured below threshold
amounted to rH =0.02*0.02, Y0 = 0.07 * 0.04, r

jH> = 0.01 ±0.12, and r
4(ta

= 0.01 ±0.15. All have
been taken Into account in the table.

Hydrogen Deuterium ’He *He
E.-E.

io‘r H

E.-E, E.-E, E.-E,

(MeV) (MeV) 10 * Yd (MeV) (MeV)

1.41 0 .14 * 0.03 0.38 0 .26 * 0.05 1.87 0.61 * 0.19 1.72 0 .47 * 0.19
1.91 0 .14 * 0.06 1.88 0 . 79 * 0.08 2.37 1 . 38 * 0.24 2.72 1.43 * 0.22
2.41 0 . 39 * 0.05 2.26 0 .77 * 0.14 3.87 2 .94 * 0.28 3.72 3 . 02 * 0.39
2.91 0 .40 * 0.06 2.38 1 . 79 * 0.21 4.37 6 . 08 * 0.47 5.22 3 .12 * 0.63
3.41 0 . 65 * 0.07 3.76 2.38 * 0.29 5.37 9 . 36 * 0.33 6.22 11.52 * 0.39
3.91 0.35 * 0.10 4.26 3 .75 * 0.32 • 9.37 23.7 * 1.2 3.72 27.3 ± 1.7
4.41 1 .39 * 0.17 4.88 4 . 47 * 0.31 9.37 24.4 * 1.3 11.22 51 a =322
4.91 1 . 60 * 0.15 5.38 7.07 * 0.47

5.41 2 . 00 * 0.16 6.26 7 . 75 * 0.55

S.41 3 . 15 * 0.25 7.38 11.13 * 1.12

7.91 4 .40 * 0.28 7.76 12 .40 * 0.72

3.26 13.9 * 1.1

3.78 16.9 * 1.1

10.58 24.3 * 1.1

'dm N3S-414
IN CV. 7. I 4- *4)
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««' A.S. Bratashevskij , V.G. Gorbenko, A. I. Derebchinskij , A.Ya. Derkach,

Yu.V. Zhebrovskij, A. A. Zybalov, I.M. Karnaukhov, l.Ya. Kolesnikov,

O. G. Konovalov, A. A. Likhanin, A.S. Omelaenko, A.L. Rubashkin,

P. V. Sorokin, E.A. Sporov, A.E. Tenishev, S.G. Tonapetyan

pfojcl . Phyo

.

8 166^ 525 (198 0 )

EL EM. SYM.

H

meth REF. NO.

80 Br 9 egf

REACTION RESULT excitation SOURCE OETECTOR
angle

EN ENG

V

TV* C RANCK TV *| PRANG*

$ G,PI0 N0X 500-800 0 UKN TEL-0 DST

Measurements oi secondary-proton polarization from the reaction 7p-* v p have

been performed in the photon energy range 500-300 MeV at c.m. non emission angles

100 . l.0\ 140*. The experiment was earned out using an optical spark chamber

telescope at the output of the magnetic spectrometer. The obtained experimental data

are included m a Walker-type analysis in order to verify the parameters of the pQ (_ Q pQ|_ RECOIL P
resonances Pn < 1470), D, jt 1570) and Sn(l535). PTOton polarization in the reaction

yp-» ir°p was measured for a photon energy of 450 MeV at a c.m. pion emission angle

of 105* using photons linearly polarized at 45* to the reaction plane. A liquid hydrogen

target in the lield of a superconducting magnet was used for the separation of the P,

and P: components of the secondary-proton polarization vector.

Data are obtained for three components i P, ,P„ P,) of the proton polarization. Trie

obtained results are compared with predictions of different mulnpole analyses of

phoioproduction.

F

i

2. Energy dependences of the proton polarization from the reaction yp— rr’p 4 . ». C
the data taken from ref. (15]; C: our oresent results. The solid curse shows the results of the

MW-anaivsis (2]; the dashed curve, the results of the work (4], :ne aasn-dotted curve

represents hr 1.

»o«w N 3 S- 41 *
im cv. r.i *-«ai
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*tr.
1". Ishii, K. Egawa, S. Kato,
K. Ukai, M. Chiba, K. Joh, T
Nucl . Phys. B165 , 189 (1980)

T. Miyachi,
Shinohara,

K.

Y.

Sugano, K. Toshioka,
Yoribayashi, Y. Wada

CL CM. 5YM. A Z

H 1 1

MCTHOD

reaction

G,G

RE3UL T

ABX

EXCITATION
ENERGY

375-999

rex. no.

80 Is 7 egf

DETECTOR

TEL-D.

Differential cross sections of proton Compton scattering have been measured in the

energy range between 375 MeV and 1150 MeV tn steps of 25 MeV at c.m. angles of

130°. 100° and 70°. The recoil proton was detected with a magnetic spectrometer. In

coincidence with the proton, the scattered photon was delected with a lead-glass

Cerenkov counter of the total absorption type.

Theoretical calculations based on an isobar model with two components, that is, the

resonance plus the background, were practiced. The photon couplings of the second

resonance region were determined from the proton Compton data for the first time.

The results were that the heiicitv j photon couplings of P,
;
(1470) and Si ,t 1535), and

the helicity j photon coupling of D,jilS20) were consistent with those determined

from the single-pion photoproduction data; however, the helicity ; photon coupling of

Du! 1520) required a somewhat larger value than that from the single-pton

photoproduction data.

999=1 . 1 5GEV ,1*~=1
. 3GEV
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*er S. Kato, T. Miyachi, K. Sugano, K. Toshioka, K. Ukai, M. Chiba,
K. Egawa, T. Ishii, Y. Yoribayashi, K. Joh, T. Shinohara, Y. Wada

Nucl . Phys. B168 , 1 (1980)

EL EM. SYM.

H

method REE. NO.

80 Ka 4 egf

R C ACTION result excitation
EN ERGV

SOURCE OCTECTOR
ANCLE

$ G,PI0 NOX 400-999 600-999 TEL-D DST

The recoil proion polarization of the reaction >p— -

r

s
p was measured at a c.m. angle of 100* for

incident photon energies between 451 and 1 106 MeV, and at an angle of 150* for energies from

400 to 1142 MeV One photon, decayed- from a t° meson, and a recoil proton were detected in

coincidence. Two kinds of polarization analyzer were employed. In the range of proton kinetic

energy less than 420 MeV and higher than 346 MeV. carbon plates and liquid hydrogen were used

(or determining the polarization, respectively. The data given by the two polanmeter systems are in

good agreement. Results are compared with recent phenomenological analyses. From the

comparison between (he present data and the polarized target data, the invariant amplitude ,4, can

be estimated to be small.

999=1142 MEV, $RCL P

Fig. 10. Comparison of the recoil polarization P\8) with the target asymmetry 7(0) for the process of

yp-» rr
5

p at a cjd. angle of (a) 100* and (b) 130*.

Fig. 1 1. Results of the polarization as a function of the incident photon energies at a c.m. angle of la) 100*

and lb) 130* The resuits of the analyses given by MW. MOR and NAGOYA are also shown for a

comparison.

(continued)

'Om* N8S-41I
IRCV. ?•!
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Table la t

Results lor the carbon polarimeter

Energy bin

(MeV)

Average Average c.m.

photon energy angle

(MeV) (degrees)

Polarization
Number

of events

450 ±25 451 105 = 3 +0.12 = 0.19 1027

500 ±25 500 104 = 5 -0.21=0.10 1775

550 ±25 549 103 = 5 -0.47 = 0.11 838

600 = 25 600 103 = 5 -0.64 = 0.06 1181

650 = 25 650 102= 4 -0.86 = 0.08 739

700 ±25 699 103 = 5 -0.73 = 0.07 972

750±25 750 102 = 3 -0.43 = 0.10 544

800 ±25 799 102 = 5 -034 = 0.09 554

850 = 25 849 102 = 3 -034 = 0.10 522

900 = 25 898 101=3 -0.22 = 0.14 254

950 ±25 950 103 = 3 -0.05 = 0.11 477

1000 = 25 999 100 = 4 -0.27 = 0.11 372

400 = 25 400 133=4 +0.11 = 0.10 2284

450=25 449 131 = 6 -0.04 = 0.07 2430

500 = 25 497 129 = 5 -0.16 = 0.10 697

550 = 25 550 132 = 4 -0.37 = 0.10 675

600 = 25 599 130 = 5 -0.61=0.09 550

650 = 25 654 133 = 4 -O.88 = 0.0S 558

700 = 25 700 129 = 5 -0.77 = 0.07 1134

750 = 25 758 132 = 3 -0.56 = 0.09 807

800 = 25 803 130 = 5 -0.40 = 0.07 931

850 = 25 850 131=4 -0.28 = 0.10 593

Table lb

Results for the hydrogen polarimeter

Energy bin

(MeV)

Average

photon energy

(MeV)

Average cm.
angle

(degrees)

Polarization
Number
of events

925 = 50 940 106 = 2 +0.07 = 0.28 108

1025 = 50 1023 103 = 2 -0.18 = 0.20 176

1125 = 50 1106 101 = 2 -0.09 = 0.34 59

750 = 25 751 134 = 2 -0.30 = 0.32 92

800 = 25 800 132 = 2 -0.26 = 0.24 138

350 = 25 849 131 = 3 -0.09 = 0.13 419

900 = 25 900 130 = 2 -0.15 = 0.13 338

950 = 25 950 130 = 4 -0.09=0.10 578

1000 = 25 1001 132 = 3 -0.35 = 0.10 492

1050 = 25 1048 131=3 -0.43=0.10 418

1100 = 25 1099 131=2 -0.44 = 0.15 185

1150 = 25 1142 130*2 -0.42 = 0.19 104
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,fr p. Stoler, E.J. Winhold, F. O'Brien, P.F. Yergin, D.

Min, J. LeRose, A.M. Bernstein, K.I. Blomqvist, G

N. Paras, M. Pauli

Phys. Rev. C22, 911 (1980)

method

Rowley,
Frankl in.

EL EM. SYM. A Z

H 1 1

ACE. NO. 1

1

80 St 3 hg

REACTION ACSULT EXCITATION
ENERGY

SOURCE QETECTO

A

ancle
rv*I RANCC TYPf NANCE

E.PI+ RLY 175-199 C 230 MAG-D 90

G,PI+ RLY 175-199 C 230 MAG-0 90
*

e TEST VIRTUAL PHOTONS
The virtual photon spectrum shape and intensity within several MeV of the kinematic limit was measured

for *Be(e,iT*)
,
I.i.e' and '*0(e,5r')'*N.e'(T» = 28 MeV, 9, = 9CT). The intensity over this interval is

1.23 — 0. 10 times plane-wave virtual photon theory predictions; the shape agrees with theory wuhin errors.

Measurements on the proton 30 to 33 MeV below the end point agree with the intensity predictions of

virtual photon theory within the errors ( — i^o).

NUCLEAR REACTIONS '*0 W. O, £ » ISO. 4 MeV; sBe(e. f '). £-184.3 MeV;
"

measured <j(£t ,90
*
1—) relative to near £

f
- 28 MeV. ‘H(*,t*), £-230

MeV; measured a (Et relative to (y.v'l, near £, -18, 30 MeV. Com-
pared to P\VBA virtual photon theory.

TABLE I. Results for R/V, the real-to- virtual ratio as defined in the text. The quantity

£ ( Is the incident electron total energy, T, the pion idnetlc energy, k the virtual photon ener-

gy, and AT, the averaging interval over pion energy In the experiment (corresponding to the

range of *). Note that * is close to the end point for llO and ’Be but 30 to 55 MeV below for

‘a.

“0(«,xT ’Befe.O 'Hte.irT

£,(MeV) 180.4 184B 230 230

T,(MeV) 28 28 18 30

*(MeV) 176.8-179.9 182.2-184.3 174.7-181.7 188.3-199.4

AT, (MeV) 3.0 2J3 4.9 7.S

73 a 9 72 *3 71 ±6 80 £ 6

(H/V^ 91 96 70 77

IR/VWIR/Vl,^ 1.17* 0.14 1.33 * 0.15 0.99* 0.08 0.96* 0.08

> 0 *. MSS-ail
IMV. 7- 1 4.441
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„„ M. Yoshioka, A. Noda, M. Daigo, Y. Hemmi, R. Kikuchi, M. Minowa,

K. Miyake, T. Nakamura, M. Ono, Y. Suzuki, S. Kato, K. Ukai

,

K Toshioka, K. Sugano, T. Shimomura, T. Shinohara, M. Chiba, Y. Hosni

Nucl . Phvs . B168, 222 (1980)

CLEM? sym.

H

A

1

z

1

METHOO
Pt F. NO.

80 Yo 3 egf

(REACTION ftCSUL T
EXCITATION
ENENGY

sou nc c OETECTOB
ANGLE

TYPE PAN GC TYPE PANOE

r DTA ARX Tqn-Q7R r qqn.qqq TFI -D OSI
ii

—— The differential cross sections of the reaction yp-»ir p have b

energies between 390 MeV and 975 MeV with an energy step of 20 or 25—“ covers 1 1 angles between 15” and 130” in ihec.m.s. A combination of a rr

photon detector was used for the measurement in the angular region fro

een measured at photon

MeV. The angular region

lagnetic spectrometer and

m 50” to 130”. At forward

angles of IS”, 35” and SO”, ir° mesons were detected using a v° detector consisting of a pair of

photon detectors. The data obtained with two different detection systems overlap at the angle of

50” and coincide with each other within the experimental error. The results are compared with

those of phenomenological partial-wave analyses.

999=1 .gey;

0

0 i

-

120 ISO

c

1

3
c

O r

ISO

Fig. 6. The angular distribution of the difi .ential cross section at the photon energies of -150, 500. 550, (continued)
* 600, 650 and 750 MeV. Reference sources are the same as in rig. 5.

w ......
(MV. 7-1 4-441
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Fig. 5. The energy dependences of the differential cross sections at eleven angles between 15’ :nd 1 30* in

(be c rn.s. Reference sources tor cun es are fuil curve. Metcalf- Walker (3 ' iong dashed curve. Moorhouse
et al. (5;. dotted curve. Noeile [9|; short dasned curve, present analssi Reference sources for the cross

sections are <. ret. (331. _. ret. ( ;4|; Z. ref. ( 1 1 j. -r. ret. (3U|. -. ref. (33 1; Z. ref. (31 ]; >. ref. ( loj. -h. ref.

[ l
*

j. . ref. [ 18]; Z. present results ootamea tiv the r
1

detection metnod. •. present results ootamed bv

tne p-v coincidence method.

Ik)

Fig. 5 (continued).
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P„ Argan, G. Audit, A. Bloch, N. de Botton, J.L. Faure, C. Schuhl

,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels,

B. Van Oystaeyen
Phys. Rev. C24, 300 (1981)

methoo

EL EM. SYM.

H

be r. no.

81 Ar 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OBJECTOR
angle

TV»f RANSC T Y PC RANGE

G,PI0 ABY 146-153 C 146-153 CKV-D 0

Our recently published r’ photopnxluction data at threshold have been reanalyzed with the use of a more refined

detection efficiency calculation. The high energy points appear to be consistent with the threshold measurements;

the effective threshold amplitudes remain unchanged, and are now supported by the complete set of experimental

data.

REANALYSIS OF 80AR2

NUCLEAR REACTIONS fy.rh, *H,
:
H. 3He, and *He targets; measured reac-1

Cion yields, £^=*1-10 MeV.

FIG. 2. The measured photoproduction yields In

microbarns, normalized to one target nucleus and one

equivalent quantum, as functions of the Bremsstrahlung

end-point energy E,

.

The curves are the theoretical

yields computed with DWIA cross sections, and adjusted

to che complete sec of data as explained in the text.
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»!F. A.S.
P.V.

Sov.

Yad.

METHOO

Bratashevskii , A.A. Zybalov, A. I.

Sorokin, A.E. Tenishev

J. Nucl . Phys. 33, 538 (1981)

Flz. 33, 1020 (1981)

Derebchinski i

,

O.G. Konovalov,
EL EM. STM. A Z

H 1 1

REV. NO. I

81 Br 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TV PI PANIC T Y PC PANIC

$ G, PI0 NOX 800-999 C 2* SPK-0 60

999.2*=1 .3.2 GEV SRCL
Tl»* proton poUrtaooo has been mr-imrcd in the reaction y + p—

>

f + r* for the angle & ' » 60* over the

photon energy range 300-1300 MeV. The experimental results arc compared anth theoretical analyses for this

energy range.

PACS a umbers; I3.60.Kd

TABLE L

UmV
V
**

P XAA

900 54-3 -0.119 0.182 1125 60J -0.008 0.098

825 58-5 0.039 ai5« 81.8 out 0.071

450 58.8 0.183 0.126
1150 60.5 0.066 0.1 U

875 538 -O.0CT7 0. 1 2-3 61.4 o. 157 0.004

900 58.9 0.025 at is

923 59.0 0.141 0.1 1173 60.6 0.14 0.1

950 59 2 S.1J7 a 108 si

:

a 175 0.073

975 59J -OOfll 0.1
1200 60.8 QJ17 0.125

1000 59 5 aoo 0 097
61.0 034 0 059

1023 59.7 0=3 0 097

1050 59.8 0.078 0.108 1=3 609 0JO3 0.003

1075 60.0 -0.080 0.099 1=0 60 7 0.374 0.071

1100 60.1 -0.192 0.098 1275 60.3 o.ut 0.088

61 S -UAH 0. 129 1300 60-3. 03112 aizs

.Vote: *£-*«. 5 34eV.

FTC. 1. Energy dependence of the proton polarization In file

reactloo y* p — p* r
1
for the pioo-emtsston angle $* * SO* . a—

Results of earlier worlc. el Data from Ref. 1; ») Ref. 3;

©) Ref. 4; S) Ref. 5; *) Ref. 6. b— Results of the present ex-
periments ooen circles) and some results of come analyses.

Solid curve) Results of the analysis of Ref. 3; dashed curve)

results of Ref. 9; dot -dashed curve) results of Ref. 10.

roRM H3S-41S
IS C V. 7- I 4-441
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REF. _ ^
A.S. Bratashevskii , A .A. Zybalov, A. I. Derebchinski i

,

P.V. Sorokin, A.E. Tenishev
Sov. J. Nucl . Phys. 33, 538 (1981)

. IarL ,F_i7 33, in?D (1981)
METHOD

ELEM. SYM.

O.G. Konovalov,

REF. NO.

81 Br 8 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE SANOE

$ G,PI0 NOX 150-999 C 800-999 MAG-D 60

The proton polanzadon ha* been measured in the reaction 7 +?—? + v* for the angle 9

'

photon energy range 800-1300 MeV. The experimental results are compared with
energy range.

— 60" over the

analyses for this

999=1 .3 GEV POL P OUT

PACS numbers: 13.60.Kd

Ener?y dePf*e<we of the proton polarization in the
- any + p p*r for the oion-emission angle 9* ^ SO* a-

Results of earlier wortc. •) Data from Ref. 1 : .) Ref 3
.

'

*' Ref - 5
= *> 6. b— Results of the present ex-periments 'open circles) and some results of some analyses,

bol.d curve. Results of the analysts of Ref. 8; dashed curve)resu ts of Ref. 9
; dot -dashed curve) results of Ref. 10.

TABLE I.

*Wr.
UtV

•i
let

P £ht.
MeV

•a* P x±r

300 58J -0.110 0.t82 1125 50J -0.0G6 0 09

5

825 58.5 0 039 0.158 61.8 0.131 0.071
350
575

586
S8J3

0.183

-O.0O7
U.12G

0.123
1130 60.3 0.036 0.11

»

900 58.9 0.025 0.118
61.4 0.137 0.064

925 59.0 0. 143 0.1 1173 60. f» 0.14 0.1

050 59.2 0.137 0.106 812 0.175 O.V7Z
975
1000
1025

59.2

595
59.7

-O.M61

0.043

0.223

0.1

0097
0997

1200 60.8

81.0

0-317

0.2S4

0123
0039

1050 b*S 0u79 0.106 1225 60.9 0.303 OP'J
1075 60.0 -U.UA0 O.iM9 1250 807 O.J74 0.071

1100 60.1 -0.192 0 .0* ** 1275 60.5 0.441 0.0^
Gt.3 -0.0

4

0.129 !3U0 603 0.612 0.129

Note-. £l£ » *12. 5 MeV.

- O PM N3S-418
(REV. 7-1 4-641
USC QMM-OC 2S0I0-P64
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Y. Wada, S. Kato, T. Miyachi, K. Sugano, K. Toshioka, K. Ukai, T. Ishii

K. Egawa, M. Chiba, K. Joh, T. Shinohara, Y. Yoribayashi

II Nuovo Cimento 63A , 57 (1981)

EL EM. SYM.

REF. NO.

81 Wa 4 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

$ G,G NOX 400-999 C 400-999 MAG-0 DST

Summary. — Tho recoil protou polarization of protou Compton scat-

tering (TP -* TP) was measured in the photon energy range from
300 McV to 1000 MeV at 3* = 100® and from 400 MeV to 300 MeV at

0* = 130®. A recoil proton and a scattered photon were detected in

coincidence with a magnetic spectrometer and a photon detector. The
recoil protou polarization was measured with a carbon polarimetcr.

The results arc compared with a phenomenological analysis based on an

isobar model and a dynamical analysis based on the dispersion relation.

$H SP, P-G COIN

(
,T

) 5. Kato. T. Mitaciii. K. Svoa.no, K. Toshioka. K. Ukai, II. Cinnt. K. Koawa.
T. Isiui. T. YouiBArAsai. K. .Ion, T. Shin oilaba and Y. \Vai>a: Xucl. Phit*. U. 168.

l ( 19S0). $ C> Ka y

('•) A. >. Bbatasht.vskij. A. I. Derebciiinskij. A. A. Zybaj.ov. O. R. Konovalov.
__ A. S. Omelae.nxo. A. E. Ten ishev and 3 . G. Tos.trF.TTAX: contributed paper to

Plution Si/miwiiinit at Ftrmxlau M979).

(continued)
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Table II. - Polarization of proton Compton scattering a) at 0* = 100° and l) 0* =* 130°.

EY

(ilcV)

Average of Er
(McV)

Average of 0*

(degrees)
Pc

a) dm = 100°

500 i 50 501.9 104 ± 3 — 0.103 ± 0.335

GOO 396.4 103 ± 3 4- 0.042 ± 0.270

700 702.5 102 ± 3 — 0.495 ± 0.327

300 790.

G

102 ± 4 - 0.135 ± 0.331

OOO 370.3 100 ± 3 + 0.423 ± 0.324

1000 977.2 100 i 3 *4“ 0.<il4 ^ 0.344

/.) !)• = 130°

400 400.0 134 ± 3 - 0.343 ± 0.23G

500 504.4 132 i 4 4- 0.295 - 0.245

GOO 393.3 131 ± 4 - 0.074 ± 0.2 IS

700 G93.lt 131 ± 4 - 0.2U7 ± 0.227

300 738.

S

131 ± 3 - 0.727 i 0.219
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A. A. Belyaev, V. A. Get'man, V.G^ Gorbenko, V.A. Gushchin,

A.Ya. Derkach, Yu.V. Zhebrovski i , I.M. Karnaukhov, L.Ya. Kolesnikov,
Rt' A. A. Lukhanin, A.L. Rubashkin, P.V. Sorokin, E.A. Sporov, .

Yu.N. .Telegin

Yad. Fiz. 35, 693 (1982)

Sov. J. Nucl . Phys. 35_, 401 (1982)

ELEN. SYM.

H

METNOO REF. NO.

82 Be 4 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OCTECTOR
ANGLE-

TY PC AANCC

$ G,PI0 NOX 300-420 D 300-420 DST

tabular Data given

We report to experimental jnidy oftbe S, T, uid P paramettn of the era* secaoo for the reaction rp—
for photon enerpei 300, 320. 350, 380. 400, 420 MeV in the range of p*cn emsnoo ingles 60-135" c.m_t. The

technique of a double potanzanoo experiment vtth use of linearly polarized photons and a polarized proton

target is described. The experimental results are compared with the predicaons of theoretical analyses.

$ G+TARGET, COH BREMS

PACS numbers: 13.60.Le

FIG. 1. Angular distributions of the - , T. md P parameters

tor the reaction yp — p»“ experimental results: •— present

tort. C— Ref. 1. •— Ref. 15. C— Ref. 16. V— Ref. 17. »—
Ref. 2. A— Ref. 13. » — Ref. 2. O— Ref. 23; the remaining

data were taxen from die comollcacions of Refs. 19 and 10,

•vhere they ire designated is follows: — MI 73 BONN, —

—

TR 72 BONN, 32 39 BONN. •— AN 71 KHAR. The

theoretical curves are aa follows: solid currea from Ref. 21,

daaned curve* from Ref. 22.

In this case measurements of the total yields of pro-
tons from the polarized procoa target for the different
combinations of directions of the polarization vectors
of the target (t—up and »—down with respect to the nor-
mal to the reaction plane) and the photons (1—perpen-
dicular and it— parallel to the reaction plane: <p =90°
and 0

J

, respectively) give four quantities:

cl -C. ( 1+Z^t) +c‘ ( 1 ^Zp,+Tp,+Pp,p,)

.

(1 -Zp,-Tp,-P,,p,),

, . (
2 )

Ci-c. (1-1 (1 -Zp,+Tp,-P? rp,),

C,‘-C.*( -C.‘ (L-Z?,-Tp~P,,p,),

where C" and C® are respectively the yield from the

target nuclei and from polarized free protons, averag-
ed over the photon and proton spin directions, £, is

the asymmetry of the cross sections for photoproduc-
tion of pions in the target nuclei for polarized pho-
tons, and p T

is the value of photon polarization aver-
aged over the photon spectrum with inclusion of the
Fermi motion of the nucleons.

As is easy to show from Fqs. l2)-(3), the I, T, and
P parameters are obtained from the exoerimental yield

7aiues by means of the following expressions:

, 1 c*—c*
~ ~ c\ -c; -tc'

2"^+CV
'

(6)

p _
i

p,x^, 2>ur TC*-2£*)
'

>:«u NSS-4II
IR C V. ?• I A.4AI
UK9MU.se 1,910.044
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A. A. Belyaev, V.A. Get'man, V.G. Gorbenko, V. A. Gushchin, A.Ya. Derkach,

REF Yu.V. Zhebrovskrf, A. A. Zayats, I.M. Karnaukhov, L.Ya. Kolesnikov,
ELO)

A. A. Lukhanin, A.L. Rubashkin, M.V. Sobol', P.V. Sorokin, E.A. Sporov

Yu.N. Telegin
Yad. Fiz. 35, 373 (1982)
Sov. J. NucT. Phys. 35, 213 (1982)

MCTHOO REP. NO.

1

82 Be 6 egf

REACTION RESULT
EXCITATION
ENERCY

SOURCE detector
ANGLE

TYPE RANCC tyre bans*

$ G.PI- NOX 660 C 750 TEL-0 DST

We have naund for the first time the asymmetry of the cross lectioo for the nacooa yp—«d oo $ PROTON, POLASYM
polarized protons. The measurements were made at Er - 660 MeV in the range of pion angfa

* “ ~ “

C.OLS. The experimental data obtained are compared with the theoretical predictions.

PACS numbers: 13.6Q.Le. 13.60.flj

The following quantities were directly measured In the

experiment: C and C'—the yields of piona from the po-
larized target with the direction of proton polarization

along () and opposite to () the normal to the reaction

plane ( n = [k x q J, where k and q are the momenta of the

photon and j* meson, respectively), Cg-the yield of

pions from a liquid-hydrogen target, and C
4-the back-

ground yteld for the empty appendix.

The desired T-asymmetry was determined as follows:

r- JL_£lz£!_
”/>, 2n(C,-c,)

*

TABLE I.

•Z-' r r

« 0.3 9° 1 0.2S 055
90 -0Co 1

<125 120 1 -<106 a 13

FIG. i. Angular distribution of the T-asymmetry at Dhoton
energy 660 MeV. The points are the experimental data of the
present work, and the curve is a calculation according to the
model of Ref. 4.

o«M NSi-4 1*
IB tv. 7.1 4.441
USC 04444.Q C laoio.0«4
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Rcr A.S. Bratashevskii , A. I. Derebchinskii

, A. A. Zybalov, S.P. Karasev^
O.G. Konovalov, P.V. Sorokin, A.E. Tenishev
Yad. Fiz. 35, 56 (1982)

Sov. J. Nucl. Phys. 35, 33 (1982)

EL EM. SYM.

H

A

1

z

1

MCTHOO REF, NO.

82 Br 8 egf

• caction result EXCITATION
energy

SOURCE OETECTOR
ANGLE

TYAC A AN <3C

S G.PI0 NOX 650-999 700-999 C MAG-0 70

in the photon energy range 0.65-1.4 GcV. The multi of the tnessuronents an compared with the

— phenomenological analysis of Metcalf and Walker.

PACS numbers: 13.60.Le

999=1 .4 GEV, $ PROTON

TABL£ l

(•.•"V-A- “« *4/

o«r.*n.Ol2.’i 74.3*0 ."6 -0X78 *0.158
0.673aU.UI2j 74-3*1' -6 —0 141 *0.12
U.7UU*ihii22 71X*i’-5l» -ouc *0.1
o. 725x01)125 T4.1*u-jC -OJ *0.1
0.Toiletm 7X9s«i *6 -nX34 *0.12
I'TTXsiinij.', -0l 17 *0.13

71 7 *"-10 -4 >.im *aiu
(•823*111112.1 73 *.*» 36 -UI57 *0.121
•»S. 4)2 III Hi'. 77J3x".*j -n.2 1C *0.oC4
uL87r.«aiM2

a

i 7X12*112*1 -O.U61 *oixn
*l'4l^,n»tl5 7X0*iO6 -0.17 *0.104
•A923*»MM23 7X7*i '/6 -*1087 efl.UEi
'I Sli iwmilDi 7X33-»u.-56 -0.1 *0 094
;».9TS 7X«*i» 'kJ -0X2 *0.091
UU)*i: IM22 7X2*u 26 -0.232 *0.09
1.022*0.1112*1 Tlusi) S8 -0.277 *0.09
l.uGO*uiMl". 7 1 .3*0 56 -.1172 *0.i 81
1017:13111)12*.

7l.tf*t»..*£ -0X7 *0.072
L100*0.0 11*1 71.;*' 16 -0J *0.067
I.12S*oiii^ 7ix*o56 -0 244 *0.065
U3i»*»m.i23 7 l.ustOn —*.».3 311.1*2
U7T»*imii2*. 7«i*»*t».3d -41 «2 so. tU8
tJ’Jpruuilj 71»S ai'-iu —0.14 *0.0*3
IJVHOntii 7 l 2 mxj 56 -0.04
1.273*0.02 ’•Hi-1.56 -41 out
1 -U5*Ol*2 j9**O.V» —«j.Ud sO 1

35* omv Jo -0.14 *UlJ

FIG. 1. Proton polarization In *« remctloo r +p— p* s4 as

a function of the y-ray energy for in angle * 70*. The

points ire is follows: •—our data. 4 e— Ref. 3, *— Raf. 6,

a— Fief. 7, C—data of the present wort. The curve is the

result of the Metea If-Walker analysts. 1

‘P. Blum, R. Brokmann, and W. Mohr, Preprint Bona- He- 76-
2 . irrs.

‘P. J. Bussey, C. Raloe, J. G. Rutherglen. tt aU Nucl. Fhys.
B154. 492 (1979).

r
M. Tans Its . M. M. Castro, Hal.. Phys. Rev D8, 1 (1973).

l

!

I

| iff
ft str 75 'za

hr- -

FIG. 2. Aocular dependence of proton polarization in the re-

action y * p—p* » J for photon energies 1.2S and 1.35 GeV.
The points are as follows: •— data of Ref. 9, «— Ref. 10,

s—RsL S, —— Ref. 11. C—data of the present work. The
curve is tbs result of the Metcalf- Walker analysts. 1*

D. Bloom, C. A. Heusch. etal.. Thesis, Caltech. 1967.
11M. N. Prentice, R. Rattoa, tt al.. Nucl. Phys. 341, 353
(1972).

14P. J. Bussey, J. G. Rutbergien. tt al~. Contribution to

Stanford Coof.. 1975.

>o«n * 35- 41 *
leev. 7*1 4. 441
J SC OMM-OC J40 10.P4 4 PHOTONUCLEAR DATA SHEET 79
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"« R.M. Sealock, H.S. Caplan, B.W. Zulkoskey, A. Szyjewicz,
Can. J. Phys. 60, 1257 (1982)

E.L. TomusiakELeM . sym,

H

z

1

METHOD
REE. NO.

82 Se 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TVP« RANGE TYPE RANGE

E.PI+ ABX 7*12 0 200 TEL-D OST

*P ION ENERGY

Differential cross sections were measured for the electro-pion production from H and
3He at an incident energy of 200 MeV

and pion energies from 7.3 to 12.1 MeV. Pion-angular distributions are presented and compared with theory. For hydrogen

there is good agreement. A simple three-channel calculation performed for the pion production from 'He was found to

overestimate the cross section at forward pion angles.

On a mesure les sections efficaces differentielles d’electrooroduction de pions i partir de H et
3
He. pour une energie incidente

de 200 MeV et des energies des pions ailant de 7,3 a 12.1 MeV. Les distributions angulaires des pions sont presentees et

comparees avec la theorie. Dans le cas de 1’hydrogene. I'accord est bon. Un calcul simple, a trots voies. a etc effectue pour

la production de pions & parur de
J

He, et Ton a trouve qu'il surestime la section efficace pour la production de pions diriges

vers I’avant.

a7h H ( e,7r
+

)

T„ =7.3 MeV

Qt (deg)

Fig. I. Pion-angulardistributions tin the lab frame) for the

reaction H(e.m*'e' at 200 MeV incident energy: our mea-
surements and predictions (solid line).

Table 1. ’Hfe.ir*) dVdf.dn. nb/(MeV sr) for Tx = 2C0 MeV

E„/9, 45° 60° 90° O
OC^l 145’

7.3

10.1

12.1

0.55=0.05

0.54=0.03

0.50=0.05

0.51=0.04

0.50=0.06

0.57=0.05

0.50=0.05

0.48=0.04

0.41=0.04

0.48=0.03

0.41=0.03

eorw H3S-4ia
IR C V. 7- I *.*41

U3CONM.NSMC PHOTONUCLEAR DATA SHEET 80

U.S. OEP ARTME.NT OF COMMERCENATIONAL SURCAUOR 3TANOASOS



H

A = 2

81

H

A = 2



82



Ref. Lew Allen, Jr.

Phys. Rev. & 705 (1955)

Elem. Sym.

H

Ref. No.

55 Ai i

Method Places; Betatron

F/H

Reaction E ot AE <7d E J * Notes

1^(7, P) 20-65 95 f(0) = (a + sin 0)(l + 2 0 cos 9 )

Fic. 4. Total cross section (c.m.) wrai photon energy (cun.).

F.-u-fi point reo resents shout 1000 proton moles. Errors ire sta-

nsnral dius the prooaole error arising from the integration of the

observed mmnr 'listnbuaon. i"he soud curve is that calculated

by Marshall and Guth for central forces. The experimentally de-

termined values of the angular distribution parameters are also

plotted versus photon energy. Mo error in d is shown since it is

aot determined maeoendendy of a; however, for the ploctea value

of a ana (w, J is determined to within about 10 percent.

FlC. i. barnoie plots of differential cross sections (c.m.) rersur
? (c.m.i for a constanc mean pnocoa energy. The ooincs are the
experimental points as shown in Fig. 2, except that when inter-
poiadon was necessary the dotted curve of Fig. 2 was used as a
guide. Errors displayed are stadatical only. The solid curve is of
tha farm of /($) — (a—sin^Hl-r-^ cosd) and has been dtted to
the observed points.

U.S. 0£P*«TM£MT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

AO RM M SS-4 1 8
(i-'-SJ)
USCOMWOC 1 i9Sfl-R13
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REF. EL EM. SYM. A Z

D. R. Dixon, K. C. Bandtel
Phys. Rev. 104 . 1730 (1956)

METHOD
Page 1 of 2

REF. NO.

Synchrotron; ion chamber monitor 56 Di 1 NVB

REACTION RESULT EXCITATION
ENERGY

source detector
ANGLE

T Y PC RANGE TYPE RANGE

G,P ABX 136-293 C 342 TEL-D 40-230 DST

Taslx I. DiiTcreatial cross sections for paotodisiatcsrution o:

dcutcrons at various energies and antics (0«lab angle;

oosie).

«

(dec)
»T>
CXcV) Mis)

Photons ia

A£-
r per uiLt

bcaci

i*/dZ

G*b) Mb)

36 150 42.3 C.503X10* 12.7=0.9 9.6=0.7
165 45.2 0.490 S3=0.9 6.6=0.7
1S2 45.5 0.432 s.5=:x 6X=0.S
200 43.9 0.471 6.9=1.0 5.1=0.8
220 44.4 0.462 9.9= 1.0 7.1=0."
2<2 4-1.3 0.454 S.6=0.9 6.1=0/)
246 •15.3 0.443 lOXiiil.O 7..l=0.7
293 43.7 0.417 8.5=0.9 J.9=0.6

49 156 57.3 0318X10* 9.7=1X 7.3=0.9
(Run II) . 150 57.7 0303 10.1=1.4 8.1=1.1

165 5362 0.490 S.4=l.l 6.7=0.9
1S2 53.6 0.4S2 7.9= IX 6.2=0.9
200 • 59.1 0.471 6.6=IX 5X=0.9
220 59.7 0.462 SX=1.0 6.4=0.S
242 60.2 0.454 8.7= 1.0 6.7=0.3
266 60.S 0.443 8.0=1X 6. 1=0.9
293 61.4 0.417 7X=1X 53=0.9

49 136 5763 2.41X10* 10.0=1.0 S.1=0.S
(Run I) 150 57.7 2-34 7X=1.0 SX=0.3

165 53.2 2.23 3.0=0.9 6.4=0.

7

1S2 5S.6 2624 8.9=0.9 7.0=0.7
200 59.1 2.19 6.5=0.8 5.1=0.6
220 59.7 2.15 7.S=0.9 6.1=0.7
242 60.2 2.11 S.l=0.8 6X=0.6
266 60 .3 2.06 8.9=0.9 6.3=0.7
293 61.4 1.94 9X=0.9 7X=0.7

75 136 85.7 2.41X10* 6.7=0.

7

6.4=0.7
150 8662 2-34 8.0=0.7 V.7=0.6
165 86.8 2.23 7X=0.7 6.9=0.7
132 S7_l 2.24 6X=0.7 6.0=0.7
2C0 87.9 2.19 6.8=0.7 5J=C.6
220 88.6 2.15 6X=0.7 6.i=o.:
242 39.2 2.11 6.9=0.7 6.7=0.7
265 S9.9 2X5 7X=0.7 73=0.7
293 50.6 1.94 6.2=0.7 6.0=0.6

106 155 116.5 2.41X 1C* 4.2=0.6 4.9=0.;
150 117.0 2X4 u.7=0.5 4.4=0.6
163 117.5 2.2S 4.4=0.5
1S2 118.1 2.24 3.5=0.5 4.0—0.6
2C0 118.7 2.19 4.5=0.5 53=0.6
220 119.3 2.15 4.7=33 5.9=0.

6

242 120.0 2.11 3. 5=0.6 4.5=0.7
266 120.7 2.06 i.S=0.5 6.1—0.6
293 121.3 1.94 4.8=0.5 6X=0.7

141 165 148.5 2X3X10* 1.7=0.4 23=0.6
182 148.3 2X4 1.3=0.5 23=0.7
2C0 149.2 2.19 1.3=0.4 23=0.6
220 149.6 2.15 2.6=0.5 3.S=0.7
242 150.0 2.11 2.1=0.5 3X=0.7
266 150.4 2.06 3.1=0.5 4.3=0.7
293 150.3 1.94 1.3=0X 23=0.3

!
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Fig. 7. Angular distributions as functions of energy.
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Fio. 10. Angular distribution ior £T — 2S3 Mev.
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J.C. Keck, A.7. Tollestrop
Phys. Rev. 101, J>60 (1956)

Elem. Sym.

H

Re(. No.

56 Ke 1

Method

Counter telescope
F/H

Reaction E or A£ ad E J rr Notes

^(Y, P) 75-^50
Measured 9^: 39

93°

56°

115°

74
°..

138°

=(a + b cos 9) + (c cos^9)

Fig. 10. Total cross sections for photodissodation of the

deuteron is a function of laboratory energy. The CalTech and

Cornell cross sections were taken from Table II and are subject

to a quoted uncertainty of 10% in absolute value. Tie Illinois

data were kindly communicated to the authors by A. 0. Hanson.
The solid curve is drawn through the experimental points.

“ L. I. Schitf, Phvs. Rev. 7S. 730 (1951); J. F. Marshall and E.

Guth. Phys. Rev. 7S, 738 (1950V
3 California Institute of Technology experiments on pion

production in H and O.

Fig. 11. Coemdents obtained by dtting CalTech, Cornell, and
Illinois angular distributions with the empirical eroression
(l-+-(5/.l ) cosd+ (C/.4 ) cos 1

®). The CalTech and Cornell points
taken from Table II. The Illinois data were kindlv communi-

cated to the authors by A. 0. Hanson.
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PHOTONUCLEAR DATA SHEET 86

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STAnOARCS*



REF. EL EM. SYM. A Z

A.C. Odian, P.C. Stein, A. Wattenberg, B. T. Feld,

Phys. Rev. 102 . 337 (1956)

METHOD

and R. Weinstein
H

Page 1 of 2
REF. NO.

Synchrotron; plastic scintillator proton telescope, liquid

scintillator neutron detector, also integrating neutron detector 56 Od 1

2 1

NVB

i

l

[

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPC RAN GS TYPE RANGE

G,NP RLX 140-260 C 3A.0 TEL-D 70-125 DST

NP COINCIDENCE

- a* r i

* * ~
• dn ( v.Si3rcrory i ^i«

)

Fig. 2. Variation of neutron-proton coincrcr.ces with -.eutron

angle. Gamma-ray energy is i-.O Mev.

Fin. 3. Variation of ncutrnn-proton coincidences with neutron
angie. Gamma-ray energy is 232 Mev.

(continued)
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REF.
A.C. Odian, P.C. Stein, A. Wattenberg, B.T. Feld, and R. Weinstein
Phys. Rev. 102 . 837 (1956)

Page 2 of 2

EL EM. SYM.

H

METHOD REF. NO.

56 Od 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

to -

o u«*»—
A

till
1 L

O 20" <0* 40* SO* CO*
«*' •

NP COINCIDENCE

Limium • Orytjcn

20* 40* 40* 10* CO* 1
20* t40* *0*

1
40*

9p* [Protest Arqi# mi

Fic. 7. Proton rates for oxygen and lithium rciative to deuterium
for various Laboratory angles.

Fig. 6. Angular distribution of photoneutron proton pairs from

lithium and oxygen relative to deuterium. £y—2C0 Mev.

Table- IL Summary of data* for lithium and o::vjcn. £ r »260
Mev; ^p'-90*; 76*; £/>- 129 Mev; £ v — 129
Mev. b

Substance Run* ?!'A (IV-PVif (.V-P)IP

r i 5.42 0.244 0.04 50
2 3.42 0.244 0.0450

Li 1 3 6.07 0.257 0.0423

Iav 3.64 0.24S C.0441

r i 7.00 0.142 C.i'2 'j3

2 7.00 0. 142 C.ulOo
0, J. 3 7.66 0.L50 C.0195

Lav 7.18 0.145 C.0201

• Large counter uo dose (10 in.).
* Each run coiretpoaa* to About 2000 monitor unit*.

Table I. (Summary of ciaca* for HjO and DiO. By* 260 Mev; 90*; 76°; 129 ?>icv; £.v=» .29 M^v.

Run*

Proc Prot A.P

IF

aV-P

2*11*0

V-P a(.V-?l i(.V-P) .V-? .Y-P

AfHiO • .VfD^> 1/D,0 :.{ ? PlIiO PDiO

1 7.112 7.964 0.852 0.042 0.140 0.098 0.115 0.0060 0.0176

2 7.553 8.521 0.968 0.04S 0.143 0.C93 0.098 0.0064 0.0168

7.021 8.073 1.057 0.049 0.157 0.108 0.102 3.0070 0.G194

4 7.753 8.520 0.767 0.048 0.148 0.100 0.130 0.0061 0.0174

Av 7.360 32271 0.91 0.047 0.147 0.100 0.110 0.0064 0.0178

Correction of 0.02 HiO* 0.15 0.001

Corrected av value

:

Prot/A/rii- 1.06 Y-P/.Vn, -0.101

* Large conu ter far away (51 in-).

* Each run corresponds to about 2000 monitor units.

« The correction of 0.02 HiO is to correct for the H«0 ceU having a thickness that is 0.9S of the thickness of the 0*0 cdi.

88

" MERCS
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***** E.A. Whalin, B.D. Schriever, A.O. Hanson
Phys. Rev. 101, 377 (1956)

Elem. Sym.

H

Method
plates

F/H

Reaction E ot AE ad E J » Notes

a
2
(y,p) 60-250 In Figure k:

^ = (a + b sin
2
S)(l +20 cos 9)

Table m. Values of A, B, and 3 from lie relation (.1—3 iir.'-i",

X,T—13 cos^*) representing the cross section. The isotropic par.,

±s part, and the totai cross sections are given in the iasc

three columns.

A B 4r/i 3r3/3 Pwseai

11 ilev Z3 iib/stend >b/stera<l aO *0 aO

65 0.25 5.0 5.7 62 47 109

so 0.35 4.5 3.9 • 56 32 58

105 , 0.53 3.9 2.2 49 IS 67

140 0.40 3.4 1.3 43 11 C *T

114 0.40 5T3 0.9 67 1 *r

149 0.44 J.O 1.2 44 10 • T

194 0.22 4.2 2.9 53 24 / /

243

220

0.10

0.22

4.2

4.5

0.9

1.3

00

57

11

11

v-r

65

100

* KECK CT AL.

<TTOTAL —

—

so
7TZT_J .._... . _

*0
”* e-r

1

20 A TT

""T*
• V

1
0 jo ;oo ISO 200 250

i LABORATORY PHOTON 0€RGT(MEV)

Fig. 4. The total cross section as given by 4avl +8x5/3. The

j

isotropic component 4r.4 and the sin2#* component St3/3 are

;

shown as a function of energy. The solid Line is the total cros;

section as calculated by Marshall and Guth.

form H 8S-418
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REF.

Iu, A, Aleksandrov, N. B. Delone, L. 1, Slovokhotov, G. A, Sokol,

and L. N. Shtarkov

J. Exptl . Theoret. Phys. (USSR) 22, 614 (1957)
78 . JETP 6. 472 'Soviet Phys ( 1958)

EL EM. SYM.

H

METHOO REF. NO.

57 A1 1 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR

50 - 150 170 , 264 TEL-D 20-75 DST

I

i

1

i A t
! \ i

|

1
/t » i

\i
i

1 /
:

\ !

r */ ! I 13"

jtr a’ so’ no’ /so’ iso
4

o‘ so' so’ so’ tW no’ no’

1

.III
n y w. 1 1rv ! i

iy tX» !yi! ; r i

«

L 1
i

i i
i

<ivu

_1 i>

1

''S L

_ 1
!<**

’“741- to

1

|

J ... |

1

1

i i

!«***

fat) )*w-n
—
1

I

r“T
i

1

TABLE I. Values of the

parameters obtained in approx-

imating the angular distribu-

tions by dcr/dfl = (A + B sin
J
9)

(1 = 2/3 cos 9 ).

23
•terad.iter ad.

54 0.30 3.9 * 8.0

70 0.40 3.4 0.7

88 0.30 4.7 4.1

no 0.40 4.4 2.5

129 0.40 5.0 0.0

148 0.36 5.0 0.7

o’ oa‘ so’ so’ no’ oo’ uo‘ o’ o’ so’ so
4

no’ air no*

(o’ so* no’ no’ tbs’ a’ jo

’

(o’ sr /so* iso
4

no’

FIG. 1. Differential cross section vs. angle of

the emitted proton in the c.m.s. for y-rays of vari-

ous energies (Wja5 = 54, 70, 38, 110, 129 and 143

Mev, respectively). The solid curve corresponds
to the approximate form dcr/dfl = (do-/dG)w q +

P + Q cos 9. Energy values have a definition of ap-

proximately 7.5 Mev. Errors of the experimental

points are standard statistical errors.

TABLE n. Values of the param-
eters, obtained in approximating

tie angular distributions by

da/dCl = (dcr/dfl)^*^ + P + Q cos 9.

The uncertainty in the parameters

correspond to the standard sta-

tistical error in the proton yield.

o.aSSL: -40“
|

seraa.
;

sierad. i

34 1 .30
;

0.11
'

-0.76 0.55

70 2.72 0.23 . 0.92 0.41

S.H 3.30
:

0.37 0.81 0.56

110 3.30
I

°- :S
!

1.11 0.43

123 3.27 ! 0.29
;

0.42 0.43

148 4.27 ‘

0.32
i 1.00 0.48

FIG. 2. Total cross section

as a function of y-ray energy W
in the l.s. The solid curve is

from the calculation of Wilson; 18

the dotted one, from the calcu-
lation of Marshall and Guth. 7

The errors in the experimental
points are standard statistical

ones.
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REF.

P. S. Baranov, V. I« GoPDanskii, and V # S. Roganov
J. Expel. Theoret. Phys. (USSR) 21 , 1123 (1957)
Soviet Phys. JETP 6, 865 (1953)

EL EM. SYM.

H

METHOD REF. NO.

57 Ba 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
t
N ABY 30 - 260 C 120-260 THR-I 21 DST

12 C(N,2N) 11 C threshold detector. REL YLDS D TO C

* eat* /wered. Q

FIG. 3. Angular distribu-

tions of photoneutrons of en-
ergy > 20 Mev from deuterium;

0 — z.y m = 170 Mev, •— Eym
= 255 Mev. The solid curve

gives the results of the exper-
iments, Refs. 4 — 10, trans-

posed for neutrons: 1 — for

iym 3 170 Mev, 2 — for

Eym = 255 Mev.

FIG. 2. Yield of fast photo neutrons

from deuterium at 75* in the l.s. vs.

maximum energy of the photon brems-

strahlung spectrum. "The solid curve

gives the results of the experiments,

Refs. 4 — 10, transposed for neutrons;

• — yield of fast neutrons from deu-

terium, O —yield of fast neutrons from

carbon.

a ABLE I. Yield of photoneutrons of energy 20 Mev
from deuterium and carbon

.
|

l otei croam
Yield from aeuteriiun

I

(without meson pro- iTotel yield
ductionjeccorain^ toi from deuterium 1!"“°"^.

-i- in i tj—. x Uu(Mev) Reis. 4-i0
I io*- n l rr ;(7q x 10* cmVq

a(
-

7 C/
,<7
D

170 0.82 : 0.84-0.07
j

7.2^0. 25 '

8 53^0. GO

i -27
i 2.06^0,06

1 18,9-j-l ,35
|
0.18-M.44

porm NBS-418
<R CV. 7.1 4.44)
JSCOMM-OC 2S01C-P44 PHOTONUCLEAR DATA SHEET 91
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Ref. p.s. Baranov, V.I. Gol'danskii, V.S. Roganov
Phys. Rev. 10£, 1801 (1958)

Elem. Sym.

Ref. No.Method
12

C (n, 2n) scintillator
58 Ba 1 F/H

Reaction

H
2

(7,n.')

E or AE E
o

r
s

(Td E J * Notes

In figure 2 and 3 , solid curves have
been calculated for neutrons using
Illinois and Cornell data on d(y, p).

I

I

!

In figure 3, the rise in yield at
small angles for (8

y
) max

=255 MeV

is attributed to neutron production
associated with photopion production.

* E. Whalin, Phys. Rev. 95. 1562 (1954).
* J. C. Keck and R. M. Llttauer, Phys. Rev. 93. S27 (1954).
* L. Allen and A. Hanson, Phys. Rev. 95, 529 (1954).
7 L. Allen, Phvs. Rev. 9S. 703 (1955).
* Tollestrup, Keck, and Smythe, Phys. Rev. 96, S50(A) (1954);

J. C. Keck and A. V. Tollestrup, Phys. Rev. 101, 360 (1956).
* Whalin, Schriever, ar.d Hanson, Phys. Rev. 101, 377 (1956).
“ .Aleksandrov, Dclone, Slovokhotov, Sokol, and Shtorkov,

J. ExptL Theoret. Phys. 17.S.S.R. (to be publishea).

r !G. 2. Dependence of yield of fast photoneutrons emitti
al ls’ 00 P«ak bremsstrahlui

enerey. Solid curve results from references 4-10 realculatt
for neutrons, •—tut neutron yield from deuterium; C—fa
neutron yield from cnrDon. The carbon neutron vieids are no

o”^'
t0 Wtai 07053 *cuon the deuteron daiassuming v^d.

porm N8S-418

uscomm-oc taosa-psa

j

r

I

•
r
c. 3 Aneuiar distributions of > 20

,

6-Mev photonic iron 5

nCTjrenum^nroiluccti nrerrsstrahlunc nf I TO- inn 255-Mev
pea* eneruv The upper aid lower solid curves represent the
emenmental results obtained in references 4-10 recalculated for
neutrons with £,„ l70_Mev and £,„» 2o5 Mev. respectively.
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REF. ELEM. SYM. A z

C. A. Tatro, T. R. Palfrey, Jr., R. M. Whaley, and R. 0. Haxby [
1

Phys. Rev. 112. 932 (1958)
H 2 1

METHOO REF. NO.

Synchrotron; scintillation counter telescope; ion chamber monitor
58 Ta 2 NVB

i

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR I

ANGLE '

TYPE RANGE TYPE RANGE

G.P ABX 146-238 C 146-233 TEL-D 51-166 DST

|

1

i

TaDLZ EL Resuits

Ksm.
Me&a pnotoa
energy (Mev)

(4#/43)
(*a*rm/ stcrad

)

11* 192 o.S4=0.7
211 6.42i0.6
227 6.15=0.9

100* 146 5.90=1.0
172 5.50=0.5
206 5.92i0.5_

176* 190 4.00±0.7
238 5.42=0.6

<4.
J

Ta
• tarn*
a :»*•«

' O CM. Tm

W**

•i

Fio. 3. Comparison of the energy dependence of the Purdue 11*

c.m. oata with extrapolated values from other laboratories.

HO c 200 420 .*0 AO 30 303

uU NJT» u^pcr CXCV1

Ftc. 4.Comparison of the energy dependence of the Purdue 176

cm. data with extrapolated values from other laboratories.

Fio. 5. Comparison of the energy dependence of the Purdue 100*

cm. data with interpolations of data from other laboratories.

* This etp Lm * 203

j £ Omf *1 wo. «« oi
*

CXMTCA C/ mjAA 1MU O *40T0n

Fig. 6. ComDonsoa oc an^-iar distributions for

a pnocoa energy oc 205 j>Icv.

»o«M NBS-41S
(R C V . 7-1 4- *41
'jjC3MM.OC 26010-PS4 PHOTONUCLEAR DATA SHEET 93
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EL EM. SYM.

H

REF. NO.

59 Fr 1 NVB

REF.

J.I. Friedman
Phys. Rev. _ll 6 , 1257 (1959)

Linac

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANSC TYPE RANGE

S,E/ SPC 0-95 D 175 MAG-D DST

Q = 206MEV/C

(KMT OF 1C1TTIII0 IUCIIOM « MCV

Fio. J. The inelastic spectrum from eiectron-deuteron scattering

it as incident energy of 175 Mev and a momentum transfer of

206 Mev/c. The data shown here have been corrected for the

contributions from the radiative tail of the elastic peak ana for

the radiative broadening of the inelastic distribution.

Table II Theoretical values of »* for various central n-p
potentials. The experimental value of is 20.6 Mev with a
statistical error of ±1.1 Mev (one standard deviation) and an
additional uncertainty of ±1.1 Mev.

Potential Calculated value ot 0

Central Wigner 15.7 Mev -

Rosenield interaction with a 19.6 Mev
Yukawa shaoe

Rosenield interaction with a 19.6 Mev
Gaussian shape

Central part of the Gartenhaus 14.4 Mev
potential

Dre LI- Schwartz sum rule

W ORM N8S-418
(A EV. 7-1 4-54)
USCOMM-OC 23010-P-64 PHOTONUCLEAR DATA SHEET 95
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Ref. B.T. Feld, B.C. Maglic, J. Parks
Nuovo Cimento Suppl. 2, 24 1 (i960 )

Elem. Sym.

H

Method Cyclotron; emulsions, polarization measurement
Ref. No.

60 Fe 2 JHH

Reaction E or AE crd E J it Notes

H
2
(7, P) 150-300

t.o

at

; as
s

«• as

E

il

—>

9 10*

n
y* 0—N .p

o.* Omn me Btnotsi. gmnrr
f>hr*. 9*«12i.;TM(195«)

• This Mi C 09SS)

120 W ® i»0 200 2 20 2« 260 ^55 joe-
s' iUOi M.y

Fig. b. - Eicitanon foncrinn for the — .1 —a — p rra.rn.ni.

-

l\
'

/ \ i

.
(a is • ais \

/ P.-CL27
\

/ \

1

/ \
-

\ / N. 1

/ \ 1

j

\ -j

’•Or

! l ipi
j

rw ip) i

OJt

3.6 r :/S& . jftg
j.

! ^ *0,27 '

-at -0.2 03 aZ I? XI To T3 a* ai ai To

Fie. 2. . SfUfire probabdirr r». prutna puUmac.ua u --1—

a

— p. ai «.'h ITT I
^*5- •• - 4) with 67 aenttering arena at an

scattering eeenta at aa energy - TO MeV
; J

energy > 120 ifeV.

form N8S-418
(8-1-43)
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REF. ELEM. SYM. A z

K. N, Geller, J. Halpern, and E. G. Muirhead
Phys. Rev. U8, 1302-12 (I960)

H 2 1

METHOO

Betatron; neutron threshold; ion chamber

REF. NO.

60 Ge 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE 0ETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N N0X THR C THR BF3-I 4 PI

l

!

i

jh k~Rse^ld
Table L Summary and comparison of neutron separation energies in/erred from present threshold measurements with values predicted

from mass data and reaction energies. All energies are expressed in the center-of-moss system in Mev.

Kmet Inn No, runs

_ 10 _ _

l’racnl results Other results

2.226±0.001 (calib) 2.226i0.001

Method

LSA

Reference

a

. J. Mattaucli. L, WaMmann. R. Bleri, and F. Evertln*. Amn.ai Rnu> H*cU*r Sana (Annual Review*. Inc, Palo Alio, 19S4), VoL 4. p, m.

form N3S-418
(REV. 7-1 *- Ml
USCOMM-OC 2S010-PS4
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*«<• w. John, F.V. Martin
Phys. Rev. 124, 8^0 ( 1961 )

Method Na^4 y source; CD primary target; polarimeter of Mg scatterer.
BF,, counter.

Elem. Sym.

H

Set. No.

61 Jo 1 JHH

Reactic E or A E
s

CTd E J » Notes

(7,n) 2.75 2?9.5
284.5
kev

Photoneutron polarization, P^, data

in Table I; compared with Kramer
calculations in Figure 2.

J L

?ejr. «<)l

'Figure pj Polarization of the neutrons
D(y,n)H with 2 =2.753from the ireaction

MeV. The solid cbrve is from a theore-
tical calculation by Kramerj (private

communication) as explained! in the text,
;Ref

.

1-4- : A.J. Elwyn, R.O. *Lane, 'A. S.

Langsdorf, Jr. (Private commun-

ication
-

)

porm N 65-4 It’

USCOMM'OC

PHOTONUCLEAR DATA SHEET 99

U.S. OE P A RTM6 N T OF C0MM£9C-
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Ref. H.W. Kendall, J.I. Friedman, E.F. Erickson, P.A.M. Gram
Phys. Rev. 124, 1596 (1961)

Elem. Sym.

H

Ref. No.Method Linac; magnetic spectrometer
61 Ke 3 JHH

Reaction EorAE ad E
J it Notes

H (e,
e

'

)

204-500

E = 0-20
x

1

I

1

1

1

1

Fig. 10. The points plotted here show the ratio of observed
inelastic cross sections at £0= 000 Mev (see Figs. 1-6) to the

predictions of the Jaokus theory, modified by the inclusion of the
proton form factors and the experimental resolution of the equip-

|

ment. The ratio is given as a function of q for « approximately
2 Mev. The solid lines show the predictions of the Jankus calcula-
tion incorporating repulsive-core wave functions either in just the
bound state or in the hound and the "5 and 3S unbound states; 1

predictions of the approximate theory [see text following Eq. (12)
;

of reference 6] are also shown. The observed yields have about i

equal contributions from spin-dip and non-spin-din processes
leading to lS and 'S dual n-p states, respectively. Errors are
discussed in the text.

Fig. 11. This figure displays the data for 0=«l45
a from Fie. 7

and two other points at d= 14o’: q= l.S f
_l and ?= 2.0 f

-1
. The

major contnbutions to the yields at this large angle are from the

soin-dio disintegration of the deuteron to the final l5 rt-p state.

cee the caption ior Fig. 10.

rtvi. 10. The points plotted here show -he ntio or observed

meastic cross sections at £o» 'OO Mev ‘see Fisrs. l-b) to 'he

I'retiicuons ot the Janitus theory, moulded by the inclusion of the

'foton form factors and the exoerunentai resoiuuoa of the equip-

ment. The ratio is *iven as a function of q for * approximately

2 Mev. The solid lines snow the predictions of the Jankus calcula-

tion incorporating reouisive-core wave functions either in just the

oouqq state or in the oound and the :

oi and *5 unoouad states;

predictions of the aoproximate theory [see text foUowim; Eq. (12)

of reference o] are aiso shown. The observed yields have aoout

equal contnbuuons from soin-dip and non-;Dui-riio processes

leading to ;5 and :5 dnai states, respective'/. Errors are

aiscussed in the text.

Ref 6: V.Z. Jankus

(1956).

Phys. Rev. 102 , 1586

FORM NBS-4J8
(8-1-83)
USCOMM-OC 18358-P83
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R**- H. Myers, R. Gomez, D. Guinier, A.V. Tollestrup
Phys. Rev. 121, 6j0 ( 1961 )

Elem. Sym.

H

Ref. No.

6l My 1

Method
CalTech electron synchrotron; liquid deutrium target; counter

telescope to measure proton. JHH

Reaction E or AE crd E J V Notes

(7,P) 500-900 Excitation measurement at 90 (Figure

6); Angular distributions at E =500
7

and 700 Mev (Figure 7)*

Total decreased smoothly from

7u.b at 500 MeV to lab at 900 MeV
(Figure 8).

r*a—
•‘•OTOW CMCWt

*40*

— - «o I

r\
A-/

,<10 rx/rrt^
r* a—

1

tiCM. imclx

causer

«eoi t *r_urv

- •« 4*001

; n«s
* • »0C1

400 MO tOO TO MO <O0 300

»**0T0» : .0 o ^3 io :o .3

Ranuu o

4

rrr*l,<fw%" auuumaoi u A)
4

7, ;5 i_A8 P*OTOH E'C'»Gt

r»o— f»*«

f
»JJ*M

:

Scowoul/
1"*'

>cju.noij

• DOS UWOT

'5

—

&"•;& aw ;aq
~ro—r» wa *»'"<£cc

LA4 **H0T(X EfCFGY - *«V

f?c. ^ • — -i —• 9 — Total crow section trom •*0 to '**> '
i

See test tor cuscitasion.
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NATtONAL BU AEAIJ OF STANQAROJ
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8

(•- 1 3>
U3COMM-OC 188S6-PA3

PHOTONUCLEAR DATA SHEET 101



REF.

G. A. Peterson and W. C. Barber
Proc. Ruth. Int. Conf. Manchester 831 (l96l)

EL EM. SYM.

H

METHOO REF. NO.

6l Pe 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-12 D 41 MAG-D DST

Figvrt 1. Cross-section for the 180* inelastic scattering of electrons of 41- 4 MeV
Initial energy from the deuteron

form NBS-418
<R ev. 7-1 -4. 64 )

USCOMM.QC 23 01 0- P34
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po*m NB$-4l8
(8-1*43)
JJCOmm-OC 1 S 336-® 63
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Ref.
G.A. Peterson, W.C. Barber
Phys. Rev. 128, 812 ( 1962)

Elem. Sym.

H

Method Linac (Stanford Mark II ) ; 3 double coincidence counter telescope;
magnet

.

Ref. No.

62 Pe 1 BG

Reactioa E or AE

e,e') ^1.5

<Jd E
J rr Notes

Deutron magnetic dipole disintegratior
by 180° electron scattering.

In Figure 5> sharp rise at 37 MeV is

onset of magnetic dipole disintegra-
tion of D; 26 MeV peak due to C

excitation (inelastic scattering from
15.1 MeV level).

,G0 ~ COUNTER (

t :ao #

> I400r

form NBS-418

U3COMM-OC !883«-P«3

PHOTONUCLEAR DATA SHEET 104
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form NBS-418
(8-1-83I
J3COMM-OC 1I838-P83
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Ref. W. Bertozzi, P.T. Demos, S. Kowalski, C.P. Sargent, W. Turchinetz,

R. Fullwood, J. Russell
Phys. Rev. Letters _10, 106 ( 1963 )

Elem. Sym.

H

Method Linac; He-Xe filled gas scintillator counter surrounded by liquid

scintillator counters for neutron spectrometer - polarimeter

Ref. No.

63 Be 7 JHH

Reaction E or AE
S'

dE J it
Notes

H
2
(Y,n)

Bremss.

30

CD
2

target

'IG. !. Percent jci;i nzation '>t :>notoneutrons :rom
• .tenarr., m P,,Q i •> »).

Taaic L P q * * ** iit«r correcu tor coau-.ounoo irom ;ir»o.

12-13 H).S3«3.37 *1.21 >9.94 -4.21 » 1.43

'.S-dO -2.34al.J0 -4. j5 » 1.02 -S.d4al.93 -i.-Tt 1

..

20-30 -s.ooio.it -s. :s*i.+5 -s.n«2.:3

U.S. DEPARTMENT OF COMMERCE
NATIONAL. BUREAU OF STAN0AR05

FORM N8S-418
(8-1-53)
U3C OMM- O C 1 8558-R83
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ref.

R. Bosch, J. Lang, R. Muller, W. Wolfli
Helva. Phys. Acta 36_, 657 (1963) EL EM. SYM, A

H

METHOD

Radioactive source; neutron angular distribution; scintillator

REF. NO.

63 Bo 4 nvb

reaction RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TY*E RANCI

$ G,N SPC 3- 9 0 3- 9 SCI-D DST

(2.75-9.0)

N POL

tin pit l!i*pck tram tier i ’holemen tronen dcr Ucnklicm II *(•',/#), (/:„ » 2.2 MeV) mit nigchorigcm

CnU-rgrund. Oben rectus; Vcnvcmlctcn GaminaspcUtnjm drr Krnktiou Ti (ii. y). Energieshwer-

punkt dcr liochcnergoii.’ichcn T.inicngruppe: MeV) uml S« Invcllencnorgten F.n dcr Re-

aktionen I3c fl (**. j») iiiiiI u).

T^siur .s

W inkclvcrtcilung dcr Phoconcutmncn von I5v fi

u*.nl il- !v; i-incr Gammaencrgic von *).0 MeV.

(continued)

U.5. DEPARTMENT of commepc:
NATIONAL SUSIAoOf STANOASOS

H O AN N 3 S--AI*
IP CV. 7.1 4.4AI
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17)

18)

19)

49)

50)

52, 787 (1937).

Polarization Phenomena
A.J. Siegert, Phys. Rev

Proc. Int. Symposium on

G^Kramer ' and^Ot Mul 1 er , Z. Phys. 158, 204 (1960).

A. Donnachie, Kucl . Phys. 32_, 637 (1962).

L. Jarczyk,' W. Knopfel , J. Lang, R. Muller

17; 310 (1962).

of Nucleons, Helv. Phys. Acta.

and W. Wolfli, Nucl . Instr. Meth.

Deuterium: Vcrglcich ccr xhcorctischcn Wcrto Air ajb mic den cxperimcnxeilen Rcsultatcn.

^T»Thcorctiscbcr Vcriauinach Kra^ser*:/ naeii Swart unci Marshak*). 1 nacii Donnac!*!-"*).

• : voriicgcrwle Arbeit; * : ubrige bekannten cxpcrimcntcllen Kcsultatc. Die Ziffcrr. an den Fer.Ier-

balken verweisen au( die cnisprecheiidcn Lctcrncurangabcn.

Untcn: Vcriauf von \$\. Zcichcncrkiiirung unc vorliin. Die ixurven J und a entsprcch.cn ;n den

ihcorctischcn Arbcitcn jiJ 2.

Talxriie !V

Asymmetric unci I’oiarusalinn dor IMunniurutrrmcn vom H*

r
Asym- Asym- i’ni. der

motnc A' metric . ! i ’’.JOtO-

(9c.m. I’rfcVl gemessen korniricrt P. i iir Mi; ncuironen [\ mien

+4,4° 387,5 1.314 = 0.050 1.562 - 0.655 ±o. 04S -0,33 ± 0.06 -0.34 -±0.01*1

03.6* 263.0 1,235 ±0.035 1.376 -0.794 -±0 04J - O.20 * 0.04 -o.22-to.o6

•) Dicscr Wort wurclc untcr eincm Winkcl von (*)c.m. z 49.6' gCIlUMSaMl.

108



D.B. Frederick
Phys. Rev. 1131 (1963)

Elem. Sym.

H

Method
2k MeV Betatron; emulsions, cloud chamber

JHH

Reactioo E or E ad E J rr Noces

(Y,n) 11-23

u

Fic. 7. Photoneu-
tron poianzauons
measured in this ex-

periment. The theo-
retical predictions at
about 11 and 22
MeV are also shown.

3
Ui

— ——— —— —
1 1 I

1
1 I

O 0€ SWART A*0
MARSHAK

* sustci rr al

-

1

,

Sno • '««•
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'

p*

JO
i

J

-
1

-H

-

mm

- L 1

.

1
' 1

~

1

iZ * € 4 20 22
PHOTON ENERGY (MEV1 Zj -

*4U OL OC-yjilB a

Lsaxr
PB iff

11 nu
:i0-;L9

X.U-22J

-o.asi*u.L»i
—J-l^rcO.lOO
—U«-*dQ84
—0-154-*r0 1 20

-0-?»4-*0.1J7

0.077

liOM
0.1*7

0.105

o.l 22

0042
0042
0042
0 042
0.042

osm
ooao
o.m
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)0U9

0.037

torm NBS-418
(S-t-43)
U 3C Cmm-OC 18334-^93
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Ref. F.J. Loeffler, T.R. Palfrey, Jr., T.O. White Jr.

2hys. Rev. 151, 1844 (1963)

Elem. Sym.

H

Method
320 MeV synchrotron; carbon plate spark chamber

Ref. No.

63 Lo 1 JHH

Reaction E or A E S*
dE J ”

Notes

? (7,p) 294-
Protons viewed at 0, , = 58 from

lab

primary 7 beam.

Polarization of proton determined by

observing scattering in carbon.

Table I. Polarization of protons from the ohotodisintegration

of deuterons.

(lab)

(MeV) (f, (lab) 9, (can.) Pm Pi

294 53° 72° -0.03=0.11 F—

1

dr*dI

PORM NBS-418
(8-1*43)
U3COMM-OC 1 333a-P«3

PHOTONUCLEAR DATA SHEET 1

1

0

U.S. DEPARTMENT OF COMMERCE
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REF. EL EM. SYM. A Z

W. Bertozzi, P. Demos, F. Hanser, S. Kowalski,
W. Turchinetz, R. Fullwood and J. Russell
Proc. Paris Conf. 1026 (1964)

METHOD

C. Sargent and

REF, NO.

I

i

t.

Polarization Data 64 Be 8 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

$G.N NOX THR-32 C 32 SCT-D DST

In energy range 6 MeV < E <22 MeV at 90° results indicate a theoretical overestimate of

|P
n |

by about .02t.0l. ^ For 45°, same tendency shows at E ~ 14 MeV. In other energy

ranges theory and experiment agree within experimental uncertainties, j P^ z ± .04.

N8S-418
(R *V. 7-« A- 441
JJC3MM.OC 24010-P44 PHOTONUCLEAR DATA SHEET 1 1

1

U-S. DEPARTMENT OF COMMERCE
NATIONAL. 9UR£AUOF ST AN OARD5



EL EM. SYM.

REF. NO.

64 Li 1 JOC

REF.

F. F. Liu
Phys. Letters _n, 306 (1964)

METHOO
Linac; ion chamber monitor

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,P RLX 80- 140 C 400-500 MAG-D 90

POL PHOTONS

Table 1

K
(MeV)

A P Z

80 -0.0549* 0.0235 0.370 0.1480 * 0.0635
95 -0.0369 * 0.0275 0.360 0.1025* 0.0764
80 -0.0803 i 0.0141 0.390 0.2059* 0.0362
95 -0.0519* 0.0177 0.380 0.1366 * 0.04 66

110 -0.0128* 0.0066 0.374 0.0342 * 0.0176
120 -0.0025 * 0.0075 0.368 0.0069 * 0.0204
130 TO.0227 * 0.0092 0.348 -0.0652 * 0.0264
140 H3.0127 * 0.0103 0.338 -0.0376* 0.0305

K - photon energy, A - measured asymmetry,
P - polarization of the photon beam,
I - asymmetry function.

PHOTON ENERGY 1M.V)

Fig. 1. The result of this experiment is indicated. The
dieoretlcai curves are taken from the following works:

a - ref. 1, b - ref. 3, d - ref. 4.

FORM N8S-418
in EV. 7-1 4.MI
USC OMM-O C 2S010-PSA
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M. R. Yearian and E. B. Hughes
Phys. Letters _10, 234 (1964)

EL EM. SYM.

H

METHOO REF. NO.

64 Ye 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-40 D 150 MAG-D 135 ....

Jl*. X. Energy dtsfflbutlot. o/ electrons scattered
«lastically end Inalastlcally from the deuteron for an
lactdent energy of 146.9 MeV a»d a scattering angle of

133°.

flj. 2. Variation of the inelastic electron-deuteron
-oss section of fig. 1 near the die Integration thresh-
old after correction for radiation effects. The exaeri-
seatai points are compared with the predictions of
he Janlcus theory with and without a repulsive core In
he deuteron and final state wave functions

.

form NSS-411
!* CV. 7-14.441
USC01444.OC 2SO I 0. 004 PHOTOHUCLEAR DATA SHEET 1 1

3
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REF.

P. Bounin and M. Croissiaux
Nuclear Phys. 70, 401 (1965)

EL EM. SYM.

H

METHOD ref. no.

65 Bo 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANSE

E,E/P ABX 0-100 D 350 MAG-D 250-350 60,90

1

Cross section based on elastic scattering by protons.

Fig. 7. Regroupement des resuitats. Nous reporter sur cette figure tes resuitats du tableau 2. Nous
y avoos egalement reports une portion de la fig. 3.

1. Brett, Glendenmng-fCramer No. 3 2. Hamada 3. Hulthen.

form N8S-418
(REV. 7-tA-SAI
use omm.oc aaoto-peA
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ref. Paul Bounin
Ann. Phys. _L0, 475 (1965)

EL EM. SYM.

H

REF. NO.

65 Bo 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/P ABX 50- 100 D 235-300 MAG-D 100-300 DST

d
3
o

P = exp
d
ep(

theory ^ x ^ p-1

P IN COINC

p = momentum of protons in coincidence

*ORM H8S--418
(R KV. 7* I A- 64

)

UJCOMM.QC 2flOIO-P«4 PHOTONUCLEAR DATA SHEET 1 1

5

U.S. DEPARTMENT OF COMMERCE
NATIONAL. 9UNEAUOP 3TANQAH03



REF.

R. W. Jewell, W. John, J. E. Sherwood, and D. H. White

Phys. Rev. JJ2, B71 (1965)

EL EM. SYM.

H

METHOD 24. - O
Na source; solenoid to rotate neutron spins ISO

,
to

cancel false asymmetries

REF. NO.

65 Je 1

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR

$G,N N0X 2-3 BF3-I DST

(2.75)

PQTL NEUT. ASYMM .

Table IL Errors in the photoneutron. polarization P,. The
errors from this experiment include statistics and systematic?;
the uncertainty in P j is from Ref. 20.

SlM. (S.li

Fig. 7. Polarization of the neutrons from the D(r,») reaction

with 2.754 M#V. The solid curve is from S theoretical cal'

dilation by Kramer. The dashed curve Is the theoretical curve
multiplied by an arbitrary factor of 0.879 for comparison to the
data points.

(deg)

Error
from this

experiment

(%)

Uncertainty
in Pi for Mg

(%)

Total error

in P i

(%)

31.8 6.1 5.4 8.2

52.7 4-5 7.0 8.2

73J 3J 6.8 7.6
93.5" 2.4 8-3 8.6

113-5 3-3 7.7 8.4
132.7 3.7 9.4 10.1

151.8 4.4 9.4 10.4

Tabu HL Photoneutron polarization and
by Kramer** for the D(y^») reaction at E-,

sections calculated

2.759 MeV.

Set r*F y*< pb a, jib b, fib afb •t, *»b

i 2.0 -41.2 23.8 136.9 0.174 1446

2 2.4 -40.9 23.0 136.9 0.168 1436

3 2.8 -40-3 22.0 136.9 0.161
4—ri — 1423-

1 A. J. Elwyn and R. 0. Lane, NucL Phys. 31, 78 (1962).

** G. Kramer (private communication).

Tabu L Measured left-right ratio* «, corrected ratios, and calculated photoneutron polarization.
Positive polarization is taxen in the direction k,Xk»

fB.

(deg)

Measured < with
statistical error

« corrected

for Mg
thickness

< corrected

for CD,
thick ness Pi for Mg

Photoneutron
poiarizatioa

Pi
.

31.8 12196*0.011 1J32 1.375 -0.605 -0.261
52.7 1-317*0.011 1.359 1.388 -0.661 -0.246
73.3 1-320*0.009 1.565 1.384 -0.730 -0.221
93.5 1.348*0.004 1.395 1.414 -0.795 -0.216

1 io.3 1.408ecO.012 1.454 1.484 -0.842 -0.231
132.7 1.426*0.013 1.469 1.514 -0.865 —0.236
151.8 1.427*0.010 1.463 1.550 —0.863 -0-249

Flnai P { corrected
for geometry with

totai error

-0.287*0.024
-0.260*0.021
-0.23li0.018
-0.225*0.019
-0.242*0.020
-0.250*0.025
-0.273*0.029

form NBS-418
ir ev. 7.i t.wi
use omm.oc leoio-pes
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REF.

F. F. Liu
Phys. Rev. JJ8, B1443 (1965)

ELEM. SYM.

H

metmoo Linac; polarized photons by selecting off-axis bremsstrahlung;
ion chamber monitor

Page 1 of 2

REF. NO.

65 Li 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G,P N0X 75 - 250 C 75 - 250 MAG-D DST

£ = asymmetry function, defined by:

POL PHOTON. ASYMM .

a(9) = 3
q
(9)[1 + P£(9) cos 2x]

Fin. 5. The excitation (unction it £-113 MeV, 39.6* proton
•koii in?ie in the loontory. Single r* production is dearly
.loticeaole aoove 330 MeV.

Fig. 6. Z, the asymmetry function, at 90* in the c.m. system.
Curve a is that of Ref. 7, b and c are from Ref. 8, and d i3 from
Ref. 3, approximation /.

(continued)
U.S. DEPARTMENT OF COMMERCE

NATIONAL 3UREAUOF STANOAflOS
rorj* M85-413
'R CV. 7-1 4.441
U1C9MM-OC 29010-P44 PHOTONUCiEAR DATA SHEET 117



F. F. Liu
Phys. Rev. JJ8, B 1443- 49 (1965)

EL EM. SYM.

H

METHOD
Linac; polarized photons by selecting off-axis bremsstrahlung;
ion chamber monitor

p a
,

g 2 of 2

REF. MO.

65 Li 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 8. 2, the asymmetry function, at 135® in the
c.m. system. The fit is that of Partovi.

F

o

mm H8S-418
in EV. 7-1 4-«ai
uiesuM-oc 2eoio*oea

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF 3TANOARD3PHOTONUCLEAR DATA SHEET 1 1
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REF.

J. Goldemberg and C. Schaerf
Phys. Letters 20

,
193 (1966)

EL EM. SYM. A Z

H 2 1

METHOO REF. NO.

66 Go l EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 0 - 6 D 5^.70 MAG-D LS - 70 L80

EXITAIiOS CN£»CY m«v

Fig. 1. Energy spectrum of electrons scattered melas-
ticaily on deuterium it i = 180° The solid lines indi-
cate die theoretical result with no final state interac-
tion. The broken imes indicate the results of the theo-
retical calculations of Ourand wnen the final state in-
teraction is taken nto account. The excitation energy
is defined as minus the difference between the energy
of the scattered electron and the energy of the scattered

electron at the eiectrodisintegranon threshold.
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REACTION RESULT EXCITATION
ENERGY
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ANGLE

TYPE ‘ RANGE TYPE RANGE

N,G SBC 2 D 1 SCD-D

BINDING ENERGY

Binding Energy of Deuteron is 2224.61 ± 0.07 keV.
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EL EM. SYM.

H

A

2

z

1

METHOO

Page 1 of 2

REF. NO.

66 Gr 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE NANCE TYPE RANGE

E,E/ ABX 0vo1O D 219 - 447 MAG-D DST

23

Fto. 3. Deuteron data. The more iccurite points ire represented by a dot. For the others, statistical errors ire indicated.

A smooth curve is drawn across ill points. Corrections to the cross sections ire given by two curves.

Note

:

See S. Bosco, B. Grossetate and ?. Quarati, Phys. Rev. l4l

,

31441 (1966)
for analysis of inelastic spectra. (continued

)
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EL EM. SYM.

H

METHOO

Page 2 of 2

REF. NO.

66 Gr 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

TYPE RANGE TYRE RANGE
ANGLE

26B .9 MW
130

"

d
2
<r

A^-apas

'•toiufion

219.9 M*v
130

*

1(J^ cm*

r**oit*ion

00 :50 I6C :70 180 ISO 20C 2!Q

'I
'

Pq
3 M*V

‘20 210 ICO U0 :20 :J0 >43 :50 t 60 l?Q ISO :S0 200

Fig. 4. Corrected spectra.

equations to obtain the right cross sections. The method same maimer. It is well known that the bremsstrahhing
used permitted us to know, in a satistactory way, the formula is very similar to the radiative-emission formula.
ctoss-sections corrected for radiative effects. The Thus the bremsstranlung correction can be calculated as

form NBS-4 ia
bremsstrahlung corrections have been calculated in the proportional to the radiative correction.
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Page 1 of 3

EL EM. SYM.

H

REF. NO.

66 Hu l JDM

REACTION RESULT
EXCITATION
ENERGY

SOURCE oetector

e,e/ FMF 0 - 70 U6-475 MAG-D DST

Range of q
3 is 1.5 - 7.5 F 3

.

(A)

Fig. 6. The square of the neutron’s charge form factor (G*.)’
and magnetic form factor Gv» as a function of f according to the
area method. For comparison this figure also shows the neutron
form factors found by Hughes a ji. from the peak method using
the simplest form of the Durand theory; nameiy a pure *5i
•Icutcron -nth no account taken of the final-state interaction.

At ri = 7.5 F-1 where the data of the nresent experiment is re-

stricted to 120® we have shown the value of (Gg.i* which cor-

responds to the value of G*» given by Hughes ri of. The error

bars mciuoe the statistical errors and a 4% uncertainty in the
atwolute eicctron-proton cross sections.

Table IT. The neutron form factors ^Gc.}* and Gir. as a func-
tion of f. The value of Gv« at <^-=*7.5 F~* is taken from Ref. 7.

The quantities Gr, and Gv. are aiso frequently called F.** and
respectively, where is the magnetic moment of the

neutron. The errors shown include the statistical errors in

and a 4% uncertainty in the absolute electron-proton cross

sections.

(F-») (C*.)» — (Cum/nG)

1.5 -0.163=0.021 0.968±0.102
2.5 -0.114i0.010 0.388i0.032
4.6 -0084=0.019 0.714±0.051
7.5 -0.024=0.057 (0.496i0.013)

0)1

(c)

Fig. 1. Examples of the measured momentum distribution of

electrons scattered elastically and inelasticaily from deuterium for

scattering angles in the range 45° to 135’ and for values of 1.5

F-1 . The full curves represent the expected variation of the

inelastic-cross-section calculated according to the formula given
by Durand. No corrections are included in the theory for the
eriects of the D-state component of the deuteron wave function,
the anal-state interaction, or meson-exchange currents. The ex-

perimental resolution function and the radiative corrections are
folded into the theoretical curves.

(continued)
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EL EM. SYM.

H

METHOD

Page 2 of 3

REF. NO.

66 Hu 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

(a)

(c)

(e)

(b)

(d)

Fig. 2. Examples of ihe measured momentum distnbution of
electrons scattered elastically and ineiasticaily from deuterium for
scattering angles in the range 45° to 135

3 and for values of ~
2.5

F”1
. The full carves represent the expected variation of the in-

eiastic-cross-section calculated according to the formula given by
Durand. No corrections are included in the theorv for the etfects
ot the Estate component of the deuteron wave function, the
Qnal-state interaction, or meson-exchange currents. The exDeri-
mental resolution functions and the radiative corrections are
toiaed into the theoretical curves.

form NBS-413
I (R £ V. 7*1 4*441

I
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(continued)
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METHOD

Page 3 of 3

REF. NO-

66 Hu i JDM

M fb)

(e) (<0

(e)

Fig. 3. Examples of the measured momentum distribution of

electrons scattered elastically and inelastically from deuterium

for scattering ingles in the range 45" to 135’ and for values of

g
3 = 4.6 FT The fuil curves represent the expected variation of

the inelastic-cross-section calculated according to the formula

given by Durand. No corrections are included in the theory for

the edicts of the D-state component of the deuteron wave func-

tion, the final-state interaction, or meson-exchange currents. The
experimental resolution function and the radiative corrections are

folded into the theoretical curves.

Fig. 4. The measured momentum distribution of electrons

scattered elastically and inelastically from deuterium at a scatter-

ing ingle of 120’ and for f = FT The full curve represents

the expected variation of the inelastic-cross-section calculated

according to the formula riven by Durand. No corrections are

included in the theory for the effects of the D-state component of

the deuteron-wave function, the final-state interaction, or meson-
exchange currents. The experimental resolution function and the

radiative corrections are folded into the theoretical curve.
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ELEJ4. SYM.

H

METHOO
Electron synchrotron, polarized y- ray beam using crystal
technique

.

REF. NO.

67 Ba 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G,N NOX 200-400 C 1 GEV TEL-D 90

Measured asymmetry parameter at 90 in the center-of-mass system.

Tablx I. Experimental results for the asymmetry function Z
at S«9Q* (c.nu proton angle) for various laboratory photon
energies 4, with the error for Z and 4. p gives the nolatnzation of
the linearly polarized t rays.

4 (MeV) P T* HZ hi (MeV)

235 0.29 0.276 ±0.033 24
255 0.25 0-530 ±0.090 19
200 0-57 0-228 =0.023 21
277 0-50 0.200 =0.070 22
310 0-50 0.550 =0.040 1

*

330 0-54 0.275 =0.045 19
330 0.22 0.370 ±0.090 22
404 027 0-340 =0.110 -7

rORM N8S-458
mcv. 7. i 4-«ai
use omm*oc asoio.sea
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H

METHOD
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REF. NO.

67 Ko 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TV PI RANGE TYPE RANGE

G,P ABX 100- 420 C 500 TEL-D 50-250 DST

Tabular data given. N IN CO INC
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REACTION RESULT EXCITATION
ENERGY
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ANGLE

TYPE RANGE TYPE RANGE
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EL EM. SYM.

METHOD

Linac

REF. NO.

67 Ra 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE NANCE TYPE RANGE

E,E/ ABX 0-8 D 250-370 MAG-D 180

^0
(MeV)

7*

(F~ 2
) <r/vj

dtjj/d6

[10
34 cm2 sr

-1
(MeV/c)

-1
]

ffel

(10
-18 cm2/sr)

250 5.07 1.08 *0.07 50.4 83*9
275 5.01 1.25* 0.08 25.9 56*7
300 7.01 1.20* 0.35 13.4 ...

325 8.06 1.38*0.12 6.36 24.5*2.6

350 9.17 1.62* 0.18 3.49 13.9*2.4

370 10.09 2.17*0.20 2.01 6.9* 1.4

-

Z
9 i

1 1 . r 1
1 1 1 1

| 1 —
|

lot-

U, M
5

l
2

PETERSON
.
8AP8ER

GOlQCMSERG
, SO14£Pf

YEARIAN.HUGHE3
KCNQAU. tl 01-

THIS EXPERIMENT

j

5

i

, T T I

. i

la)

j i_

FIG. 1. Differential cross section for 325-MeV elec-
trons scattered at 180* from the deuteron. The modi-
fied Jankus (see text) calculations for the separate 1S,
3S, and l > 0 final stales are shown with experimental
resolution and radiation effects folded in. These cross
sections and the folded elastic peak are normalized to

the data..

<01- PREDICTED RATIO WITH MESON EXCHANGE (AOCER)
3 GOL£EM8£P<j, SCHAERP
* GROSSETETE jj
« 3ENAKSAS U a- /

PREDMAN u ji. _ /
/ T

/
i r

' anh-
3UCHANA* • THIS EXPERIMENT

/

-
'
/T ?

1

k 1

- T Z V>^'
10-

3 _ —

o a

q
!

,
(FERMlf*

FIG 2. (a) Inelastic (mainly .Wl) e-D experimental
cross section normalized to the modified Jankus theo-
ry isee text) using 0.42-F hard core3 in initial and fi-

nal states, (b) Magnetic elastic e-D experimental
cross sections normalized to the Partovi-model predic-
tions. Also shown is the calculation of Adler and Dreil
including the pit exchange current.
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ELEM. SYM.

METHOO

Page 1 of 2
67 Tu 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N.G ABX 9 D 14 TEL-D 5-9 0

(9.4)

d = 30.6 ± l .8 p.b
cap

do
oh

= a + (b + d cos0 ) sin29

Deuteron detected in forward direction.
Angular distribution of y-rays determined
from energy distribution of deuterons.

Isotropy Ratio a/b = 0.08 ± 0.06

Asymmetry Parameter 7 = 0,12 ± 0.09
b

Fig. 4. The measured energy distributions of deuterons from the H(n, d)y reaction with the resuits

of fitting the theoretical expression to the experimental points. The dashed curve is the theoretical

differential cross section. The solid curve represents the theoretical distribution folded with the

detector response curve Isee the text).

4

'1

i

[i

«s

c

I

(continued)

w o NM N8S-A13
(R E V . 7-1 4-441
USC3MM.QC 26010-044 PH0T0NUCLEAR DATA SHEET 1 31

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU O * ST ANOARQ3



5C F.

J. Tudoric-Ghemo
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ELE*. SYM.

H

methoo REF. NO.

Page 2 of 2 67 Tu l JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

u

u

u

o DONNACHIE theor’12*)

• BARNES et al.

a WHESTONE et at.

• Present value

J
)

» 5
PHOTON ENERGY (MeV)

20

R«. J. The theoretical reeutu of DoonachU end the tout photodtsimegmion cro« section mournsmenu compared to the present value.
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Nucl . Phys. (USSR) 701 (1967)
. J. Nucl. Phys. jj, 497 (1967) H

REF. NO.

2 1

67 Tu 2 HMG

EXCITATION SOURCE DETECTOR
ANGLEREACTION RESULT ENERGY TYPE PANOE TYPE RANGE

G,P NOX 9 D 9 EMU DST

(3.719)

(3.721)

do

dn
a( 1+p^ ' cos6) + bsin2 3( l+3

2
1 cos9)

9°m h-
Number
of traclu

a/b

15 L± 5 468 0.083±0.032
15 L± 10 631 0.099±0.019
30 L± 5 818 0.096±0.030
30 L± 10 1189 0.112±0.016
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EL EM. STM.

H

REF. NO.

68 Bu 2 EGF

REACTION RESULT
EXCITATION
ENERGY

SOURCE
~ oetector

ANGLE
type range type range

G,P ABX 140-400 C 400 MAG-D 50-200 DST

A rt- / uhl 1

50 ^ • ORSAY
~ n BONN

-777 = a + b cos 9 + c cos^Q + d cos^0
dii 40 -

30-

20

10

•§

100 200 300 400

FI*. 3. Total cross section as a function of y energy.

The errors do not Include a * 4% absolute error

.

Table 1

Measured center of mass differential cross sections ^ib/sr)

30° 53° 70° 90° 110° 130°

100

140

180

220

255

280

320

360

400

Table 2

Results of the fit using formula (1) (flb/sr) and corresponding values for the total cross section (jib)

Ey a 4 c d
<>r

140 3.78 * 0.06 1.55 * 0.19 -0.94 * 0.14 -0.75 * 0.35 41.5 ± 1

180 3.98 * 0.06 1.62 t 02 -0.973 * 0.1S -0.796 ± 0.36 43.9 * 0.8

220 4.61 * 0.07 1.36 ± 023 -1.37 * 0.17 -0.54 * 0.41 49.3 * 1.4

255 4.82 * 0.075 1.07 * 024 -1.38 ± 0.18 -0.32 * 0.43 51.9 ± 1.4

280 4.70 * 0.073 0.857 ± 024 . -1.38 ± 0.18 -0.15 * 0.42 50.4 ± 1.4

320 3.55 ± 0.056 0.56 ± 0.18 -1.15 i 0.13 -0.05 * 0.32 38.6 ± 1.1

360 2.33 ± 0.04 0-33 * 0.11 -0.36 ± 0.09 -0.035 * 021 23.9 * 0.7

400 1.44 ± 0.02 0325 ± 0.07 -0.49 i 0.05 -0.015 * 0.13 15.0 * 0.4

5.42 * 0.135

4.00 * 0.1 4.32 ± 0.11

423 * 0.105 4.45 ± 0.11

4.56 ± 0.114 4.35 ± 0.121

4.64 ± 0.116 5.06 * 0.128

4.44 * 0.11 4.83 ± 0.12

3.42 * 0.085 3.62 * 0.091

2.04 * 0.05 2.32 * 0.058

1.34 * 0.033 1.46 * 0.036

3.91 * 0.098 3.48 * 0.08 7

4.17 ± 0.10 3.57 ± 0.089

4.82 * 0.12 4.19 ± 0.105

4.84 * 0.12 4.49 * 0.11

4.75 * 0.12 4.36 ± 0.11

3.77 * 0.094 3.42 ± 0.085

2.37 * 0.059 2.15 * 0.054

1.45 * 0.036 1 24 ± 0.033

2.86 ± 0.071 2.41 ± 0.06

2.99 ± 0.075 2.53 ± 0.063

3.54 ± 0.088 2.99 ± 0.075

323 ± 0.096 329 i 0.082

3.80 t 0.095 324 ± 0.081

2.86 * 0.071 2.47 * 0.061

1.32 * 0.045 1.53 * 0.038

1.08 ± 0.03 0.94 ± 0.03

FOAM NSS-418
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ELEM. SYM.

METHOO REF. NO.

68 Ka 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E ,£./ ABX 2-4 D 38-90 MAG 30-90 155

q .35 - .84 fm
-L

FLg. 1 . The elastic peaks and the inelastic cross section
obtained at a scattering angle 01 1550 and Incident elec-
tron energies of 38, 70 and 90 MeV. The curve through
the points in the inelastic region is the theoretical pre-
diction with the experimental resolution taken into ac-

count.
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EL EM. SYM.

REF. NO.

68 Sm 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

GjP ABX 100-320 C 210-330 TEL-D 60- 180 DST

Figure 1. Apparent cross section measured at 40® to the beam for five different

bremsstrahiung end-point energies.

FORM N8S-418
1R CV. 7-1 4-S4I
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Figure 3. Total cross section. Results:

O of present experiment; A Keck and
Tollcstrup 19S6; A Kose et al. 1967.

Predictions: Donnachie and
O'Donnell 1964; Le Bellac et al.

1964; — Wilson 1956; Pearlstein

and Klein 1960.
] 36

Figure 4. Variation of the isotropy ratio

with energy. Results: O of present ex-

periments; A Keck and Toilestrup 1956;
A Kose et al. 1967. Predictions: ——
Donnachie and O’Donnell 1964;

Pearlstein and Klein 1960.
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METHOO

EL EM. SYM. A

H

REF. NO.

2

z

1

69 An 1 hmg

REACTION RESULT EXCITATION
energy

SOURCE OETECTOR
ANGLE

TYPE RANCC TYPE RANGE

G.P ABX THR-342 C 222-342 MAG-D DST

.

»• Z22 RNV 1*254 MiV

S

fData taken to test time- reversal invariance in 1 ,

electromagnetic interactions of hadrons.
.jj ?

1

®CH

FIG. 2. The c.m. differential cross sections for four

photon energies. The solid lines are a least-squares

polynomial fit to our data (solid squares) and the four

sets of least-squares coefficients are given In Table I.

Open triangles, Bonn data at 220, 260, 300, and 340

MeV. Cpen squares, Orsay data at 220, 2S5, 302, and
342 MeV. The cross sections at the two last energies
were determined by interpolating between the mea-
sured values. Typical errors are shown for each ener-

gy. The angle plotted is the angle of the recoil proton.

Table L Coefficients of the polynomial trta .*

2
k

MeV

It *0

ub/ar.
‘1

ub/ar.

*2

Lib/ar.

*3
ub/ar.

*4

ub/ar.
*3

ub/ar.
*T
ub

X/Deg.of
Fraadoa

222 3 3.04 £ .02 1.26 t .03 -I.23 £ .04 -.70 t .04 — 58.2 £ .J .312

232 4 3.03 t .03 1.27 t .05 • 1.03 t .13 -.73 t .04 -.23 £ .14 — 58.2 £ .3 .510

111 s 3.03 t .03 1.16 t .0* • 1.0* t .15 -.19 £ .08 -.37 £ .14 -.50 £ .36 33.2 t .4 .773

23* 3 3.32 £ .03 1.03 *r»04* -1.33 t .04 -.47 £ .04 — 61.9 t .3 .960

23* 4 3.34 t .03 1.02 £ .03 •1.07 t .13 -.44 £ .04 -.30 * .16 — 61.9 i .a .723

2SA 3 5.341 .03 .32 £ .10 -1.07 * .33 -.02 £ .40 • *J3 £ .16 -.42 £ .36 61.9 £ .3 .673

302 3 4.3* t .02 .76 t .04 * .73 .04 -.26 £ .04 — — 51.3 * .0 6.35

303 4 4.33 i .03 .44 £ .04 •2.04 £ .33 -.42 £ .04 3.26 £ .16 — 51.3 t .4 .944

302 3 4.33 t .03 .73 £ .10 -2.13 *
.36 -.13 £ .39 1.37 £ .17 -.33 £ .3* 51.3 £ .9 ' .637

3A2 3. 3.0* £ .03 .33 t .04 - .44 £ .04 • .007

1

.044 — — 33.6 .0 7.13 .

3A3 r . 4 3. 13 £ .03 .41 * .04 -1.32 £ .13 -.14 £ .07 1.07 £ .14 — 33.7 £ .7 1.32

3A3 3- 3.13 £ .03 .44 £ .OS •1.33 £ .32 -.33 £ .33 1.04 £ .14 .17 £ .23 33.7 £ .7 •'3.34.

*ln addition to the quoted errors there 1a an overall normalization uncertainty olTi.
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ELtM. SrM.

J. P. Didelez, H. Langevin- Joliot
,
G. Duhamel, L. Marcus and

P. Narboni
Nucl. Phys. A139 . 69 (1969)

H

REF. NO.

69 Di 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

|TYPE RANGE TYPE range

P,G ABX 77 D 156 MAG-D DST i

1

QUASI- FREE

N

Fit. 4. (a) Distribution angulaire de la capture radiative dans le centre dc masse p-n. Les courbcs
toot ua tried destind a facUitcr la comprehension. Co) Distribution anguiaire thborique. 1) Donnachie
tt aL (oourbe moyenne sur diffirentes solutions avee 6 % d'etat D), 2) Le Beilec tt aL (Bom-reiativi-
ste), 3) Le Beilme U aL (Ddphesage), 4) Partovi, 5) Born non relativists 0 % d'etat D, 6) Born oca

relativiste 3 % d’faat D. ion

(continued

)
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Tableau 1

Sections cflicaccs diffdrentidies dans lc laboratoiro ct dans )« c.m- dc la r&iction D(p,y)P„ D 4

156 MeV

8
r(lab) <drr/d£)u.

Cub)

0
7
(c.m.) (do/dQ).^

Cub)

.15* 1.23 ±0.04 45.43 0.81 ±0.02

45* 1.34 ±0.04 57.61 0.94 ±0.02

60* 1.3 5 ±0.04 74.94 1.08 ±0.03

105* 0-51x0.03 119.95 0.63 ±0.03

AWrset: The radiative capture of 156 MeV protons by neutrons has been investigated using liquid

deuterium as a “quasi-free” neutron target. The angular and momentum distributions of

deuterons measured in coincidence with the emitted y-ray are in agreement with the distribu-

tions calculated in the impulse approximation. Photon differential cross sections are given for

four angles and are found to be reduced by a factor 0.85 ±0.20 from the values inferred from

photodisintegration data. Experimental cross sections are compared with theoretical predic-

tions for free capture.
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REF.

R. Rose, B. Martin, R. Runkel, H. Wahlen anri K.

Z. Physik 220, 305 ( 1969 )

METHOD

H, Rissler
ELEM. SYM.

REF. NO.

I

69 Ko 1 egf
i

i

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE type range

$G,P NOX 482-405 C 500 TEL-D 280-420 DST

(60,80)

K(MeV]

Fig. Polarization of the proton at 60° lab. and 30° lab. as a function of photon
energy

PROTON POLARIZATION

Table 5

®

?

Lb K
[MeV]

tfFc.w e- 100 A • 100 P 100

60° :s: ± ;o 73.9° - 6.35 ±2.3 40.3 -
1 5.6 4-5.6

60° 342 ± 23 75.3° -15.0 ±3.0 57.2 -26.2+5.2
60° 405 ±30 76.7° -35.4 ±3.3 69.2 -51.2+4.8
30° 385 ± 30 98.2° -14.4 ±3.2 54.2 -26.6+ 5.9— •

FORM N 3S-418
(REV. 7-1 *-«A>
ukomm.oc aaoio-pe*
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NATIONAL auREAUOF 3TANOAROS

PHOTONUCLEAR DATA SHEET 14 Q



1

REF.

D. I. Sober, D. G. Cassel, A. J. Sadoff, K, W. Chen

and P. A. Crean

Phys. Rev. Letters 22, 430 (1969)

EL EM. SYM.

H

REF. NO.

69 So l hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

G,N ABX 230-330 350.450 SPK-D DST

Data taken to test time- reversal invariance

in electromagnetic interactions of hadrons.

FIG. 2. UM«) y + d ~ * +p angular distribution*

versus at various Incident energies. The cir-

cles represent data taken at 350-MeV synchrotron en-

ergy, the squares 450-MeV. The solid curve is a fit

with the form do/dQ*A t B co«9C-m> + c coe8c .m.. The
dashed curve Is a fit including the term ^cos^c>m ,.

(f), (g) Normalization- Independent ratios 3/A and

—C/A versus photon energy for least-squares fits

with the form dfl/dQ = A + flcos«C-m< tCcos! 9Cilni .

The Boon and Oraay points are fits to the data of Refs.

4 and 5, respectively. The errors Include the con e-

latinos between coefficients.

Table I. Cross sections and angular distribution coefficients for y *d — n *p. The errors listed are statistical

only. Additional systematic errors totaled a maximum of 5.4%.

Photon
3aergy
(MeV)

Z
ZOt
s.a.

(MeV)

(SJ (ub/ster)
c .a.

Laboratory Angle, 0 T Ooef-flcienta at Least Square Pita^

27.3° '*7.*° •55.2° 90 . 0
3* H0.23 0a

170.0 A 3 r 3/A c/a

230 -

250
2102

3- “5
±.30

6.59
±.22

6.22
±.20

5.60
±.20

4.12
±.12

3.39
±.09

6.03
2.10

1.41
±.14

-1.36
=.26

.234

2.023
-.309
i.039

2^0 -

270
2120

5-33
±.31

6.33
±.24

6-33
±.21

5.38
±.12

4.33
±.13

4.12
±.C9

6.25
2.11

1.23
±.15

-1.96

±.27
• 197

±.023
-•313
i.039

270 -

290
2137

5.32
±.31

6.05
±.26

6.05
±.22

5.38
±•13

4.53
i-13

4.12
±.10

5-79
±.12

1.13
i.15

-1.37
±.28

•193
2.026

-.237
±.044

290 -

310
2155 5 . Oh

±.31
5.60
±.25

5-45
±.22

5.19
i.13

4.26
±.14

3-79
2.10

5.48
2.12

0.91
i.15

- 1.61
±.28

.167

±.027
-.293
±.046

310 -

330
2172

4.4l
±.30

h. 93
±.26

h. 71*

±.22
4.30
±.13

3.61
i.13

3.21
2.10

4.65
2.12

0.90
2.15

-1.20

±.26
•193

2.031
-.257
•±.052

1
Combined cross sections measured at 350- and 450-MeV synchrotron energy. Other angles were measured at

350 tfeit only...-
3Assuming (dd/dQ)c m _

*A + B cos$ c>nli -C The errors in 3/A and C/A Include correlations between
coefflotetas. . iii
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bef. d. Harder, R. Mehling, A. C. England

Phys. Lett. 32B , 610 (1970)

EL EM. SYM.

H

REF. NO.

70 Ha 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,N ABX 5- 18 D 5- 18 3F3-I 4PI

Fig. 3. Cross section of the D(e,e'n)H process. Full
curves: theory of Guth and Mullin [4], evaluated for

deuterium. Open circles: present experiment. -

E. Guth and C. J. Mullin,
Phys. Rev. 76, 234 (1949)

- o pm N3S-4 18
(REV. 7- » 4-64)
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A. Ito, R. Loe, E. C. Loh, A. Ramanauskas, D. Ritchie, W. Schmidt
Phys. Rev. Letters 2A, 687 (1970)

REF. EL EM. SYM. A 2

REF. NO.

70 It 1 hmg

REACTION RESUL T EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE MANSE TY®£ RANGE

G.PI+ RLX 600-999 C 600-999 SPK-I 4PI

(600- 1700) (600- 1700)

G,PI- RLX 600-999 C 600-999 SPK-I 4PI

(600- 1700) (600-1700)

Detected pions. R = Y(d,2P)/Y(d,2N) 999=1700 MEV

Center of Mote Cneryy W in M«v

FIG. 2. Ia) Ratio ofy -d ~-x~pp)/a (y *d — as a function of incident photon energy, fb) Ratio of ReAy to Rsaj
as a function of incident photon energy.

Table L Ratio R = <r(yW— r~pp) /aty * d— r'nn) as a function of incident photon energy together with various cor-
rections.

T

aead ti me
correct! on

rr

deanspoc
sn 1 ft

co rrecti on

ir

nuc 1 ear
absoro ti on
correct! in

If"

deadt i me
carrecti on

t"
oeamsoot
s n i f t

oorrectl on

nucl ear
aasorp ti on
correct! on

P- J(rd— ’jo)

3(Yd-r*nn)
9il

Combi ned
stati sti cal

and
g.systenati

c

error! i )

$00 1.045 0.981 1 . 1 S3 ( t0 .

0

1 6 ) 1.058 1 .019 1.175(10.019) 1.1710.11 9.5

700 1 .043 0.983 1.154(i0.316) 1 .052 1.014 1.175(10.019) 1.2410.13 10.4

800 1.039 0.989 1 .156(20.016) 1 .047 1.011 1.131 ( 10.020) 0.3510.09 10.4

900 1.034 0.992 1.171(10.018) 1.032 1.009 1.201 (10.022) 0.7810.03 9.7

1000 1 .030 0.993 1 . 1 90( 10.020) 1.027 1 .007 1 .220(10.023) 0.5410.07 11.0

1100 1 .026 0.99S 1.197(i0.022) 1.025 1.006 1.222(10.023) 0.56i0.07 12.1

1200 1 .021 0.995 1 . 1 95(:0.022) 1 .020 1.005 1.203(i0.022) 0.7310.09 11.7

1300 1.021 0.996 1.1 93(10.022; 1.023 1 .004 1.199(i0.022) OOO 11.1

1400 1.019 0.997 1 . 1 93(10.022) 1 .017 1.003 1.202£i0.022) 0.96i0.10 10.2

1 $50 1.016 0.993 1.212(i0.023) 1.013 1.002 1.207(10.022) l.OliO.ll 10.9

1700 1.009 0.993 1.213(10.023) 1.010 1 .002 1.207(10.022) 1.09i0.12 11.4
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Rer G. Ricco, T. £. Drake, L. Kacz, and H. S. Caplan
Phys. Rev. C 1, 391 (1970)

EL EX. SYM.

|

70 Ri 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
angle

type RANGE TYPE RANGE

£,E/ ABX 0-4 D 38-90 MA.G-D 34-90 DST

( 125 , 140 -

155)

The eicctrodiaintcgraiion o( ihc dcutcron near threshold has been investigated by inelastic electron scat-

tering at momentum transfers q
— 0.55 F* 1 and ij— 0.66 F-* ind scattering angles 0 • 125*, 140*, and 155*.

The longituciftai and transverse matrix eiements to the ilnai l 5« and *5i slates have been compared with the

Jankus-Durand theory using repulsive-core wave functions. The repuisive-core parameter, corresponuing to

a radius o f about 0.2 F, has been adjusted to lit the elastic deuteron form factors up to q - 6 F“*. The com-
puted inelastic cross sections give a statisfaciory description of the existing data in the whole momentum-
transfer range experiraentaily investigated; i0_15 F-1).

Ftc. 2. The elastic peaks and
the inelastic aitTcrential form
factors obtained at ?«0.u4 F" 1

and 66 F-1 and 125’, 140*,

155*. Tae curve tbrougn the points
in the inelastic region is the
theoretical prediction with the
exoerimentu resolution taxea Into
account.

(continued)
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Fic. 3. Angular distribution of the electrons ineiastically scattered
at <j

= 0.66 F-1 and excitation energy E

Fic. 4. Longitudinal and transverse

differential inelastic form factors at

7= 0 33 F" 1 and <7 = 0.66 F~'. The shaded
area represents the uncertainty on the
measured form factors, the solid curve is

the theoretical prediction.

Fic. 3. Longitudinal .1 <<r> i,» l transverse 3 V) e “
deuteron form factors. The curves have been calculated

^
Hullhen repulsive-core wave functions with the paraniete

Table II , A, = 6.0^1. Stanford data: Reis. 13-21- 0«ay >iaU.

Rets. 17 md 22. ^IXT tititu Ref. -j-

146

II

m
m
w

p

p

i

i

p

p



REF. P. E. Scheffler and P. L. Walden
Phys. Rev. Letters 24

,
952 (1970)

EL EM. SYM.

70 Sc 2 hmg

REACTION result excitation
ENERGY

SOURCE OETECTOR
angle

TYP£ RAN G£ TYPE RANGE

G.P1- ABX 600-999 C 6C0-999 MAG-D DST

(600- 1250) (600- 1250)
..

TIG. L. Angular distributions for t" photoproduction

from deuterium. The solid lines are Moravcsik fits to

the data.

999=1.2 GEV. PI PET

TIG. 2. t" photoproduction cross sectioas as a func-
tion of energy, (a) Total cross section, fb) 9,-0* c.m.
cross section.

- 1 xT'h

3 3h
U \!

- or
u
**
Cf)
to i

I 2 l

0L

1 As—

i

s
v;£lu ,Nr "s *

L

w*i5ia - i656

oCO 6C0 iCOO £00
LA3 =H0T0N ENERGY VeV)

FIG. 3. Energy dependence of the differential cross
section at 45’ for t" and t’ photoproduction from deu-
terium.
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REF - Y. M. Shin, J. A. Rawlins, W. Buss, A. 0. Evwaraye
Nucl. Phys. A154 . 422 (1970)

ELEV. SYM. A

H

REFyNO.

i 70 Sh 3 egf

REACTION ResuuT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N NOX 10-95 C 125 TOF-D 5-45. DST

o

*Aj/A0

Fig. 5. Coefficients of Legendre polynomials. The solid curve is the prediction ofPartovi’s calculation

in his approximation [. The experimental values are shown as follows: crosses for the present work;

solid curves for Weissman and Sehulta: solid squares for Alexandrov cl air, open ctrelcs for Galey;

open triangles for Allen. Jr.; solid triangles for Whalin cl air open squares for SVhestonc and Halpern;

cross and circies for our S3 MeV data.

(continued)
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Fig. 7. Comparison of angular distributions at 10, 10, and 30 McV. Symbols U'cJ are the same as

in fig. J. The upward arrow in b indicates normalisation of 111* point. Downward arrows in the

figure indicate the normalization point of the result of the Yale group.
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rep, D. F. Bartlett, C. E. Friedberg., P. E. Goldhagen, K- Goulianoa
Fhys. Rev. Letters _27_, 881 (1971 )

EL EM. SYM.

H

methoo REF. NO.

71 Ba 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N,G dst 239-378 D 475-750 SPK-I DST

Table. Center-of-mass angular distribution is
given by A3 + A\ Pi (cosQ) + ^ % (cos©) where A3 = 1 .

D AND G COINC

T.

(MeV) •Aj S/y

475 0.14 ±0.02 -0.30 ±0.04 8.2/6

560 0.09 ±0.02 -0.17 ±0.03 4.9/6

625 0.15 ±0.03 -0-22 ±0.04 3.6/6

750 0.21 ±0.03 -0.17 ±0.04 4.5/6

The angular distribution for the reaction n *p — d +y has been measured at neutron en-

ergies of 475, 560, 625, and 750 MeV. Results based on 31 000 events at nine scatter-

ing angles are reported and compared with existing data for the invorse roactlon, y+d
—n+p. The angular distributions are found to agree, as predicted by time-reversal

Invariance.

FIG. 3. Angular dlstributlans for * +p~d+y.
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REF T. Fujii, H. Okuno, S. Orito, H. Sasaki, T. Nozaki, F. Takasaki,
K. Takikawa, K. Amako, I. £ndo, K. Yoshida, M. Higuchi, M. Sato

Phys. Rev. Letters 26, 1672 (1971)

£ 1. EM. SVM.

H

j

REF. NO.

j

71 Fu 3 hmg

REACTION RESUL T EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE R AN <56 TYPE RANGE

G,PL+ ABX 200-999 c 200-999 MAG-D ISO

G,PI- ABX 200-999 C 200-999 MAG-D 130

r!G. 1. IXiferestiai cross sections at 130* as func-

tions of poo ton energy (a) for y-p — t* and (b) for

y +*— •’'?• The solid curves are the resonance-

model fits. The dashed line in (a) is a result of the

multichannel analysis for a cusp effect. The dashed

line in (b) Is calculated with the amplitudes of Walker's

analysis.

999 = 1.2 GEV

sections, (aj C..aa 0*)/o,.a 80 *); (b) closed circles
for <r T. v07/<7t.

<

130*5 and open circles for j.-iO *)/<j«-
*(130*).
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B.L. Schrock, R.P. Haddock, J.A. Helland, M.J. Longo, S.S, Wilson,
K*K. Young, D. Cheng, V. Perez- Mendez

Phys, Rev. Letters 26, 1659 (1971)

EL EM. SYM.

j

REP. NO.

i
71 Sc 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE .TYPE RANGE

N,G NOX 300-720 D 300-720 SPK-D 100-500 DST

!

TIME- REVERSAL TEST

HG. 2. Angular distributions forn -p — y -d as a function of 3in *, the c.jd. scattering angle of the deuteron
relative to the neutron. The solid curve is a second-degree at in Legendre polynomials to our data for which the

X
: per degree of freedom is indicated. The dashed curve is a similar fit to the data of Bartlett et of., Ref. 12.
For the y + d— n *p experiments, see Refs. 4-6.

‘3. L. Schrock et at., in High-Energy Physics and

Huclear Structure, edited by S. Devons (Plenum, New
York. 1970), pp. 727-738. This preliminary result

based on =15% of the data indicated a discrepancy cf

=3cr between it *p — y *d. Subsequent analysis of the

entire data sample allowed a more detailed investiga-

tion of systematic errors in the determination of T„

.

Removal of these systematic errors in the 15% sample
reduced the discrepancy to =lc.

S
D. I. Sober. D. G. Cassel. A. J. Sadoff. X. W. Chen.

. and P. A. Crean. Phys. Rev. Lett. 22, 430 (1969).

*J. Buon, V. Graceo, J. Lefrancois, P. Lehmann.
B. Merkel, and ?h. Roy. Phys. Lett. 26B , 595 Q968).
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K. Tietze, H. Reich and J» 0. Trier
Z. Phvsik 242. 328 (1971)

EL EM- SYM. A

H

REF. NO.

71 Ti 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 20-35 C 60 TEL-D 9-16 90

Fig. I. Differentieller Wirkungsqucrschnitt der Photospaltung dcs Dcuterons unter

d0' iin Laborsystem: E.. Ptiotonencnergie. Die ausgezogene Linie ist eine Ausgleichs-

kur%e durch die eigenen McQwerte, die geslrichelte eine durch die MeOwerte von

NVeissman 7

n
Weissman, B: Dissertation, Yale University, 1969;

New Haven, Connecticut 06520
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REF. EL EM. SYM.

B. Weissman and H. L. Schultz
Nucl. Fhys. A174 , 129 (1971)

REF. NO.

Page 1 of 3
71 We 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , P A3X 25-55 C 60 SCD-D dst

T«*t

c
? 20 -

90

« .

.

•"“n'f. .. ... 20

f*v>

w

129*

J.
1
IK,

20 *0 JO *0 JO *0 50 *0

PHOton £n«f97 (M«V)

7 Hr
1

150*

«
, ...

iiIi‘H.>i-i4.i|-,
l

jI

ii, .i||.
' '

•
* ‘ k* *1

"
l

30 *0 30 40

Pboioo Energy ( M t V )

Fig. 3. Differential cross sections (c.m.) versus photon energy (lab).

0
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H

b/tt

Page 2 of~3

1i 4

Fig. S. Total cross section cr,
(=> 4nA 0 ) and Legendre coefficients /t,, A,, A j as functions of photon

energy. Solid circles, present results. Error bars do not reflect a = 3 *' uncertainty affecting ail cross

sections equally. Open circles, cr, values of Allen (after 9 ’/, increase!. Curves, theoretical prediction

based on Pirtovfs calculation.

Photon £n«r<Jy (V«V)

Fig. 6. Legendre coefficients divided by .-to- Solid circles, present results. Curves, theoretical

predictions.

(continued)
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EL EM. SYM. A

H

METHOD

Page 3 of 3

REF. NO.

71 We 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

h* • 27 M«V hi. * 43 u«

V

Fig. •*. Anguur distributions. Solid circles, present results. Error burs do not include s = 3 *

.

uncertainty jlTecting all points cituuily. Open circles, results of Allen tuftcr 4 . increase). Crosses,

results of G jley. Open triangles, results of Aleksandrov rr a/. Solid inserted triangle, sross section

obtained by extrapolation of 60* differential cross section sersus energy curse in lig. Dotted

curves, analytical fits to present results. Solid curses, theoretical predictions from Partosi's calcula-

tion (see text).
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EL CM. SYM.

MCTHOO

72 Ar 14 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TVPf RANGE TYPE RANGE

G,HAD ABX 265-999 D 265-999 TEL-I 4PI

999=4.215 GEV
Abstract: The total cross section for photoproductioa of hadrons on the deuteron, has

been measured for photon energies in the range 0.265-4.215 GeV. From this, using re-

suits for the proton total cross section, obtained previously with the same apparatus,

the neutron total ctoss section has been determined in the resonance region. The reso-

nant structure is found to be quite different from that for the proton. Thereafter the

neutron cross section falls off steadily with energy, and the values obtained are consis-

tently lower than those for the proton. Forward scattering amplitudes have been evalu-

ated for the deuteron.

TOTAL CENTRE OF MASS ENERGY IN GeV.
1.0 1.5 2.0 25 3.0

(continued)
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Table 1

Total cross section results for deuteron o-jA

p(GeV) Gib) Aojd (ub) n(G«V) a-j-
d
Gab) (Mb) ^(GeV) a-j-

d (ub) Acjd Gab)

0.265 752.4 8.9 1.590 303.8 7.0 2.915 254.4 7.6

0.290 853.7 9.6 1.615 287.6 6.9 2.940 265.9 7.5

0.215 904.2 10.1 1.640 276.3 6.7 2.965 258.9 7.5

0.340 895.7 10.2 1.665 285.1 6.8 2.990 253.2 7.6

0.365 776.0 10.1 1.690 273.1 6.6 3.015 259.4 9.1

0.390 676.2 9.8 1.715 290.7 6.8 3.040 265.6 9.2

0.415 566.8 9.2 1.740 274.0 6.9 3.065 254.7 9.2

0.440 509.0 8.8 1.765 287.8 8.2 3.090 270.3 9.3

0.465 428.8 8.6 1.790 286.3 8.3 3.115 248.9 8.9

0.490 421.9 8.6 1.315 302.2 8.4 3.140 239.3 8.9

0.515 375.7 8.2 1.840 275.5 8.4 3.165 257.2 9.3

0.540 354.5 8.1 1.365 272.0 3.4 3.190 265.2 9.5

0.565 404.1 6.6 1.390 275.1 8.5 3.215 249.5 9.3

0.590 419.4 6.6 1.915 268.7 8.3 3.240 257.2 9.3

0.615 4 29.4 6.7 1.940 291.4 8.6 3.265 240.5 9.6

0.640 458.1 7.0 1.965 236.2 8.4 3.290 284.1 10.0

0.665 473.3 7.2 1.990 268.7 8.6 3.315 264.8 9.4

0.690 494.7 7.5 2.015 283.6 8.3 3.340 239.7 9.2

0.715 469.6 7.6 2.040 263.7 8.7 3.365 255.7 9.6

0.740 496.0 7.7 2.065 249.4 10.8 3.390 226.6 9.2

0.765 458.4 7.7 2.090 288.5 11.0 3.415 242.7 9.7

0.790 447.0 7.8 2.115 264.0 10.7 3.440 230.5 9.3

0.815 432.4 7.8 2.140 264.0 10.6 3.465 240.8 9.6

0.840 402.2 7.8 2.165 268.8 10.8 3.490 252.9 9.9

0.865 390.7 7.7 2.190 267.7 11.1 3-515 248.7 9.8

Table 1 (Continued)

* (GeV) 9j
d
(Mb) Ao-j-

d
(Mb) v (GeV) Ojd (Mb) •iOjd (ub) MGeV) <7j

d (ub) Aojd
(Mb!

0.890 378.9 7.5 2.215 246.9 10.9 3.540 242.4 9.6

0.915 355.8 7.6 2.240 275.7 11.6 3.565 252.8 10.0

0.940 340.0 7.5 2.265 263.7 11.2 3.590 263.3 10.5

0.965 359.9 7.6 2.290 265.3 1 1.8 3.615 235.8 10.1

0.990 358.6 7.7 2.315 256.6 11.5 3.640 231.7 9.6

1.015 354.7 7.9 2.340 251.1 12.0 3.665 245.5 10.1

1.040 346.6 7.9 2.365 254.8 11.6 3.690 244.5 10.2

1.065 342.9 8.0 2.390 264.7 11.5 3.715 228.2 10.1

1.090 336.1 8.1 2.415 260.9 11.6 3.740 246.9 9.9

1.1 15 323.9 7.9 2.440 266.1 11.8 3.765 247.3 10.5

1.140 306.7 7.7 2.465 272.8 11.3 3.790 242.2 10.1

1.165 302.4 7.9 2.490 244.7 11.3 3.815 258.8 10.5

1.190 291.0 8.0 2.515 234.1 12.3 3.340 231.8 9.8

1.215 287.5 8.2 2.540 269.3 11.7 3.865 240.4 10.4

1.240 291.5 8.0 2.565 247.4 12.2 3.890 257.3 10.6

1.265 286.7 8.1 2.590 267.8 11.7 3.915 246.2 10.1

1.290 294.2 8.3 2.615 233.6 1 1.6 3.940 213.5 10.1

1.315 279.4 8.2 2.640 274.4 11.7 3.965 259.5 10.7

1.340 299.1 3.6 2.665 239.1 11.9 3.990 260.6 11.0

1.365 237.0 3.4 2.690 235.1 12.2 4.015 234.3 10.5

1.390 293.3 8.3 2.715 252.9 12.1 4.040 222.3 10.2

1.415 275.4 8.4 2.740 232.3 12.9 4.065 238.2 1 1.0

1.440 279.5 8.4 2.765 276.0 7.7 4.090 232.2 10.9

1.465 275.7 3.7 2.790 266.4 7.5 4.115 237.0 11.2

1.490 289.3 9.0 2.315 255.0 7.1 4.140 207.1 10.6

1.515 291.2 6.7 2.840 256.6 7.5 4.165 233.4 10.9

1.540 230.6 6.6 2.365 263.1 7.2 4.190 249.3 11.7

1.565 293.2 6.6 2.890 255.0 7.3 4.215 228.0 11.4
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G. Sciacca, M. Spinetti and A. Zallo
Lettere al Nuovo Cimento 4, 5 (1972)

ELEM. SYM.

METHOD REF. NO.

72 Ba 5 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE ’

TYPE RANGE TYPE range

G.PIO RLX 400-800 G 999 TEL-D DST

999 = 1.1 GEV
T VRLF. I.

ftl -= GO’ n; = 90° 04 - 1
35’

£r
r e; r K r

505 0.78 ± 0.07 430 0.82 ± 0.03 471 0.93 - 0.06

539 0.84 ± 0.07 470 n.S4 ± O.03 520 0.87 ^ 0.07

606 0.85 ± 0.05 508 0. 1 7 t ‘^.o3 535 O.si - 0.06

65S 0.79 ± 0.05 547 0.85 - 0.03 596 0.82 ± 0.07

701 0.83 ± 0.05 591 0.84 ± O.04 644 0.77 = 0.08

733 0.98 ± 0.06 G23 0.77 - 0.04 683 o.yo ± o,08

773 1.08 ±0.11 607 0.91 ± 0.05 736 0.81 ± 0.09

710 0.86 ± 0.05

738 0.90 ± 0.07

r •

0$F

V2 1-

0 . 6 -

:. 2 -

nTo vFn iTTs i
5*43

: 560
r •'**/

2. - TlaUo r » M/r/d^^VrO—r*T>(n. 0 ))/(<l/7.'d^*nYP — ii different a? c.m. axi?io« *j.

tot*i (T.a. Ua« =r*p flaal-«ta<<9 .ind al.<o »\«. y[, , the inciciont- photon oaervT which ^«a
oa £rea proton a total c.m. *ncnf7 A**; a> o * =, oo*. <•> = 133*.
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T. Fujii, S. Homma, K. Huke,' S. Kaco, H. Okuno , F.

T. Kondo, S. Yamada, I. Endo and H. Fujii
Fhys. Rev. Letters 28_, 1672 (1972)— — -

Takasaki

,

EL EM. SYM.

REF. NO.

72 Fu 2 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANCLE

type range type RANGE

G , PI- NOX 260-800 C 999 MAG-D DST

FIG. 2. Energy dependence of a* (A). Closed circles

,

obtained from our r" /t* ratio data (see text); open cir-
cles, from Ref. 18; squares, from Ref. 19; and double
circles, from the data of Inverse reaction (Refx20).

Dashed lines show predictions by Sanda and Shaw (Ref.

4), where a, i, c, and d correspond x =0.0, —0.1,
-0.2, and -0.3, respectively. The ?olld line la a pre-
diction by Noelle and Ptell (Ref. 3). dot-dashed line Is

by Walker (Ref. 14).

:o.

I

€» « 3V) tor fa— <9
1
C v • »©* <o— m

90*

CM an(X£

SCO ia -
516 'o* *-p — in

J 2CV
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!iA»vX

1 i.

V, H )

SO* 30*

CM ANGLE
<tar

FIG. 3. Differential cross 3eccioa for ye — at (j

a 350 and 500 MeV. Closed circles, results calculated

using our f'/t* ratios; closed square, a result of di-

rect measurement at 130* (Ref. 10); open circles and a

dlaacond, results obtained from the inverse reactions

by Berardo et al, (Ref. 20) and Favier et al. (Ref. 21),

respectively.

U1C3MM-OC 290IO-=«4 161

REL PI+, 999=1.3 GEV

FIG. 1. r' /jr* ratio from deuterium as a function of

cos»* at fourteen photon energies from 260 to 300 MeV.

Solid curves, calculated with the amolitudes of Walker’s

analysis (Ref. 14).
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EL EM. SYM.

72 Ga 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-80 D 70-280 MAG-D 180

Fig. 7. Comparison between the measured and “predicted" spectra for the electron scattering on
deuterium at ISO*. The oormaluation factor corresponding to each spectrum as obtained by a z

1

St h indicated is brackets. The point labelled £* on the energy axis is the electro-disintegration

threshold.
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Fig. I. Ratio of the experimental cross section for inelastic e-d scattering to the theoretical cross
section obtained using the Brest wave function. (continue 1
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ELEM. SYM.

H

METHOO REF. NO.

72 Ma 1 egf

REACTION RESULT excitation
ENERGY

SOURCE O.ETECT 0 R

ANGLE
TYPE RANGE TYPE RANGE

G.N ABX 5-9 D 5-9 3F3-I 4PI

RH0T00 ISINTEGRA TlON OF THE 0EUTER0N

Fig. 4. Deuterium cross sections obtained from neutron capture sources compared with the theo-

relicai values.
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ELSM. SYM.

H

METHOD REF. NO.

7 2 Na 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G.N NOX 7-30 C 65 TOF-D DST

N POLARIZATION

Photon £ ntrqy ( Mi V J

10 13 20 23 30
Photon £nerqy (MoV)

lig. 5. Polarization of phutoncutruns front deuterium at 45
: and 90'*. Data obtained by usinc the

*IIc analyser are shown by sultd circles • and those by usinv: the ,:C analsser (subsect. 2.4) by

open circles c.
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METHOO

EL EM. SVM.

and J. L. Alberi

REF. NO.

73 At 11 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANG* TYPE RANSE

N, 2G ABX 2 D 0 NAI-D 1 Rn

( thermal)

Upper limit on ^1.0 mb placed on doubly ANG 3TW PET , SIG LZM

radiative np capture cross section.
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METHOD

C.P. Wu
ELEM. 5VM.

REF. NO.

73 Ba 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 17- 25 C 25 SCD-D DST

Fij. 4. The 1 H0'. PJn angular distribution. The Legendre coetScients A x , Ai and A z are 'displayed

as functions of energy. Comparison d made mid the predictions ot Partovt *). (Error bars reUect

statistical errors and estimated uncertainties in relative G<8) among detectors. They do not include

a 6% scale uncertainty.) (continued)
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Fig. 5. The 5 H(y, p)n angular distribution. The ratio of Legendre coefficients A„’A 0 is displayed as

a function of energy.
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EL EM. SYM. A z

H

METMOO I REE. NO.

73 Ch 4

2 1

hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E,P ASX 5- 24 D 38,107 MAG-D DST

rig. 1 Angular distribution of protons at an incident electron

energy of 105.6 MeV.

Fig. 2 energy di stri but: o.n of protons at an incident electron
energy or 37.51 "a'/.

?ORM M3S-A18
REV. 7-1 4-44*

'JSC OMM-N 9 S-0 C PHOTONUCLfcAR DATA SHEET 169

J.S. ceprstment of commerce
ATIONAU 3UREAUOF STanCAROS



REF.

Y.M. Shin, D.M. Skopik, and E.L. Tomusyak
Izv. Akad. Nauk SSSR Ser. Fiz. 37, 1863 (1973)
Bull. Acad. Sci. USSR Phys. Ser. 37, 60 (1973)

EL EM. SYM.

H

METHOO REF. MO.

73 Sh 18 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE-

TYPE RAN <5 C TYPE RANG*

E.E/P ABX 18. 35 D 38.106 MAG-D DST

E =* 7.07 MeV (E = 18 MeV)
P x

COINC E,P

tion for the ~H(ep)e'n reaction
at = 18.0 ± 0.5 MeV (1) and

35.0 ± 0.5 MeV (2); the curves
v;ere calculated with Partovi's
theory.

Fig. 6. Experimental differential
cross section at E =7.07 MeV

D

(points) and the corresponding* cross
section as calculated vi oh the sim-
ple model including only the longi-
tudinal terms (1), only the trans-

verse terms S
T

(2), and all the

terms S. , S„, and S T (3).

:o
!

5 :0

1.

Fig. 7. Experimental proton
at 9 = 35° and E-. '= 106.5 ±

P 0

37.6 ± 0.4 MeV (2); the cu
with the simple theory.

energy scec
1.0 MeV ’(1)

rum
and

:rves calculated
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D.M. Skopik, Y.M. Shin, E. L. Totnusiak, M.C. Phenneger, K. P. Chong
Phys. Letters 43B, 481 (1973)

ELEM. SYM.

H

METHOD REF. NO.

73 Sk 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,P ABX 4? 1 4-'
a. D 38,107 MAG-D DST

Fig. 1. Angular distribution at a proton energy of £
p
“ 7.07 t

0.07 MeV. The solid curve is the prediction of the present mo-

del

Fig. 2. Energy distribution of protons at tsvo incident electron

energies, with the present calculations indicated by the solid

lines.

form N3S-418
in ev. r-i 4-«fi
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J. Ahrens, H.B. Eppler, H. Gimm, M. Kroning, P.

H. Waffler, A. Zieger and B. Ziegler

Phys. Lett. 52B, 49 (1974)

METHOD

Riehn, EL EM. SYM.

74 Ah 9 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.MU-T ABX 15- 25 C UKN MGC-D 4PI

Fig. 1. The measured total cross sections u 0 for the pholodis-

integration of the deuteron (open circles) compared vc-ith the

calculation of Partovi [3] (full line). A systematic error of t

1 8 sab ii to be assigned to the measured values.

Cq (mB)

Fig. 2. The statistically weighted average cross sections from

tabie 2 (closed squares' compared u ith the calculation of

Partovi [3] (full line) arte the experimental results of Baglin

et ai. [1] (open circles) and Weissman and Schultz (2] (closed

circles).

Tabic I

Absorber characteristics and contributions to the relative sys-

tematic error in % (last column) at 20 MeV

Length 109.S5 e 0.0 1 cm 0.001

Density f(HjO) (0.99712 i 10
5

) g/cm
3

0.001

rtD 2 0)/r(H : 0) 1.107360 e 5 X 10
5 0.003

13 0 in Dp 0 0.399 t 0.002 Jo 0.002

Di in DjO 0.99479 i 0.00054 2.35

Temperature 24.7 e 0.05
e C 0.2

°tot^Hj°) 550 e 1 mb 0.3

Table 2

The statistically weighted average total cross sections for the

photodisintegration of the deuteron oq and their correspond-

ing energies and systematic errors.

Energy cross section systematic error

(MeV) (mo) (Mb)

15.0 e 0.1 S67 £ 27 19

20.0 £ 0.1 535 £ 14 IS

25.0 r 0.1 428 £ 17 16

^J.E.E. Baal in et al

,

Mucl . Phys.

A201 (
1 973 ^ 593 .

2
3 . Weissman et a]_. , Nucl . Phys.

Al 74 (1971 ) 129 .

^F. Partovi, Ann. Phys. 27
_ ( 1964 ) 79 .
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ref. Yu. M. Aleksandrov, V.3. Ganenko, V.F. Grushin,
I. I. Miroshnichenko, V.M. Sanin, P.v. Sorokin

Yad. Fiz. 20, 915 (1974)

Sov. J. Nucl. Phys. 20, 487 (1975)

METHOD

ELEM. SYM.

H

REF. NO.

74 A1 13 hmg

REACTION RESULT EXCITATION
EN ERGY

SOURCE oetector
angle

type RANGE TYPE RANGE

G, PI+ RLX 200-400 C 600 MAG-D DST

The measured values of the ratio of the yd—nnir* and yo~.nit* differential cross sections are

presented in the photoa energy region 200-400 MeV for pton emission angles 2T-InO*. The average

statistical accuracy of the results is ±2-3%; the systematic error is — ± 37i. Tne results disagree

with theoretical calculations based on the model of Chew and Lewis.

D(G,PI+)/P(G,PI+)

FIG. 2. Experimental results in the form of angular distributions.

The solid curves represent calculations based on the theory of Chew and

Lewis. (“J

Chew and H.W. Lewis,
. 84, 779 (1951)

.

Phys

.

FIG. 3. Ratios of the experimental total photoproduction cross sec*
tions from deuterium and hydrogen compared with the theory in [

ll
J.

The experimental values were obtained by averaging the data represented
in Fig. 2 on the angular distnbutions of the 7p— na* process.

dcfyd — nnr ')/dc(7p — r.»*) for different angles and energies

1 •. U*f.

MeV

ao 130 39

25 036Orearas 0.860^*3.030 o rx^-o.aa
23 0 835=0.XO 0870-0.025 0.7X1-0 020
45 os.x=axo a'30-o.oa 0.740=0 OCO
. 5 OlKO—)P2S 0 3lO=0.J2O 0. 735—0.015 0 765-0 020

to? o.a»±o.c3 0.730—3015 O.TTO-i) COO
140 OS»=O.OI5 OMChzO.020 o.soiio.oa) 0.770— 0.C2O

Conuauad

£y . M«V

C9 no 34 400

2 0.733—0 03) 0.733=0.03) 3. S10— 0.OCO
25 0.77C-O CM <17S5-3rO.Oi5 0-530=0X0
45 C-SC3 =0.<K0 0.810—0.020 0.8»J*=0.020
75 0.760 =0.020 OJS33:rO.K3 0.325-0.020

107 0.790=0.020 0 330-0.020 0 860=0.020
140 o ;jo=o.u20 0-500=0.020 C.SCO=0.C2D O.OCSsO.lHs

-CRM H3S-413
® £ V . 7-14- 44i

jsc omm-n es-oc PH0T0NUCLEAR DATA SHEET 173
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JETP Lett. 19, 339 (1974)

ELEM. SYM.

H

METHOO REF. NO.

74 An 5 hmg

REACTION RESULT EXCITATION
ENeStSV

SOURCE OETECTOR
angle

TVS? RANGE type range

E. E/P ABX 95 C <900 MAG-D DST

Electron registration angle = 20 _ 999 *1 . 2 GEV

We measured the cross section of the reaction D(e , e'p)n at 1200 MeV as a function of the

pioton emission angle at a constant proton momentum. Within the framework of the plane-wave

impulse approximation, we determined the momentum distribution in the deuterium nucleus, and

compared it with the Huithen distribution.

q. v-v.'e

An—alar distribution of the protons is ah
•—cur data, a—data of Bounin. 151 The _
to the kinematics of tree scattering.

•e reaction D(s, e'pht;
r.gios .AS 2 re relative

FORM N3S-418
!R £V. 7- 1 4.44)
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EL E.M. SYM. A

H

METHOD REF. NO.

74 Ch 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

S,p ABX 5- 44 D 30-107 MAG-D DST

Fig. 3. Proton energy spectra at 35’ is a function of the incident electron energy.

(continued)
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(/tb/MeV

sr)

Ep(MeV)

Fig. 6. Proton energy spectra at 46° and 135° for £a =» 106.6 MeV.
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Phys. Rev. Letters 33_, 1500 (1974)

EL EM. SYM. A

Marshall,
Brookes

H

REF. NO.

74 Cl 10 hmg

RESULT EXCITATION
SOURCE DETECTOR

ANGLEREACTION ENERGY TYPE PAN <SE TYPE RANGE

G, PI- RLX 150-450 C 250-450 Tf*1 -D DST

G,PI+ RLX 150-450 C 250-450 T»f “D DST

G.PI0 RLX 150-1*50 c 250-1*50 Tel-D DST

TAGGED PHOTON'S

Differential cross sections for the reactions yp — tp , r*n and >?: — z'p.r^n wore mea-
sured in a single experiment using tagged photons in the energy region 240—450 MeV in-

cident on !Hj and JHj targets. Results of the measurements of the ratios z^r./z^p and

v~p /z'n are presented. The ratio of isotensor to lsovector amplitude is found to be

0 .00 = 0 .02 .

30-

30

20-

• vp-prc 7

A

« A

j
A a a K (MeV)

a * 340

.?
* * -

-a* A * A A

•a 300

260

FIG. 3. dai',p — r’p) /dV. and da(',p — j*n)/dC. from a
hydrogen target. Other data are shown for comparison
(Ref. 5). The incident photon energy is K fMeV). Cir-
cles, present experiment; crosses, T. Fujii el al.;

triangles, G. Fischer et al .; squares, C. Betoume et

al~i exas, R. Moracd et al.

I

ic 1

: : i !_i l_
:so :co 3AO 330 420

K(MeV)

FIG. 4. The ratio P. = ld<j(',r. — r’p) /dQlldoi'# — r*r.) /
dCl ]"' from a deuterium target at center-of-mass pion
angles of 90’, 110’, 130’, and 150’ versus equivalent
laboratory photon energy. Filled circles, px-csent data;
exes, T. Fuji; et al.; open circles, G. von tloitev ci al.

(continued)
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' . I I . I I
1

260 300 340 3S0 420

K (M*V)

FIG. a. The ratio R= [dclr/n—-~
0n)/dQ][da('p — z'p)/

1 from a deuterium target at center-of-mass pion

angles of 90’, 110’, and 130* versus equivalent labora-

tory photon energy. Tne lines arc predictions in which

t, the ratio of isotensor to isovector amplitude, is as-

sumed r-uuai to 0 and ±0.05.
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EL EM. SYM.

REACTION result excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPe RANGE

E,N SOX 4- 11 D 4- 11 MOD-

1

4PI

RATIO (G,N)/(E,N )

Tajle 1

Ratio £ of photodisintegration to electrodisintegration for an 89.5 mg/cm 1 Cu converter

Incident electron

energy £ (MeV)
Experimental

X(E)
Theoretical

X(E)

4.15 0.569 ±0.027 0.558

5.20 0.566±0.023 0.561

8.15 0.521 ±0.010 0.537
10.25 0.537±0.008 0.515

.7 r

a.

.1 -

0 1 1 1 1 i ; i

2 3 4 5 6 7 3 9 10 II 12

3EAM ENERGY (M«V)

Fig. 2. The ratio Ji of photodisintegration to eJectrodisintegration yields as a function of incident
electron energy. The curve shows the theoreticai result.
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METMOO REF. NO.

74 Sk 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYP* AAN 3 C TYPC A AN St

E,P ABX 17- 28 D 29 MAG-D DST
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TABLE IL Angular-distribution coefficients (Mb/sr)

of the form do/dSl =* A
y + B r

sin2 9 +• C
y

sin2 9 cos9 + D
y
-

sin2 9 cos2 9 at E
y
= 20.0*0.25 MeV.

*7 *7 C
7 *7

(nb)

Pxrtovl 5.4 51.3 ’8 4.2 588

Solution of

Eqj. (71

Using Eqj. IS)

4.8 *2.1 63*2 26*1 7.3 * 1.2 604

for the virtual

photon spectrum
4. 0*2.2 64*2 30*1 10 *2 605

Baglin tt al.

*

2.8*0.

9

55*2 20± 4 (4.2)
b 502

4 Reference 5.

4 Assumed Partovi's value.

^J. E. Baglin, R. W. Carr, E. J.

_ and C. P. Wu, Nucl. Fhys. A201 ,

TABLE IU. Total-cross-section results determined ’

from the angular-distribution data combined in 1.0-MeV
intervals. Error assigned to each point is the total error

determined by adding the percentage statistical and sys-

tematic errors in quadrature.

£
r

(MeV)

e±Ao
(Mb)

17.0 730*42
18.0 640*31

19.0 637*31
20.0 604*29
21.0 554*26
22.0 496*24
23.0 460*23
24.0 465*23
25.0 445*22
26.0 430*21
27.0 377*20
29.0 400*29

Bentz.Jr. ,

593 (1973).
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Yu. P. Antuf'ev, V.L. Agranovich, V.S

P.V. Sorokin

Yad. Fiz. 22, 236 (1975)

Sov. J. Nucl. Phys. 22_, 121 (1976)

Kuz ' menko , and
EL EM.. STM.

75 An 9 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE type RANGE

E.E/P ABX 0*185 D 816,999 MAG-D DST

Magnetic spectrometers, scintillation counters, and fast electronics including time-to-pulse-height converters

have been used to study the reaction d(e,e‘ p)n with detection of coincidences between the scattered

electron and the ejected proton. We have measured the angular distribution of protons for an incident-

electron energy of 1195 MeV and have obtained the momentum distribution of nucleons in deuterium in

the momentum range from 0 to 185 MeV/c. We have also measured the dependence of the cross section

for the d(t,dp)n reaction on the energy of the ejected proton for electron energies of 816 and 1195 MeV
and on the polar angle of neutron emission. The latter experiment permitted a model-independent check of

the applicability of the plane-wave impulse approximaion for description of the reaction for recoil-neutron

momenta less than 100 MeV/e.

999= 1.195 GEV , *MEV/C

’ Mllliln
i

'

i
i Lii

^ v
I

i

: ^Tj
I

..
;

. :

!

I;
J

ia zo so 'oo ;ao
r7.SUW

FTG. 3. Ratio of cross sections mea-
sured in (p, 2p) experiments [

,3
] (points

°) and in (e, e’p) experiments (points o)

to that calculated in the plane-wave im-

pulse approximation, as a function of the

energy of the emitted protons. The
smooth curve is a calculation from ref. 1 3.

FIG. 1. Cross section for the

d(e, e’p)n reaction as a function of

the proton-emission angle. The ref-

erence angle is from the kinematics

of free scattering. The smooth curve

is a calculation with the Hulthin

wave function; the triangles are the

data of ref. 5, normalized to our

points (circles). The errors shown

are only statistical.

A3, ,
iei

3 SO 100 'S3 300

J M«V/c

FIG. 5. Cross section for the

d(e, e'p)n reaction as a function of

neutron-emission angle relative to

the primary electron. The positive

direction in computation of the

angle is given by the vector

k| X k. The errors are only statis-

tical.

• Bounin, Ann.
R.D. Haracz and

Phys. (Paris) 10., 400 (1965) .

Lin, Phys. Rev. Lett. 31, 1263 (1973)
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METHOD REF. NO.

75 Ch 3 egf

REACTION HESUL T
EXCITATION
ENERGY

SOURCE oetector
angle

TYPE range TYPE RANGE

G, PI- ABX 200-450 C 450 BBL-D 4PI

-

I

?!*. X. - Total cross-section of the reaction f~D— • this experiment.

G, Susinno; Proc. Informal Meeting on
Electromagnetic Interactions, Frascati,
May 2-3, 1972.

5
P. Benz et al., Nucl. Phys. 5513, 153 (1973)

a ref. (•), o ref. (*).

Ta2LE I. — Total croes-aecirou of the reaction -;D — pp-~.

Ey (31eV)
tf (ub)

200 -225 131.3 - 5.2

225 + 250 147.1 + 5.9

250 -275 197.9 — 7.3

275 +300 229.(3 - 3.3

300 + 325 247.3 ± 9.0

325 + 350 217.5 + 3.9

350 -400 IS 1.7 — 6.4

400 +450 131.0 + 6.3
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ELEM. SYM.

H

A

2

Z

1

METHOO REF. NO.

76 Do 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,P ABX 139 - 832 C 999 TEL-D DST

Abstract. The cross-sections for deuteron photo-disintegration have been measured at

nine c.m. angles from 37 to 143 degrees. The minimum and maximum photon energies have

been 139 and S32 MeV respectively. The results are in agreement with earlier data above

300 MeV, but are significantly larger below 300 MeV, the discrepancies being up to 50% 999=1 . 2GEV
at the lowest energies measured.

Fig. 3. The cross-sections for deuteron photo-disintegration at proton c.m. angles of 53°. 73°, 101° and 127° found in the present measurements
are compared with other values reported in the literature. As can be seen, there are large variations in the values from different laboratories
below 300 MeV

Table 1 in steps of 100 MeV from 200 to 600 MeV. The curves

through the points show third-order fits in cos e'J” to the data "^Anderson, R.L., Prepost, R., W ilk, 3.H.: Phys.
Rev. Lett. 22_, 651 (1969)

^Sober, D.I., Cassel , D.G., Sadoff, A.J., Chen, K.W.
Crean, P.A.: Phys. Rev. Lett. 22, 430 (1969)

l^cont. j
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Table 1. The cross-sections for deuteron photo-disintegration obtained in the present measurements

C.M.

angle

Photon

energy

(MeV)

Cross-

section

(lib/sr)

Stat

error

(%)

36.9

36.0 139.1 5.944 13

36.4 160.4 5199 31

36.7 180.9 5.880 15

37.: 201-2 6.233 3.9

37.3 219.9 6.113 4.3

36.5 239.7 6.390 4.3

36.7 253.4 6.438 3.0

36.9 266.4 6.280 31

37.1 279.1 6.156 3.3

37.3 291.3 5.496 3.6

36.6 303.6 5-253 19

36.7 316.9 4165 3.4

36.9 329.9 3.795 3.2

37.1 3416 3.265 3.6

37.3 354.9 3.071 4.7

36.9 383.8 1.854 9.4

37.0 397.1 1.808 9.7

37.2 410.1 1.406 8.5

371 4219 1.404 3.6

36.7 450.0 1.172 14.4

36.8 4610 0.944 17.1

37.0 473.7 1.095 15.2

37.1 485.3 1.121 15.6

53.3

510 146-2 6161 3.0

516 169.3 6.040 31
53.2 191.6 6.576 3.4

53.7 213.8 6.597 3.7

54.2 234.4 7.050 3.8

516 254.8 6.456 3.7

519 269.9 6.477 4.0

53-2 284.3 5.460 4.6

53.5 298.3 5.364 4.8

53.8 311.8 4.707 5.3

517 324.3 4.703 3.3

52.9 339 1 3.791 3.9

53.2 353.5 3.056 4.6

53.5 367.5 1463 5.5

53.7 381.3 1168 6.4

53.0 412.0 1.717 7.7

53.2 426.8 1.408 8.5

53.5 441.4 1176 3.3

53.7 455.8 1.224 3.9

513 484.4 1.288 15.3

53.0 497 3 1.059 17.9

53.2 511.0 0.939 15.4

53.4 524.0 0.907 16.4

66.4

64.9 154.3 5.915 3.0

65.7 179.6 6.298 3.3

66.4 204.1 6.774 3.2

67.1 228.6 6.992 3.4

67.7 251.5 6.327 3.3

65.7 2719 6.432 1.9

66. i 289.7 6.048 11

CM. Photon Cross- Stat

angle energy section error

(MeV) (tib/sr) (%)

66.5 305.8 5.318 14
66.9 321.5 4.343 18
671 336.7 3.815 31
65.7 349.0 3.541 4.6

66.1 365.6 1720 5.6

66.4 381.8 1175 6-5

66.7 397.7 1.766 71
67.0 4131 1.847 8.8

661 4461 1173 8.6

66.5 463.4 1.127 91
66.8 480.0 0.991 10.3

67.1 496.4 1.004 111
66.0 526.6 1.101 110

66.2 541.9 0.803 14.4

66.5 557.0 0.593 17.4

66.8 5710 0.650 17.4

781

76.7 164.1 6150 3.1

77.6 192.0 6.061 3.S

78.4 219.3 7.031 3.5

79.2 246.8 6.291 4.1

80.0 2716 6.333 4.3

77.8 295.3 5.652 15
78.2 3141 4.787 19
78.7 3315 3.960 31
79.1 350.4 3.174 3.6

79.5 367.9 1700 5.5

77.8 380.3 1500 4.1

73.2 399.4 1.865 5.4

78.6 418.0 1.412 6.8

790 436.4 1106 8.4

79.4 454.4 1.125 9.6

78.2 489.8 0.986 14.8

78.5 509.3 0.644 20.3

78.9 528.6 0.747 191

78.1 580.8 0.677 14.3

78.4 598.7 0.689 14.6

78.7 6161 0.580 16.4

79.0 634.1 0.711 15.4

900

37.9 176.0 5.312 3.0

88.9 207.2 6.114 3.4

89.9 238.0 6.700 31
90.3 269.5 6.406 3.7

91.6 299.2 5.588 4.3

89.0 322.3 4.434 2.9

391 344.7 3.684 3.5

90.0 365.9 1544 4.5

90.5 386.3 1125

91.0 907.2 1.450 9.4

38.9 419 0 1.769 4.4

39.4 441.3 1.251 5.7

39.9 963.2 1.142 3.0

90.3 934.3 1.031 3.7

90.3 506.2 0.974 13.0

39.6 546.0 0.761 10.1
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REF. NO.
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REACTION RESULT EXCITATION
EN ERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N,2G ABX 2 D 0 SCD-D 85

(2.223)

ANG BTW PET, SIG LIM
A value of ( — 0.8 ± 2.3) X JO"

5 has been measured for the ratio of double-photon to single-photon emission
following neutron capture in 'hydrogen for 600 keV < £, < 1620 keV. The two Ge(I.i) detectors used in the

experiment subtended an angie of 85* at the H,0 target and were shielded from each other to reduce the
background from the cross registration of single y rays. The upper limit of the measured two-photon cross
section (-3 i 8 Mb) is two orders of magnitude larger than the most recent theoretical predictions ( =» 0.07 pb ) for
this energy range.
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METHOD REF. NO.

76 Hu 4 egf

REACTION RESUL T
EXCITATION
energy

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 20-120 D 20-120 MAG-D 0

abstract: The absolute differcntiiil cross sectio n for the photodismtegra jon of the deuteron at 0
:

for

iuc uuijumg ocvn uicaaurcu di pnoton energies oi ^u, ju, ana l.U Me

V

using a magnetic spectrometer and a bremsjrrahluog beam. The absolute cross-section values have

i5 found to exist between the measured 0
:

coss sections and those predicted by calculations using

'be Ha—.ada-Johnston and the boundary condition potential models.

3

1 -

0 I i I—<— 1—1—1 : : ;—‘

—

1—‘

—

:—

‘

0 *q 20-0 cO 50 50 70 30 90 ICO 110 * 120 130 140

Lcb Photon Energy [MeVl

Fig. 9. Measured differential cross-section values (dm 9) from the five proton detectors at the

six spectrometer energy settings. The errors shown are from counting statistics. A further ±3°.

systematic error is to be assigned to each value.

Fig. 10. Statistically weighted avenge differential cross-section values (dm#). Jor the six

spectrometer energv settings. The errors shown are from counting statistics. A iunr.er - . systematic

error » to be assisted to 'each value. Curve, ,a) and . b> are the 0 differential cross sections from the

calculation of Arenhovei ft at.
:
). respectively, without and with the inclusion of the ed«s due jo

meson exchange currents and isobar resonance admixtures. The dot-dashed cunre ) is dm l_<±Q),. 0.

as calculated bv the method of Partovi using the boundary condition model (BCM) potential ot Loman

and Wilson
4
). I Of

H. Arenhovei et al., ?hvs.
lett. 523 (1974) 303; W

.*

Fabian, Doctoral thesis
(Mainz 1976)

.

a
Wilson

,
priv. commun.

9
Loman so al., ?hy s . Rev.

C9 (1974) 1329.
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EXCITATION
ENERGY

SOURCE C E T ECTO

-

amC.E
- > = i a«o£ TYPE

E,E/ ABX 2 - 80 D 80-300 MAG-D DST

Electrodisintcgration of the deuteron has been measured for an incident energy of 300

MeV at 30° and 90' scattering angles. The maximum energy transfer was 116 Me\ . Veri-

good agreement with theory was achieved when the pionic-exchange currents were includ-

ed. Near the threshold and for momentum transfer q^-3.9 tm-, the meson-exchange

currents contribute about 407c to the total cross section.
__

FIC. 3 The double differential cross section at 30’

versus the .neutron-proton relative energy F..
p

. The

corresponding momentum, transfer is also .nciu a.--.

The error bars include both the statistical and syste-

matical errors. The theoretical calculation with '.with-

out: the interaction effects is given by the solid '.dashed)

line

.

90\

"35-sla
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REACTION result excitation
ENERGY

SOURCE OETECTOR
angle

TYP« NANGC TYPE RANGE

E, E/P SPC 160*300 D 999 MAG-0 20

*MEV/C 999=1180 MEV

Momentum distribution of nucleons in deuterium from the
D(e,ep)n reaction

V. L Agranovich, V. S. Kuz’menko, and P. V. Sorokin

Khor'ko, Physicotedinical Institute. Academy 0/ Sciences of the Ukrainian SSR
(Submitted May 10, 1976)

Yid. Fiz. 25, 1122-1124 (May 1977)

PACS numbers: 23.10. -t-s, 23.30.Cg

Measurements of the quasielastic-scattering cross
section of deuterium in the region of large spectator
momenta (pm

> 150 MeV/c) can provide valuable informa-
tion on the nuclear wave function, mesonic effects in the
nucleon-nucleon interaction, and the reaction mecha-
nism. Up to now, no such data on the D(e, e'p)n reaction
have been available. Here we present the results of the
first experiment on the D{e, e'p)n reaction in the region
of large spectator-neutron momentum (160-300 MeV/c).

We have described the apparatus employed and the ex-
perimental technique elsewhere/ 11 The kinematic con-
ditions of the measurements (electron scattering angle
9, = 20*, initial electron energy fc,= 1130 MeV, and
ejected proton momentum p,= 550 MeV/c) were so cho-
sen that the energy of the scattered electron would be 70
MeV lower than the energy at the maximum of the quasi-
elastic peak. This made it possible to reduce the acci-
dental-coincidence background several-fold and to make
measurements at considerably higher spectator-neutron
momenta than we did in our earlier work/ 11

The results of the measurements, together with ear-
lier data obtained by us :i1 and by Bounin/ 11 are shown

in Fig. 1. Radiative corrections amounting to as much
as 26% have been made. The cross sections were mea-
sured with an accuracy of 20%. The curves show the

FIG. 1. Momentum distribution of the spectator nucleon in
the Die,?'p)n reaction. The open circles represent our data,
and the biaoK triangles, those of Bounin. al Only die scatisacai
errors are indicated. The full curve was calculated in the
plane-wave impulse approximation with the experimental ap-
paratus bins taken into account; the dashed cur/e was calcu-
lated with allowance for a 5^1 O-state admixture in the Huithin
wave funedon.

results of plane-wove impulse -approximation calcula-

tions, made using only the Huithen S-state wave function

(full curve) and a wave function containing a 5% D-state

admixture (dashed curve). It will be seen that the new
measurements agree well with the earlier results 1

in

the momentum region around 160 MeV/c. It is also evi-

dent that the ratio of the measured cross section to the

calculated one increases systematically as p, rises

above 120 MeV/c, the ratio reaching 3 at p,= 300 MeV/c.

We wish to express our gratitude to 5. V. Dementii

for pointing out the usefulness of investigating the (e, e'p)

reaction at large p„

scribed above.

under the kinematic conditions de-

‘Yu. P. Anuif’ev, V. L. Agranovich. V. S. Kuz’menko, and
P. V. Sorokin. Pis’ma Zh. Bksp. Teor. Fiz. 19. 557 (1974)

IJZTP Led. 13, 339 (1974)1; Yad. Fiz. 22, 236 (1975) (Sov.

J. Suci. Phys. 22. 121 (1975) |.

:P. Bounin, Ann. Phys. (Paris) 10, 47S (1965).

Translated by E. Brunner
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REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE PANGE TYPE NANCE

(G,PI+) RLX 148 - 155 C 150-155 ACT-I 4PI

The w* photoproduction on deuterium near threshold was measured and compared to the same process in D(G,PI+) /P(G,PI+
hydrogen. The cross section for deuterium was extracted with a i 2.5% accuracy for energies ranging from

~
1 to 4 MeV above threshold. The comparison of our result with theoretical estimates shows that the process

is correctly understood in the frame of the impulse approximation.

TABLE I. Phctoproduction yield per nucleus and beam intensity unit, and percentage of

background which was subtracted for different values of the nominal bremsstrahlung end

point energy for the HjO and D:0 targets.

(MeV)

A,(t,)

(a.u.)

Background

(%)

E.

(MeV)

A4(Ep

(a.u.)

Background

(.%)

152.5 1.05±0.15 6 150.0 0.14 = 0.03 49

153.0 4.05 = 0.27 3 150.5 0.42 = 0.04 7

153.5 5.73 =0.42 1 151.0 1.21 = 0.03 7

154.0 15.09 = 0.55 0.4 151.5 2.06 = 0.11 6

155.0 34.27 = 1.00 0.4 152.0 3.54 = 0.14 4

152.5 5.40 = 0.21 3

153.0 7.32 = 0.25 2

153.5 10.22 = 0232 1

154.0 14.33=0.60 0.6

F1C. 2. Cross section of the ;y,T'> reaction on deuter-
ium reduced from this experiment. E-E.A is the excess
energy above threshold in the laboratory system. The
shaded area corresponds to the experimental determina-
tion: the uncertainty on c, = 4 t Ev

'-

is included La addi-
tion to die uncertainty on a

t . Cosed (Ref. 4), dash-
dotted (Ref. 7), and solid (Ref. 11) lines are the theoret-
ical predictions.

FIG. 1. Measured r r photoproducuon yields cer nucleus
as a function of the excess energy above threshold in the

laboratory system for deuterium and hydrogen. Solid

lines are the calculated yields giving the best fit to the

experiment.

USCOMM.N8S-OC

^C. Tzara, Nucl . Phys. A25o , 381 (1976)

J.S. O'Connell, Bull. Am. Phys. Soc.
H» 983 (1976); and private communication -

J.V. Noble, Phys. Lett. 67B, 39 (1977)
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EL EM. SYM.

H

METHOD REF. NO.

77 Bo 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, PI+ ABX 149-158 C 148-158 ACT-I 4PI

We have measured the excitation function from threshold to 9 MeV above threshold for the reaction 7 + d - it* +

n n by counting positrons after the bremsstrahlung beam burst. The extracted cross section is compared with a calcu-

lation using the impulse approximation, and good agreement is tound near threshold.

Fig. 1. Yield curves for the reactions 7 (p,n)w* and 7 (d. nn)ir*.

The hydrogen dat2 is scaled to fit the yield obtained from

up 3 a^qlk shown as a solid line, and deuterium is normalized

to hydrogen. Curves a and b are calculated from theoretical

cross sections shown in fig. 2.

. E- £ r ),ao:M*y)

Fig. 2. The 7 'd, nn) it” cross section deduced from the yield

curve in fig. 1. The shaded area shows the limit of the statisti-

cal errors, to which a 6T- systematic error must be added.

Curves a, b. and c are defined in the text.

'-3>u N3S-418
IR tv. 7. I 4.941

USC OMM-N QS-O C PHOTONUCLEAR DATA SHEET 191

u.i. DEP ASTMENT Of COMMENCE
NATIONAL BUREAU OF STANQARC"

I

D



Differential

Cross-Section

P. Dougan, V. Ramsay and W. Stiefler

Z. Physi k A280, 341 (1977)

EL £ V. -YM. A

77 Do 5 egf

H £ * £ T ; C*N S-i'JwT
txCi’i 7 IOn

SGJPC £ 7

£

r ECTO=
ANCLE

£ N £ 5 3 Y r / & r AiNC-; :r;; s*n;£

G,P ABX 74 - 241 C UKN TEL-D DST

yrh/sr

3

3

IOC ISO 200 2SO
Photon Energy!,VeV)

Fig. 2. Cross-sections for deuteron photo-disintegration at 37° c.m.

from experiments at Lund and from various sources in the litera-

ture. The results of calculations by Fabian and Arenhovel [18] are

also shown. The abbreviations are as in the text. • This work, o
Lund (11373-1574) [2], o Moscow [13], ? Orsay [4], x Bonn [3],

Illinois [14], RSC + fC + MEC [IS], BS [18]

Fig- 3. Cross-sections for deuteron photo-disintegration at nominal

proton c.m. angles of 66.4°, 90.0° and 143.1° from experiments at

Lund and elsewhere. As in Figure 2, the reproducibility of the

earlier Lund data is clearly seen, as is the systematic discrepancy

with Bonn-Orsay data. • This work, o Lund [1. 2], o Moscow

[13], 7 Orsay [4], x Bonn [3], RSC + IC + MEC [18],—
BS [18]

Table 3. The coefficients ol third-order fits in the variable x = cos(^“ to interpolated fits
derived from the complete Lund data-set The results given by fits of other orders are
similar. At energies up to 275 Mev, the data given here reolace those in Table 3

' of fll
Note that at 100 MeV and above 475 MeV. -he angular ranee covered bv the measure-
ments is less than at the other energies, so that the values of total cross-sections can be
slightly inaccurate. At the other energies, the total cross-sections should be accurate to
better than 10°;

da— = u + bx~cx‘ + dx J

Photon

Energy

l MeV)

Angular

Range

idegreesi

J b c d a

« M b>

100 37-114 7.63 3.97 ±0.68 -0.94-1.38 -6.3 - IS 91.9
125 37-143 6.02 2.10 ±0.45 — 0.34 — 0.34 - Li — o X
150

175

200

37-143

37-143

37-143

5.35

5.95

6.24

2.73

2.05

1.51

=0.63

- 0.54

r0.4i

-101 =0.47

- 1.94+0.45

-1.54-034

-4.3 = 1.2

-11 = 1.1

-0.5 -0.3

65.1

66.6

*1.9

250

37-143

37-143

6.39

S.bO

1.96

1.33

= 0.37

-0.25
-1.40=0.31

-1.73-0.21

- 1.6=0.'

-0.1 -0.5 75 6275

300

37-143

37-143
5.38

5.20

0.29

0.52

±0.80

= 032
- 1.00 = 0.67

- 1.61 -0.27
1.1 = l.b

0.9 -0.6

69.7

59 3
325

350

37-143

37-143
4.34

3.24

0.83

0.75

= 0.29

-0.20

- L43 ±0.25

-0.94 = 0.17

-0.2 =0.6
-0.2 -0.4

48.6

3/5 37-143 2.40 0.61 -0.14 -0.94-o.i2 - 0 ' - 0 3 *<5 *>

400 37-143 1.77 0.35 ±0.12 -0.38-0.12 -0.3 -0 7 *»0 7425

450

37-143

37-143

1.45

1.16

0.36

0.30

tO.U
±0.11

-0.38=0.10

-0.26-0.10
-0.2 ±0.4

-0.1 +0.2

16.6

1 3 537-143 1.08 0.13 tO.13 -0.41 -0.15 0.3 -0 4
cOO

525

53-143

53-143

0.93

0.30

0.13

0.33

t0.27

±0.26

-0.20 = 0.54

-0.09-0.33
0.4 =0.7

-0.1 -0 7

10.9

9 7
-'50

575

600

66-143

66-143

'8-143

0.72

0.69

0.60

0.14

0.11

0.34;

=0.17

= 0.13

=0.12

0.07-0.49

-0.43=0.39

0.19-0.62

0.4 -0.7

-0.1 =0.6

0.3-0 7

9.3

6.9

S3625 7S-(43 0.51 0.60-±0.15 1.08=0.74 0.9 -0.3 10.9

(continued)
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TiWt 1 Cross-sections for deuteron photo-disintegration as measured in this experiment. A certain grouping of data has been made at some

values to improve the statistical accuracy. At any one angle, the photon energy-resolutions (FWHM) are given approximately by the

differences between successive entries in the table. At some angles, runs have been made at several end-point energies to be certain that

protons from direct meson-production processes were not being counted. Systematic errors for any value are about 5%

CM. angle

i degrees)

E,
(MeV)

Cross-section

(pb/sr)

StaL

Error
( %)

C.M. angle

(degreesl

E,
(MeV)

Cross-section

(pb/srl

Stab

Error (

Nominal angle 36.9° Nominal angle 78.5

36.1 73.8 10.73 112 77.1 34.2 9.93 9.6

36.4 81.8 955 14.7 77.5 93.7 9.19 10.7

36.6 91.3 8.37 11.8 73.0 105.7 7.98 9.4

36.9 1019 6.41 17.5 73.6 120.3 6.25 113

36.9 111.7 7.41 6.0 79.1 133.4 6.05 14.9

37.1 121-2 6.66 6.9 79.6 145.6 5.80 13.9

37.3 130.1 6.23 7.2 30.0 157.2 6.20 13.7

37.2 138.6 5.41 5.9 80.4 168.2 5.29 18,2

37.2 147.7 4.52 6.9

157.9 5.00 9.8
Nominal angle 90.0

37.3 165.0 5.53 7.3 38.2 38.6 3.87 5-2

37.5 171.8 5.41 8.3 38.6 98.9 7.71 6.5

37.6 178.3 5.01 11.3 89.1 108.4 6.73 7.0

89.6 120.7 5.36 6.2

90.2 135.7 6.16 6.7
Nominal angle 53.

1°

90.3 149.7 5.77 7.7

519 1011 8.48 7.2 91.3 163.0 5.67 8.4

53J 113.6 7.77 8.2 91.7 175.7 5.52 8.9

53.6 124.2 7.46 9.6
Nominal value 113.6

53.9 134.2 6.50 11.3

54.2 143.5 6.21 13.6 111.5 100.3 6.26 5.7

1110 113.4 5.57 6.8

1115 125.2 5.26 7.6

Nominal angle 66.4° 113.1 140.8 5.14 5.7

64.8 80.2 10.91 6.4
1 13.8 160.0 4.61 7.3

65.2 39.0 10.81 6.3
114.4 178.2 4.39 6.7

65.6 100.0 7.70 7.3
115.0 195.9 5.25 7.7

66.2 113.4 6.91 3.2
115 6 2119 5.76 6.9

66.6 125.3 7.36 S.S Nominal value 143.1

66.8 133.3 6.38 76
139.4

67.2 144.0 7.13 6.6
1-0.2 4. 19

67.6 154.2 6.59 7.5
1399

140.5

137.0

1594

4.67

4.18

9.r
6.2

141.2 187.9 3.99 9.1

141.8 214.9 4.86 8.2

1414 241.4 461 3.1
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EL EM. SYM.

REF. NO.

77 Ka 1 hmg

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,P ABX 350-700 C 325-725 MAG-D 90

Proton polarization in yd—pn has been measured at e.m. angle around 90* and photon
energies from 323 to 725 MeV. The polarization increases sharply with the photon ener-

gy, reaching a high maximum of (-30*3)% around 500-550 MeV. Suun a high polariza-
tion with a sharp energy dependence seems to indicate a new effect in the dibaryon sys-
tem.

POLARIZED PROTONS

rKOTON ENERGY (VeV)

FIG. 3. 'a) Proton polarization at 09’ c.rn. system
as a function of the photon energy. The soild and the

dashed curves are the results cf a relatives tic-ccvari-
ant computation and a phenomenological analysis re-
spectively (see Ref. 10). Data points are from Ref. 5

(open circles), Ref. S (triangle), ar.d the present ex-
perimental (filled circles), fb) Differential cross sec-
tion at 90* c.m. system as a function of the photon en-
ergy. Data points are taken from Ref. 1 (open circles)

and Ref. 2 (closed circles).

TABLE I. Summary of experimental results. The angular acceptance

in the center-of-mass system was about * 1.0°. The errors in polariza-

tion refer to the half-width at half-maximum of the likelihood function.

Energy bin, £
y

(Me V)

Average h'
y

(MeV)

Average 3 c . m .

(deg)

Polarization, P
a)

350 * 25 352 S7.0 -35* 12

*100 * 25 308 85.4 -42* 9

•150 * 25 443 33.6 -47* 7

330*25 496 90.2 -80* 8

550= 25 548 S9.2 -78* 7

G00* 23 597 90.

i

-60= 10

630*25 652 39.1 -53* £

700= 25 637 90.0 -45* 9

R. Ching et al . , Phys. Rev. 141 , 1320
(1965) .

2
?. Dougart et al., Z. Phys. A276, 55
(1976) .

F. F. Liu et al., Phys. Rev. 165, 1478
(1963) .

5
R. Kose et al., Z. Phvs. 220, 305 (1969).

10„ ,Ocawa et al., (to be published)
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77 Ko 5 hmq

REACTION RESULT EXCITATION
ENERGY

SOURCE ^ OETECTOR
ANGLE

TV PC RAN6C TV PC RANCC

$ (N,G) NOX 2 0 1 NAI-D 90

(2.23)

POL OF G

A method is proposed for determination of the contribution of the
J
S, state in radiative np capture by

measurement of the circular polarization of the y rays on capture of a polarized neutron by a proton.

Experiments earned out with this method are desenbed. It is shown that the circular polarization a

£ 1.5%, which limits the possible contribution of the triplet state to the cross section of the reaction

under study to a level of <r, S 2X 10*V,.

*qi«m N3$-4lf
'* CV .
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EL EM. SYM.

H

METHOD REF. NO.

78 Ar 1 rs

REACTION result excitation
ENERGY

SOURCE OETECT OR
ANGLE

TYPE RANGE TYPE RANGE

G,PI- ABX 365-460 C 500 MAG-D DST

By detecting In coincidence the two emitted protons, we have studied the reaction ( P yiT-, P )CQINC
D(y.pp)*' In a kinematical region where the pion-aucleon single- rescattering mecha-
nism is dominant. We have also observed the onset of the photoproduction of two pious on
one nucleon followed by the reabsorption of one of them by the other nucleon.

TABLE I. The experimental conditions and the meas-

ured yields.

Q

>!«V

P
2

M«V/c

*
2

des

p
!

M«V/c

31 *

d«g

<1

1C

a

S/a^iiO

>* 5
ub /

b

2**^2

5rJMeV2
)

c

1200 400 30 359 -93 .21 .53 I .23 2 .23

40 414 -76.5 .25 .45 2.19 2 .19

50 4 70 -70 .30 .41 2.51 2 .23

60 528 -63.9 .34 .40 1.35 2 .15

70 588 - 57.7 .37 .38 1.76 2 .12

80 651 -51.3 .A3 .42 1 .56 2 .09

1 100 550 37.5 380 -93.5 .078 .313 1 .62 2 .33

42.5 380 -93.5 .085 .301 3.48 2 .54

47.5 441 -32.3 .093 1 .95 : .21

32.5 441 -32.3 0.101 .252 2.61 : .24

57.5 509 -72 .112 .216 2.36 2 .27

62.5 509 -;t .125 .221 3.85 : .22

o7.3 535 -62.5 .136 .195 5.46 : .25

585 -62.5 .159 .204 4.21 2 .42

‘Spectator-nucleon model without Pauii corrections.

’’Spectator-nucleon model with Pauli corrections.
c Exoerimental values.

FIG. 2. (a) The ratio of the measured yields to the
yield computed when only one-nucleon mechanisms

-are considered. The solid-line curve- includes the

pion-a'ucieon single- rescatte ring- mechanism and the
broken-line curve includes also the double-pion-photo-
production mechanism. The experimental conditions
arep, = 400 MeV/c, Q = L200 MeV, and u - 90*. The
arrow on the scale of the lower bound p. for a physical
rescattering shows the origin. The arrow on the scale
of the two- nucleon invariant mass shows the value
W = M * m. The energy E

r
of the incoming photon is

also plotted as the abscissa, (b) The same as in fa)

but for p 2 = 550 .MeV/c, Q = 1100 JleV, and 4 = 90*.

f-opm N3S-al8
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sep- P. Argan, G. Audit, A. Bloch, P. Bosted, N.

J.L. Faure, C. Schuhl , G. Tamas, C. Tzara

D. Favart, R. Prieels, and B. Oystaeyen

Phys. Rev. Lett. £1_, 629 (1978)

METHOD

de Botton,

, E. Vincent, J. Deutsch,

H

REF. NO.

Z

2 1

78 Ar 2 rs

reaction RESULT excitation
energy

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI0 ABY 141-147 C 147 TEL-D OST

T * photoproduction oa deuterium has been measured In the region of 1 to 7 MeV above
threshold, relative to the same reaction on hydrogen. The comparison of our results
with available theoretical predictions shows the necessity to go beyond the impulse ap-
proximation.

TABLE I. Experimental yield A(Et ) = fD B(E

.

£,)<(£ , U)(da/dC)dQdE la microbarns, normalized to

one target nucleus and one equivalent quantum, for

different values of the bremsstrahlung endpoint energy
E, above threshold £,.

Hydrogen Deuterium

E,-E
t1

(MeV) 10»Ah (MeV) 10 J A D

1.04 0.16 = 0.06 0.38 0.40=0.07

2.04 0.61 = 0.11 1.38 1.16*0.11

3.04 0.32=0.13 2.38 2.64 = 0.26

4.04 1.34*0.27 4.38 8.66 = 0.37

6.04 4.29=0.26 5.33 10.62 = 0.55

7.33 16.43* 1.50

EIG. 2. The measured photoproduction yields as a
function of the bremsstrahlung endpoint energy E,
compared to theoretical estimates for deuterium with-
out rescattering iloQg dashes. Ref. 5, and short dashes
Ref. 5) and including rescattering (dash-dotted line.
Ref. S. and solid line. Ref. 5). These two theoretical
estimates use the same proton cross section; the cor-
responding yield oas been adjusted to the hydrogen da-
ta. Arrows Indicate the threshold energies. The yields
are given in microbaras per equivalent quantum.

5
P. Bosted and J.M. laget, Nuci
413 (1978)

* Phys. A296

^J.H. Koch and R.M.
1963 (1977).

Woloshyn, Phys. Rev. C ]6_,

fO «m N3$>4 18
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REF.

METHOD

P.E. Argan, G. Audit, A. Bloch,

G. Tamas & C.Schuhl

Nucl. Phys. A296, 373 (1973)

J.L. Faure, J.M. Laget, J. Martin, EL EM. SYM.

1

78 Ar 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.PI- ABX 150-500 C 250-500 MAG-0 nsT

Abstract TheyD - ppir* reaction crosssection, in the J(1236) region, is measured in a counter experiment
with high statistical accuracy. Particular emphasis is put on the accurate determination of the
complete kinematics. For low values of the undetected nucleon momentum (pr

;s JO MeV/c) the
validity of the spectator nucleon model is experimentally checked and the yn'- pit' elementary-
reaction cross section is extracted and compared with other experimental data. When the recoiling
nudeon momentum increases (j>, 1 JO MeV/c)„ significant departures from the spectator nucleon
model are found. Presumably they are the signature of final state interaction effects.

PI- in coin, with P

^^CLEAR REACTION D('/, pa ), 230 g g J00 MeV; measured a(E
? , S

? , E 9,);
deduced ttfyn — pit"), final state interaction effects.

Fig. /. The measured distribution of the undetected nudeon. when pt » JO MeV.V Q ^ 1276 MeV
and w - 90- The relative difference between the measured yield and 'the prediction of the spectator-

nucleon model is plotted. The curve is taken from ref.
,2

).

Fig. 3. The same as in fig. 7. but when p, a 1 JO MeV/c and Q = 1223 MeV (a) or Q = 1245 MeV (b).

- (continued)
posm N3S-U18
IR EV . 7-1 4.44)
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90 < P,< 12CM*>./c
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\

V
TOO 12CO 1300

OfnNMNW)

Fig. 9 The mass distribution, at <u =» 90", of the yn -• prr" elementary reaction cross section, as

extracted from the 7D — ppir' reaction yield when p, s 50 MeV/r (a), p, s 100 .MeV r (b) and

p, s 150 MeV/c (c). In (a) the curve is the prediction (multiplied by 0 9J| of ref.
,J

). The triangles are

obtained when the protons are detected in the magnet, and the circles when they are detected in the

range telescope. In (b) and ic) the shaded area corresponds to the experimental points plotted in (a).

In (c) the broken line curve is obtained from ref.
u

) when the rescattering effects are taken into account.

OtnNKM.v)
Fig. 10. The comparison between the >m — ps' reaction cross sectioa (shaded area) extracted from the

-D — ppn* yield when p, s: 50 MeV/e. and the bubble chamber data [full circles ’*), open circles
lfc

)]
or as deduced from the ir*/it* ratio measurements (open triangles *)).
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P.I. Vatset, A.I V Derebchinskii , A. A. Zybalov, O.G.
V.R. Nazyrov, A.E. Tenishev, and S.G. Tonapetyan
Sov. J. Nucl . Phys. 27, 323 (1978)
Yad. Fiz. 27, 605 (1978)

Konovalov, EL£M. $YM.

ft

METHOD REF. HO.

78 Va 5 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE range

$ G,P NOX THR-800 C 600, 800 MAG-D UKN

POL. PROTONS

--SEE REVERSE SIDE—
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Polarization of protons in interaction of photons with

energy up to 800 MeV with deuterium nuclei

P. I. Vatset, A. I. Derebchinskil, A. A. Zybaiov, O. G. Konovalov, V. R. Nazyrov,

A. S. Tenishev, and S. G. Tonapetyan

Khar'koy Phystco-iechnical Institute. Ukrainian Academy of Sciences

(Submined 27 May 1977)

Yad. Fu. 71. 603-606 (Maich 1973)

The polarization of photoprotons from deuterium has been studied. The data obtained are used to extract

information on the polarizadoo of protons in the reaction yn—ir~p.

PACS numbers: !3.60JCd. 23. 10. + 3

In this article we described an experiment on mea-
surement of the polarization of protons in reactions of

photons with energy up to 300 MeV with deuterium nuc-

lei. The purpose of the work was to obtain information

on the polarization of protons in the reaction yn—t'p
by a difference method.

The experiment was carried out in the photon beam
of the 2-GeV electron linear accelerator by means of a

telescope of spark chambers 111 located at the exit of the

magnet spectrometer. Protons with momentum 612 ±24
MeV/c were detected by means of this apparatus. The
proton polarization was measured on the basis of the

asymmetry in their scattering in the graphite elec-

trodes of the spark chamber/31

Three independent measurements were made, in

which the relative yields of the protons and their polar-

ization were investigated;

1) measurement in hydrogen at a maximum photon

energy 800 MeV;

2) measurement in deuterium under the same condi-

tions;

3) measurement in deuterium at a maximum photon

energy 600 MeV.

The kinematic conditions of the first two measure-
ments correspond to an effective photon energy 650 ±40
MeV for the channels of production of single pious from
free nucleions at 30° in the c.m.s.

In the third measurement these channels are kine-

matically forbiddea, and therefore the polarization of

the protons measured in this case is determined mainly

by the cwo-oarticle and three-particle photodisiategra-

cicn of deuterium (PD).

The polarization obtained in measurement 2) is de-

termined by the contribution of the reactions yp — t
3
p,

Yn — t’p, and PD.

Thus, knowing the relative contributions of these pro-

cesses, we can obtain a value of the proton polariza-

tion in the reaction yn — t'p from the experimental polar-

ization values:

?:-(C.-?..-rCTaPf^C.?.)lC,, (i)

where P, is the proton polarization measured in experi-

'S. G. Tonapetyan, O. G. Konovalov rt al., Prib. Tekh. Ekap.,
No. 5, 3H U970) lustrum. Exper. Tecfa.J.

'S. G. Tonapetyan, O. G. Konovaiov, et al., Prib. Tekh. Eksp.,
No. 2, SI U970) ttnatrum. Exper. Tech.J.

JM. Beaeveatano, 3. d’Acgeio, et al., XVth Intern. Conf. on
High Energy Physics, Kiev. 1. 242, 1970.

‘V. N. StCbuncv, laaledovanie fotoobrazovaaiya na yadrakh 201

TABLE I

I SJ I J.S
|

-a.n*ao7 | oac=sut
! -a*9±ozi •

ment 2); and are the polarization and relative

yield of protons obtained in experiment 1); PPg and CPg
are these same quantities obtained in experiment 3);

P,

.

and Cf. are the polarizatioa and yield of protons as-

sociated with the reaction yn — t’p; C, = C + C r3 + Cpg
is the yield of protons measured in experiment 2).

The relative yield C,_ is determined from the experi-

mentally measured yield C f0 and the ratio of the cross
sections of the reactions yp — and yn —t’p.

In the table we have given the results of the present

experiment. The value of Pt0 was obtained from Eq.

(1). The value of P2
obtained in the present work is

-0.24 ±0.08. The errors are statistical.

The proton polarization value in the reaction yn — t’p

is in reasonable agreement with the polarization values
obtained in experiments in deuterium 131 and carbon 1 * 1

with t'p coincidences in this energy region.

The studies carried out have shown an appreciable

contribution to the polarization from processes associ-

ated with photodisintegration of deuterium. The exis-

tence of polarization m the PD process can be explained

by the fact that this process is due to a significant

degree to creaticn of a pioa from one of the nucleons

with subsequent absorption of the produced mssoa by

another .nucleon/ 51

The error in determination of the pclariaation ?
depends strongly on the contribution of background pro-

cesses (?p — t
J
p and PD), and therefore even a substan-

tial improvement in the accuracy of the quantities mea-
sured in the experiment cannot adequately reduce the

error in calculation of ?
r
_. This method of measure-

ment of polarization permits a qualitative picture to be

obtained of the angular and energy dependences and in

some cases may be effective in those regions where
information on proton polarization in the •m — t'p re-

action cannoc be obtained by the coincidence method with

its higher accuracy.

pionov j vylecom nuklonov, Avtoreferat kandsdatskoi dis-
aertatsii (Study of Photorsproductionof picas from nuclei
with emission of nucleons, anchor's aosxract of candi-
date’s dissertation), Tomsk. 1974.

*31. R. Wilson, Phys. Rev. 104, 213 (1935).

Translated by Clark 3. Robinson
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ref. E.C. Baoth, B. Chasan, J. Comuzzi , P. Bosted

Phys. Rev. C20, 1217 (1979)
EL EM. SYM.

H

REF. NO.

79 Bo 1 hg

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE PANCE TYPE RANGE

G,PI+ ABX 149-174 C 149-174 ACT-I 90

The bremsstrahlung yield of the H(y,rr ")2/i reaction is measured from threshold to 25 MeV above

threshold. The extracted total cross section relative to the p(y.f‘)n cross section is 3-10% greater than the

theoretical prediction.

[

NUCLEAR REACTIONS 'Hl'y.T ")2n, bremsstrahlung end point energies to 174

MeV, measured t* yield, deduced u(£).

FIG. 3. The d(y, r*)2n cross section. It is the poly-
nomial in powers of E,— £ T required to give the best fit

to the yield shown in Fig. 2.

FIG. 2. Yield tor the dty, t*,2ji reaction vs £ 0
— E T .

The solid curve is the theoretical calculation described
in the text scaled to the pty, T~n yield shown in Fig. 1.

-ORM N35-4IS
1R SV. 7.1 4-341

JSCOMM-N3S-OC

TABLE I. Theoretical and experimental values of the totai cross section tr, for
:
H(yir">2/t.

* r.e dieorccicai cross sections are trom Dressier 'Ref. 31 i interpolated) and Laget iRef. 4),

scaled up by the tactor '201/191) to agree with the experimental value for : H(vx r

7 ac thresn-
old. 7j(expi s the cros3 section derived using runs 4 and 5 with a 12.3 cm target. T/lexpi
was obcamec Irom runs 1—3 with a 2.34 cm target ' Ref. 5) and A£ < 9 MeV. T.**'exDi was ob-
tained using the aaciay aaca i Ref. 5). The errors shown are only statistical; -3 r. and -6 /
systematic error should be applied toOjiexpi ando-'iexp).

A£ 2.00 3.00 4.00 6.00 3.00 10.00 12.00 14.0 16.0 20.0
<V 4.21 6.97 9.31 L6.0 22.1 23.1 23.3 33.5 43.9 52.0

4.20 6.90 9.76 15.5 21.3 27.7 33.3 33.6 43.3 51.7
'Tj <expi 4.31 7755 10.6 17.1 33.5 20.5 34 . i 39.2 42.7 46.7
= error 0.16 0.13 0.13 0.29 0.39 0.47 0.73 1.1 1.4 2.0
Vj* texpi -J .45 7.23 9.53
- error 0.15 0.23 0.24

'V lexpl 4.35 7.10 9.05
- error 0.20 0.24 1.0
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* 8 F M. Bosnian, A. Bol, J.F. Gilot, P. Leleux, P. Lipnik, P. Macq
Phys. Lett. 82B, 212 (1979)

EL EM. SYM.

H

method REF. NO.

79 Bo 10 egr

REACTION RESUL T
EXCITATION
ENERGY

SOURCE detector
ANGLE

TY»C HAN6C TYPE PANCC

N,G ABX 20-39 0 37-73 TUF-D 37-73 4PI

The total cross section for radiative neutron-proton capture has been measured at 37, 42. 47, 52. 63 and 73 NleV. The

inverse process, the photodisintegration of the deuteron, was measured m the same energy range by different authors with

contradictory results, some of them in large disagreement with ail theoretical predictions of the cross section. The submit-

ted data are in agreement with theory and the results of a recent total absorption experiment

Table 1

Experimental results for the n-p radiative capture cross section with the c.m. value of the differential elastic ctoss section at 173°
used for normalization. The two last columns translate the present results, by application of detailed balance, into the corresponding
photodisintegration energy and cross section.

(MeV)
0 cap cure

Cub)

do/dn(173*)

(mb/sr)

£y(MeV)
corresponding

to £n

°photodisintegration

(ub)

37.0 e 1.4 21.2 e 1.6 23.2 20.8 582 £ 44
42.2 e 1.3 20.6 t 1.4 20.4 23.4 511 £ 35
47.3 t 1.2 17.0 t 0.7 18.2 25.9 385 r 16
52.4 t 1.1 17.6 t 0.9 16.7 28.5 367 t 19
57.4 e 1.0 15.8 e 1.1 15.4 31.0 306 £ 21
62.5 i 1.0 14.6 £ 1.1 14.4 33.5 264 £ 20
7Z6 t 0.9 14.7 e 1.1 12.8 38.6 234 i 18

Fig. 3. Experimental cross section measured in the present ex-

periment (•) compared, by means of the detailed-balance the-

orem, to photodisintegration data of ret. ( 1 1
(o).ref. [2! (o),

rex'. [3] (o), ref. [4] (*) and ref. [5| (c). The error bars do
not include systematic errors from the normalization (t 53>).

The continuous line represents Fartovi's calculation ( 9 1 , and

the dashed one the results from the Low-theorem approach

with the triplet effective range value r ot = 1.70 fm. The hor-

izontal scales show either the neutron (£„) or the correspond-

ing 7-ray (,£y) energy m the laboratory system.

[II L- Allen, Phys Rev. 98 (1955) 705.

[2| A: Vhetstone and J. Halpem, Phys. Rev. 109 (1958)
2072.

(3| B. Weissman and H.L. Schultz. Nucl. Phys. A174 (1971
129.

[4] J.E.E. 3agiin. R.W. Carr. E.J. 3entz and C.P. Wu. Nucl.

Phys. A201 (1973) 593.

[5] J. Ahrens et al„ Phys. Lett. 523 (1974) 49.

[6] M. Bosman et al.. Nucl. instr. Meth. 148 (19"S) 363.
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»cf V. B. Ganenko, I. I. Miroshnichenko, V. M. Sanin, P. V

S.' V. Shalatskii, A. V. Shebeko

Sov. J. Nucl. Phys. 29, 287 (1979)

Yad. Fiz. 29, 5b5 ( i 979)

METHOO ’ —

Sorokin, EL EM. SYM.

H

REF. NO.

79Ga3 ha J

REACTION RESULT EXCITATION
ENERGY

SOURCE

TVPC NANG

C

OETECTOR
ANGLE

G,PI+ RLY 150-560 C 150-560 TEL-D OST

An experimental study has been earned out of the energy spectra of t* mesons in the reaction yd—nn v *

at pion-emissioo angles in the range 19—1 27* lab tn the pion-energy interval corresponding to excitation

of the A,, resonance in the t;V in the final state The results of the experiment are compared with

calculations in the impulse approximation with inclusion of corrections for the MY and iriY interactions of

the reaction products in the final sure

D(G,PI+)/H(G,PI+)

PACS numbers: l3.60.Kd

TIG. 1. Ratio of yields of plons In single photooroductlon of t* mesons in deuterium and hydrogen Rilt in a bremsstncluag beam
a3 a function of the kinetic ejt-rgv of the pion (lower scale). On the upper scale we have shown the effective ohocon energy
Points:*—our data. 0— Ref. 3, Z— Refs. 9 and 10; a)

—

4,= 19* lab, <b)

—

4 25. 5* Inb, data of Refs. 9 and 10 for 20* c.aa.s.;

(c)—8.- 33.5’ lab, data of Refs. 9 and 10 for 60* c.m.s.; (d)—9,= 50* lab, data of Refs. 9 and 10 for 90* c.m.s.; (ei—

)

t
= 9C * Lab;

(0—9,= 127* tab, data of Refs, j sr.d 10 for 135" o.m.s. Theorecicai curves: solid—calculation in the impulse approximation;
dashed—calculation in the impulse approximation with inclusion of the rtn correction; dotted— with inclusion of nn and rM correc-
tions; dot-dash—calculation by the model Chew and Lewis. 15

'OHM NSS-41S
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•ABLE L

X,

i,«33*

fr«v
T9y M«V TS,M*V *</» r», m«v **»

3SO 20 0.8C6*0.024 224 0.778*0.023 218 0343*0.0!9
CO 230 0.759*002 243 0.735x0.019 233 0373*0.023
CO 2S0 0.349*0.024
CO 37 1543*0.022 33 0.930*0.029 278 0.884*0 023
CO 25 0.750*0.024 315 0.S3 1*0.024 302 0.835*0.025
SCO 332 0840*0.021 319 0349*0.018

V •»-*>*
M«V

20 132 1739*0.015 123 0344*0.022 104 0.353x0.017
CO 192 O225x0.au 147. 0.595*0.020 lit 0.928*0.037
CO 157 0-557*O.G20
CO 223. 0.473=0.017 170 0.563*0.023 123 0.943*0 035
CO 244 0.920*0.022 1S3 0 886*0.030 138 0.960*0.050
soo 192 04o7=OjHQ 142 0.970=0.050

-\
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, eF V.G. Gorbenko, Yu.V. Zhebrovskii, L.Ya. Kolesnikov, A.L. Rubashkin,
P.V. Sorokin
JETP Lett. 30, 118 (1979)

Pis'ma Zh. Eksp. Teor. Fiz. 30^, 130 (1979)

EL EM. SYM.

METHOD REF. NO.

79 Go 8 hg

REACTION result EXCITATION
ENERGY

SOURCE oetector
ANGLE

TVPC RANSt TVPC PANGC

$ G,NP NOX 400-600 C 1*2 MAG-0 DST

(1.5*1 .6)

Data given in table and plotted in figure represent *E GEV, POL G, NP COIN
the cross section assymetry dc^-da^ , wehre 11

da-j’-j +da^

and 1 indicate the polarization of the photon beam
with respect to the reaction plane.

This p2pcr presents the first results of an investigation of the asymmetry of the

cross sections of the deuteron photcdisintegration reaction, obtained in a beam of

linearly polarized photons in the 400-600 MeV energy interval. The measurements
were made in conjunction with a search for two-nucleon resonances with masses of

2200-2400 MeV.

PACS numSers: 13.60.Rj, 14.20.Gk

r\G. I . Anguar dtstniuuons of the cross section asymmetry of the reaction ya — no-,
; Ji axe the resuits of

this »nrt. P arc the Juts from Ref. i.

'Obw N3S-4 18
II* CV. 7 - 1 4-4.1
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TABLE I.

Ey,^ dm

I

75° 90° 105° 120° 135°

400 -0.18 ±0.04 -0.25 ± 0,03 -0.27 ±0,04 -0.23 ±0.05 -0,09 ±0.04

450 -0.21 ±0.05 -0,16 ±0.03 -0.17 ±0.04 -0.26 ±0.04 -0.15 ±0.06

500 0.02 ±0.04 -0.15 ±0.06 -0.07 ±0.07 -0.09 ±0.05 -0.06 ±0.07

550 0.01 ±0.08 C.CO ±0.09 -0.12 ±0.07 0.03 ±0.08 -0.04 ±0.07

600 0,33 ±0.11 0.13 ±0.14 -0.07 ± 0,05 0.02 ±0.05 -0.30 -O.i:;
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«'• H. Ikeda, I. Arai, H. Fujii, T. Fujii, H. Iwasaki , N. Kajiura,

T. Kamae, K. Nakamura, T. Sumiyoshi, H. Takeda, K. Ogawa, and

M. Kanazawa

Phys. Rev. Lett. 42_, 1321 (1979)

EL EM. SYM.

METHOO

79 Ik 1 hg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE type range

$ G,P ABX 400-650 C UKN MAG-D OST

The angular dependence of proton polarization in yd— pn has been measured at photon

energies between 400 and 650 MeV. The polarization and differential—cross-section data

are consistently explained by introducing a dibaryon resonance Ksf) = 0<3*) or 0(1*) at

* 2360 MeV.

POL. PROTONS

TABLE I. Summary of the experimental results. The positive direction of the proton po-

larization Is defined to be parallel to (photon direction) x (proton direction). The errors are

given by the quadratic sum of the 1- standard-deviation error in the maximum-likelihood anal-

ysis and the error due to the uncertainty in the analyzing power A of the carbon, PAA/A
*0.05P.

'Sy

K ^ejn.

Ey N.
(MeV) \

45* 70*

\

90' 120* 135*

400 -0.44 ±0.09

450 - 02)4 ± 0.08 -0,54 = 0.10 -0 .35 = 0.21

500 — 0.24 ± 0 .09 1 o p» 1* O *-* - 0.77= 0.13 -0.46 = 0.12 -0.35=0.24
550 -0.34 = 0.10 - 0.62 ± 0.1

1

-0.51 ±0.03 -0.54 = 0.10 — 0.55 * 0.20

600 + 0.10 = 0.13 -0.42± 0.11 -0.53 = 0.12 -0.59 = 0.11

650 -0.38=0.15

FIG. 1. Angular distributions of the proton polarization. The results of the present experiment (empty circles)
ire plotted together with the previous data (filled circles, Liu et al.. Ref. 12; empty squares, Rose et at., Ref. 12;
filled squares, Kamae et alt. Ref. 1) used for the x

:
- minimization fits. The dashed curves are the results of the

fit including 1(3 ) and 0(3*). The dot-dashed curves are the results of the fit including 1(3') and 0(1*). The solid
curves are the calculated results with the aonresonant amplitudes only. {continued!
'ORM N3S-413
(Htv. 7.| 4.441

U3C OMM'N 65-0 C

U.S. 0€P ARTMENT OF COMMERCE
NATIONAL BUMCAUOF 1TAnOA«05

PHOTONUCLEAR DATA SHEET 2Q8



]

]

}

]
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3
FIG. 2. Protoo polarization plotted vs E7 . The data

outside the fitted region are also shown. The curves

and symbols are coded as In Fig. 1.

0 30 SO 30 70 -SO 0 10 30 30 120 150 0 30 SO 30 120 '50 0 30 SO 30 120 ISO 180

"cjn.

FIG. 3. Ths dlffereatial-cross-sectioQ data used for the x minimization fits and the fitted curves. The curves

are coded as in Fig. 1; here the diamonds are data from Dungan et al.. Ref. 13.

209



„ eF
- G. G. Simon, F. Borkowski, Ch. Schmitt, V. H. Walther, H. Arenhovel

,

VI, Fabian
Nucl. Phys. A324, 277 (1979)

EL EM. SYM.

METHOD REF. NO.

79Si 5 hg

reaction RESULT EXCITATION
ENERGY

SOURCE

TYPC NANGC

OETECTOR

E,E/ FMF 2-12 C 80-300 MAG-D DST

Abstract Electrodisintegration of the deuteron has been measured for energy transfers from threshold up

to 10 MeV at different angles (30° % S S 160’) and different incident energies (80 £ £, S 350 Me V).

The longitudinal and transverse form factors have been separated in a momenrum region between

0.5 and 4 fm~
2

. Theoretical calculations including interaction effects give good agreement with the

experimental data. The dependence on various nucleon-nucleon potentials was found to be small.

The contributions from meson exchange currents and isobar configurations give an enhancement of

about 90% of the normal cross section at the highest momentum transfer at backward angles.

Q= .71-2 FM-1

is

-£

\ 42
\ !

t ryr

\
*

\

uT
^3

Fi? ' [nelas“c form factors /L and fT as a function of £,„ around , - ,i , n , ,

, , f _
aashed curves are obtained bv us.ne the Re,d sott-core potential wlut ,n.emct,o n ^^dotted curves include MEC and the full curves both MEC ana 1C J

(continued)
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Table 2

Same as table l but around (q
c m

')
2 » 2 and 4 fm~

2

iMeV}
^ e.ai.

ifm'
1
)

fx.

(fm)

fr

tfm)

4c.m. fx.

(fm)

fr

(fm)

0.0 2.156 0.047 = 0.025 0.122 = 0.024 3.975 0.002 = 0.005 0.032 = 0.005

0.1 2.154 0.050 = 0.020 0.220 = 0.014 3.973 0.010 = 0.006 0.056 = 0.005

0.2 2.153 0.065=0.019 0.240 = 0.009 3.971 0.032 = 0.008 0.101 =0.006

0.3 1.151 0.080 = 0.015 0.226 = 0.007 3.969 0.022 = 0.006 0.086 = 0.006

0.4 2.150 0.057=0.010 0.133 = 0.010 3.967 0.025 = 0.005 0.083 = 0.006

0.5 2.149 0.087=0.014 0.130 = 0.008 3.965 0.021 =0.006 0.080 = 0.003

0.7J 2.145 0.098 = 0.015 0.163=0.007 3.960 0.037 = 0.005 0.065=0.002

1.0 2.141 0.124 = 0.013 0.156 = 0.011 3.955 0.046 = 0.006 0.063=0.002

1.5 2.134 0. 130 = 0.010 0.145=0.009 3.949 0.038 = 0.005 0.053 = 0.002

2.0 2.127 0.135 = 0.009 0.132 = 0.009 3.935 0.040 = 0.004 0.056 = 0.003

^J 2.119 0.131 = 0.009 0.133 = 0.006 3.925 0.046 = 0.004 0.053=0.002

3.0 2.112 0.159 = 0.007 0.125=0.007 3.915 0.047 = 0.004 0.049 = 0.002

4.0 2.098 0.140 = 0.006 0.128 = 0.006 3.395 0.039 = 0.004 0.049 = 0.002

J.O 2.033 0.154 = 0.005 0.122 = 0.008 3.S7J 0.040 = 0.004 0.051=0.003

€.0 2.069 0.178 = 0.006 0.134 = 0.007 3.355 0.048 = 0.004 0.049 = 0.003

7.0 2.054 0.201 =0.007 0.136 = 0.007 3.335 0.052 = 0.004 0.050 = 0.003

J.O 2.040 0193 = 0.010 0.143 = 0.008 3.315 0.047 = 0.003 0.053 = 0.002

9.0 2.026 0.220 = 0.014 0.165 = 0.012 3.796 0.058 = 0.003 0.050 = 0.003

10.0 2.011 0.210=0.015 0.160 = 0.014 3.775 0.053 = 0.004 0.059 = 0.002
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G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Pneels,

B. Van Oystaeyen

Phys. Rev. C21 . 1416 (1980)

Relative measurements of ir° photoproductioo yields have been performed on hydrogen, deuterium. He.

and ‘He, in the region of 1 to 10 MeV above threshold. A simplified distorted- wave impulse approximation

model of the four reactions is described; it leads to an overall understanding of the results. Large

reseattenng effects are brought to evidence in deuterium and 3He, malting the extraction of precise values

for the dipole photoproduction amplitudes £0* on nucleons strongly dependent on the theoretical description

of the processes.

THRESHOLD MEASUREMENT

Final data in 81Ar2

(nuclear reactions (y,r 5
), ‘H,

jH, 5He, and 4He targets; measured reac-1

tion yields, £,* = 1—10 MeV. J

FIG. 5. The measured r J photooroduction yields as a

function of the end-point 'orems3tmhlung energy £, .

The curves are the theoretical yields computed with

DWIA cross sections, and adjusted to the data up to

o MeV above threshold as explained in the text.

TABLE HI. Experimental yields yA(£,)=C /o,B(£,£,)e A(£,C)(d<7A/dn)dSl d£ in micro-

barns, normalized to one target nucleus and one equivalent quantum, for different values of

the bremsstrahlung end-point energy E, above threshold £,. Note: The measurements with

empty targets gave Ymper =0.00*0.02. The average yields measured below threshold

amounted to I'm -0.02*0.02, Y0 = 0.07 * 0.04, y
jH4 = 0.01 =0.12, and y, Hi = 0.01 *0,15. All have

been taken Into account In the table.

Hydrogen

£,-£,
(MeV) lo‘yH

Deuterium

E.-E,
(MeV) 10‘yD

E.-E,
(MeV)

3He

E9 — £<

j

(MeV)

4He

1.41 0.14*0.05 0.88 0.26*0.05 1.37 0.61 *0.19 1.72 0.47*0.19

1.91 0.14*0.06 1.38 . 0.79*0.08 2.37 1.38 =0.24 2.72 1.48 *0.22

2.41 0.39*0.05 2.26 0.77*0.14 3.37 2.94 *0.28 3.72 3.02 *0.39

2.91 0.40*0.06 2.38 1.79*0.21 4.37 6.08*0.47 5 22 8.12 *0.63

3.41 0.65*0.07 3.76 2.38*0.29 5.37 9.36 *0.33 S.22 11.52 *0.39

3.91 0.65*0.10 4.26 3.75 *0.32 • 9.37 23.7 *1.2 3.72 27.3 ±1.7

4.41 1.39*0.17 4.38 4.47 *0.31 9.37 24.4 *1.3 11.22 51.1 *3.2

4.91 1.60*0.15 5.38 7.07 *0.47

5.41 2.00=0.16 6.26 7.75 -0.35

S.41 3.15 *0.25 7.33 11.13 *1.12

7.91 4.40*0.23 7.75 12.40 *0.72

3.26 13.9 *1.1

3.76 16.9 =1.1

10.38 24.3 *1.1

TABLE VII. The deuterium and :He threshold amplitudes in unit3 of lO'm..*'.

Experiment
Rescattering amplitudes

PWIA 1
computed in FSA

D -7.23*0.36 nn-ri _ «. m
C.Qr -—1.0*0. a —0.3

3He -4.35*0.43 Eq’* = 0.5 * 0.5 —5.4

i The £,. values from Sec. VA.
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, A. A. Zybalov, O.G. Konovalov,
P.V. Sorokin, A.E. Tenishev
JETP Lett. 31, 270 (1980)

Pis'ma Zh. Eksp. Teor. Fiz. 31_» 295 (1980)

EL EM. SYM.

H

METHOD REF. NO.

80 Br 6 hg

REACTION ReSUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

tv»C Ran CC TYPe RANCE

$ G,P N0X 375-700 C UKN MAG-0 OST

carbon nuclei
POL PROTONS

The energy dependences of proton polarization at angles of 43, 78 and 1
20“ were

investigated in the c.m.s. in the energy range of 4CO to TCO-MeV photons. The
obtained results are compared with the data of other papers.

PACS numbers: 13.60. Rj

TABLE 1. Polarization values obtained in our experiment.

E, MeV 43® ©
CO 120®

375 0,47 at 0.11 - -

400 - 0.39 a 0.07 - - 0.53 a 0. 1

3

425 - 0.31 a 0.08 - 0.40 a 0 .07 -

450 - 0,24 a 0,08 - 0.45 a 0.06 - 0.53 a 0.10

475 - 0,33 a 0,08 ' - 0,48 a 0,06 -

500 - 0.37 a 0.09 - 0.62 a 0.07 - 0.50 aO.10

525 - 0.27 a 0,09 - 0.57 a 0.09

550 - 0,20 ; 0.09 - 0.59 -0.08 - 0.53 a 0,10

1

575 - 0.29 aO.10 - 0.55 a 0.05
!

500 - 0.23 a 0.14 - 0.62 a 0.06 - 0 .54 a 0.03 i

i

525 - - 0.58 a 0.06 i*
f

550 _ - 0.65 a 0.03 - 0.52 a 0.08 i

675 - - 0,55 a 0,11 -

700 - - - 0.43 a 0.10
;

(continued)
ro*M N35-413
<R CV. 7-1 *»«*»
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FIG. 1. Energy dependences of the proion

polarization in the yd—np reaction. O-Re-

sults of Ref. 3; e-results of Refs. 4 and 5; o-

our results.

1

i
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I
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P.V. Sorokin, A.E. Tenishev
Sov. J. Nucl . Phys . 31_, 444 (1980)

Yad. Fiz. 31 , 860 (1980)

METHOD

EL EM. SYM.

REF. NO.

80 8r 7 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TVP£ MANSI TYPE MANSE

$ G.P N0X 375-460 C UKN MAG-0 90

The energy dependence of the proton polarization in the reaction yd—np at SCT c.m-4. has been studied in the POL PROTONS
photon-energy region 375-650 MeV. The results are compared with calculations based on various models.

PACS numbers: 25-20. + y, 25.10. + s. 13.60. — r

TABLE I

rT . x«v rT. M«v M*A» •

373 -0.DCia097 535 -o.5 ;9*ao70
-wo —0 . 4 14 x 0 .GSO 550 -0-527 x 0.068
425 -0 40 i*ao<n 575 -o. 4S«xou7 .;

450 -0.530*0.036 600 -O.WCx0 .08-'.

475 -u 609*0.077 625 -0.488*0.007
200 -OujKxOOb6 450 -0.497*0.119

•Th« trroo zn immid

p — —

1

-'.a I-
<

r/ .

son son ono 'on
artoton energy. V!#V

FIC. 1. Energy dependence of oroton polarization in the reac-
tion yd— ip at 90*. Points; •— resuits of Ref. 3, a results
of Ref. 4, o— results of the present work. The solid curve
shows the calculations of Ref. 3; the dashed cuiwe shows the
calculations of Ref. 6.

»o»M N 35-4 II
'R iv. 7.1 *.«*>
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A.S. Bratashevski i , A. I. Derebchinskii, A. A. Zybalov, O.T. Konovalov,
P.V. Sorokin, A.E. Tenishev
Sov. J. Nucl. Phys. 32, 216 (1980)
Yad. Fiz. 32, 418 (1980)

ELEM. SYM.

H

METHOO REF. NO.

80 Br 8 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$ G,P NOX 375-70Q __C UKN MAG-D nrr

The proton polarization has been studied in the reaction yd—np in the photon-energy range 400-700 MeV at POLARIZED PROTONS
proton-emission angles 45. 78, and 120 * in the c.m.s. The eapenmentai data obtained are compared with the
results of a phenomenological analysis carried out on the basis of various modei assumptions.

PACS numbers; 23.20. + y, 25.10. + s

FIG. 1. Angular dependence of proton polarization In the re-
action yd — np. Points: o—results of Ref. 5, -—Ref. 6, ?—
Ref. 11. r?—results of the present work. The solid curves
are calculations not taking into account dibarvon resonances,
the dashed curves are calculations in which the contribution

'

of 1(3*) and 0(3*) resonances was taken into account, and the
dot-dash curves are calculations In which the contribution of
113 1 and Oil*) resonances was taken into account.

FIG. 2. Energy dependence of proton polarization In the re-

action yd— ip. The data at 90* are from Ref. 12. The nota-

tion is the same as in Fig. 1.

1JA. 3. Bratashevskdl etal., Yad. Fiz. 31, 360 (1980) (Sov.

J. Nucl. Phys. 31. 444(1980). %£ 3 r
"

TABLE I.

f,. N«V U
,a>

275 -0.472*0. 107
-00 -0.393*0.074 -0.523 *0.129
42

3

-i.M3aO.OS3 -0 396*0.071
,00

475
-0.24ls0.0Sl

-0.377sO.OS2
-o. ;.Yi»i iv.i

-0 4a 1 *0 065
-0.37711)0%

500 -0.372s0.0M 7 -0 625*0 072 -0.504si).!CO
g25 -0.273*0 'J86 -0.572x0.u94
550 -OJ94 *0.092 -0.S.Ni*o U82 -0.529*0.095
5*3 293*0 097 —0 549*0 064
600 -0.229*0.140 -0.623s0.QSa -OiLUOMi
322 -0.67Sxij.065
850 -O 6-oxO.O"5 -0.516*0.0.42bo -0-552*0.107

-0.431*0.103

Sate. The energy resolutions for the angles 43* and 78* were
^£,=±12. 5 MeV. and for 120* AE«t23 MeV. The errors are
statistical.
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Nucl . Phys. A343 , 121 (1980)
EL CM. SYM. A

METHOD

80 De 4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

$ G,N RLY 21 D 21 TOF-D 90

(20.3) (20.3)

Re(4>n) is photoneutron yield at angle 4>n relative to neutron POLARIZED PHOTONS,
yield at <f>n=0°. $n is photoneutron emission angle relative to

photon polarization vector.

Abstract: Linearly polarized y-rays from the J H(p. /^He reaction have been used to measure the relative
neutron yield of the -Hr,-. n]H re.ction at U, = 90° and at d>„ = O’. 45° and 90°. The 20.3 MeV
•/-rays were monitored by a 12.7 diameter x 1 5 2. era long Nairn") crystal. A 6.3 cm diameter x 6.3 cm
long NE230 scintillator was used both as a deuterium target and a proton detector, and a 30.5 cm
diameter x 15 2 cm long NE2I3 scintillator was employed to-det:ct the pl.otoneutrons. The energy
of the protons and the time cf night of the neutrons from the :

H(/. n)H reaction were measured
in coincidence and the events recorded in a biaimensional spectrum. The ratio a. b of the coefficients
of the angular distnbution of the ; H{/. n)H reaction and the quantitv £(,90°) were obtained from
the ratio of the photor.eutrnn yields at = 90° and 0° and found to be a b « 0.063-0.076*0 036
and i‘ = 0.913-0.925*0.051.

^ NUCLEAR REACTIONS 'Hi,, n). F — 20.3 MeV measured c[U
A , 0 n ). Enriched target.

Table 4

Deuteroo photodisintegraiion: ratio and correction f(0.)

Angle

(deg)

*E(VJ
(«P)

P
degree oflinear polarization

r(s>.)
(calc)

0 P - 0.978 17.3

P > 0.989 17.7
45 0.470*0.095 P - 0.978 10 6 0.54

P » 0.9S9 10.6 0 <4
90 0.106^0.016 P - 0.973 6.24 0.114

P = 0.939 6.16 0.IC9

rowM H3S-41S
(» CV. I Am S-d i
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Pis 'ma Zh. Eksp. Teor. Fiz, 32, 387 (1980)

metmoo

EL EM. SYM. A

80 Go 6 hg

reaction RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE AAN4C TYPE RANGE

$ G ,NP N0X 80-400 C 600-999 MAG-0 OST

999=1.2 GEV, .COH-BRMS

The measurement results of the asymmetry of the cross sections for the yd—np
reaction with SO to 600 MeV polarized photons for proton angles of75’-l 50* in the

c.m.s. are presented. The experimental data are compared with the predictions of

theoretical analyses with allowance for dibaryon resonance states.

PACS numbers: 25.20. + y, 24.70. + s, 25. 10. + s

FIG. !. Photon asymmetry excitation .functions of the yd—up process for angles of emission of a proton in

the c.m.s. 9
r
= 75* .90*. 105*. 120*. 135*. and 150*. x . Stanford 65 (Ref. 41; Q. Frascati 66 (Ref. 51, Y. Bonn

79 i Ref. 61; •. iChar'leov 79 I Ref. 7);
o. our work. The dotted curve represents Laget's calculation

1

and the

dot-dash curve represent the results of Ref. 3.
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NucI . Phys. B1 72 , 509 (1980)

EtcM. SYM.

H

METHOD REE. NO.

80 Is 3 hg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TY*C NANfiC TYRE NANCE

$ G,NP N0X 400-650 C UKN MAG-0 DST

Paper also contains an extensive section on analysis of the data
using dibaryon resonances and partial wave analysis.

POLARIZED PROTONS

The proton polarization in deuteron photodisintegration has been measured at photon energies

between 400 and 650 MeV and at c.m. angles between 45 5
and 1

3

5". To explain the polarization and

differential cross-section data consistently, we have introduced dibaryon resonances and performed

a partial-wave analysis at photon energies between 350 and 700 MeV. It has been shown that the

existence of at least two dibaryon resonances is required in this energy range: one at —2380 MeV
with /(/'*) *0(3*) or 0(1*). and the other at -2260 MeV with HJP

) = 1(3*) or 1(2“).

Table 2

Summary of the experimental results

Spectrometer

setting no.

Average E,

(£,) (MeV)
Average 9C

Meg)

Polarization

P = JE

i 449.2 44.7 = 1.9 -0.34 = 0.08

z 501.7 44 . 7 = 1.9 -0.24 = 0.09

3 551.1 44
. 6 = 1.9 -0.34 = 0.10

4 603.5 44 . 7 = 1.9 0.10 = 0.13

5 403.3 69 .6 = 1.8 -0.44 = 0.09

5 446 6 7 t . 8 = 1.6 -0.54 = 0.10

6 503.3 69 . 6 = 1.8 -0 . 61 = 0.11

6 547.6 71 . 6 = 1.6 -0.62 = 0.1 1

7 599 0 69 . 7 = 1.7 -0.42 = 0.1

1

8 511.4 87 . 6 = 1.4
• -0.77 = 0.13

8 549.0 39 7 = 1.6 - 0 .51 = 0.08

8 597 3 91 . 4 = 1.5 -0.58 = 0.12

9 452.3 113 .0 = 1.3 -0.35 = 0.21

10 503.3 116 . 7 = 1.2 -0.46 = 0.12

to 549.2 118 .3 = 1.3 -0.54 = 0.10

to 597.9 119 . 3 = 1.3 -0.59 = 0.11

10 646.2 121 . 0 = 1.2 -0 .3 S = 0..5

tl 500.6 132 . 3 = 1.1 -0.35 = 0.24

11 548.6 133 . 1 = 1.1 -0.55 = 0.20

(continued)
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POLARIZATION

Fig. i. Angular distribution of the proton polarization. The results of the present experiment l open circles)

jre plotted together with the previous data iclosed circles, Liu et al. [19]; open squares. Kose et al. [-0]'.

dosed squares. Kamae et al. [3ji used for the y '-minimization tits. The dot-dashed curves show the results

of the solution A. The dashed curves show the results of the solution B. The solid curves show the results

with the non-resonant amplitudes only.

Fig. 5. Proton polarization piottea versus £., The data outside the fitted region are aiso shown. Tine curves
and svmools are coded as in rig. 4.

220



«er. E.C. Jones, Jr., W.L. Bendel , l.W. Fagg, R.A. Lindgren

Phys. Rev. C21 , 1162 (1980)
CL EM. SYM.

H

MCTHOO REF. NO.

80 Jo 2 hg

RESULT excitation SOURCE OETECTOR
ANGLEREACTION ENERGY TYPE RANGE TYPE RANGE

E,E/ ABX 0-19 C 5o
'

MAG-0 180

(56.4)

The elastic and inelastic cross sections of deutenum for 56.4 MeV electrons scattered at 180*. have been
measured up to an excitation energy of 19 MeV. The experimental cross sections are compared with those

calculated by Miller, by Durand, and by Arenhovel and Fabian, and also with the sum rules of O'Connell.
The results indicate that the conmbuoon of meson exchange currents at this low-momentum transfer is

significant.

FMF

(NUCLEAR REACTIONS *H(e,e/

); 9=180‘, E=56.4 MeV; measured n for EJ = ol

L to 19 MeV. Deduced elastic magnetic form factor.
I

SEAM ENERGY 56 a M«v
178 9* ELECTRON SCATTERING FROM

0 2 4 6 " 8 iO 12 4 16 18

EXCITATION ENERGY ' 'A.'J I

FIG. 1. Cross section values for 56.4-MeV electrons

scattered at 130* from :H. The solid curve is based on

the calculation of Miller (Ref. 5) uo to 3-MeV excitation

and Durand (Ref. 0) above this energy. The dashed curve

is the result of a calculation of Arennovel (Ref. 7)

which includes meson-exchange and isobar configuration

effects

.

°o 31 os 5s 5s ~5 1 Ti 1 1 to
<Fr 2

>

FIG. 2. Magnetic form factors tor elastic electron

scattering from ZD from different experiments plotted

vs q
2

. The solid line is a calculation of FmaC using the

Reid soft-core potential with S.5'^ O state (Ref. 13).

TA3LE I. The factor J - M of the sum rule expression

of O’Connell iRet. 5) is compared "nth experimental val-

ues of the factor corresoonuing to the eiasuc. inelastic,

and total cross sections. The errors shown on the J + M
total are chiefly due to the inelastic part. The experi-

mental sums were taken up to 19-MeV excitation energy.

Experiment Theory

- :.t J - M
elastic 0.0042

inelastic 0.0335

total 0.0377 = 0.0033 0.073

'OOM NSS-418
<R CV. MUNI
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„„ H. Takeda, I. Arai, T. Fujii, H. Ikeda, H. Iwasaki, N.Kajiura,
'

T. Kamae, S. Kawabata, K. Ogawa, T. Sumiyoshi, H. Fujn, S. Horana,

M. Kanazawa, N. Yamashita

Nucl . Phys. B1 68 , 17 (1980)

EL EM. SYM.

H

METHOP
REF. HO.

80 Ta 5 egf

REACTION RESULT
excitation
ENERGY

SOURCE OETECTOR
ANCLE

|type panse TYPE pance

$ G, P I-P NOX 700-999 C 999 TEL-0 DST

The recoil proton polarization for yn-» ir'p was measured around the third resonance region.

Both momentum vectors of the proton and the pion were determined by the magnetic spec-

trometers. The proton polarization was measured by means of proton-carbon scattering in the

polarization analyzer located behind the proton spectrometer. Below 900 MeV incident photoo

energy, our data are consistent with the other existing experimental data (0* =90*) and the

predictions of partial-wave analyses. Above 1000 MeV, however, a large discrepancy was obser-

ved between our data and the predictions of the partial-wave analyses. This discrepancy stands out

as the pion c.m. angle increases. A new partial-wave analysis was made for yn— ir~p including our

polarization data, and the accuracy of the experimentally determined electromagneuc coupling

constants of the third resonances were greatly improved. In particular.a finite amount of the

helicity ; amplitude for the yn-»F,,( 16881 resonance was obtained against the predictions of the

quark models, by Copley. Karl and Obryk and by Feynman. Kislinger and Ravendal but in

agreement with the relativistic quark models of Sugimoto and Toya, and Kubota and Ohta.
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(continued]
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Fig. 5

PHOTON ENERGY (MeV)

Photon energy excitation piot of the polarization at i.iCMl * oO*fa(, *0*;b>. 30*(c), 90“.'d),

UXflei
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*er P. Argan, G. Audit? A. Bloch, N. de Botton, J.L. Faure, C. Schuhl

,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels,

B. Van Oystaeyen
Phys. Rev. C24, 300 (1981)

EL EM. SYM.

H

RE r. NO.

81 Ar 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE NANCE TYPE NANCE

G , P 1

0

A8Y 141 -449 C 141-149 CKV-D 0

Our recently published ir° photoproduction data at threshold have been reanalyzed with the use of a more refined

detection efficiency calculation. The high energy points appear to be consistent with the threshold measurements;

the effective threshold amplitudes remain unchanged, and are now supported by the complete set of experimental

data.

REANALYSIS OF 80AR2

(NUCLEAR REACTIONS ’h,
j
H,

3He, and 4He targets; measured reac-H

j

tloa yields, £ t4 =1-10 MeV.

FIG. 2. The measured t 3 photoproduction yields in

micro barns, normalized to one target nucleus and one

equivalent quantum, as functions of the 3remsstrahlung

end-point energy E f . The curves are the theoretical

yields computed with DWtA cross sections, and adjusted

to the complete set of data as explained in the text.

rOffM N 35-418
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M. Bernheim, E. Jans, J. Mougey, D. Royer, D. Tarnowski

,

S. Turck-Chieze, I. Sick, G.P. Capitani, E. Oe Canctis, S.

Phys. Rev. Lett. 46_, 402 (1981 )

MCTHOO

Frullani EL CM. SYM. A Z

H 2

REF. NO. 7”

81 Be 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TV 0£ RAN GC TYPE RAN5C

E,E/ ABX 0-15 D 280-535 MAG-D 155

Electroexcitation o f the singlet S state of the deuteron has been measured for the-

range of momentum transfer <f
: = 6—19 fm‘ :

,
where meson-exchange current contribu-

tions dominate the cross section.

PACS numbers: 25.30. Cg. 21.30.+y, 25.10, + s

FIG. 2. Cross sections for 0—3 MeV above threshold

and 9 = 155’ Crosses are from Rets. 7 and 3. The
comparison with the bars (Ret. 6) is qualitative only

(see text). The predicted curves of Fabian and Aren-

hovel are laaeied according no the diagrams included:

impulse approximation (LA), piooic current and pair

(»), p exchange '(>)

,

total MEC (MEC), and ground-stale

Isobar component (A).

'om Nss-uia
(«|V, 7*<4. «4)

j sc o mm*n a 3-o c

Q TRANS 5-19 FM-2

FIG. 1. Cross sections (in cmVsr MeVO for e-d

scattering at 3 = 153’ and electron energies of 2S0 and
410 MeV (

q

•

= 5.9 and 11.5 fm' ;
).

TABLE I. Inelastic cross sections for ite.e') at 9

= 153’ averaged over threshold regioa (

-

0-3 MeV'
as a function of electron energy 5,

.

So
(MeV)

V
:

:

(fm
‘

:
)

da,'d£ t d*i Ub
(cm- / sr MeV)

230 3.39 (0.602 - 0.006) •
10' ’

320 7.47 (0.266 = 0.007) x to'
;

350 3.74 (0.136 = 0.004) x io" 1

370 9.63 (0.7.71 = 0.030) x IO"’
390 10.53 (0.445 = 0.030) x 10"

410 11.50 (0.261 = 0.020) x 10"

430 13.47 (0.115 = 0.009) x io'

495 13.32 (0. 236 = 0. 072)x io’
’

535 225 13.00 (0.134 = 0.037) x io* <

PHQTCNUCLEAR DATA SHEET



ref. M. Bernheim, A. Bussiere, J. Mougey, D. Royer, D. Tarnowski

,

S. Turck-Chieze, S. Frullani, G.P. Capitani, E. De Sanctis, E. Jans

Nucl . Phys. A365 , 349 (1981 )

EL EM. SYM.

81 Be 11 hg

REACTION result
EXCITATION
ENERGY

SOURCE OeTECTOR
ANGLE

TYPe RANGE type a an st

E, E/P ABX 105,147 D 500 MAG-D DST

Abstract: The nucleon momentum distribution in the deuteron has been determined up to 340 MeV/ c by

measuring the die, e'pln reaction at an incident electron energy of 500 MeV. The data are well

described even above p = 200 MeV/e by the most recent deuteron wave functions, in contrast with

previous le, e'p) and ( p. 2p) results.

NUCLEAR REACTION :
H(e. e p). £=*500 MeV; measured cr. missing energy, recoil

momentum. !H deduced effective nucleon momentum distribution. Liquid target.

COINCIDENCE

Table 3

Coincidence cross sections d<r/de 'd/7« 40„ for the CD : (two sets of measurements) and liquid deuterium

targets as a function of the recoil momentum n , and for the ic =450 Mev/r and A: = 350 MeV/c

kinematics

Solid CDj target

k =450 MeV/

c

Liquid target ilow n')

'< = 450 MeV/c
Liquid target (high n )

k =350 MeV/c

n' (MeV/c)
cross section

(nb • sr”
2 MeV" 1

)

n (MeV/c)
cross section

(nb • sr”
2

• MeV" 1

)

n' (MeV/c)
cross section

(nb • sr”
2

• MeV" 1

)

Set I

5 1 12.4 ±8.3 5 30.3 £2.1 155 0.833x0.050

15 73.3 £3.8 15 76.9 £ 1.2 165 0.612x0.039

25 55.1 £ 2.3 25 60.6£0.8 175 0.452x0.033

35 37.9 £2.5 35 42.5 £0.3 185 0.339x0.023

45 23.5 £2.4 45 26.9 = 0.8 195 0.320x0.019

55 14.7 £2.3 55 13.73 £0.44 205 0.260x0.017

Set II

5 U0.3 £ 13.0 65 9.59 £0.22 215 0.195x0.014

15 106.5 £ 6.0 75 6.04 = 0.18 225 0.172x0.011
- < 60.3 £ 4.3 35 4.11=0.13 235 0.113x0.007

35 42.0 r 4.3 95 2.96 = 0.11 245 0.123x0.010

45 26. 4 = 7 2 105 1.351 x0.095 255 0.095x0.007

1 1

5

1..1 J = 0.u-iU 265 0.072x0.005

125 0.982x0.019 275 0.063x0.005

135 0.779x0.019 235 0.050x0.006

145 0.499x0.026 295 0.037 = 0.003

155 0 369 = 0.024 305 0.025 =0.003

165 0.317 =0.013 315 0.023x0.003

175 0.170x0.012 325 0.022x0.003

335 0.015 x 0.003

>
ai

Z

\ -OL

die. e'pln

9 tS3Q

L'dU'd 'ar-jr

Solid

1L

*C _

|

100 2C0 300

<ecctl neurron momentum n i ,

M eV/c)

Fig. 9. Coincidence cross section dcr/de d/3, d/} 3 for the d(e, ep)n reaction, as a function of the recoil

momentum n , for the two sets of kinematicai conditions given in table 3. Open circles corresoond to

measurements on a solid CD-^ target. The solid curve is a PWIA calculation using eq. (1) and a deuteron
wave function from the Reid soil core potential, normalized to the low momentum data, as discussed in

?oam N3S-418
lfl£v. 7.1 4.441
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W. Del Bianco, L. Federici, G. Giordano, G. Matone, G. Pasquariel 1 o

,

ntF. P. Picozza, R. Caloi, L. Casano, M. P. De Pascale, L. Ingrosso,

M. Mattioli, E. Pol di , C. Schaerf, P. Pelfer, D. Prosperi,

S. Frullani, B. Girolami, H. Jeremie

Phys. Rev. Lett. 47, 1118 (1981)

CLEM. SYM. A z

H 2 1

METHOD REF. NO.

81 De 1 egf

REACTION RESUL T
excitation
ENERGY

SOURCE OETECTOR
angle

TYPE RANCC TYPE NANCE

$ G,N NOX 10-70 D 10-70 TOF-D 90

The asymmetries — (® c ..-r .

=^r/2) for the reaction JH(y ,n)p have been measured with use 4G CIRCULAR 'LINEAR
of a monochromatic and linearly polarized y-ray beam, obtained by backward Compton 1 1

scattering of laser light against high-energy electrons. Contributions from meson ex-
change currents must be included in the theoretical calculations to reproduce our data.

PACS numbers: 25.20.7-g

FIG. 2. Plot of the ratio
-;n = r/2! vs £, for 'he

reaction Hlv.^jp. Dasned and fuil curves are the
Arenhovel calculations .a approximations I and II (see
text; . respectively

.
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- J.F. Gilot, A. Bol , P. Leleux, P. Lipnik, P. Macq
Phys. Rev. Lett. 47, 304 (1981)

EL EM. SYM.

H

METHOD re r. no.

81 Gi 4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPC RANGE TYPE RANGE

N.G ABX 38 D 72 TEL-D DST

(38.2)

The neutron- proton capture differential cross section has been measured at extreme

forward and backward armies for 72- MeV neutron energy corresponding to a y-ray ener-

gy of 38.2 MeV in the inverse reaction. The results agree well with recent photodisinte-

gration data at forward angles, but only partially with potential model calculations.

SIGMA 0 AND 180 DEG

PACS numbers: 21.30, + y, 25.10, + s, 13.73.Cs

TABLE I. Results of the present experiment, converted into photodis-

integration cross section {E
y
= 38.2=0.5 MeV), compared with data of

Hughes et al. and Weissman and Schultz (WS) at the same energy and

with calculations using a Hamada-Johnston (HJ) -otential, or a Feschbacn-

Lomon (FL) potential with a 5.27c D-state term (E
y
= 40 MeV). All num-

bers are inub/sr. The quoted experimental errors for the present ex-

perimental values are statistical and are obtained from a combination

of three independent runs.

This experiment Hughes et at.* WS° HJC FLJ

da/dtl (O’) 5.7 =0.6 5.2 =0.3 S.0=0.8 7.2 6.9

dc/dU (180 s
) 6. 9=0.

6

3.4=0.

8

5.2 5.1

a 6.30=0.45 , 4.7 i0.5 6.2 6.0

c -0.60=0.45 1.3 =0.5 1.0 0.9

‘Ref. 1.
c
Ref. 2.

b
Ref. 3.

d
Ref. 3.
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J. Uegaki, L.O. Dallin, Y.M. Shin, C.Y. Kim

Nucl. Inst. Meth. J_79_, 55 (1981)
REF. EL EM. SVM. A Z

METHOP

H 2

REF. NO.

1

81 Ue 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGC TYPE MANGE

G,P RLX 2-160 C 160 TEL-D 90

High resolution telescope counters which employ thick germanium and silicon surface barrier detectors have been constructed
jnd used for experiments with bremsstrahiung beams at high energies. The system has been tested with ^ 1 60 MeV bremsstrahlung
learns and Li targets. All charged particles up to E — 100 MeV are clearly separated, and there is little background in the mea-
ured spectra except at very low energies. Data have been acquired for the :

D(t. p) n reaction at 90° and for the
4
He(7 , f) reac*

,,jn 3n Su ^at distributions. The system may be constructed at about 1% of the cost of a magnetic spectrometer with a comparable
-nergy resolution and analyzing capability.

[j- ' DUTcrent“l cro« sections it t> LAB = 90’ for the
H( 7 . pi - reaction. The experimental iau are taken from

Tietze et al. [9], Weissman et al. [10| and Kose et ai. (UJ.
and the theoretical results from Partovi (8).

'o*m H3S-<418
'A C V . 7.1 4-«4t
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K. Baba, I. Endo, H. Fukuma, K. Inoue, T. Kawamoto, T. Ohsugi,
Y. Sumi , T. Takeshita, S. Uehara, Y. Yano, T. Maki
Phys. Rev. Lett. 48, 729 (1982.)

EL CM. SYM.

H

M6TH00 REF . HO.

82 Ba 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE-

TYPE RAN €£ TYPE R AN SC

G,P ABX 180-600 D 180-600
iMAG-0 OST

The differential cross section for yd—pn has been measured in the energy range be-

tween 180 and 600 MeV at c.m. angles 15’, 30°, 42°, and 72°, by using tagged photons.

The results, in particular at smaller angles, are in disagreement with theoretical cal-

culations which take into account the effect of dibaryon resonances.

PACS numbers: 25.20.+y, 25.10. + S, 13.75.Cs

O

FTG. 1. The differencial cross section for the process
yd-pn as a function of £ v at fixed angles. The errors
are statistical only. The curves are from Ref. 2; the
dashed and dot-dashed ones are YR - DB’s of J p = 3"

* 3°, and YR + 3* J- 1*
, resoectivelv, while die solid

one is YR only. The arrows indicate the position of
possible DB’s.

FIG. 2. The differential cross section for yd—pn as

a function of c.m. angle of proton. The dot-dashed and

solid curves are the same as in Fig. I, and the dashed

one is the OPR contribution.
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L. Azario, R. Caloi, L. Casano, M. Mattioli, E. Pol di , D. Prosperi,

C. Schaerf
Phys. Lett. B114 , 11 (1982)

EL EM. $YM.

H

METHOD see. no .

82 De 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANGE TYPff RANGE

$ G,N ASM 19 0 19 TOF DST

$ G, 19=19. 8 MEV

The symmetr>' 1(9) for the reaction j H(t. n)p has been measured at nine angles for Ey » 19.8 MeV. The source of

monochromatic and linearly polarized 7-tays was the Frascati Ladon facility, obtained by Compton scattering of laser

light against high-energy electrons. The experimental results are compared with theoretical calculations based on the Reid-

soft-core and with the De Tourreil—Sprang (version B) interactions.

Fig. 2. Plot of 2(9) versus 9 (c.m. proton angle) for the reac-

tion *H(7 , n)p at E -
1 9 .3 MeV. Dotted and full curves are

the theoretical calculation of refs. (9| and
[
11

]
with the

RSC and DTS potentials, .-espectrveiy.

Table 2

Comparison between our values for the ratios jlb, fib. gib at Ey » 19.3 MeV md the corresponoing theoreticai predictions as

given by refs. (10] t RSC).
(
14

]
1 DTS). [12] iH-T) and [13] (Paris). Our oesi estimates of the other coefficients appearing m eq.

(5) art: b = (6.5.7 = 1.2) ab/sr. c = (0.47 = 0_27) ab/sr, J = (20.6 = 1.2) ab/sr, e =
(—1.75 = 0-5 7) ab/sr.

Ratio Fitted '/aiues Theoretical values

DTS RSC HJ Pans

alb 0.0622 =0.0041 0.0711 0.0821 0.0845 0.0844

Jib 0.9706 = 0.0061 0.984 0.980 0.978 0.979

sP> 0.319 =0.013 0.275 0-273 0.275 0-276

room N3S-418
[ CV. T-la-Ml

JSCOMM-HiS-OC PHOTONUCLEAR DATA SHEET 231
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ref. v.G. Gorbenko, Yu.V. Zhebrovskij, L.Ya.

P.V. Sorokin
Nucl . Phys. A381 , 330 (1982)

METHOD

Kolesnikov, A.L. Rubashkin, EL EM. SYM. A Z

Page 1 of 4
H 2 1

REF. NO.

!

r

82 Go 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

ttpc pan«sc TYPE MANSE

$ G,P ASM 80-600 D 600-999 MAG-D DST

$ G, 999=1 .6 GEV
Abstract: The asymmetry of cross sections for the photodisintegration of the deuteron has been measured

in the linearly polarized photon energy range 80-600 MeV at c.m. proton emission angles 7 5*— ISO*

.

The obtained data are not found to be in agreement with theoretical predictions.

NUCLEAR REACTIONS 2
H(polarized y, p), £ « 80-600 MeV; measured crO) asym-

metry. Linearly polarized beam.

rig. 2. Intensity and polarization spectra of oremsstrahiung from a 2 mm diamond single crystal at

orientation angles 3 = "5.3 mrad and a = 3-1.7'’ is the polar angle between the electron momentum
Pn and the crystal axis b > =1110], a is the azimuthal angle between the planes ipo.it> and
The curve represents the calculation with the following exoenmental parameters: the energy resolution

of the spectrometer J£„ £T = 3%, the angles of photon collimauon = 5 x 10"J rad. electron beam
divergence w0 = 10"* rad and multiple scattering in the target 10*’ rad.

ronu N3S-4U
IKCV. 7.1 <-u>

USC OMM-N 83-OC

(continued)
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-10

01 02 03 Q4 0 5 0 6 01 02 03 04 05 Q6 Ql 02 03 Q4 05 06 07

E r (Gev)

Pano 7 nf 4
7-P6»-<26. ->c«
4 06**06,,

rj 90* 105’

1
r * *

•r?
2

$
,
u&z*

/ ^ Ji x

\
4 »•

|

1

tf 1

4

120* 135*^ 150*

A 4 4$$$ \ X *//

i
5? /A r -

fa#*
1** i \/j\ ;

i
''

i
} 5j{4 |J

4

nr * i

i I
'

-— i

-

Fij. 3. Energy distributions of the cross section asymmetry. Points are: •, O our present data; I Stanford
17

)\ Frascati
21

); Bonn
‘9

). The dotted

curve represents the calculation by Laget
1J

); the solid, dashed and dash-dotted curves show the results of the analysis by the Japanese group *).

Fig. 4. Angular distnbutions of the cross-seaion asymmetry for £, = $0-360 MeV. A double dash-dotted line representing Partovi's calculation °)

is added to the notation of rig. 3.

233 (continued)



ref. V.G. Gorbenko, Yu.V. Zhebrovskij, L.Ya. Kolesnikov, A.L. Rubashkin,
P.V. Sorokin
Nucl . Phys. A381 , 330 (1982)

Page 3 of 4

EL EM. SYM.

H

REF. NO.

82 Go 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

$ G,P ASM 80-600 D 600-999 MAG-0 0ST

10

-05

Q5

£:/ 280 nev 300 «ev 320 MeV

M a .
v

a

a 6

4" a .
4 a

a a

V

\ \

360 Hev 400 rev 450 Me/

4

l'Us n : „-K

v V
//

-

s'~,0 /

500 Mev 550 rev -500 rev

-05

-10

n, r
L

|

//' \V

A \v i/ * \\

r \A\~ZT VWi;
i

"HTI

0 20 60 90 '20 150 Q 50 50 50 !2Q '60 0 20 60 90 (20 150 20

83
^ea 1

Fig. 5. Same as in rtg. ~ for E, = 3S0-600 MeV.

$ G, 999=1 .6 GEV

(continued)•ORM MSS-411
ip e v

.
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Table 2

Cross-section asymmetry values in the yd-*np reaction

(MeV) =75* 90* 105* 120* 135* 150“

80 -0.260±0.016 -0.280 = 0.026 -0.345=0.025 -0.328 = 0.025 -0.169 = 0.045

100 -0.165 = 0.028 -0.105=0.015 -0.091 = 0.034 -0.074 = 0.026 0.043 = 0.042

120 -0.120 = 0.040 -0.043 = 0.035 0.019 = 0.044 0.078 = 0.057 -0.029 = 0.029

140 -0.020 = 0.040 0.159 = 0.031 0.237x0.030 0.147 = 0.035

160 0.042 = 0.037 0.076 = 0.026 0.144=0.032 0.104 = 0.029 0.119 = 0.044 0.050 = 0.033

180 0.213 = 0.030 0.159 = 0.044 0.252 = 0.036 0.147 = 0.043 0.160 = 0.040

200 0.145 = 0.041 0.258 = 0.035 0.261 = 0.031 0.231=0.045 0.171=0.052

220 0.187 = 0.042 0.277 = 0.037 0.390 = 0.038 0.361=0.034 0.217 = 0.024

240 0.185=0.043 0.233 = 0.044 0.188 = 0.030 0.229 = 0.032 0.170 = 0.024 0.100 = 0.032

260 0.216 = 0.047 0.230 = 0.045 0.314 = 0.039 0.237=0.030 0.256 = 0.038 0.098=0.044

280 0.265 = 0.036 0.248 = 0.029 0.248 = 0.025 0.210 = 0.024 0.160 = 0.022 0.073 = 0.024

300 0.203 = 0.034 0.267 = 0.032 0.204 = 0.036 0.217 = 0.029 0.171=0.027 0.046 = 0.050

320 0.088 = 0.032 0.292 = 0.040 0.263 = 0.033 0.212 = 0.033 0.187x0.029 0.088 = 0.027

360 0.228 = 0.058 0.267 = 0.043 0.319 = 0.039 0.220 = 0.030 0.195 = 0.038 0.074 = 0.042

400 0.277 = 0.086 0.267 = 0.061 0.237 = 0.061 0.235 = 0.058 0.191=0.049 0.140 = 0.073

400* 0.184 = 0.043 0.257 = 0.033 0.274 = 0.040 0.225 = 0.050 0.191=0.037

450* 0.209 = 0.053 0.164 = 0.028 0.171=0.042 0.258 = 0.039 0.147 = 0.057

500* -0.017 = 0.042 0.150 = 0.057 0.070 = 0.067 0.092 = 0.047 -0.060 = 0.072

550* -0.006 = 0.081 0.000 = 0.094 0.116 = 0.066 -0.026 = 0.083 0.039 = 0.015

600* -0.380= 0.107 -0.126 = 0.142 0.068 = 0.053 -0.017 = 0.013 0.304 = 0.128

* Results published earlier in ref.
13

).
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T. Ishii, S. Kato, H. Okuno, K. Ukai, Y. Ohashi ,
N. Awaji, H. Hayashii,

RCF N. Horikawa, K. Kimura, A. Miyamoto, T. Nakanishi, S. Okumi

,

H. Ozaki, A. Sugiyama, R. Suzaki, T. Tauchi, K. Mori, Y. Takeuchi
Phys. Lett. HOB, 441 (1982)

CLEM. SYM.

REF. NO.

82 Is 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPC HANQI TYPC RANGE

$ G,P ASM 300-700 C 1* MAG-0 DST

SD 1*=1 . 3G EV , P-N COIN

The target asymmetry in yd — pn has been measured at proton c.m. inales of 70', 100' md 130' in the photon ener-

gies between 0-3 md 0.7 GeV. Results show relatively small asymmetry values in contrast to large proton polarizations. A
phenomenological analysis by Ikeda et ai. does not reproduce the present data, especially in the lower energy region.

Fig. 3. The polarized target asymmetry in yd - ir*n(n) at a ;r*

c.m. male of 105'. Data points are from ref. [5] (squares),
ref. (6 1 (rhomboids) md the present experiment (circle), and
the curve is from ref. (9]

.

Table 1

Results of the polarized target asymmetry in yd — pn. The
errors are statistical.

Photon

energy

E
y
(GeV)

Proton c.m. angie

70' 100' 130'

0.30-0.35 -0.08 e 0.12 -0.02 e O.iO 0.02 s 0.23

0.35-0.40 -0.14 r 0.11 -0.05 = 0.14 0.34 i 0.14

0.40-0.45 -0.19 t 0.11 -0.04 ; 0.26 0.14 r 0.16

0.45-0.50 0.13 : 0.14 -0.04 ; 0.18 0.36 t 0.09

0.50-0.55 0.15 : 0.10 -0.02 t 0.16 0.21 = 0.11

0.55-0.60 -0.14 s 0.12 0.11 : 0.18 -0.12 = 0.13

0.60-0.65 -0.12 a 0.14 -0.04 s 0.22 0.12 s 0.17

0.65-0.70 0.43 e 0.22 -0.16 t 0.53 -0.18 t 0.30

The polarized target asymmetry T(d ) in yd -* pn

is obtained by

T(6) = {tf)+ - DJ/[PJD+ - JV) + P+(D_ - JV)] },

where P. represents the vector polarization of deu-

terons. D. and N represent the normalized yields from

the polarized deutarated butanol target and dummy
target, respectively. The subscript *+’ denotes the di-

rection of k X p, where A: is the incident photon mo-

mentum and p is the proton momentum.

Fig. 4. Energy dependences of the polarized target asymmetry
T(«) for yd — pn ate (c.m.) = 70', 100' and 130'. Curves
are the predictions by Ikeda et aL (31 ; solid curves: ’without

dibaryon resonances, dashed-dotted curves: solution A (with
l 3

1 •
3 3 " md / ’ 0, y'

3
* l *) dashed -urves: <oiuoon 3

(with / * 1 . Jp = 3" md I » 0, = }*).

= obm N3S-41I
(A £ V. 7.14.44)
USCOMM.OC 2fl010«P44 PHOTONUCLEAR DATA SHEET 236
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M. Cerineo, K . Ilakovac, I. Slaus, and P. TomaS
Phys. Rev. JL24, 1947 ( 1961

)

; EL EM. SYM. : A

H

D( n,H
3

)

y

REF. NO.

61 Ce 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGL E

TYPE RANGE TYPE RANGE

N.G ABX 16 D 14 TET.-Q 4PI

o (14.4 MeV neutrons on deuterium) = 29.4 ± 5.8 lib
capture

bv DT balance d,. (E = 15.9 MeV) = 2. 1 ± .4 lib
dis x

Y

'J.j. OEPA.BTMENT OF COMMENCE
NATIONAL. 9UREA'j'0? 5TANOAROS

*orm HBS-^18
(B £ V . 7- I A- $A)
'J3COMM-OC 2* OIO-P44 PHOTONUCLEAR DATA SHEET 239



; ef. H.Collard, R. Ho f stadter,

A. Walker, M.R.Yearian, R

Phys. Rev. Letter s 11, 132

A. Johansson, R. Parks, M.Ryneveld,
. B.Day, R.T. Wagner

(1963)

Elem. Sym.

H

A

3

Z

1

lethod Ref. No.

63Co2 3G

Reaction E ot A E E
o

r
S
adE J rr Notes

/ \

(e,e) up to

661

3 5
Study of mirror nuclei H and He .

rms charge radius = 1.68x10
'

i5
cm.

rms magnetic moment radius equals
1 . 63xlO“'i 3cm.

Electromagnetic size of H5 is

smaller than that of Re3

.

The three form factors

7 (H5 ), and F (He 5

mag' mag'

F
,

(H5 ),charge

) are similar

but not eaactly equal.

F , (He 5
) is different from

charge' ‘

others. Indicates charge structure
in He 5 larger in size than the

other three density distribucions.

L

j

.

H5 cross section falls off less
rapidly with q2(mom. transfer ) chan

the He3 cross section.

| \ ~WTIUM »*CT 3»S
r h.* **cro«s

!

I

i\\ :
1

j

1

! i \\!

1
5 \V

; 1 a !

2 1

\ \ •• L 1

j

!

!

.

i \\ -
j r

N'
: V*

1 1

1

1

j

‘l

j

FIG. 2. The four form-factor determinations made

in this experiment. On the left are snown r ch
and

for H3
ana on the rignt the similar quantities for He'

are shown. and F axe defined as in Eqs. (5)

tr.d (6) of reference 1. In a subsequent account ot this

vork, graons of the corresponding Dirac and Pauii

form factors will be given.

U.s. OEPAfl TMSNT of
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REF.

R. Bosch, J. Lang, R. Muller and W. Wolfli
Phys. Letters 8, 120 (1964)

METHOD

ELEM. SYM.

(n,y) Mgnoenergetic source
H (y,n) comparison

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 7 - 9 D 7-9 BF3-I 4 PI

(6.7 - 9.)

Fig. 1. The total cross section for the H 3 (y,n)H2 photo-
disintegration. The curves have been taken from
ref. 9).

Curve A: p" 1 = 3.0 fm. Curve 3: u*
1 = 2.6 fm.

Curve C: - 2.0 fm.

Rohm N3S-A13
(R SV. 7-1

U5CCMM-OC 2S010-R34 PHOTONUCLEAR DATA SHEET 242
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REF.

A. Johansson
Phys. Rev, 136 , 81030 (1964)

METHOO

I EL EM. SYM.

64 Jo 1 JOC •:

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E? E/P ABX 0- 16 D 550 MAG-D DST 1

• 0

50

40

30

20

10

0

-10

-20

H
S
TARGET

9
,

• 51.7*
,
^•31.3*

E t • 330 «• V.

- ^»44| U«V

HOTON ENCAGY ( M • V )

86 Ml 90 92 94 96

16 14 12 10 8 6

3CPAAATI0* £NC"OY (M«V)

FiO. 2. The energy snectrum of protons at 51.5* In coincidence
with 441-MeV electrons at 51.7* from H 1

fae'p).

PROTON ANGLE

7 :c. 4. The coincidence cross section of reaction (C) as a func-
tion of protoQ angle. The cur/e is explained in Sec. VI of the text.

- orm N 8S--413
(R £ V . 7-14- 6-4)
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R. Bosch, J. Lang, R. Muller and W.

Helv. Phys. Acta 38, 753 (1965)

MSTHOO

( n,y) sources

REACTION EXCITATION
ENERGY

Wfflfli

ELEM. SYM.

H

Page 1 of 2

REF. NO.

65 Bo 2 JDM

SOURCE DETECTOR

TYPE RANGE TYPE RANGE

Figur 7

Vergleich der expenmentellen und theoretischen Werte von aib und Die durchgezogene Kurvc

wurde auf Grund der Gunn-Irvingschen Wellenfunktion = 2.5 F, <3 = 0.07) berechnct

(vergleiche 3.3.1).

form NBS-418
i (R S v. 7-1 A- 6A;

use omm-c c zaoio-P^x

Figur 5

E-xpenmenceile und cheorccische W eric fur den totaien Wirfeungscuerschrurt des i- Korperzertallea.
Kurve I Thcorctischc Werte idurch einea raktor + dividiertl von Delves*) unter Benicksichti-

emer Wechseiwtrkun? de: auslauienden Teiichen.
Kurve 1 : Theorecische Werte von Conn und Irving 1*' fur erne Wellenfunktion der Form ild) cnit

= --j f Beschreioun? des Enazuscanaes durcn 3 eoene Weilen.

X cont i nueci)
U.3. DEPARTMENT OF COMMERCE

NATIONAL 3UREAUC? JTANOARC3
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R. Bosch, J. Lang, R, Muller and W. Wolfli
Helv. Phys. Acta 38, 753 (1965)

EL EM. SYM.

METHOO

(n,y) sources Page 2 of 2
65 Bo 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 6 - ll D 6-11 BF3 DST

f(9) == a b sirt2© (l - 3 cosS)

eg (E* = 2.3 MeV) .45 1.15 aob

ri^ur 5

Exper.menteile Werte des roralen Wirkungsauerschni'.tes der Reaktion H3 '-/, hiH : Die ausee-
i0?-ne Kurve unirde au! Grand der Gunn-irvingscne.n '.Veilemuaxtion = 1.5 F, 6 = 0 07)
berechnet iv?l. 3.3.1). Die ubngen Xerven encsprechen demseiben Ansatz ;ur die Weiieniunknon.

mit x-' = 3.0 F. d = 0 'Kurve 1) und a -1 = 3,0 F. 5 = 0 Kurve 3).

form H3S-418
[RSV, 7.1 a-«ai
U 3CCWM.OC is oio-pe. PHOTONUCLSAR DATA SHEET 245
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REF.

E. B. Hughes, M. R. Yearian, and R. Hofstadter
Phys. Rev. 151 « 841 (1966)

ELEM. SYM.

H

A

3

2

1

METHOD

Llnac
Page 1 of 2

REF. NO.

66 Hu 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ FMF 0- 160 D 250- r70 MAG-D 130-360 DST

or

TRITIUM

Jr 2«8.S M«v. 90*

q
J *2J r 2

[

wo eo leo aoo 220
SCATTERED ELECTRON ENERGY (M»V)

Fig. 3. The absolute inelastic electron-tritium and electron-
helium-3 cross sections as a function of scattered electron mo-
mentum for q

1 = 2.3 r'-’.

Fig. 4. The absolute inelastic electron-tritium and electron-
helium-3 cross sections as a function of scattered electron mo-
mentum for ^ = 4.6 F-1 .

4* (R' ?
!

farm,' rr^ ^U" of
•

^ ot &£ electric form
{Gl ' y - 1.‘ unctIoa of The full circle ooints arere 00-

S&igf'Tk' 1 ^ cr0Siei usin? EO- 13) ana the ooen circles

,e
9 ' crosses and open ancles have been shiftedali&htly in the ^ direction ior purposes of clarity.

FORM NBS-418
(R £V .

7-1 4-44)
U3COMM.OC 2S010-PC4

(conti nued)
U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STA.nOARDS
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E. B. Hughes, M. R. Yearian, and R. Hofstadter

Phys. Rev. JJjJL, 841 (1966)

EL EM. SYM.

H 1 I

METHOO

Linac Page 2 of 2

REF. NO.

66 Hu 2 JDM

REACTION RESUL T
EXCTT AT ION

ENERGY

SOURCE DETECTOR
ANGLE

TYPE range TYPE RINSE

i able i. i ne experimental ratios ot the electron-tntium and
electron-heiium-3 quasi-elastic cross sections as a function of f
and scattering angle. Also shown are the rapes of the elasPc
cicci.roa-neui.roa ana eiectron-proton cross sections waicn toilow
from the experimental ratios by means of Eq. (3). The errors
attached are purely statistical.

(F~>)

£
(MeV)

Angle
(degrees)

(i?9-/ii£dfi)H‘

{(Fc/dEdO)^*

(d*/d(2).

(Ar/<fO),

2.3 248.8 90 0.619*0.018 0.173*0.028
4.6 667.5 40 0.579*0.017

0.581*0.017
0.582*0.017

0.111=0.025
0.114*0.025
0.116*0.025

4.6 398.4 75 0.655* 0.019
0.632*0.018
0.604*0.017

0.230* 0.032

0.193*0.030
0.150* 0.027

4.6 296.4 120 0.675*0.020
0.666*0.017

0.264=0.035
0.249= 0.030 Table n. The neutron form factors as a function of q*. The ex-

pected form factors are taken from Eq. (14) of Ref. S.

I
1 —Gst %/p* — Gun/?,

(F
-1

) Measured values Expected values

2.5 0.006= 0.038 0.0 0.71
4.6 0.003* 0.00" 0.537*0.028 0.0 0.59

T„slz ITT. The total inelastic cross sections for tritium and heiium-3 as a function of <f and scattering angle. Column 6 shows the

correction factors applied to the measured cross sections, due to the experimental low-momentum cutoff.

7
1

(F-1)

Angle
(degrees) Target

*oo»b rr* d

(orri/Sr) % cuton
CotTCCUOQ

factor

<7 -o rrt e t* d

(cmVSr)

2.5 90 H> (1.64= 0.05) X10-'> 50.0 1.043 (1.71=0.09) x'.cr*1

HH (2.68* 0.08) XlCr” 30.0 1.043 1 2.79=0.15) X lCT”

4.6 75 H> (U2=0.04)X10-“ 30.0 1.032 ( 1.56=0.06) X 1CT“

He* (1.32=0.05) XiO"" 25.0 1.053 ,1.92=0.15) X 10-“

U.s. DEPARTMENT OF COMMERCE
NATIONAL 3URSAUOP STAN CA 303PO RM H 3S-418

(R EV. 7-1 A-4AJ
USCOMM-OC 2S01 0.P44 PHOTOSUCLEAR DATA SHEET 247
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R. Kosiek, D. Muller and R. Pfeiffer and 0.

Phys. Letters 21 , 199 (1966)

METHOD

Merwi tz

EL EM. SYM.

66 Ko 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P SPC THR - 33 C 33 TEL-D 4 * 14 90

G
,
D ABX THR - 33 C 33 TEL-D 4 - 9 90

Fig. 1. Energiespektrum der Protonen aua der Reaktlon
3T (y, p) 2n.

o.s

1

s
I

M
j ^ H 3

( r,n)d

V r

\
I V

i
x

i /

“i t

j

I

1

"j i

I

}

i,
M'l

•X

>*

10 IS XI 2S 20

Fig. 3. Wirkungsquerschmti :!Ir den Prozess 3T(y, a)d;

* berecanet aus dem Spektrjm der Fig. 2 unter der
Anrahm s amer sm-S-Winkeivertsilung; 4 Mssspunkte
nacb 3dsch et ai. [16]; Kurye; Theorie nach Bdach et

ai. [5] mit M"'- = 2.5 fm and 5 = 0.07.

Fig. 2. Energleapektrum der Deuteronen aus der Reak-
tion 3T(y, n)d.

fosm HSS-418
1 R EV. 7.1 a. 441
U 3COWM.OC 2 S 010-PS 4

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3 UREAUCF STANOAROS
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R. Pfeiffer
Z. Physik 208, 129 (1963)

EUEM. SYM.

H

Page 1 of 2

REF. NO.

63 pf 1

REACTION RESULT EXCITATION
EN ERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,D A3X 18-31 c 33 TEL-D L- 3 90

G,P A3X 11-33 c 33 TEL-D 3-15 90

(32.5)

F :

g_ Aus ~g. 6b besummter '•Virkurzsquerschmcc car R.san.;ion n)d.

Orainaie: Duterentieiier '-Virkungsquencr.nt:; J R.ac:;te Ordinate:

z\e ’>Vinicsl ;r.cagriar;ar '.Virkungsquerschnirt

Linxe

Cber

. Fig. 3. E^perimenteil bcstimmter Wirk-o^ouerschnitt der Raakt;on } H(y,n)d :m

Vergleich zur Tr.eone

f conti nued)
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REF.

R. Pfeiffer
Z. Physik 208, 129 (1968)

ELEM. SYM.

H

Page 2 of 2

REF. NO.

68 Pf 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE, RANGE TY PE RAN GE

i

rig. 10. Berecnnete Protonenspextren der Dreikorperreaktion am 3H (Kune 1 — 3).
expenmentelles Protonenspektrum der Dreikorperreaktion am J He (4) und am 3H (t)

t aceile. - on aer Scir^etle cis 32J .\1e^' inrefnerte '^:r\un^squerschni[te

der Zweikorperreaiaion

Autor target tr0 MeV'mb cr_
,
mb

Stewart et al.
4 3 He 11,6- 1 .2 0.95-0.10

Gorbunov et aJ.
s 3 He 1 7,3 1 ,5 1.20-0.10

Berman et al.
3 3 He 12,0- 1,3 0.34-0,08

Siebert et al.
7 3He 11.7 4- 2,0 0.S1 a- 0,12

diese Arbeit 3H 11.S- 1,4 0.78 - 0,10

r orm N3S-418
(REV. 7-14- 34)
USC OMM-QC 20010-R34 PHOTONUCLSAR DATA SHEET 250

U.3. 0£P ARTMENT OF COMMERCE
NATIONAL 3UREAU C? STANDARDS



D.D. Faul, B.L. Berman, P. Meyer, D.L. Olson
Phys. Rev. Lett. 44_, 129 (1980)

«EF. EL EM. S YM. A Z

REF. NO.

80 Fa 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGL E

TYPE RANQE TYPE RANGE

G,N abx 6-20 D 6-20 3F3-I 4PI

G ,2N ABX 8-26 8-26 BF3-I 4PI

Measurements of the two-body and three-body phctodisintegration cross sections for
tritium are reported. The measurements were done with monoenergetic photons, high-
pressure gas samples, and neutron-multiplicity detection. Presently available theoret-
ical calculations are r.ot adequate to explain the results.

FIG. 1. Two-body photodlsintegratior. cross section,

for -K(y,n) !
H: filled circles, present data; triangles,

data of P.ef. 1; open circles, data of Ref. 2; solid curve

and dashed curve, Ref. 4; dasn-dot-dash curve, Ref. 1;

dash-dot-dot-dash curve. Ref. 5. The error flags in-

dicate statistical uncertainties only. The arrows indi-

cate the reaction tnresr.olds.

FIG. 2. Three-body photodisintegration cross section,

for :
H(y, 2n)'K: filled circles, present data; solid

cur'e and dashed curve. Ref. S; dash-dot-dash curve

and dash-dot-dot-dash curve. Ref. 7.

TABLE I. Integrated cross sections and moments.

Nucleus ,
reac:i.0Q

5* 3
— 1 X C Me V) J’in: iMeV mb) a., (moi 7., (mo MeV' 1

)

3
H(Y. n)

S 19 2 9.2 0.73 0.062

:H(y, 2n)
c 19 o 8.9 0 .43 0.035

!

H(Y, It)
C *> C .4 10.4 0.54 0.042

JThe e o.er^y up to which the tr.teg rations are caitried out.

sThe sitatistical uncertainties are less than 4 'e; systematic uncertainties

might be as large is 15*4.

cThe s'tatistical uncertaiiocies are i ess than 2 systematic uncertainties

might be us large as lOtc.

* o N 3S-4 13
IA(V, 7. I A-34)

use omw-n as-o c PHOTONUCISAR DATA SHEET 251
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D.D. Faul , B.L. Berman, P. Meyer, D.L. Olson
Phys. Rev. C24, 849 (1981)

EL EM. SYM.

H

METHOO R£F. NO.

81 Fa 1 hg

REACTION EXCITATION
ENERGY

OETECTOR

6, N ABX 6-24 BF2 -L A2L
G,2N ABX 8-28 8-28 BF3-I 4PI

The photoneutron cross sections for
3H and 3He have been measured from threshold to

— 25 MeV with monoenergetic photons from the annihilation in flight of fast positrons.

These reactions include the two-body breakup of 3H and the three-body breakup of both
;H and J

He; these measurements for
3H are the first to span the energy region across the

peaks of the cross sections. An efficient BFj-tube-and-parafTin neutron detector and

high-pressure gaseous samples were employed in these measurements. The results, when

compared with each other and with results for the two-body breakup cross section for
3He

from the literature, show that: (a) the two-body breakup cross sections for
3H and 3He

have nearly the same shape, but the one for
3He lies lower in magnitude; (b) the three-

body breakup cross section for
3He lies higher in magnitude, broader in the peak region,

and also rises less sharply from threshold than that for
3H; 3nd (c) these differences

between the cross sections for the breakup modes largely compensate in their sum, so that

the total photon absorption cross sections for
3H and 3He are nearly the same in both size

and shape at energies near and above their peaks. Theoretical results from the literature

disagree with the experimental results to a certain extent over the entire photon-energy re-

gion for which the photoneutron cross sections were measured. Sum rule predictions also

fail to reproduce the experimental results. These discrepancies constitute a challenge to

the principle of charge symmetry of the nuclear force, but more complete theoretical cal-

culations are needed to ascertain whether these discrepancies can be ascribed entirely to

electromagnetic effects.

"NUCLEAR REACTIONS 3H (y,n),
3
H(y,2«),

3H e(y,n); measured

oiE,), threshold to —25 MeV; monoenergetic photons, high-pressure

gas samples; two-body breakup, three-body breakup, charge asymmetry.

-

1

1
1

3 H(7 ,n)

- r 1

.
1

ii
r

i
f

r •
,

1

ill

1
1

* 1
-

L *

i '
*53n f

l

f
1

-
'

*
jW A ^ 0 0 . i

' J -
?i 6 - . - 1

-
*-'60

.0

(7,n)f
} (7,2m

1- J L. L ;

J 6 12 18 24 30
Photon energy MeV)

.,FIG- 10 - Two-body photodisintegration cross section for
3H: filled circles,

jj; open circles. Ret. 54. The error rlags indicate statistical uncertainties only.

present data;

*o«m N3S-A1S
l* CV. 7«l 4-64)

use omm-n a c PHOTONUCLEAR DATA SHEET

open squares, data of Ref.
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2.0

1.6

3
1 1.2

o
o
G3

£ 0.3

O

0.4

006 12 18 24 30

Photon energy (MeV)

FIG. 11. Three-body photodistntegraiion cross section for ’H: filled circles, present data; open square, datum of R
33. The error flags indicate sta ,; sticaJ uncertainties only.

H(7 ,2n)

.
tr

'
'

1

; M* rt
r,

- 'T7 <• It
; :

' -

J.4 i i
f r

a * i

(7,n) I
i

(7,2n)

TABLE III. Integrated cross sections and moments.

Reaction E. (MeV)
rma*

ct,„
(
(MeV mb)* a_

i
(mbi b a . 2

(mbMeV-')c

J
Hcl 23.4 12.3 - 1.2 0.760 r 0.061 0.050 ± 0.004

J

H(r./t) 23.4 11.7+1.2 0.340 + 0.067 0.067 ±0.005
'Hly.’/ii 23.4 10.2 ± 1.0 0.633 = 0.051 0.042 ± 0.003

’Hety./i) 25.3 14.1 ± 1.4 0.333 t 0.C67 0.053 = 0.CO4

'Hi',vi )

J
25.3 13.2 - 1.3 0.396 = 0.072 0.069 + 0.006

’Hly.’n) 25.3 11.5 ± 1.2 0.69! ±0.055 0.044 + 0.CO3

'Hety./i )
J

26.4 14.4 t 1.4 0.350 ± 0.063 0.053 + 0.0C4

'Hly./j )
J

26.4 13.6 + 1.3 0.9CO + 0.072 0.070 ± 0.006

'Hly.O/i) 26.4 12.0 + 1.2 0.709 + 0.057 0.045 ± O.C04

'Hety./i )
J

30.0 16.4 + 2.0 0.917 ±0.092 0.056 ± 0.CC4
! H ( y,n i

J
30.0 15.4 - 1.3 0.936 = 0.099 0.072 ± 0.CO6

!H (v.2/ii
j

30.0 13.6 ; 1.6 0.767 -0.077 Q.C-* /•
~z. 0.U34

3
E.\trapolated (from the present data oniyi.
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D.M. Skopik, O.H. Beck, J. Asai , J.J. Murphy II
'

Phys. Rev. C24, 1791 (1981)
EL£M. SYM. A

H

METHOO REF. NO.

81 Sk 4 hg

REACTION RESUL T
excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,D ABX 15-36 c 100 MAG-0 DST

The angular asymmetry and the total cress section for the
3H(y,d) reaction have been

measured. The total cross section measurement agrees with the most recent Faddeev-type

calculation but the angular asymmetry departs from the prediction of a simple plane wave

calculation that fits the
3He< 7,d) data. In the absence of final state interactions the

3He
and 3H asymmetries should be related by — 1/5 (i.e., the isospin dependence). These data

would appear to indicate that the E 2 final state interaction in the
3H (y4) reaction has

to be carefully treated.

r NUCLEAR REACTIONS 3H( y4 ), E = 1 5 - 36 MeV. Measured'

L <7<0JET).

4
J. L. Matthews et al., Nucl. Phys. A223 . 221 (1974).

7*/AW ur

"D. M. Skopik ei ah, Phys. Rev. C LL 693 (1975). 7 ySA
l 2N. M. O'Fallon, L. J. Koester, Jr., and J. H. Smith,

Phys. Rev. C J, 1926 (1972). 7'Ji Of2-
UA. van der Woude et al., Phys. Rev. Lett. 2£, 909

(1971). 7/ /q /

14B. D. Belt et al., Phys. Rev. Lett. 24, 1120 (1970).
"

' 8'^
13W. Wolfli et al., Helv. Phys. Acta 4Q, 946 (1967). 6 7-4o/

FIG. 2. Total cross sections for the two-bodv disin-

tegration ot 'H. The data are Ref. 3 —o, Ref. 4 a,

- X , and this work — 9 . Only statistical errors
are shown for the previous data. Using Eq. (2). the total

section for our data is determined from the rela-

.ion a— •- rr( ert 9r) — <7 t 0 ,)]. We have folded into the
data, in percent quadrature, the systematic error for our
experiment. 1 hus our error bars reoresent the total un-
certainty tor our experiment. The statistical errors were
typically 2%. The curves give the theory of Ref. 9

solid line, and Ref. 10 —dashed line.

3

FIG - 3 - Angular asymmetry data for ;He and *H. The
He data are from Ref. 12 —O , Ref. 13 —7. Ref. 6 —

'

. Ref. 14 and Ref. 15 — X. Shown are the plane
wave asymmetry calculations for the 3

Hety,a) and
H(y.d) reactions. The 'He data are fit reasonably well
(perhaps surprisingly) up to *0 MeV by this model. The
H data are not well described by this model, which may
indicate that the etlects of final state interactions are
markedly different for

;

H.

„ 1 f
<J(dr) — cr(d b )

)

P|(cos<9r)
j

cnd b )

j

’ ^

where

]£ A/P^casd) and A t << 1 . (2)

NSS-4 14
IHEV. 7 • I *-

USC OMM-N 85-OC

U .5. DEPARTMENT OF commerce
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«sf. E.T. Jurney, P.J. Bendt, J.C.

Phys. Rev. C25 , 2810 (1982)

METHOD

Browne EL EM. SYM. A Z

H 3 1

REP. NO. T

82 Ju 1 egf

REACTION RESUL T EXCITATION
EN ERGY

SOURCE oetector
ANGLE

TV«E DANSE TYPE DANCE

N,G A8X 6 0 0 NAI-D 4 P

I

Capture cross section is 0.508±0.015 mb THERMAL N CAPTURE

We have measured the thermal neutron capture crow section of deuterium by direct ob-

servation of the prompt gamma ray.

NUCLEAR REACTIONS *H(/i,y) JH and E, =th, mea-

sured <7(n,y).

N8S-A14
l« tv. 7- T 641

use OMM-N SS-OC PHOTCNUCLSAR DATA SHEET 255
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REF.
W. L. Imhof, F. J. Vaughn, L. F. Chase, Jr., H. A. Grench

and M. Walt
NucL. Phys. 59 . 31-38 (1964)

EL EM. SYM.

METHOO
3 / 7 7

H^(n,y)H*
+

;
Van de Graaff, neutrons from Li (p,n)Be reaction. 64 1m 1 JOC

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N.G ABY D 0- 1 ACT-

I

4 PI

(0 - 1.2)

NO H4 FOUND

Table l

Upper limits to the cross sections

Bombarding Half-life Upper limit

Reaction energy interval to cross section
(MeV) (sec; (cm 3

)

H*(a. y)K‘ thermal O770Xn 6 x 10-“
K3(n,y)H‘ thermal to 3 -10*

1 x IO
-30

H»(n. y)H‘ 0.030-1.2 3 x 10-»-I0 3
6 x 10-3:

H*(n, •/) H‘ 0.030-1.2 10 3 -10 3
1 x 10-’ 3

H*(d, p)H‘ 2.5 lO-’-lO 3
3 x 10" 3:

He3
(p. y)Li* 0.5 3 x io-*-;x ! 0

- J 9 x 10- 3 <

Hc^Cp. y)Li* 1.3 3 x !
0~*—

1

0

-1
2 x !0-:i

Hc 3
(p, y)L i‘

1.3 10- l-i03 0 x !
Q~zx

He3 ^. y)Li* 2.4 10-M0 3
S x 10*3;

He 3
(p, y)Li* 2.6 3x 10-i-10- 1 2 x 10;-

Hc3 (d, a)Li* 0.5 3 x ;o- 3-;x 10- 3
3 x 10-33

Ke3 (d, n)Li‘ 0.7 4 x io-'-io 1 4 X IO
- 33

He3
(d, n)Li* 2.3 10—*— 1

0

—

1

4X IO
-31

He3 (d, n)Li* 2.3 io-'-io* Sx I0-33

u.3. oerartment sf commerce
NATIONAL 9UREAJO? J7ANOAROJ

co am NBS-418
(REV. 7- I A- «4>
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V. Ajdacic, M. Cerineo, 3. Lalovic, G. Paic, I. Slaus, and P. Tomas
Phys. Rev. Letters 14 , 444 ( 1965 )

H

METHOO

H
3
(n,H

4
)y E

n
= 14.4 MeV, H

4 detected

REF. NO.

65 Aj 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

N.G A3X 11 D 14 SCD-D 0

UPPER LIMIT ON A3X

d < 0.2 4b/srn,y

See Errata PRL U, 730 ( 1965)

F O RM H8$-<418
(R £ Y . 7-1 A-4A)
USCOMW.OC 230IO-P34 PHOTCNUCLEAR DATA SHEET 250
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He

A = 3

HELIUM

1=2

Helium, discovered in 1868, was first found in the gaseous
atmosphere surrounding the sun. J. Norman Lockyer, a

brilliant English astrophysicist, and P. Jansen, a prominent
French astronomer, are credited with the discovery of the

gaseous solar envelope (composed of the yet undiscovered
helium). Lockyer 's findings were reported to the Royal Society
and Jansen's finding were reported to the French Academy of

Sciences. Strangely enough, these independent announcements
were reported on the same day only a few minutes apart. Thus a

problem of proper apportionment of credit for the discovery of He
the gaseous nature of the prominences was presented. The

3
coincidence of their separate investigations served to cement
a close friendship between the two scientists however, and a

medallion bearing the profiles and names of both Jansen and
Lockyer was struck by the French Academy of Sciences. Further
work by Lockyer showed this gaseous envelope was caused by a

substance then unknown on earth. He called the substance
helium, deriving the word from helios, the Greek name for the

sun.

He

A = 3

261
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ref. G. M. Griffiths and J. B. Warren
Proc. Phys. Soc. a68, 781 (1955)

ELEM. SYM.

He

METHOO

D(p,r) HeJ

REF. NO.

55 Gr 1 JOC

- REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 5-8 D 0-2 NAI-D Z.-R DST

Measured Q = 5.50 ± .03 MeV

d(E = 1.0) = 4x10 ^cm^±5G56
P

Figure 10.

.

•

-TnIT.,-'
r*

•
*

»

[^7

y

OS h5
'

i-i 4-0

la..)

Relative yield of radiation from the reaction D(p, y)’IIe for proton
bombarding mcrgica from 0-25 to 1 ’8 mcv.

I jple 3 . Anpjlar Distributions ot ( f.nnma Ravs from the Reaction y)*He
at Different Energies

£? (Mev) DiMnbminn % Isotropic Component in

total yield

1-75 vn J • U-025 - n-isxS 3'»±0-R°„
10 nn 1 d • 0-O4P - it-* n>5 r>-5 o-7’„
OS sin 1 d • 0-O4 - il-iil5 5-7;2o%
0-6 nn J i - 0-O2h ; o-otO 3 -s- 1-5°.,

FORM NSS-418
:m sv. 7-i 4-«*i
JSC 3MM.OC iCI0.9« PHOTONUCLEAR DATA SHEET 263
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G-M. Griffiths, E.A. Larson and L.P. Robertson
Can. J. Phys. 40, 402 (1962)

EL EM. S YM.

He

METHOO

D(p,Y)He
3

REF. NO.

62 Gr 1 JOC
'

REACTION RESULT EXCITATION
energy

SOURCE DETECTOR
ANGLE

TYP£ RANH TYPE RANGE

P,G ABX 5-7 D 0-2 NAI-D 2-7 DST

Y(0) = A(b + sin^Q)

Fio 5. The total cross section for the reaction rX^.ylHe*. The experimental points with
the errors shown by vertical bars are the results of the present measurements; the circles are
the previous measurements of Griffiths and Warren (1953), normalized to the present results
at 1.0 Mev.

TABLE I

D(^,-r)HcJ cross section »nd angular distributions

4.
(kev) Target (10-"

T
cm s

) b (10- »em*) (10-"'cm*)

273 ice 0.97 ±0.11 0.08±0.01 o.s; 0.10
'

580 ice (2.20±0.25) 0.032=0.005 (2 1, (0.10)

753 2. 71 ±0. 13 — — —
985 fee 3.30=0.33 0 024 ±0.003 ' 3.38 0.12

1750 ice (4.92±0.50) 0 .025=0.010 (4.74) (0.18)

- ohm N3S-41S
(B EV. 7-1 4.441
U3COMM-OC 260t0-P44 PHOTONUCLEAR DATA SHEET 264
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Re*. B.L. Berman, L.J.Koester, Jr., J.H. Smith

Phys . Rev. Letters 10, 527 (1963)

Elem. Sym.

He

Ref. No.

63Bel

Method

Betatron - Csl 30
Reaction E or AH <7d E

J * Notes

(Y,d) 8 . 5-22 Concludes that the photodisinte-
gration cross section is very
sensitive to nuclear size.

1

FIG. 3. The 90* differential cross sections for the

He 3(y,p)d photodisintegration. Carve A is taken frorr.

reference S. Curve 3 is computed from reference T.

No normalization has been performed.

J.S. 2e.»ABTME.HT OF tCMMESCi
NATIONAL aunCAU OF JTANOA303

HQS-4J8
(8-1-831
U3COMM-OC H33«-e«3
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Rrf- E. Finckh, R. Kosiek, K.H. Lindenberger, U. Meyer-Berkhout,
N. Nucker, K. Schliipmann

Phys. Letters £, 271 ( 1963)

Elem. Sym.

He

Ref. No.

63 Fi 2

Method Betatron; Csl

JHH

Reaction E or AE <7 d E J * Notes

He 3 (Y,d)
Bremss.

31

Histogram in Figure 1 calculated
from measured proton energy
distribution.

!

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

form N 8 S-4 I 8
ls-t-«3l
U3COMM-OC I 833«-R«3
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REF.

G.M. Griffiths. M. Lai, C.D. Scarfe

Can. J. Phys. 41^ 724 (196$)

EL EM. StM. A

He

METHOD
Cockcroft-Walton; inverse; Nal spectrometer

REF. NO.

65 Gr 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
ANGLE

TYRE RANG* TYPE RANGE

P,G ABX 5 D 0-1 NAI-D DST

5 (24-48 keV)

O O \ Q
Most measurements at 0 and 90 ,

some at 45 to improve

2
(sin 9 + b) relation. Breaks a up into s and p wave

components.

, ^V'. 1 cocal cross sections for p~wave and j-wave cipcure obtained irom '.mfoldin?
• e cniv.k carpet yicid rurve. The soii<i lines = nou' the energy dependence .isainnetl m ::ie
analysis normalized co the experimental data.

form NBS-41*
(REV. 7-1 *-4-4)

U9C OMM*OC 26010-P«4 PHOTONUO.EAR DATA SHEET 268
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Ref. J.B. Warren, K.L. Erdman, L.P. Robertson, D.A. Axen, Elem. Sym. A z

J.R. MacDonald
Phys. Rev. 132, 1691 (1963)

He 3 2

Method ]Q 2.6
F (p,ofy)0

;
proton yield; ionization chamber

Ref. No.

63 Wa 1 JHH

I

I

Reaction E or A E <7 d E J T Notes

(7,P) ;.i4 a = 0.109 mb (873 kev res., E )

= 0.102 mb (935 kev res., E )

6.97 cr = 0.298 mb (E weighted average of

6.92 and 7.12 M6V)

7.08 O' = 0.307 mb

Comparison of these data with G.M.
Griffiths detailed balance analysis
of H^(p,7 )He3 data in Figure 2.

r 2. Comparison or cross sections tor the inverse
reactions He1!,,;) D and Dlfi.yiHe1

.

;
Tablz H. Cross secdoa for the reaction He^y.pjD.

Total prooabie

error inducing

Ezperi- uncertainties in

<t mental relative gamma-
£-, (MeV) (mb) error ray yields

6.14 (873-keV resonance) 0.109 9% 14%
(935-keV resonance) 0.102 6% 7<7T

1
. C

6.97 0.298 0 0 16* 0
7.08 0.307 5%_ 8%

fo rm N8S*4l 8
( 8 - 1 -43 )

uscomm-oc I833«-r<53

PHOTONUCLEAR DATA SHEET 269
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REF.

C. Becchi, G.E. Manuzio, L.

Phys. Letters 3, 322 (1964)

METHOO

Meneghetti and S. Vitale
EL EM. SYM.

He

REF. NO.

: Z

Betatron 64 Be 2 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

Type RANGE TYPE RANGE

G,D ABX THR - 30 C 34 SCD - D 3-10 90

SPECTRUM

indicates the energy at which the results obtained
with the coincidence p-d method are adjusted to

those obtained with the telescope.

N«v

I

6nrr

is 4.1 *4 i* il 4.6 7 4 6.1 46 3 4 :OJ

Fig. 3. Photoproton spectrum obtained with the telescope.
The result at 4.5 MeV channel is not reported
as it was aifected by an instrumental taiiure.
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REF.
B.L. Berman, L J. Koester, Jr., and J. H. Smith
Phys. Rev. j BL17-129 (1964

EL EM. SYM.

He

METHOO

Betatron; Csl(Tl) detectors; NBS chamber

REF. HO.

64 Be 5 NVB

REACTION RESULT EXCITATION
A ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,R ABX 8-22 C 8- 22 SCI-D 90

G.2P ABX 3-22 C 3-22 SC1-D 90

RMS radius = 1.94 f

Charge radius =2.1 f - using modified exponential wave function of
Gunn and Irving.

F0RM FACTOR

Fio. 12. Experimental and theoretical 90* differential cross
sections for 'H&{y,p)d. Curve A results from the Gaussian ground-
state wave function for He1 of Verde (Ref. 1); curve 3, from the
modified exponential wave function of Gunn and Irving (Ref. 2),
with 1/r- 2.6 F. The square points represent the data from recent
experiments at the University of British Columbia (Ref. 20).
Mo normalization has been performed.

i'

CFOSS SECTION =p« Mo't v.toin

•»<« L. l?.?l as*
j

t i
!

I

*

J

2*. *

1
I i

~rf*CS>*3U)—

•

t o a ;«

PHOTO* (NCRCr ft tJrt(V)

F:c. 13.

H&(y,2p)n
Experimental double differential cross sections ;c

ween the two outgoing proton* are emitted oacit

lo-oacic.
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A.N. Gorbunov and A.T. Varfolomeev

Phys. Letters JJL, 137 (1964)

ELEM. SYM.

He

METHOD

Cloud chamber in magnetic field

REF. NO.

64 Go 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

g. n ABX THR - 120 C ... 175 CCH DST

G,2P ABX THR - 120 c 175 CCH DST

170

Y = Y =
YP Y°

= J dTI dE = 1.47 ± 0.03 mb
n T Y

y,d; JodE = 26.5 ± 1.3 MeV-mb

y,n; JddE^, = 43.6 ± 2.7 MeV-mb

Total 70. ± 3 MeV-mb

E2 contributions estimated as 11 ±

Yi d

Y? n

Total

f | dE = 1.34 x 0.05- mb
J e

y
Y

r - dE = 1.42 ± 0.07 mb
J E Y

Y
1

2.76 ± 0.08 mb

E2 ~ 8.5 ± 2%

Fig. 1. The cross section oi the Es2 (y.P)D2 reaction.

O calculated cm proton cracks; X on deuteron tracks.

FI;. 3. The cenffe-of-mass angular dis'cribution of pro-

tons emitted In the He2 (Y,p)D2 reaction. The full line is

calculated in the form

sin2 9 *• (0.66 = 0.10) 3in2 3 cos 3

- (0.46 = 0.10) 3in2 3 cos2 3 + (0.03 = 0.01).

form HBS-413
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A. N. Gorbunov and A. T. Varfolomeev
Proc. Paris Conf. 1071 (1964)

EL EM. SYM.

He

METHOD REF. NO.

64 Go 4 JDM

REACTION RESULT .EXCITATION
energy

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G
r
P ABX 5-170 C 170 CCH-D DST

G,N ABX 5-170 C 170 CCH-D

(
<3
0 )Y)P

= 26.5 x 1.3 MeV mb.

(d )Y»n = 43.6 ± 2.7 MeV mb.

So Total(d
)
= 70 ± 3.2 MeV mb.

(b_
1 )y,p

= 1.34 ± 0.05 mb.

(<3_
1 )Y» n = 1.42 ± 0.07 mb.

So Total(d
x )

= 2.76 ± 0.08 mb.

Charge rms radium R
c

= 1.31 ± 0.06 fm.

*o*m N8S-418
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REF. ELEM. SYM. A z

A. Johansson
Phys. Rev. ]J6, BI030 (1964) He 3 2

METHOO REF. NO.

64 Jo l JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

E,E/P ABX 0- 12 D 550 MAG-D DST

Fig. 1. The energy spectrum of protons at 51.7* in coincidence

with 443-MeV electrons at 51.7* from He* {e^f). The curves are

discussed in Sec. VI of the test.

Fio. 3. The coincidence cross section of reaction (A) as a foot-

tion of proton angie. The curves correspond to calculations usv
different wave functions and are explained in Sec. VI of the ;en

'Ohm NBS-413
IH ev. 7-1 4-6HI
U1COMM-OC 26 010- PS A PHOTONUCLEAR DATA SHEET 274
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REF.

V. N. Fetisov, A. N. Gorbunov and A.

Nuclear Phys. 71, 305 (1965)

METHOO

T. Varfo lomeev

ELEM. SYM. A

He 3

z

2

REF. NO.

Page 1 of It 65 Fe 1 EGF

EXCITATION SOURCE DETECTOR
ANGLEREACTION RESULT ENERGY TYPE ran sc TYPE RANGE

G.P ABX THR - 170 C 170 CCH DST

G.N ABX THR - 170 C 170 CCH DST

let
L.5 r

form H8S-413
(R CV. 7-1 4-44)
USCOMM.OC 26010.P64

(continued)

275 i Fig. 3. Angular distributions of protons in the He’Cy, p)D* reaction in the e.m. system.
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V. N. Fetisov, A. N. Gorbunov and A. T. Varfolomeev
Nuclear Phys. 71 . 305 (1965)

EL EM. SYM. A z

He 3 2

METHOD

Page 2 of 4

REF. NO.

65 Fe 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table 1

Coefficients A, y and 3 characterizing the angular distribution of protons in the He 3
(y, p)D* reaction

Energy

interval

J£?
(MeV)

6-12 12-16 16-22 22-170 6-22 6-170

A (mb/sr) 0.072 ±0.065 0.036 ±0.0 13 0.091 ±0.011 0.028 ±0.004 0.123±0.008 0.1 53 ±0.006

fi
0.69 =0.14 0.95 ±0.25 0.57 ±0.18 0.57 ±0.24 0.7 ±0.1 0.66 ±0.1

V 0.1 ±0.3 0.9 ±0.6 0.1 ±0.4 1.1 ±0.6 0.4 ±0.2 0.5 ±0.2

6 0.03 ±0.04 0.02 ±0.08 0.02 ±0.06 0.09 ±0.11 0.01 ±0.02 0.03 ±0.02

t = af\7iA 1.06 ±0.09 1.21 ±0.17 1.05 ±0.12 1.35 ±0.20 1.09 ±0.05 1.14 ±0.05

r

Table 2

Partial integral cross sections

The energy

interval JE,
IMeV)

a, (MeV • mb) (mb)

'/. ? X. a
V, ? A a

0-22

0-30

0-40

0-100

0-170

22-100

100-170

12.9=0.6

16.6=0.7

19.7=0.8

25.9=1.2

26.5 ±1.3

13.0=1.1 .

0.6±0.4

10.7= 0.7

17.1 = 1.0

23.3 = 1.4

38.0=13
43.6=17

-27.3 ±2.2
5.6=12

1.00 =0.04

1.14 =0.04
1.23 =0.05
1.34 ±0.05
1.34 ±0.05

0.34 =0.03

0.005±0.003

0.69=0.05

0.94=0.05

1.14= 0.06

1.37±0.07
1.42 ±0.07

0.63=0.05

0.04±0.02

(continued)
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V. N. Fetisov, A. N. Gorbunov and A. T. Varfolomeev
Nuclear Phys. 71, 305 (1965)

EL EM. SYM.

He

Page 3 of 4

REF. NO.

65 Fe 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

Fig. 5. Angular distribution of neutrons in the He’Cy, n)2p reaction in the c.m. system. Smooth
curves are calculated by the least-squares method. (a)/(0.,) =» (0. 1 16— 0.009) [sin*0,-i-(O.O3iO.O3)]

mb/sr. (b) /(0J =(0.038 ±0.006) (sin‘0a -r(O.18±O.12)] mb/sr.

Fig.c. Angular distri-
bution of protons in tha

He 3 (y,n)2p reaction iq

the laboratory system.

(conti nued)
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V. N. Fetisov, A. N. Gorbunov and A. T. Varfolomeev
Nuclear Phys. 71, 305 (1965)

EL EM. SYM.

He

METHOO

Page 4 of 4

REF. NO.

65 Fe 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

type range TYPE RANGE

nt <r‘
5' /‘=w

!
I -1 ai

T t 1—

—

1

i i
01

a
0 2Z £4 OS 03 LO

(79

Fig. S. Energy spectrum of protons in che He*(y, n)2p reaction.

fo km NBS-418
m ev. 7-»
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REF.

J. R. Stewart, R. C. Morrison, and J. S. O'Connell
Phys. Rev., JJ8, B372-81 (1965 )

EL EM. SYM.

He

METHOO

Linac; ion chamber monitor
Page 1 of 2

REF. NO.

65 St l NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

G.D ASX 9- 46 C 40,55 SCD-D 90

G,2p SPC 9-40 C 40 SCD-D 1-8 90

.,40 MeV
o(Y,d)dE^ = 16.5 ± 10% MeV - mb,

r
0 MeV

r
Y

1.07 ± 10% mb,

assuming Gorbunov angular distribution: 0.03 +
2 2

sin 9(1 + 0.66 cos0 + 0.46 cos 9)

.

» ,
— »«•« * i

”o h» (r,d)p
» *

•Ja x —
• •O.l

Fic. 3. Fmal experimental i data is compared with two
theoretical predictions. The vertical error oars are cotnoinea from
statistical errors and estimates n systematic errors for each point.
The horizontal error bars are the ruii width at hatf-maximum for
each point. This width includes about 70% of the data used for
eacn point. The dashed curve is from Gunn and Irvin? i Ref. 18/
with 1/n — 2.7 F issurain? a pure smJ 9 nistnbution. ,d*id£l\^
= »toi^J/8w;. The solid curve ;s from £ichmann ^Rer. 20) with
mixin? parameter i*0. 1, and a?ain the total cross section is

multiplied by 3/8t to compare with the data.

oremsstraniun?. The three curves' shown are dicuku.,ns made wun different three-bodv breakup cross sS'incunes oy De,ves (Ref 21) and by Gunn and Irvin? .Rd '8
'

.no an experiment by Gorbunov and Varfolomeev
, j>

j,'
* S)

’

(continued)
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REF.

J. R. Stewart, R. C. Morrison, and J. S. O'Connell
Phys. Rev., JJ8, B372-81 (1965)

_____ ___ - —— - “

Linac; ion chamber monitor

ELEM. SYM.

He

Page 2 of 2

REF. NO.

65 St 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

I

i

j

(»)

Fig.

,

3. n) Comoanson of experimental 90° differential two.oody breaxuD cross sections. The ngnt-nand oramate shows ;ne
total cross section assuming a sin ;

i? anguiar distribution Shownwith some representative error bars are two-bodv pbotoaisinte-ra-
tion^data trom Beccm et ,U. (Ref. 6) (data as published is divided

% i°
-omoare the rest of 90° data;. Berman et U.

Ref. 4), i mexn el u. (Ret. o;, and the present experiment as veil
as low-energy capture data irom Gdrnths et jl. <Ktis 7-91
(transformed by detailed balance), (b) Comparison of e.tperi-mental total two-oody oreaxup cross sections. Shown with some
reoresentauve ei-ror oars are He1 photodisintegration data irom

la-^'
12)

i?
a

-

Din''/)T QOtu" from Cenneo el l
j ,

"

oth .corrected ror diherent thresholds of H> and HeJ
and HeJ photoaismtcgration data from Gorbunov et cl (Ref 111
and Warren et at. (Ref. 11). The data of the present experiment are
multiplied by a [actor ot 9.97 in accordance with the aneular
distnoution ot Gorbunov et at. (Ref. 13). The curves are theore'ticai
predictions ot Gunn and Irving (Ref. IS), u*‘w2 3 R md
Eicamann (Ref. 20).

a.o r, ana
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A,T. Varfolomeev and A.N. Gorbunov
J. Expl. Theoret, Phys.(uSSR) 47, 30 ( 1964)

' Soviet Phys. JETP 20, 20 (1965)

ELEM. SYM.

He

method
c]_oud chamber in magnetic field; monitor quantameter and

C
12

(Y,n)C
U

REF. NO.

65 Va 1 JOC

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE NANCE TYPE NANCE

G.PD ABX THR- L70 C 170 CCH-D DST

G,2P ABX THR- L70 C 170 CCH-D DST

2 2 2 2
f(9) — sin 6+3 sin S cos 6 + y sin 3 cos 6 + 6

0 ^(y,d) = 1.34 ± 0.05 mb

°.
1
(y>2p) = 1.42 ± 0.07

<3_^( total) = 2.76 ± 0.08 mb

(E2 contribution subtracted)

rms charge radius = 1.81 ± 0.06 F

b (y,d) = 26.5 ± 1.3 MeV - mb.

bint(r> 2p ) = 43.6 ± 2.7 MeV - mb.

< 0
.

(total) = 70 ± 3 MeV - mb.

7, art*, amts

FIG. 5- Angular distribution of protons f>oni the reaction

He*(y, p)D
J
in the c.m. system. Dashed curve - distribution

according to (5) with $ = 0.66 ± 0.10, y * 0.46 t 0.10, and

8 - 0.03 i 0.01. Y is the yield per unit solid angle; E r
- 6-170 MeV.

a. mb

foam MBS-413
<R ev. 7.1 4.441
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H. Langevin- Jo 1 lot. J. Lee and P. Radvanyila • v in yjviiww. o • a-i

Phys. Letters 21, o97 (1966)

EL EM. SYM.

He

METHOD

Synchrocyclotron

REF. HO.

66 Ba 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 110 D 156 SCI-D 83 - 122 DST

de masse.

form NBS-418
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H. M. Gerstenberg and J. S. O'Connell
Phys. Rev. HA. B834 ( 1966 )

EL EM. SYM.

He

METHOD

Betatron

REF. NO.

66 Ge 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN GE TYPE RANGE

G,N ABX THR - 30 C THR - 30 BF3-I LPI

hj.

38 MeV
r adE =12.1 MeV mb ± 1$
) y0 '

38 MeV

o Ey
§r dEy = 0.68 mb ± 10$

Sy !M.V I

no. 4. total cross section oi the reaction H&{y,ni2b compared
to another measurement Ret. 14) ina to tour theoretical calcula-
tions Rct3. 16-20). Xote that two oi the cross sections are reduced
by 1 ractor ot 4 tor presentaaon. The number toLlowing the names
ot the theorerical papers identiiv a particular parameter ot the
theory.

F:o. 3. Total cross section oi the

•notion ntf'y.niZi as ootained by

ja analysis ot the neutron yield

curve, Ficure 3(a) was ootained

nv smoothing the running integral

•i the reauced cross section and

-jung arse ainerences to ootan
the cross section. Figure 3 (t) was
obtained using the ‘least-structure

a-.aiysis'
1

ot Cook. The horizontal

rrror oars indicate the energy

interval over which the data are

smoothed.
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E. B. Hughes, M. R. Yearian, and R. Hofstadter
Phys. Rev. 151. 841 (1966)

EL EM. SYM.

He

4

3

z

2 i

METHOO

Linac _ . - 0Page 1 of 2

REF. NO.

66 Hu 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE, RANGE TYPE RANGE

E,E/ ABX 0-150 D ISO - 47ft SCI-D 130-360 DST

Fig. 3. The absolute inelastic electron-tritium and eiectron-
heiium-3 cross sections as a function of scattered electron mo-
mentum for q*-=2.5 F-1 .

Fig. 4. The absolute inelastic electron-tritium and electron-
helium-3 cross sections as a function of scattered electron mo-
mentum forg*»4.6 F-1 .

“r

i

Fig. S. The values of the square of the neutron electric form
factor (Ggm) 1 as a function oi q

3
. The full circle points were ob-

tained using Eq. (7), the crosses using Eq- (8) and the open rirdes
using Eq. (9). The crosses and open aides nave been shifted
siigatly in the g* direction for purposes of darity.

FOBH NSS-418
(R EV. 7-1 4-«4l
uscomm-oc aeoio-Pea

(continued)
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REF.

E. B. Hughes, M. R. Yearian

Phys. Rev. 151 . 841 (1966)

METHOD

and R. Hofstadter

EL EM. S YM. A

He

Linac Page 2 of 2 66 Hu 2 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Table I. The experimental ratios of the electron-tritium and
electron-helium-3 quasi-elastic cross sections as a function of f
and scattering angle. Also shown are the ratios of the elastic

electron-neutron and electron-proton cross sections which follow

from the experimental ratios by means of Eq. (3). The errors

attached are purely statistical

i
1

(F-1)

E
(MeV)

Angle
(degrees)

{tPv/dEdQ) h4

(<P*/dEdQ) h«*

(<u/da) %

(d*m.

2.S 248.8 90 0.619±0.018 0.173±0.028
4.6 667.5 40 0.579±0.017

0.581i0.017
0.582±0.017

0.111±0.025
0.1 14± 0.025

0.116±0.025

4.6 398.4 75 0.635±0.019
0.632±0.018
0.604±0.017

0-230±0.032
0.193±0.030
0.150±0.027

4.6 296.4 120 0.675±0.020
0.666±0.017

0.264±0.035
0.249± 0.030

Table II. The neutron form factors as a function of q
3

. The ex-
pected form factors are taken from Eq. (14) of Ref. 5.

—Gu*/n+ (Ce,) ,

(F-*) Measured values Expected values

2.5 0.006=0.038 0.0 0.71
4.6 0.003±0.007 0.537±0.028 0.0 0.59

Table III. The total inelastic cross sections for tritium and helium-3 as a function of f and scattering angle. Column 6 shows the
correction factors applied to the measured cross sections, due to the experimental low-momentum cutou.

<7*

(F“*)

Angle
(degrees) Target (cnri/Sr) % cutoS

Correction
factor

&-»rree c*d
(cmJ/Sr)

2.5 90 H1 (1.64=0.05) X 10"° 30.0 1.043 (1.7 1=0.09) X 10-“

He* (2.68=0.08) X 10"“ 30.0 1.043 (2.79=0.15) X 10-“

4.6 75 FP (1-52=0.04) X 10-“ 30.0 1.032 (1.36=0.06) X10-«
He» (1.32=0.05) X 10-“ 25.0 1.058 (1.92i0.13)X10-“
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J. Nucl. Phys. (USSR) 2 ,

6/>7 (1966)
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EL EM. SYM.

He

METHOO REF. NO.

66 Va 3 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX THR - 170 C 170 CCH-D 4PI

G,N ABX THR - 170 C 170 CCH-D 4P1

Determined j*[<3(Y,n) + d(Y,p)]dE in terms of Jd(Y,n)d for deuteron by comparing

yields of protons for two reactions using same cloud chamber. Result obtained

was consistent with previous measurement of cross sections for 3 He(Y,p) and

3 He(Y,n) .
1

j
2

1 A.N. • Gorbunov and A.T. Varfolomeev, Phys. Letters 1

1

. 137 (1964).
2 A.T. Varfolomeev and A.N. Gorbunov, JETP 47, 30 (1964), Soviet Phys.

JETP 20, 20 (1965) .
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W. Wtflfli, R. Bosch, J. Lang, R. Muller and P. Marnier
Phys. Letters 22

,
75 ( 1966 )

EL EM. SYM.

He

METHOO REF. NO.

66 Wo l JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 7 - 14 D 2-12 NAI-D 5 - 20 DST

da

dO
= a + b sin29 (l + 0 cos9)

7 ;.5.2. Comparison of the exDerimental with the theore-
tical values of the angular distribution coefficients mb
and 3. The 3oiid curves have again been evaluated with
the Gunn-irving wave function, u3ing the parameters
M* 1 = 2.5 fin and d = 0.07. The dashed curve shows the

influence of the proton-deutcron interaction associated
with nuclear and Couiomo forces.

Fig.l. Compilation of die experimental values of the
totai cross section for the -H(p, v^He reaction. The
various curves have been calculated with the aid of
the Gunn-irving wave function for the ground 3 tate of

the three-ooav nuclei. The effect of the Couiomo inter-
action between proton and deuteron has been taxen into

account.
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REF. NO.
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0- 17 D 200 MAG-D 60

There exists no evidence for narrow states excited with cross section > 3 x 10* 33 cm2 /sr

for excitation energies up to 17 MeV.

dd

—r1 = (1.91 ± 0.10) x lO' 30 cm2/ sr.

?o«m N8S-«* 13
;s £V. 7-1 4-44)
UJCOMM-OC 2fl010-P*4

eleaT 3catTered meiasticaily on 3H e. The inerted horizontal scale gives the33 difference E between the recoiling 3-aucleon-eystem and the 3n e ground state The iengtn \E : n-

aXoVbr^^rrd
re8OlUU0n ,FWHMK The <* a radiation uJoldine procedure and the odand ppn breaxup thresnofds are soown. spectrum (a) was ootained with a iiquid -He target soectrum' ( b>aagn pr^sure ^3 target. In noth spectra the radiative tail of the elastic peak has been subtractedFh 3pectra 3how n° consistent evidence for narrow excited states of the 3 He nucleus.
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METHOD

67 Ge 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 7-9 D 2-4 NAI-D 90

Ep (MeV)

ns. 2. Y:eid function oc' »H(p, y) capture gamma rays in the region of the breakup threshold. Experi-
mental yields are normalized to the Gunn-Irving cross section (solid curve) at the standard energy

point, E9 =« 3.07 MeV (open circle).
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SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G ABX 7- 14 D 2-12 NAI-D 2-14 DST

Vergjcich dcr cxpcrimentcllcn urul thcoretischcn Wcrtc fur die Koeffizicnten dcr Winkclverteilum:

ft und a\b. Die ausgezogencn Kurven wurden nut dem Gunn-Irvingschen Ansatz und den Para
meterwerten /i

' 1 — 2.5 1\ <) = 0,1)7 ohne Berucksichtigung der Wechselwirkung im Kontinuum>
zustand berechnet. Die gcstrichcltc Kurve zeigt den ICinfluss der zwischen dem Proton und dem

Deuteron wirkenden Cuuiomb- und Kernkraften.

..jsammensteilung der experimenteilen Werte tur den Gesamtsvirkungsqucrscnmtt uer Hea^tion _____
yj He1

. Die vcrschiedenen Kurven wurden unter Berucksicntigung dcs Gunn-Irvingscher.
\osatzes ftlr die Welieniunktjon dcs Grundzustandes und dcr Couiombwccnsciwirkung zwischen

dem Proton und dem Deuteron im Kontinuumszustand berechnet. can

U.3. oepartmentof commerce
NATIONAL 3UREAU OF JTAnOAROS



REF.

p. Picozza, C. Schaerf, R. Scrimaglio, G. Goggi,

A. Piazzoli, D. Scannicchio

Nuovo Cimento 55A, 206 (1968)

EL EM. SYM.

He

REF. NO.
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TYPE RANGE TYPE RANGE
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V

Fig. 3. - Comparison of the experimental 90® e.m.s. differential two-body photodisintegrutloQ croes-

•octions. -Qmimt ng a sin* 0 angular distribution In the whole energy range, the data by Fetisov et al.

and by Boses et aJ. have been multiplied by 3/8* to compare them with the other data. The dashed curve

is the Gunn and Irving theonitical calculation with /<** * 2/» It., o, FETI«ov el al.v.'3 :S* (ref. ('));

, BEJUlAXc/aZ. (ref. I*)): , B6-h:3 ei <zJ. x 3,'S* ( ref. (*).); X, .-tewart et al. (ref. (•)): •, this experi-

ment; , Got and Ikvino, l '.•« - 2.C !m (ref.

i

r

T

i’ig. 2. - Experimental deferential crois-rection (c.m.s. angle - 90®) for the reaction r A,He**prd.
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EL EM. SYM.

He

69 Ch 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 5-20 D 57 MAG-D 28-56 ISO

FIG. 1. The electron-scattering spectra of 3He and 4He at£
0 = 56.6 MeV, 8 = 178.9*, and a resolution Zp/p =0.5 %.

The data are from three overlapping runs which have been normalized to 5000 mC per point, 4.4-atm gas-target
pressure, and equal elastic-peak areas. The variation of the solid angle and efficiency of the plastic scintillators
with energy, which would tend to reduce the number of lower energy electrons, has not been folded in. The error
'mr* arc from counting statistics.

4.oL

. a

i 4 •» a 0 2 4 6 a 20 32
i [ SUV I

FIG. 2. The Ml electroexcitation of
3He plotted ver-

sus auciear excitation energy A. The radiative tail

from both the elastic peak and the M 1 continuum is un-

folded from Fig. 1 after first removing the bacuground,

i.e., Tie— *He, and correcting for the solid angle and

efficiency dependency on £ . Next the magnetic brems-

strahlung and E 1 electroexcitation are removed. The

magnitude of the latter is computed from Eq. (3) and

shown by the dashed line. The error bars are from

counting statistics. We estimate the overall uncertain-

ty to be *25 % per point.
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High Energy Physics and Nuclear Structure. New York City, Sept-
PfTlhpr 3 - 1 ?. 1 QnQ p.6Q.

I SLEW. SYM.

He

69 Ch 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
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TYPE RANGE T V 0 E range

E,E/ SPC 0- 14 D 56 MAG-D 40-56 130
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T3 I l y
°0 40 42 44 4S 43 50 52 54 56

ELECTRON ENERGY (.VUV)

The electron scattering spectra are presented for 3 Ke and
wHe at 56.5 Me'/, 0 - 178^9^_and a resolution dp/p - 0.5Z.
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ENERGY
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ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 200- 500 C 999 TEL-D 90

!
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Fig. 1

999 = 1 GEV
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He

METHOO REF. NO.

70 Ba 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 5-7 D 0-2 NAI-D DST

(0-1.1)

Assume -jy
= a + b sin

2
9(1 + £ cos 9)

0 2CO 400 600 300 ICCO 1200 1400

Ep Gab.) (MeV)

Fig. 1. Total cross section (cT ) for the nonresonant
reaction D(p,y) JHe below 1.2 MeV. The solid curve
corresponds to the theoretical calculations of Wolfli <t a/.

(1967) which assume a Gunn-lrvmg wave function for
J He with parameters p

" 1 =2.5 I'm, 6 = 0.07.

Eo (lob) (kev )

Fto. 2. : The energy dependence of the isotropic component of the total cross section (4tta) for the D(p.y)
JHe

reaction below 1.5 MeV, The solid curve corresponds to the three-body calculations of Wolfli cited in Fig. 1. The

dotted curves correspond to approximate two-body calculations by Bailey et al. (1967) and serve to illustrate the

sensitivity of this cross section to inclusion of small ‘D-state probabilities in the JHe ground state.
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He

REF. NO.

70 Be 4 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 12.15 D 19,29 MAG-D DST

(12.1), 15. 3) (19.3,29.6)

o —^ ——— ^
0 20 AO 50 JO 00 '20 ao 'SO '80

«a"-
1 aril

FIG. 1. Center-of-mass cross sections for K(d,
3Se)y

is a function of the cm. angle between Use y my and

use deuteron. The deuteron oomoaraing energy -was

19.3 MeV for (a) and 23.5 MeV for lb/. The errors

disown do not Include she uncertainly in Use absolute

cross section.

DEUT. BEAM

c, .
u«vl

FIG. 2. Comparison of cross sections for photodisin-

tegration of
:He as a function ofy-ray energy. The full

points are from Use present experiment ana were oo-

tained by using detailed balance. The curves are theo-

retical calculations from Ref. 1. (a) Tocai cross sec-

tions. The crosses are from Ref. 3. \bi 90° lab cross

sections. The crosses are from Ref. -4 and Use open

points from Ref. 5. The curve is for 90° proton angle.

The present results are given for 90* lab proton angle

with respect to Use y ray, i.e., ~38* cun. between the

deuteron and gamma.
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rIG. 2. “ore-aft asymmetry of the photoneutrons.

The asymmetry coefficient 2 is computed oa the as-

sumption that the angular distribution is given by

sin :9Q*>3cos<?).
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Nucl. Phys. A143. 602 (1970) He 3 2

METHOO REF. NO.

70 Di 1 egf

REACTION

M
RESULT

ABX

excitation
ENERGY

106

SOURCE

156

oetector

MAG-D 33-74 DST

Fig. 4. Differential cross section for the D(p, -

/)
3Hc reaction at 156 MeV. Square, triangle and circle

points correspond to three different targets. Dashed points are deduced by detailed balance procedure

from the experimental data of ref.
* 3

). The solid curve corresponds to the least-square fit eq. (5).

Table 1

Differential cross sections in lab and c.m. for the D(p, y)
3Hc reaction at 1 56 MeV

9., flab) (dcr'd-O) (lab)

10' 1 Ipb/ST)

(c.m.) (dcr/dd2) (c-m.)

10- 1 Qib/sr)

17.5 1.36-0.25 21.1 1.29=0.2

IS 2.46-0.2 30.0 1.76=0.15

30 2.46-0.1 36.0 1.37 ±0.08

-10 2.46-0.15 47.6 1.98=0.1

45 2.62-0.12 53.3 2.04 ±0.1

50 2.43 ±0.14 53.9 2.1 1 =0.11

60 1.9 ±0.1 69.9 1.72=0.09

75 1.57-0.09 35.3 1.35=0.08

30 0.31 -0.05 100.9 0.39=0.06

105 0.61 ±0.05 115.2 0.73 ±0.06

1D0 0.42-0.04 129.0 0.55=0.04

130 0.36±0.04 138.0 0.47=0.05

150 0.19-0.04 155.0 0.27=0.05
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REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,D ABX 13-45 D 86 MAG-D DST

2-2 2 —
sin 9 + d sin 9 cos 9 + e cos9

Table 1

Comparison of the integrated cross sections up to £r = 40 MeV

Ref. l
) *) Ref. J

) ») Ref. 5
) Present work

c
) o,., (MeV • mb) 13.0 14.0 +1.4 19.7 £1.4 17.6 ±1.5

d-i (mb) 0.87 10.1 £0.1 1.23 £0.09 1.22 £0.1

2

') Results extrapolated to 40 MeV.
*) Quoted from ref.

3
). The authors of ref.

3
) gave a value 16.5 MeV • mb.

assuming an angular distribution 1K(9) = 0.03 +sin3
9 [1+0.66 cos 9+0.46 cosI

9].

*) Up to 40 MeV.

3
J. Stewart, R. Morrison and J. O'Connell, Phys. Rev. 138 , B372 (1964).

5
V. Fetisov, A. Gorbunov and A. Varfolomeev, Nucl. Phys. 71_ (1965) 305.
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B. D. Belt, C. R. Bingham, M. L. Halbert and A. Van der Woude, Phys. Rev.

Lett. 24, 1120 (1970).
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0 *0* 50* 90* -2C* 20* 30*

C.M. Angle

Fig. 5. Comparison of angular distribution of deuterons from the reaction ' He(y, d)‘H '.vith other

experimental results. Symools used are: for ref.
5
) at 12-16 MeV, --- for ref.

u
) at 15.3 MeV

and for the present expenment at 15 MeV.

2
"3. 3erman, L. Koester.Jr. and J. Smith, Phys. Rev. 113 (1963) 3117. (continued)
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Fi*. 3. Energy dependence of the coefficients in the angular distribution of deuterons from the
reaction 3 He(y, d)‘H. Results from refs.

5
). and 13

) are also plotted. Symbols used are: for

ref.
J
), • for ref.

,J
) and

j
for the present experiment. A — b. <5 = a/b, £ = clb, y = djb in the

text.

O CO SO JO

Ex(MeV)
Fig. 4a. Comparison of 90“ differential cross section of the reaction 3

He;'*/, d)‘H with other experi-

mental results. Symoois used are: • for ref.
:
), — for ref.

i
), ,

tor ref.
3
) ind for the present

experiment.

Fig. up. Comparison of the -.out cross section of the reaction 'Her/, dVH -vith other experimental

and theoretical results. Symbols used are: for ref.
J
), • for ref.

,s
),— for ref. for ref.

l4
)

(dipole and quadrupole) for ref.
i:

) (6 - .1) and ’ for the present experiment.
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REF. NO.
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71 Va 1 hmg

REACTION RESUL T
excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYRE RANGE

D.G ABX 12-21 D 2C-45 MAG-D DST

- -

SEE 72HA2

Table I. Results of the angular-distribution measurements for d *p — 3He *y.

(MeV)
^ac
(MeV) a/b d y

b

fcib/sr)

^tinure

(b b)

19 .5 12.1 0.013 =0.007 -0.49 ±0.03 0.16 ±0.05 1327 ±0.09 11.18 =0.77

29.6 15i3 0.008 ±0.003 -0.59 ±0.02 0 25 ±0.04 1.14*0.08 10.17 ±0.67

41.1 19 2. 0.08 ±0.02 -0.27 ±0.03 0.39 ±0.06 1.10 ±0.09 11.04 ±0.80

45.2 20.6 0.11 ±0.03 -0.30 ±0.06
_

0.44
*

jj.
1 .30 ±0.11 13 .55 ±1.00

FTG. 1. Variation of b with excitation energy. Our

results (closed square, open circle, open square) are

given in terms of the two-body photodisintegration.

The energy spread associated with each of these points

Is =0.015 MeV, while the uncertainty of the abscissa

Is about =0.03 MeV. The photodisintegmtion data of

Ref. 11 are shown by closed triangles. The curve is

a theoretical calculation from Ref. 10.

^L. M. 3arbcur and A. C. Phillips, Phvs. Rav. C lop (197C;.

Evidence for a broad resonance in the
3He system has been found in the excitatioo func-

tion for the radiative capture of deutcrons by protons. Supporting evidence is provided

by the behavior of the angular distributions. The resonance is centered at (19.5=0.5)-

MeV excitation, has a width of about 2 MeV, and is most likely characterized by UJ ,S,T)

-tt'.i.a).

(continued)
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FIG. 2. Center-of-maas cross sections for HW,
3He)y as a function of the c.m. angle between the y ray

and the deuteron. The deuteron bombarding energies

were 41.1 MeV for (a) and 45.2 MeV for (b), corre-

sponding to excitation energies of 19.2 and 20.6 MeV,
respectively. The errors shown do not include the un-

certainty (±3^) In the absolute cross section. The
curves were calculated from Eq. (1) with the param-
eters of Table I. The effect of the Snite bln size and

energy resolution Is shown near 0* and 180* by die

short line segments.
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ELEM. S YM.

He

method REF. NO.

72 Ch 3 hmg

REACTION RESULT excitation
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

P.G RLX 12 - 18 D 10-18 NAI-D 90

(, i o

The excitation function of the capture reaction :H(p, y)
3He has been measured in the

range £, = 10—17.5 MeV. An anomaly was observed and is interpreted as a broad reso-

nance in
3He at an excitation energy of 14.5 =0.5 MeV with a width of about 2 MeV.

£, m *HetMeV)

HG. 2. (a) 90* yield curve for ;

H(p, y)
JHe obtained

by .stttng an appropriate line shape to each y spectrum
sated by the y window. ' different symQols corresnond
-o different runs, inset, results when the gas-out runs
were subtracted from the gas-in runs for £, = 11.5 to
13.5 MeV; ib) Comparison of the present results, con-
verted to photodisintegration data, with those of Refs
9 and 13.
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(R EV . 7.1 U-«4)
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REF.

F. L. Fabbri, P. Picozza & C. Schaerf
Lettere al Nuovo Cimento 3, 63 (1972)

ELEM. SYM.

He

REF. NO.

7 2 Fa 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

$G,P NOX 170-290 D 170-290 TEL-D 90

POL ASYM PARAM G

Table I. - Experimentally murmured value* of the asymmetry parameter arui the

enlculnled polarization of the yamma-ray beams.

£, (MeV) A/90' c.m.s. Photon polarizatiou

First run Second run

170-r- 190 — 0.41 ±0.10 0.24 ± 0.01 —
190-7-210 — 0.40 ± 0.0« 0.32 ± 0.0

1

0.20 j- 0.01

210-7-230 — 0J5 ± 0.05 0.40 ± 0.01 0.25 = 0.01

230-1-250 — 0.28 ± 0.05 0.46 ± 0.01 0.31 ± 0.0

1

250-270 — 0.31 ±0.07 — 0.38 ± 0.0

1

270-1-290 — 0.28 ±0.07 — 0.44 ±0.01

Fc. 1. - Tin •rmuiuti; parameter A tmm Table t: A~ (do^ —is, )/<de1 -
1- d», ), r-'Se— p-d,

#* — W* USA

d<r_ — <i<T, b, 1

• ia
^
— dir, it, — 4, 1 — <t,, A,

where

•iff, u» the differential cro«*-*ectinn at 90
J

in the c.m.e. measured in the plane of linear

polarization of the zamma-ray beam.

do l ie the differential crn*e-*eeiion at 9*)
J m tao c.m_A. meaeureil in the plane perpen-

dicular to the plane of polarization of rhe panima-rav oeam.

4, ia the contribution to the croee-eoction from tho A, transition,

a, i» tho contribution to the crone-section from tho .If, transition.

U.S. DEPARTMENT OF COMMERCE
NATIONAL 3UiREAUOF I'iNOlSti

FORM N3S-A13
;R SV. 7-1 A- 641
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REF.

M. L. Halbert and E. K. Warburton
PIGNS-72 - Proceedings of International Conference on Few Particle
Problems in the Nuclear Interaction, UCLA (Aug. 28-Sept. 1 , 1972)

EL EM. 3YM. A

He

METHOO REF. NO.

72 Ha 2 egr

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G RLX 14-23 D 14-26 NAI-D DST

CORRECTS 71VA1

ABSTRACT

An experimental study of the reaction p + d -* ^He + y between =

14.0 and 25.5 MeV gave no indication of a resonance in ^He in the excita-

tion enerov_ranee from 14.9 to 22.5 MeV.

Fig. !. Excitation function lor
J lli-(Y.d) ut 90°. Data f rum tills

experiment (•) and Ref. 1 (o) were
converted 'to phot od is integra l' ion by
detailed balance. The curve is from
Ref, 8. Normalizations were adjusted
for best overlap in the 14-16 MeV
region

.

Fig. 2. Angular distributions for

I)(p i Y) near 15 MeV. Tbo points arc
tin- present results. The curve is

f rum Kc f . 12.

A. van der Vcude, y. L. Halbert, C.R. Bingham,
3.D. 3elt, Phys. Rev. Lett. 25, 909 (1971).
8
I.M. Barbour and A. C. Phiilios, Phys. Rev. a.
165 (1970).

' —
12

3. D. Belt, C.R. 3ingham, M, L. Halbert, and
A. van der Woude, Phys. Rev. Lett. _24, 1120 (1970).
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REF. :L EM. S YM.
1

A

N.M. O'Fallon, L. J. Koester.Jr.
Phys. Rev. C5, 1926 (1972)

METHOD

and J. H. Smith

He

72 0 1 Fa 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ASX 40-150 C 250 TEL-D DST

P AND D COING

TABLE HI. Angular -distribution coefficients and total cross sections.

Incident

photon energy

(MeV)

Expression (2), “traditional”ABC
(lib/ sr)

a

(Mb/sr)

Expression (3)

b

with retardation

c or
(pb)

42.4 14.6 x 0.4 1.11 xO.13 1.13 xO.22 14.2 x 0.4 0.51 x 0.11 0.90 xO.22 153 ± 6

47.4 12.5 ±0.4 1.11 xO. 14 1.14 x0.24 12.2x0.4 0.46x0.11 0.S6 xO.23 130 x 7

52.

5

10.5 *0.4 1.18x0.17 1.23 x0.29 10.2 ±0.4 0.48x0.14 0.92 x 0.28 no ±5

60 7.45*0.31 1.41 x0.20 1.65 xO.33 7.19x0.32 0.60x0.16 1.30 x0.32 84 x 4

70 5.07 x 0.21 1.54 xO.23 2.05 x0.37 4.83x0.22 0.72 xO. 19 1.66 1 0.36 61 x 4

‘0 3.56 x0. 16 1.81 xO.27 2.38x0.44 32J7 x 0.16 0.76 xO.22 1.94 x0.44 45 x 3

100 2.09x0.13 1.81 x0.32 2.41 xO.S7 1.98x0.13 0.67x0.25 1.95x0.57 .9

109 1.75x0.13 1.86 x 0.40 2.60 xO. 72 1.65x0.13 0.62 xO JO 2.08 xO.TO 23 x 2

120 1.44 x0.L3 1.63 x 0.46 2.04 x0.34 1.37x0.13 0.’49x0J4 1.51 1 0.73 IS x 2

140 1.06x0.12 1.31 x0.56 1.16 x0.90 . 1.04x0.12 0 J7 xOJS 0.62 xO. 76 11x2

(2) dcr/df.

(3) da/df.

TA3LE 3. Differential cross sections m the c.m. system. The two angles it the head oi each column are mean val-

ues at 40 and 150 MeV, respectively. The actual mean proton angle in each photon energy interval may be obtained to

sufficient accuracy by a linear interpolation against photon energy.

incident pnoton energy

(lab system)

<Me V)

do/dQ (c.m. system)

33.5-29.5* 37.2 —4 1 .5’

in Aa/ sr at c.m.

9s.0-32 .5*

.
proton ancie specified

42.4 15.5 x 1.3 19.23 * O.on ’.2.06 *0.40 7.29 --0.-.7 4.42 x 0.C7

4 1 .4 10.4 x l.l 14 ..s’ 1 i. . 1 *3 L 0 . 4 2 5..-** a 0. »i» 3 .34 x 0 .3

1

iJ. 4 9.4 t l.l 14.12 - 0 8.75 * 0.(0 5.57 *0.47 3 .52 x 0.3

1

57.1 12.55 x O..40 7.40 * 0.23 4.46x0.45

59.o 10.4 *0.9 3-Jl x 0.23

64J 6.73 ± 0.57 3.04 x 0.28

43.5 7.07 x 0.79 4.77 *0.24 1.33 xO. 16

74.; 3.92 1 0.54 1.83x0.25

31.3 5-CO t 0.72 2.17 * 0.13 1.37x0.15

34.7 5.06 *0.52. 1.93x0.26

99.0 3.38 x 0.46 3.47 i024 1.03 x 0. 13 1.49 ± 0.16 0.88x0.11

119.2 1.60 x 0.55 2.41 *0 J2 i . 40 z 0 . 13 0.73 x 0. 12 0.77 xO.12

139J 1.56 x 0.53 1.(9 *0.28 0.99 x 0.12 0.66 x 0.14 0.27 *0.07

- A 3in
3
9(1 + 3 co s9 -r C cos" 9)

= a sin
3
/(l- £ cosv'f (1 + b cos9 + c cos

3
9)

(continued)
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Y. M. Shin, D.M. Skopik and C. Pla
PICNS-7 2, 481 (1972) SendaiREF. EL EM. SYM. A Z

METHOO

He 3 2

REF. HO.

7 2 Sh 8 hvm

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE type range

E , PD RLX 19- 30 D 100 MAG-D DST

Fig. 2.

Coincidence cross sec-

tions for the reaction
5 He(e, pd)e' at 9 4.-0

®

E
e
"100 MeV are compared

with theories.

300 -

200 -

E o =*(100t.25)M*V

E,= 20M*'/

9, = 90*

$i = varicose
3HeW.p3)*'

Fig. 3.

Electron angle dependence
of the coincidence cross

sectiou ac £**20 MeV.

Fig. 4.

Comparison of the ex-
perimental scuared ma-

trix elemencs with
t

theories.

100 r

L

9 '. 3

9

*
t +

10 20 30 40

Electron Anqte

!. « icn 00 In

. iV ,
£. - Ja w - -

— Irvmf -tum

3 J3 <S *0 i-i >0

#f n

J.S. 0£PaRTM£N TCr COMMERCE
NATIONAL 9US£*UO? STANCASOS

-OflM N3S-418
ISEV. 7.1 A- 4 AI
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REF.

METHOO

EL EM. SYM. A z

D. M. Skopik and Y. M. Shin
Can. J. Phya. 50, 392 (1972)

He 3

REF. NO.

2

72 Sk 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.D KLX 16-27 D 43.87 MAG-D DST

DETECTED D AND P

*

* >» t

*H*< TJt* J*H

£.•87373 vwv

8^«043*

•or

1

f
r * S. .

*
*•

»

r 9km * *$8* mr

Ofc

*r

J . .

*
, 1

1 ' *

i

tor

»*

T * *•..,
«0*

<ff>

i .£

T 1 ••

* >f • a a n • jt •OlS

ErfMr/l

Fig. 2. Differential cross sections of the reaction
J He(e.e'd)‘H. at an initial energy of 87.34 MeV. The
dashed curve is from van der Woude er at. (1971 ).

H

'Retr.al'H

£• >43067 M«v

Km'****

V*

<^ee*

9^.147*

*
*

* , * ,’ * •
, .

9^*267*

£r'M«v)

Fig. 3. Differential cross sections ol 'the reaction
Hele.e d)‘H at an initial electron energy of 43.07 MeV.
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Y.M. Shin, D.M. Skopik, and E.L. Tomusyak

ref. Izv. Akad. Nauk SSSR Ser. Fiz. J7, 1863 (1973)

Bull. Acad. Sci. USSR Phys. Ser. 37., 60 (1973)

METHOO

He 3

REF. HO.

2

73 Sh 18 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OCTECTOR
ANGLE

TYPE NANO* TYPE NANO*

E.E/P SPC 18- 30 D 100 MAG-D DST

COINC E,P

Fig. 2. Experimental and calculated
heavy-particle coincidence rates
from the ^Ke(e,pd)e' reaction at
E = 100.00 ± 0.25 MeV , 0„ = 90°,
e P

and 9_ - 0 a
.

VJ0.

50

W ZJ 50' a

^

Fig. 3. Eapender.ee of the heavy-
particle coincidence rate from

the lie (e , cd ) e
1 reaction on the

momentum transfer at 2 =20 MeV
{ 3 = 9 0

s
5 .

o

-orm m as-4it
IP Ev. 7.1 4-44)
USCOMM.QC 2i010-P«4
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EL EM. SYM.

G. Ticcioni, S.N. Gardiner, J.L. Matthews, and R.O. Owens
Phys. Letters 46B , 369 (1973) He

METHOD

73 Ti 4 egf

REACTION EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

G,D ABX 11- 65 67 MAG-D DS.T

10

11

12

J.A. Hendry et al., to be published
4

G.M. Griffiths, et al., Can. J. Phys. 40 ,

(1962) 402.

J.B. Warren et al., Phys. Rev. 132 , 1691 (1963).

W. Wolfli et al., Helv. Phys. Acta 40 (1967) 946.
7

A. Van Der Woude et al., Phys. Rev. Lett. 24 ,

Phys. Rev. Lett. 24 (1970) 1120 and 26 (1971) 909,

?

S.K. Kundu et al., Nucl. Phys. A171 (1971) 384.

)

V.N. Fetisov, Nucl. Phys. 71 (1965) 305.

L

N.M. O'Fallon et al., Phys. Rev. C5 (1972) 1926.
>

J.L. Matthews et al., Bull. Am. Phys. Soc. 18 ,

(1973) 19.

Uiu
!•

f ^

!4

£/ ( M#V

)

Fig. 2. The 3
He(-r,d) 1 H ctoss section it 90° is compared with

calculations by Hendry and Philips [2], The strength of the

tensor force is indicated by the deuteron D-state probabilities

produced. The dotted curve shows a modification to simulate

short range repulsion between nucleon pairs.

Hj 1

1

1

1

1

Si.

I lL Jl - ,

* I 10 20 40 (0 10 100

(»•*)

Fig. 1. The total cross section for the reaction 3 He(7 ,d)*H. The data are: • this experiment, o Van Der Woude et al. [7], a Fetisov
et al. [10). 3 Kundu et ai. [9|, a Wolfli et ai. [6], OTailon et al. [11], x Griffiths et al. [4]. r Warren et al. (SI, and * Nlatthes
41 *i- (12|. In addition to the displayed enors the results of refs. (9-1 1 1

contain additional systematic errors of r 15^, 6-T and 1%
respectively. Oniy statistical enors in the present data axe shown.

r o pm N3S-413
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U3COMM-OC 29010-3*4 PHOTONUCLEAR DATA SHEET 312

U.S. QEP ARTMENT OF COMMERCE
NATIONAL 3URSAUOF JTANOA8C5



m

m
H

REF.
C. Tzara
PICNS-73, Vol. I, p.573 Asilomar

EC EM. SYM. A Z

METHOD

He

REF, NO,

3 2

73 Tz 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE MANSE

G.DP AHX 160- 370 C MAG-D DST

DP DETECTED IN COIN

3
He(J.cp)

9 * 90*
P(CDM) +60 -

Fig. la

Q
a a

a
o

ICO 200 3 CO 400 E t (MeV)

Fig. la, b, c.

Tvo-body phccodisincegracion cross-sections
for d, "He, “He, ac 50° and 90

s
. The cross-

sections for Y*“He—n-r-Ka ac 3n » 90° and
120° are also given.

fowm N3S-418
IR eV. 7-1 4-44)

U3COMM-N8S-OC

U.S. O EP ARTMENT OF COMMENCE
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REF.

B.L. Berman, S.C. Fultz, and P.F. Yergin
Phys. Rev. CIO, 2221 (1974)

EL EM. SYM. A

He

METHOO REF. NO.

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 7- 31 D 7- 31 3F3-I 4PI

The photoneutron cross section for
3He has been measured irom threshold :o 30 MeV using

monochromatic photons from positron annihilation in flight. The cross seccion reaches its

maximum of about 0.95 mb at about 15 MeV. Several distinct structures are apparent, some

correlated with observed fore-aft asymmetry of the photor.eutrons. The integrated cross sec-

tion is 13.0 MeV mb, and the 1/£ integrated cross section is 0.77 mb. With reasonable ex-

trapolations to higher energies this is consistent with sum-rule predictions, well within ex-

perimental uncertainties. Current theoretical calculations are capable o: accounting for the

over-all size and shape of the cross section, but not for the fine details of the present mea-

surement.

PSotM bwjj Uti 1

FIG. 14. :He\y,n)2p cross section. The points with
error bars are the experimental results (as in Fig. 11).

The solid curve is taken from the paper of Barbour and
Phillips (Ref. 22), and the dashed curve is the result
of a recenc calculation by Gibson and Lehman (Ref. 23).

II
C.C. Chang, E.M. Dianer, and E. Ventura,

Phys. Rev. Lect. 29 , 307 (1972).

3arbour, A.C. Phiilios, Phvs . Rev.

Cl, 165 (1970)

.

23
3.F. Gibson, private communication

.

.a.es :or :ne 'Het>,/u2p reaction.
.

• pomes with error

l
lre ’he ratl0S counting rates in the front rwo

quadrants to those m the oack two quadrants of the neu--on uecector, is a function of pnocon energy. 3acx-
grounas cave been suotractea. so chat the racios of net
neutron yields Irom monochromatic photons are given.
* ae asymmetry coefficient o also is shown (right scale)
on he assumption of identical anguiar dependence of ne-
.ec..on efficiency of he uecector naives, with zero .naif-

na scattering, and that he angular distribution is
given by sin* 9 a+dcoae». so that 1=3/3 if - 3 )/,F+&.wnere r is che torvard count rate and S is he backward
counc raze.
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REF.

C. C. Chang, W. R. Dodge, and J. J. Murphy, 1

1

Phys. Rev. C9, 1300 (1974)

METHOO

ELEM. SYM.

He

REF. NO.

74 Ch 3 hmg

REACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RAN OS TYPE RANGE

E,D ABX 10- 21 D 21, 23 MAG-D 90

FIG. 4. The :He(e,d) l H cross sec:ion is a function of

excitation energy-
. The • are the results of the current

work; c the 3 HeC/,<f)'H results of Chang, Dtener, and

Ventura (Ref. 2) converted to the ’Hele.d^H reaction as

explained in the text. The solid curve is the calculation

of Lehman and Gibson (Ref. 5), the dashed curve that of

3arbour and Phillips (Ref. 4). .Ail cross sections are ab-

solute. The indicated uncertainties on our results include

only counting statistics

.

TABLE I. Data from this experiment. All data are
given in the center-of-mass system. Uncertainties are
only counting statistics.

Excitation energy
(MeV)

(da/dHi^o

(nb/sr)

9.891

10.266

10.641

11.016

11.391

11.766

12.516

12.891

13.266

13.641

14.016

14.391

14.766

15.141

15.516

15.391

16.641

17.016

17.391

17.766

IS. 141

13.516

13.891

13.266

19.641

20.016

20.J91

20.733

98 = 6

104 ± 5

102=4
111=3
108 = 4

120 = 5

108 = 4

102=2
96 = 2

96=3
93 = 2

90 = 2

89 = 2

S6 = 2

83=2
30 = 2

74 = 3

73 = 3

73 = 3

33 = 3

67 = 3

60 = 7

68 ± 5

66 x 4

53 = 5

32 x i

57x8
47x 3

The data were taken ac a laboratory angle of 30 ° and
were converted to 30 3 in die center-of-mass system by
assuming - do/aQ = t> siir9(l-££ cost1 '', Values ot J
were taxen from Ret. 11. See also Ref. 1.

*

A. van der Woude, M. L. Halbert, C.R. Bingham,
and B.D. Belt, Phys. Rev. Lett. 26, 909 (1971).
2
C. G. Chang, P.M. Diener, F. Ventura, Phya.Rev.

Lett. 29 , 307 (19 7 2).
4
I.M. 3arbour and A.C. Phillips, Phys. Rev. Cl

,

165 (1970).

^D. R. Lehman and B. ?. Gibson, private communication.
11
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NATIONAL 3ua£*uOr
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I.M. Barbour and J.A. Hendry, Phys. Lett. 38B , 151(1972). 31 5
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REF.

J.L. Matthews, T. Kruse, M.E. WLlliams, R.O. Owens, and
W. Savin

Nucl. Phys. A223 , 221 (1974)

EL EM. SYM. A

He

REF. NO.

74 Ma 6 egf i

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 16 D 16 MAG-D DST

dc/dCl = b sin2 8(1 + {3 cos 9 + y cos2
8)

DETECTED RECOIL

®CM

Fig. 4. Angular distribution of the : H(p, 3 He)y reaction. The cross section has been converted to that

for photo disintegration using detailed balance. The error bars represent statistical uncertainties

only; an additional systematic uncertainty of ±5°/, is estimated. The curve is a least squares fit to

the data using the expression b sin
2 0 (1 -j-0 cos 0~y cos 3

0

)

as discussed in the text.

2

T
I.ot

r

0.4 r

f
?“

--'4

*
‘

0.11

lO 20 40 CC
Ej. fOlMeV;

Fig. 5. Values of the parameter ^ as a function of {E.,~Q), where Ey is the photon energy and

Q -= —5.493 MeV. The solid square () is the present measurement, and the other data are as

follows: A - WSlfli er al.
l *); - Fetisov et al.

3
); • - Owens er al.

li
); Q - 3clt er al. ‘‘);

O - Van der Woude er al. »•); T - Book and Walenta 9
); - O'FaUon et at.

l0
). Toe theoretical

curves art due to Fetisov using the Dalitz-Thacker wave function 3 3
) (dashed line), Gibson and

O’Connell 3 ‘) (dot-dash line), and Barbour and Hendry : -) using a wave function with 2.1% S’ state

("solid line).

cm
4 0 20 40 iOO

EjrO(MeV)

Fig. 5. Values of the parameter •/ as a_ function of {E,,^Q). The solid square t«) is the presentmeasurement and the other data are as lollows: \V - Wilfli et al.
1

A

)* o - Owens * r a 1 l -V r*
e, al. ‘ 3

); O - Van der Woude er cl. + - O’FaUon er cl.
13).The dotted curve was helmedtrom the results of 3arfaour and Hendry (see fig. 5) .using the relation •/ = *. The dot-dash curve

was calculated by Gibson and O'Connell :
*).
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Table 1

Cross section for 3 He(y, d)
lH at Ey = 16 MeV

Reaction Ref. &\at Ob) *) (do/dfl),.™. at 0'.m .
= 90*

Ob/sr) 4
)

J H(p, 3He)y present data 591= 12 (±28) 67.5 ± 1.4 (=3.2)
3 He(/, d)‘H J

) 67 ± 9 (±8)
6
) 64 ± 5 (< =4)

7
) 69 = 5 (= 7)

') 381 = 107 (±53) 39 =12 (= 5)

“) 642= 11 (±32) 74.4= 1.3 (±3.7)
5 He(e, d)‘H 3

) 316= 97 (£ ±122) 90 = 5 (S ±13)
3
) 35 = 3 (±5)

*H(d, 3 He)-/ '*) 82 = 7 (±5)
theory 730 82

*) The numbers in parentheses represent additional systematic uncertainties in the data.

2
S.K. Kundu at al. ,
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3
C.C. Chang ec al. preprint.

5
S. Finckh et al. ,

Phys. Lett. 7 (1963) 271.

6
B.L. Berman et al. ,

Phys. Rev. 133 (1964) 3117.

7
J. R. Stewart et al. ,

Phys. Rev. 133 (1965) B372.

8
V.N. Fetisov et al. ,

Nucl. Phys. 71 (1965) 305.

^H. Bock et al ,
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EL EM. SYM.

He

REF. NO.

75 Ar 1 egf

REACTION RESUL T
EXCITATION
EN ERGY

SOURCE OETECTOR
ANGLE

TYBC RANGE TYPE RANGE

G,P ABX 175-370 C 405 MAG-D DST

•

2-30DY COINC

do 4

du
'

*-« “ n

He + J —- p + d

9 - 9Q*Q
p

-^ c.m.

1000 -dcr 2-— O cm sr
da

-ICO

v%
+ "H-

^ H e + 2 p -t- d

++

~h S?=60*£ .m .

9 o =90

•CCCi^

C—

t

[
L

oo

? -i

50 :cc

flMeV

Fie. 3. The y— J Hs - p — d (c.m.) aifferemiai cross sections a; 4, - oOf
90 a

c.m. i.this work); Z., is -.he photon iab energy. Horizontal error cars give

the photon energy resolution; vertical error bars represent statistical errors.

N.M. O' Fallon ec al
. , ?hvs. Rev. C'

1926 (1972) .

' —

’

16
C.A. Heusch at al . , CALI 53-319 (Pre-

sented at the Int. Symp . on electron and
photon interactions at hign energy,
Cornell L'niv. Aug . 23-37

,
197'!)

17_
t al

. , Nucl. Phys. A157

,

Picozza at

too 500 CCC

t.iv.’V)
500 6-00

Fig. 9. They-f- 3 He — p-rd (c.m.) differential cross section at 0, = 90*

c.m.; ft, is the photon lab energy. Dots: this work; crosses: ref.

stars: ref.
!3

); squares: ref.
:4

); triangles: ref.
17
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190 (1970).
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Table 4

Differential cross section for the reaction y-h 3He — d~p at 60* and 90“ proton angle (c.m.)

Photon

lab energy

(MeV)

da
(10

-33 cm3
/sr)

60* «.n.

Photon

lab energy

(MeV)

—
|

(10
-33 cm3/sr)

c.«.

204.4£ 6.7 3S2~2£36.5 173.6£ 5.1 502.0£18.2

217.1£ 7.2 48S.3£33.0 182.6£ 5.3 448.0£12.l

229. 8£ 7.7 461.5£28.4 192.6£ 5.6 397.5£11.4

243.8 £ 8.2 407.3 = 18.5 202.3± 5.8 340.5 £14.9

237.3= 8.7 343.5 = 12.8 213.1= 6.1 301.8£ 10.0

274.0= 9.3 33S.8£12.8 223.7= 6.4 254.6£10.5

290.4= 9.9 240.9= 9.7 236.0£ 6.7 215.9£ 7.1

307.4=10.5 217.5= 8.0 249.0= 7.1 1 80.3£ 5.6

327.1 ill.

2

149.3= 7.5 262.7£ 7.4 145.4£ 5.0

348.5= 12.0 125.7= 8.0 276.4= 7.3 I25.0£ 4.6

371.7= 12.9 91.0= 8.0 290.7£ 8.2 92-0£ 3.7

305.6= 8.6 77.3£ 3.2

323.3= 9.1 68.1 £ 3.3

341.4£ 9.8 54.9£ 3.4

360.6£10.5 42.5£ 4.2

The photon energy uncertainty is the FWHM of the photon energy resolution function. The cross-

section uncertainty is due only to counting statistics.
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0 Bachelier, M. Bernas, J. L. Boyard, J. C. Jourdain

and P Radvanyi

Nucl. Phys. A251, 433 (1975)

EL £M. SVM.

He

REF . HO.

75 Ba 7 egf

REACTION RESUL T
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI+ A3X 227-453 C 600 MAG-D DST

Tajls 2

Experimental results

<?

2 £,(lab)

(MeV)
Mq :

)

(fm~ !
) (MeV)

9,(140)

(deg)

6,040)

(deg)

6,(c.m.)

(deg)

(dtf/drtJu*

(Ab/sr)

(der/df2),^
(yblsr)

3.1 22S.2 0.34 9.05 19 131.7 135.9 1.11 ±0.17 1.27 ±0.19

3.1 253.6 0.40 11.6 31 104.0 109.7 1.41 ±0.14 1.50 ±0.15

3.1 232.0 0.44 14.2 39 37.0 93.2 1.55 ±0.13 1.55 ±0.13

3.1 306.8 0.43 16.3 44 76.9 33.3' 1.17 ±0.17 . . 1.13 ±0.16

3.9 244.9 0.43 10.7 15 142.6 146.1 0.33 ±0.06 1.04 ±0.07

3.9 252.3 0.46 11.5 20 130.7 135.0 0.9! ±0.04 1.05 ±0.05

3.9 262.4 0.48 12.5 25 119.0 124.2 0.34 ±0.04 0.94 ±0.04

3.9 275.7 0.51 13.7 30 107.3 113.6 0.75 ±0.03 0.80 ±0.03

3.9 292.9 0.55 15.3 35 96.9 103.2 0.63 ±0.03 0.66 ±0.03

3.9 315.3 0.53 17.2 40 86.3 93.0 0.363 ±0.013 0.361 ±0.018

3.9 435.9 0.72 26.6 55 56.5 63.7 0.191 ±0.037 0.!66±0.032

4.55 aj 8.6 0.66 17.8 36-2 95.0 101.6 010 ±0.02 0.20 ±0.02

4S 280.1 0.61 14.2 20.7 130.0 134.6 0.394 ±0.025 0.456±0.029

4.9 296.1 0.65 15.7 27.2 115.0 120.6 0.289 ±0.025 0.321 ±0.027
4.9 355.5 0.76 20.9 41.1 85.0 92.1 0.072 ±0.006 0.071 ±0.006

3.1 227.5 1S.5 132.9 137 1.10 ±0.17’) 1.27 ±0.20

3.9 250.8 19.1 132.7 137 0.91 ±0.04*) 1.05 ±0.05
4.9 277.9 19.6 132.6 137 0.41 ±0.03’) 0.48 ±0.04

6 305.6 0.64 16.0 19.9 132.3 137 0.15 ±0.03 0.18 ±0.04

S 352.0 0.96 20.4 20.3 131.9 137 0.051 ±0.027 0.061 -0.032

10.5 404.5 1.30 25.4 20.5 131.3 137 0.048 ±0.01 0.053 ±0.011

11.5 424.3 1.45 27.3 20.6 131.1 137 0.039 ±0.003 0.048 ±0.009

13 452.3 1.62 30.1 20.7 130.3 137 0.023 ±0.007 0.035 ±0.COS

’) Slightly extrapolated values from our fixed measurements.

PI+T IN COINC

’Hefp.O

Fig. 5. Experimental results at variabler for a fixed value of d.(c.m.) = 1 37 \ The curves are calculations

from ref. '“) with a CGLN elementary amplitude ur.d 2 3ijedic et al. wave function = iOO'*") : dashed

curve, without resca-Eerine term: solid curve with a rescatter.ng term.

j

250 200 320 *CQ ^50

a. / ( Me’/

1

Fig. 4. Experimental results at fixed values ot'q
2

. The solid curve is a calculation with a CGLN elementary-

amplitude, a Ballot etc/.
; ") wave function \p%

= 100°,) ana assuming = 0 m the lab system (see

text)
16

).

15
C. lazaara ec al . , Nuovo

Cim. ISA (1973) 60S,
22

’

J.L. Ballot et al. Proc.
Symp. on recent status and
novel development in the
many-body probian, lone,
1972.
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REF. j. m. Hendry and A. M. Macleod

j_._ Phy s_. (London) Gl , 5 28 __ ( 1 9 7_5 )

EL EM. SYM.

He

REF. NO.

75 He 7 egf

REACTION result excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N RLY 8- 23 C 23 CCH-D 4PI *

G,D RLY 6- 23 C 23 CCH-D 4PI

* DALITZ PLOTS

(o) 77 MeV ( E, i 12 0 HtV (i) 120 MeV < Ey ( 14-0 MeV

Figure I. Dalhz plots and corresponding neutron spectra for defined events. Daiitz plot

phase space cuts due to ionization losses shown by broken line. Experimental neutron
spectra shown as solid histograms with theoretical predictions of Barbour and Phillips

as broken-line histograms.

'OdM N3S-418
(R EV. 7.1 4-«4>

JSC OMM*N 0 5*0 C

(continued)

J.3. department of commerce
NATIONAL 3UREAUOP STanOAROS
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5.1. Yields

From 7500 expansions photographed, 663 events were analysed as photodisintegrations

of 3 He. Of these, 371 were assigned to the two-body channel and 292 to the three-body

channel.

As no measure was made of the photon spectrum due to the 23 MeV electrons used

in this experiment, the formula of Schirf (1951) has been used in the comparison of the

yields of this work and other data. The total cross sections of Fetisov et al and Barbour

and Phillips have been modified by this calculated spectrum. Ignoring two-body events

below 7-5 MeV 7-ray energy the total cross sections of Barbour and Phillips allocate

47% of the events to the three body channel; in the case of the data of Fetisov et al

this figure is 42%; while in the present experiment the figure is (44 ± 2%) allowing for

random errors and a small contribution from uncertain assignment of events.

5.2. Tke y(
3 He, n)2p reaction

Figures \(a)-(d) show the Dalitz plots of completely defined events for the 7-ray energies

shown. Beneath each Dalitz plot is its projection onto the neutron axis. The neutron

spectra are compared with the predicted neutron spectra of the theory of Barbour and

Phillips (broken line histograms) normalized to the number of events in each plot. These

theoretical spectra are for y-ray energies of 10-0, 12-5, 15-0 and 17-5 MeV and are

modified to allow for the lost events discussed above. The dashed line on each Dalitz

plot is the locus of t 2 = 0-5 MeV for the same 7-ray energies.

322



£
a

ri

p. T. Kan, G. A. Peterson, D. V. Webb, Z. M. Szalata,

S. P. Fivozinsky, J. W. Lightbody, Jr., and S. Penner

Phys. Rev. Lett. 34_, 899 (1975)

EL EM. SYM.

He

REF. NO.

75 Ka 6 hmg

REACTION result excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 5- 12 D 60-120 MAG-D DST

BROAD PEAK AT 6.4 MEV

A broad electric monopole excitation peaking at 6.4 MeV has been observed in the

breakup of 3He induced by inelastic electron scattering. The monopole cross section was

obtained from the observed cross section by subtracting the electric-dipole contributions

converted from photodislntegration cross sections by using the virtual photon theory,

and also subtracting the magnetic multipole contributions obtained from a 180* electron-

scattering experiment. The extracted monopole matrix element is 2.4± 0.5 fm2
.

5 6 7 3 9 10 II 12

excitation Stierqy ( M«v )

FIG. 2. Measured cross sections in the region of

breakup thresholds. In (a) , E

^

= 120 MeV and 9 = 127.7*;

in (b)-(d), £, = 110 , 30 , 75, and 60 MeV, respectively,

for a dxed 9=92.6*. Curve tD is the £1 contribution

converted from two-body photodisintegration cross sec-

dons by virtual-photon theory, curve {ID is the sum of

(D and the .WT contribution from a ISO* electron- scat-

tering experiment, and curve 'HD is the sum of {ID. and

the £1 contribution from the three-body photodisincegra-

don calculation of Gibson and Lehman, converted by

virtual-photon theory.

q' ( fm*
J

)

FIG. 1. The square root of the reduced transition
probaoiiity as a function of momentum transfer tor die
monopoie excitations above curve (HD in Fig. 2, inte-

grated between 5.5 and 3.5 MeV. Errors indicated on
the data points are statistical only. An additional lO1^
•uncertainty should be included to account for systematic
errors and uncertainties in the analysis. The solid line

Is a least-squares fit to the data.

;orm N3S-413
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ref. p. t. Kan, G. A. Peterson, D. V. Webb, Z. M. Szalata,

J. S. O'Connell, S. P. Fivozinsky, J. W. Lightbody, Jr.

and S . Penner

Phys. Rev. C12, 1118 (1975)

METHOO

ELSM. SYM. A Z

He 3 2

REF. NO.

75 Ka 7 hmg

R EACTION RESUL T
EXCITATION
EN ERGY

SOU RC

E

DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

F
f
F/ ASX 0- 40 D 60-120 MAG-D DST

q ( fm" 1

)

FIG. A. Form factor at an excitation energy
of 15 MeV. Systematic uncertainties of t Sx have been
included in all of the data points except the point at

= 0.332 fm"‘, where a systematic error of z Ufh has
been estimated. The solid curve is the zero-range
model form factor.

FIG. 3. Radlativeiy unfolded cross sections. The

notations od and pon Indicate the ttvo— and three-body

breakup thresholds, respectively, in each graph, the

solid cur/e is the calculated result in the zero-range

approximation (see dec. V).

-osw N3S--H3
•REV. 7-1 4-t^l

JSC OMM-N 3 3-0 C
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D.M. Skopik, J.J. Murphy, II, Y.M. Shin, K.F. Chong, and
E.L. Tomusiak

Phys. Rev. Cll, 693 (1975) He

REF. NO.

75 Sk 1 hmg

R EACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

E, D ASX 11- 40 D 43-103 MAC—

D

DST

Tables of cross section data given,

A_n experimental study of the reaction d)e'p w as carried out by mrasuncg cifTererttinJ cross

sections of deuterctts as a function of Ueuteroa energy and angle for three incident electron energies.

The electrodisintegration cross section was also calculated using an Irving-Gunn wave function for the

ground stale with a plane wave for the fiaal state. As in the case of pholoditiategmcan calcalniions

the result indicates the need for including complete final state rescattcnr.g effects.

*ao - e ’ J

r"tG. 2. ''a)-tc) Angular distributions tot- .1.2*3 Me'.'

-euterens a: three different incident electron energies.
re error; shown are statistical only. The solid curve

’ : -ie calculation described ia the text.

' i'- o* Dauteron energy distributions at 90’
tr. the laboratory tor three deferent incident electron
energies, the errors shown are saaristicai only.
solid curve is the calculation described in the text

.
con t* nuea

.3. :£?AR".M£N* 0? C3MM£=Cc
riONAL BUREAU OF* STAnOAROS

- o am N 3 S- 4 ] 3
(REV. 7-14- 44

)
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FIG. 5. Total two-body photodisintegration cross
section given by Eq. (Al>. The data of Ref. 3 are essen-
tially identical with the virtual photon analyzed data
of this experiment.

S.K. Kundu, Y.M. Shin, G.D. Wait, Nucl. Phys.

384 (1971)

.

FIG 3. (a)-(c) Angular distributions for 7.90 MeV
fieuterons at three different incident electron energies.

The errors shown are statistical only. The solid curve

is the calculation described in the text.

A171 ,

327



c. A. Heusch, R. V. Kline, K. T. McDonald, C. Y. Prescott

Phys . Rev. Lett. 37 405 (197 6)

SLEM. SYM.

He

REF. NO.

76 He 2 hmg

REACTION RESULT EXCITATION
. ENERGY

SOU RC

E

DETECTOR
ANGL E

TYPE PAN GE TYPE RANGE

r, hf ABX 200-600 C 700 MAG-D DST

TIME REVERSAL TESl
We have measured the two-body photodisintegration process y^He—pd in the energy re-

gion sensitive to intermediate photoexcitation of one nucleon to the Isobar A(123S). We
present angular distributions at center-of-mass angles from 30” to 150* for incoming pho-
ton energies 200-600 MeV. Magnetic dipole excitation appears to be suppressed.

PROTON C M ANCLE INCIDENT PHOTON EnERCT INCIDENT PHOTON SNEROT

FIG. 3. (a) Argular distributions for the process y^He~~pd at photon energies from 250 to 550 MeV. between 30
and 150” c.m. Solid lines denote fits as descrfoed in the text. Note that secondary maxima at —140” are due to the
specific form of our fits at lower energy. They are not seen Ln these data, (b) Energy dependence of the differential

cross section at fixed angles between 30 and 150*. (c) Total cross section for the orocess v-He— od versus photon,
energy, obtained from polynomial fits to our data. Also shown are previous results at lower energies (Hef. 9). Note
that the 250-MeV point could be raised if the forward dip were act as pronounced as emerging from the fit. Ac
.1(1236) excitation energy (see inset), at best i hint is visible.

9
"M. O'Fallon, L.J. Kcester , J.H. Smith, Phys. Rev. C5, 1926 (1972).

"O N3S-4 13

'.a e v . 7 -

1

a- 4-4)
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' C.A. Heusch, R.V. Kline, K. T. McDonald, J. B. Carroll,

D. H. Fredrickson, M. Goitein, B. Macdonald,
V. Perez-Mendez, and A.W. Stetz

Phys. Rev. Lett. J7, 409 (1976) (See erratum: Phys.Rev. Lett.

ELEM. SYM.

He

A

3

z

2

method 37, 960 (197b))
-

REF. NO.

76 He 3 hmg

REACTION HESUL T
EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RANGE TYPE RANGE

P , G ABX 256-390 D 377-576 SPK-D DST

|f (pd— HeV>* 10” cm Vsler We report on the measurement of the formation of JHe*+ in the collision of protons and

deuterons, with the emission of a single photon. Energies and angles as chosen allow a

comparison with the inverse process y’He—pd. These data restrict possible T-Invari-
ance-violation effects In the electromagnetic Interaction.

TABLE I. Quantitative comparison of cross
and inverse. The r’He— pd data are inverted

valid. A=o(pd) — of-^He).

-section data for pd— sHey
assuming T invariance to be

•iH.**"*

T,

(GeV)

cft^He)

(10" s cm:
)

<j(pd)

(10-“ cm) A/c(pd) 2
1

60 0.462 0.64*0.15 0.77*0.11 -0.17*0.24 0.46

75 0.462 1.43*0.23 1.48*0.10 0.04*0.17 0.04

90 0.462 2.16*0.17 2.16*0.12 0.00*0.10 0.00

105 0.462 2.63*0.35 2.50* 0.17 -0.05*0.16 013
120 0.462 4.04* 0.21 5.27*0.60 -0.23*0.12 3.81

average 0.03*0.07 sum 4.50

FIG. 3. (a) Angular distributions for pd— 1Hey at 3%
= 465 MeV and £r =320 MeV; (b) energy dependence at

30* (c.aj for pd — 3Hey.

C0UNT3 TIME CF FLIGHT

foum M3S-418
(R EV. 7-1 4-64)

USC OMM-N as-oc

FIG. 2. (a) Pulse height distribution in Tie differential counter; (b) time of flight versus pulse height In
5He total-

absorption counter; (c)
JHe-r eoplanarlty.



J. S. McCarthy, I. Sick, R. R. Whitney, M. R. Yearian

Phys. Rev. Cl

3

, 712 (1976)

EL EM. SYM.

He

RE". NO.

!
76 Me 2 rung

R EACTION RESULT EXCITATION
tNERGY

SOURCE OcTECTOR
ANGLE

TV PE RANGE TYPE R AN G E

S , E/ ABI 23-263 D 500 MAG-D 60

OUASIELAST SCAT

TASLE I. Quasielastic cross sections at E
0
= 5OO MeV and 3 = 60- integrated up to 200 MeV

energy loss. Tae values used for the nucleon elastic cross sections were 1.14x 10" 31 cm2 /sr
for the proton and OUlx 10-a cmVsr for the neutron (Ref. 4).

3He (x 10
_31 cm2 /3r) ‘He (x 10" 31 cm2 /sr)

Static-impulse model 2.50 2.7

"Fermi-gas” fit to data 2.62 2 .86

Lehman model 2.SS

Experiment 2.59± 0 .07
1 3.00i 0.08 1

*He-3He difference 0 .41 ± 0.11

1 Error bars do not include the ±3% uncertainty in the proton elastic cross section (Ref. 4).

4
T. Janssens, R. Hofstadter, E.3. Hughes,

and M.R. Yearian, Phys. Rev. 142 , 922 (1966).

•v ' MeV )

FIG. 1.
JHe quasieiastic electron scattering spectrum

as a function of electron energy loss.
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EL CM. SYM.

He

78Go6 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE NANGC TYPE DANCE

E.E/P ABX 150* D 999 MAG-D 30

Th« angular distribution <rf knock-out protons and the momenrum distribution of recoil nuclei have
measured Cor the 3He(e, t'p) rr-cooe at in incident electron energy of 1200 MeV. *P MEV/C , 999 = 1 . 2 GEV

PACS number*: 78. -JOf. 27.10. + h

ISO IOO 50 0 SO ioo ISO

it . MV*

TABLE I.

v «*•

M«V/c

P*
ir- • '.««)• IP.

K*vV2

V
d«t

««•

M«V/e

.it- A (Jgrur.

M«V 5 w*2
iEyxajsx,

cm^/MtV . r2 an-/X«V tr
2

43.5 123.4 o.Di±o:t OJ9=0.10 G0.5 a.3 10.13*020 3.34*.)J!

43-5 ‘Jj.l t.GIiOJO 0.07=0.12 63-5 50.7 4.69=0JS 1.72=0.14

64.3 4.80=0.43 103=0. IS 1 Go.5 317 133=0.1) 1. 19=0. 1

1

54.5 34.4 3.03 tr057 3.3l*il23 USJ 125.5 0^3=0.11 0.31)1 sA03?

57.73 2.001 1222*0.43 09*0.17 715 159.7 2 .3*003 0.149=0.027

FIG. 1. Recall-nucleus momentum distribution for the reac-
tions Kete.e'p) (•— KharTcov, O— Kef. 1) and JHe(n 2fi) <£.—
Ref. 4).
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ELEM. SYM.

He

78 Ku 9 hmg

REACTION RSSUL T
EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC RANCH TYPE RANCH

E,E/ A8X 0-300 C 999 MAG-0 OST

999=1211 MEV

The absolute differential cress section for quasielastic scattering of electrons in the reaction ’Hefr.t')

has been measured as a function of the scattered electron energy in the range of scattering ingles 15-29"

for an incident electron energy 1211 MeV.

nc. 2 . hHiferentiai cross section for scattering of 1211-MeV electrons by the !He nucleus as a function of the energy of the

detected electron.

pc bm NS$-eia
1H tv. -.1 A-JAI
use omm. o c isoio-psa it;

J.3. :E = a?;v-;nt CC-.ir.1EPC.
NATIONAL 3U-9£A W C~ jr,;.,photonuclear data sheet
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EL EM. SYM.

He

METHOO REF. NO.

78 Sk 6 hg

REACTION RESUL T
excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E, PI + ABX 170-190 D 170-190 MAG-0 DST

The IHe(«,l )sr*,r' cross section has been measured as a function of incident electron energy, triton

recoil energy, and angle. The experiment corresponds to excitation energies near 20 MeV above pion

(A reshold. Comparison is made with a theory including all partial waves using Gaussian and Irving-Gunn

ground states for
J
He. The forward peaking approximation is also discussed.

E r(MeV)

(MeV)

FIG. 2. Triton recoil cross section for an Incident

electron energy of 229.7 MeV. The curves are calculated

as explained In Ref. 12 with a dashed line corresponding
to Gaussian (FPA), a straight line corresponding to

Gaussian (exact), and a dash-dot line corresponding to

Irving-Gunn (exact). The effective photon energy shown
on the upper horizontal scale is calculated assuming the

electron scatters forward. The “double-valuedness” of

this scale corresponds to the fact that a photon of a given
energy can produce at a particular triton angie either a

lower energy recod triton and a pion in the forward dir-

ection or a higher energy recoil triton and a pion in the

backward direction.

Er< MeV)

-osm NSS-4
(R CV. 7.1 «-!

use omm-n a

E, (MeV)

FIG. 4. Same as Fig. 2 except £,« 170 MeV.

FIG. 5. Angular distribution of the recod tritons at

£,-5.25 and 7 .75 MeV for £,- 200 MeV. It should be

noted that these angular distribution data were taken

in different runs from the data shown in Fig. 3. The

small difference in the cross sections (-10i?>) between

the two figures is consistent with the statistical errors

shown. The curves have the same meaning as in Fig.

2 except that the difference between the exact and the

FPA Gaussian wave function calculation for £,»7.73

MeV is too small for both curves to be 3eparaceiy

plotted.

12
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EL EM. SYM.

He

REF. NO.

79 A r 1 hg

REACTION RESUL T
EXCITATION

EN ERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.PI + ABX 150-156 C 152-156 ACT-

1

90

The posttive-pton photoproduction yield on 3He was measured near threshold. The transition matrix element
of this process is extracted with a — l.JFt accuracy. We discuss the relation of our result, firstly, with

magnetic electron scattering on 'He and ’’H, secondly, with the properties of piomc ; He atom.

iNUCLEAR REACTION ’Kety, measured a, £=l- 5 Mev1
L

J

FIG. I. Measured r* phococrcducr.on yields per nucle-

us ns a function of the excess ene rgy above threshold in

the laboratory system for nydrogen ana 'He. Solid Lines

are the calculated yields gtvtng the best tit to the expert -

metttat data.

FIG. 2. Cross secnon of the lyrrl reaction on ’’He de-
duced from this expenmenc is a function of the excess
energy above threshold in the Laboratory system. The
shaded area reoreser.ts -he experimental error tales?
inco accounc the uncertainty both of this experiment and
that of a, =4* J*.

Flaw N3S--H3
IP SV . 7*1 w 64

1
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METHOD

E.M. Malyarzh, V.K. Tartakovsky,
EL EM. SYM. A

He

REF. NO.

2

79 Go 9 hg

R EACTION result EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/P ABX UKN C 999 MAG-0 0ST

Summary 999 = 1200 MeV

Angular dependence oi the 3IIe(c, c'p) cross-section is measured using the electron

linac for the incident energy 1200 McV in ;he proton angle range 45.5^ Op ^72.5°. Cross-

sections for two- and thrcc-particic disintegration oi 3 ile were calculated with account

for the final-state interaction. The calculated results are compared with the experimental

measurements.

9
f

4*0

°p

d*n— l03i .

CN'/tMaQ-cp*)

dEpdQc d'4 0

45,5 0,91 =0,24 GO,

5

10,18=0,56

43,5 1,62=0,30 63,5 4,69=0.38

51 ,5 4,56=0,43 66,5 3,33=0,30

54 .5 S.68=0, 57 69,5 0,88=0,11

57,75 12.32=0,43 72,5 0,45=0.08

yrnonuc aaoncuuocTU jiulxpepcHttiia.-snoro ce-

'icHiis a.icKTpopacuienneHiis itapa ‘He: 1

dK.iaj .iByxvaeTimncro pacutcn.'.emia (cnnoui-

naa Kpua.ia cooiaeTCTuycT tieioopv iynKunu

vb -*{(>) u 3ii.;e u.cecKon ao.’.:it». titTpsixoaast

—

p
'

vml'TY 33ai!s:o.'.e i ''t3UR auouTOro noorcHa n

hcuTpona a cndipaKimoHiioM RpuOnnxeHiui);

j — annua Tpe\-racTiiMiioro pacuiennenna

(crt.'.oiuuaH .punas :ooToercT3yo' atioepy

ipyuKuuu cp-*(0 a aii.ee nnocKCH ao.iitu. uirpn-

'.oaan — ysery mau'ioaeitcTaits MOtty aro-

pu.M ,s rpeTs.i:! Hvx.-onast:! 3 e;: tnaKitues-

Ho'.t upiiO.iirtKeiii::! > t J a 4 — :y;'.:ta:::ce cs*

tcune pcuKiun: ces ;.";era n : -rou asauMO-

c.acrciis a aJ!-:c-ho'.i cocTJs.-tuui rost-tu

;i\cr.co :Mcarn.auiue ana-eans.

_lV_Vr_£Si

,

Jl HTEPAiyPA
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1. Johansson 4. Quasifree electron-proton scatterin’

I2SB, N !, o. 1 0JO— i 033.

2. Gnjfti T. A., Gains R. /. Electron-proton coincidence cross section ;or;He_ana

Phvs* Rev., '.934, 1358. M 5. p. I iol— 1167; Structure oi -He and 3H ;rom

cnergv electron scattering.— Rev. Moc. Phys., 1965, 37, M 3, p. 402—tOo.

3 Lehman D. R. Elcctrodismtcgratiou oi ;H and 3He.— Phys. Rev. Lett.. I960. 23,
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, 610 (1979)

£L£M. SYM. A Z

METHOD

He 3 2

REF. NO. "

79 Jo 4 hg

R EACTION RE5UL T
EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE range

E,E/ ABX 0-30 D 40-61 MAG-D 180

Elastic and inelastic cross sections for 180" electron scattering from ’He were measured at incident

electron energies of 40.44, 50.53, and 60.63 MeV. Our radiatively corrected cross section measurements are

in good agreement with theoretical calculations of the behavior near the two-body breakup threshold at 5.5

MeV The measurements were also compared to cross sections calculated in the zero-range approximation

and to sum rules. At a = 0.602 fm' 1

the measured magnetic radius was r = l .79 * 0.14 fm. The possibility

of the existence of a state at about 10 MeV excitation is also discussed.

CLEAR REACTIONS
£,= 0

3He(s,a'); 9 = ISO'. £\j = 40 . 31 , 61 MeV ;
measured <r for

to Ey' 2. Deduced magnetic radius.

TABLE I. The : H and 3He measurements are inte-

grated by comparing the sum rule J ~M deduced from
experiment with that from theory (Ref. 5). The elastic

and inelastic experimental terms are presented

separately and then totaled. Error shown on the J * M
total are chiefly due to the inelastic term. The 3 H
cross section was measured up to 19 MeV excitation

energy.

3 He :H

£, 1 MeV) 60.63 56.6

(7 132x 10' 35 152x 10" 31

Experiment
J ~ M elastic 0.0233 0.0042

•J - M inelastic 0.0432 0.0535

J - M total 0.0670 i 0.0014 0.0577 i 0.0033

Theory
•/ - M totai 0.104 0.078

ra»u N3S-413
:»Cv. 7 -

1

*- fiai

JSC OMM-N 3S-o C

(continued)
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3 He,i.e'l

E0 * JO 44 vtev
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2XC;*lTiCN 8-IE3GY Mi*vi

FIG. 3. The radiative

unfolded spectra of 3He
with background removed
is shown for three differ-

ent incident beam ener-
gies. 40.44, 50.58, and

80.63 MeV. The solid line

in the upper graph is the

zero range calculation.
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iLEM. SYM.

He

METHOO REF. NO.

79 Sk4 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE RAN SC TYPE RANGE

$ P,G ABX 7-15 D 3-15 NAI-D DST

(3.0-14.8)

The 9CT yield curve for the
J

Htp,y)
3He reaction has been studied over the excitation region in

JHc of

approximately 7 to 15 MeV. Booh polarized and unpolarized proton beams were used to measure the angular

distributions of cross section and analyzing power at £, = 8.33. 9.33, and 10.83 MeV. If only the four non-

spin-flip £1 and £ 2 T - matrix elements art considered, their amplitudes and relative phases can be

extracted. The £2 cross section obtained from this analysis is found to be (12 + 5)% of the total cross

section. The detailed balanced differential (9 ^ = 90*) and total cross sections at £, = 10.33 MeV are

found to be (117+11) ptb/sr and (1.07^0.11) mb, respectively; the quoted errors represent the total

uncertainties in the cross sections obtained in this experiment. The results are also compared with recent £ 1

and £2 calculations.

POLARIZED PROTONS

NUCLEAH REACTIONS !H(/>,y) 3He; measured a (90*), £,37-15 MeV;«r(9),

,4(9), anda(tot), £,= 8.33, 9,33, and 10.83 MeV; deduced £1 and £2 T- matrix
amplitudes and phases.

HG. 4. Cross section and asymmetry data at £,
= 3.33 MeV, ire dotted line rsrreser.ca the curve gen-
erated by fitting ate da at to a 1+gsndre polynomial
expansion. The solid tine corresponds to ate fit con-
strained ''see a?.-:! at 5 = 0* and 130*. The asymmetry
data are unaffected by atis constraint.

FIG. 5. Cross section and asymmetry data at £.
= 9.33 MeV. Curves are Che same 13 Fig. 4 .

(conti nuec

;
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FIG. S. Cross section and asymmetry data at E,

10.83 MeV: Curves are the same as Fig. 4.

TABLE III. Comparison of £2 strength near the

maximum 7-ray energy measured in this experiment.

Reference

z*

(MeV)

E2 cross sections

(%of total)

Ref. 1
* 12-16 15 *10

Ref. 2
1

12.1 3.2 *1.0

Ref. 2
*

15.3 5.0 *0.8

Ref. 3
* 15.0 7. 9*2.3

Present work 10.8 12 *5

* The El strength was estimated from these experi-

ments using Eqs. 16) and (7).

FIG. 8. Differential cross section for the reaction

at 0*90*. Curve ( ) is from Set. 13,

curve ( ) is from Ref. 12. These data should be com-
pared with those given in Fig. 1.

FTC. 9. Total cross section for the reaction *He(y ,d).

Open circles are the present results found from

<ritot)»4r/4 5 ,_n Ref. 1. a—Ref. 2, X— Ref. 3, • —
Ref. 4, and — Ref. 10. Note that only total cross sec-

tions are shown. The dashed line is from Barbour and

Phillips fRef. 13).

m
m

TABLE 1. Angular distribution coefficients at the three energies of this experiment. *

E, (MeV) X
J A, iMb)

e
«l aj «< x* *

.

bl

3.33 1.42 75.3 *1.5 0.03 *0.03 -0.79*0.07 -0.27*0.06 -0.16*0.08 1.36 0.05*0.02 0 *0.01 0.02*0.01 0 *0.01

3.33
s

1.33 32.5*0.3 0.14*0.02 -0.30*0.03 -0.15*0.02 -0.20*0.03 (as above) s

9.33 0.49 35.2 *2.5 0.04 *0.07 -0.33*0.12 -0.13*0.09 -0.11 *0.09 1.11 0.04*0.02 0.02 *0.02 0 *0.02 0.01 *0.01

9.33
s

0.71 30. 4 *1.1 0.08*0.02 -0.77*0.02 -0.09*0.02 -0.24 *0.03 (as above) *

10.33 2.76 36.7*1.4 0.25*0.03 -0.39*0.06 -0.13*0.05 -0.15 *0.07 1.5 0.01 *0.01 0.01 *0.01 0 *0.01 0.02*0.01
10.33

s
4.26 36.1 *0.3 0.24 *0.02 -0.75*0.03 -0.24*0.02 -0.25 *0.03 (as above)

*

‘The errors reported here were obtained by multiplying the standard deviations by the value of x.
5
Results obtained when data sets were constrained at 0* and ISO* (see text).

5
<rriy,pi =4 »a,.

d
Results were unchanged by the use of the constraint.

j(3)=A^l + ^a 1 Q IP,(cosd)J (1 )

A(9)<j(e)/A, = 2Z 4«Q«M co»*>- (2)
i

where the Q,’s arise from geometrical effects due to

the Suite angular acceptance oi the crystal. .4(3),

the analyzing power, is defined as

1

P '
(3 )
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B. Van Oystaeyen

Phys. Rev. C21 , 1416 (1980)

EL EM. SYM.

He

A

3

z

2

METHOO
REF. NO.

80 A r 2 hg

R EACTION RSSUL T
excitation
ENERGY

SOURCE OETECTOR
ANGLE

r v e £ rah C£ type range

G , P 10 ABY 138-148 C 140-148 CKV-0 0

and 'He, in the region of i to 10 MeV above threshold, A simplified dis toned- wav- impulse approximation

model of the four reactions is described; it leads to an overall understanding of the results. Large

rescautnng effects are brought to evidence in deuterium and ’He makin g the extraction of precise values

for the dipole photoproduction amplitudes £,- on nucleons strongly dependent on the theoretical description

of the processes.

Final data in 81Ar2.

Jnuclear reactions (Y,r°), lH, :H, 5He, and *He targets; measured reac-

tion yields, £.3 = 1-10 MeV.

FIG. 5. Tae measured - J phocooroductton yields 13 a

function of the end-point bremsstrahiung energy £,

.

The curres are the theoretical yields computed with

DWIA cros 3 sections, and adjusted so the data up to

5 MeV above threshold as explained in the text.

TABLE in. Experimental yields YA{£,)=C f£^Jnl 3(.£,£,)€ A(£,n)(d'JA /dP.)crildE in micro-

barns, normalized to one target nucleus and one equivalent quancum, for different values of

the bremsstrahiung end-point energy £, above threshold £„. Sote: The measurements with

empty targets gave =0.00 ±0.02. The average yields measured below threshold

amounted to YH =0.02 ±0.02, Y u = 0.07 ±0.04, 1^ = 0.01=0.12, and K
tHe = 0.01 ± 0.15. All have

been taken Into account in the table.

Hydrogen

— Ei)

(MeV) 10‘rH

Deuterium

£,- £,

(MeV) 10
5 KD

£,-£,
(MeV)

3He

£,-£.j
(MeV)

‘He

1.41 0.14 ±0.05 o.ss 0.26 ±0.05 1.37 0.61 ±0.19 1.72 0.47 ±0.19

1.91 0.14 ±0.06 1.38 0.79 ±0.03 2.37 1.33=0.24 2.72 1.43 ±0.22

2.41 0.30 ±0.05 2.26 0.77 ±0.14 3.37 2.34 ±0.23 3.72 3.02 ±0.33

2.91 0.40 ±0.06 2.58 1.79 ±0.21 4.37 6.08 ±0.47 5.22 3.12 ±0.63

3.41 0. So =0.07 3.76 2.33 ±0.29 5.37 3.36 =0.33 5.22 11.52 =0.39

3.91 0.35 ±0.10 4.26 3.75 =0.32 • 9.37 23.7 ±1.2 3.72 27.3 ±1.7

4.41 1.39 ± 0.17 4.38 4.47 ±0.31 9.37 24.4 ±1.3 11.22 51.1 ±3.2

4.91 1.60 -0.15 5.53 7.07 ±0.47

5.41 2.00 ±0. IS 5.26 7.75 -0.55

6.41 2.15 - 0.25 7.33 11.13 ±1.12

:.9i 4.40 ±0.23 7.76 12.40 ±0.72

3.26 13.3 =1.1

3.76 16.2 - l.l

10.33 24.3 ±1.1

TA3LE VH. The deuterium anc 'He threshold amplitudes in units of 10*»»,•'

Experiment PWIA 3

Rescattermg amptirudes

computed in FSA

0 — Q » g
r— ft

iT'l __.-T 0
^ _

-6.3

: He —4.55=0.43 £Tj* =0.5=0.

5

-5.4

1 The £.,f values from dec. V A.

j.s. pe= vsrvi = vi r ;om«-:=C£
xxriONAc au»£<u or stuno-scs= o pm N 35-413

ip I v . J.U.6UI
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EL CM. SYM. A Z

He 3 2

METHOO REF. NO.

80 Go 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPf AANGC TYPE PANGS

E.E/P SPC 0*100 C 643,806 MAG-0 UKN _

* NUCL. RECOIL MEV/C

(continued)
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Study of the two-particle electrodisintegration of
3He

V. A. Gol'dshteTn, V. L. Kuplennikov, V. V. LubyanyT, V. I. Startsev, V. 8. Shostak, and

N. G. Afanas’ev

Khar'kov Physico-technical Institute. Ukrainian Academy ofSciences

(Submitted 23 August 1979)

Yad. Fiz. 31, 1388— 1 389 (May 1980)

PACS numbers: 25.30. - c, 25. 10. + s

Study of the ’He(e, e‘ p) reaction is a valuable source

of information not only on the structure of this nucleus

but also on the nature of the nucleon-nucleon interac-

tion. A single article by Johansson" has been devoted to

the experimental study of this reaction. In spite of the

more intensive investigation^* 5 of the reaction ’H e{p, 1p),

obtaining information on the nucleon-nucleon interac-

tion in this case involves fundamental difficulties. Cal-

culations which have appeared recently for the cross

section of two-particle eiectrodisintegration of ’He by

Diepernik et al.‘ and Heimbach ei al.~ with use of the

Faddeev technique and various types of nucleon-nucleon

interactions permit a comparison to be made between

the results of these calculations and experiment for the

purpose of choosing a more realistic type of internu-

cleon interaction.

We have carried out a study of the reaction ’He(e, e'p

)

for'bwo momentum-transfer values 416 and 303 MeV/c
with respective energy resolutions 4 and 2.6MeV.
The measurements were made in the linear electron

accelerator at the Khar'kov Physico- technical Institute.

Beams of electrons with energies 306 and 643 MeV
were scattered by a target of liquid ’He, and electrons

with momentum k', and protons with momentum p' after

magnetic analysis were recorded by a multichannel

telescope of scintillation counters. Selection of [e
, p)

coincidences was carried out by ampiituae-to-digital

converters worKing in conjunction ’with an A/-6000 com-
puter. Monitoring of the primary energy, and calibra-

-V -V J :-J

. w.v/c

FIG. 1.

tion of the scale of missing energy £ 3 and the reaction

cross section dPz/ dP.,d.P.
}
dE ,, were carried out on the

basis of electron scattering in hydrogen. Separation of

the reaction channels corresponding to two-particle and

three-particle disintegration of ’He was accomplished

by fitting the experimental spectrum’ with two Gaussians
with a width at half-height equal to the experimental

energy resolution and with a fixed distance between

maxima equal to 2. 2 MeV. The value of the distorted

spectral function S(£ 3 ,q^) was determined in accor-

dance with Ref. 8:

J (F». <ir)
d'a;dQ.dO-..dE„

A'A k„ Pp)Z

where q s is the momentum of the recoil nucleus, K is

a kinematic factor, A(£„ k'„ />') is the cross section for

elastic scattering of an electron by a moving proton,

and Z is the number of protons in the nucleus. The
experimental results and also the data of Ref. 1 with

the analysis of Ref. 9 are shown in the figure. The
data for p'

t
= 303 MeV/

c

have been multiplied by a fac-

tor of 3.2. Curves 1 and 2 were obtained in accor-

dance with Refs. 5 and 7 and correspond to calcula-

tions ’with use of a Reid soft-core potential and a sepa-

rable potential of the Yamaguchi type with the param-
eters of Tabakie. Curves 3 and 4 were obtained in

terms of the shell model with an oscillator potential,

for which the parameter £>
0 = 104 MeV/c was obtained

from data on elastic scattering of electrons by ’He

with Inclusion of a correction for the motion of the cen-

ter of mass (curve 3), and the parameter p 0
= 30

MeV.'c was taken for comparison from Ref. 6. Curve

5 is the result of a calculation 10
in the plane-wave

approximation with use of a Gaussian- like wave func-

tion of the bound state of ’He.
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James S. McCarthy
Nucl. Phys. A335 , 27 (1980)

REF. EL CM. SYM. A

He

METHOD ref. mo.

80 Me 3 hg

REACTION result excitation
ENERGY

JOUNCE DETECTOR
angle

TYPC RANGE TYPC RANGE

E,E/ N0X 207 D 3*1

1

MAG-D UKN

Abstract: Inclusive electron scattering froa Che nuclei 56Fe and 3He
has been measured over a vide range of incident energy and mooencua
transfer. The data is used to separace Che longitudinal and trans-
verse response functions. The evo-nucleon correlation function and
Che momentum distribution of Che internal nucleons Is compared to the
data.

*GEV, QFM-1

NUCLEAR REACTIONS : (e,e’) on
56

re,
3
He Incident Energies

E “ 0.1 to 14 GeV; measured scattered electron at
energy loss 4) E— E* of 0-q2 GeV. Deduced momencua
distribution.

rig. The scaling variable v for
3He has been

mass in this olot.- (4) reoresenc data
3.25 GeV, () SC 7.25 GeV, (X) ac 3.61
CeV. The aoaencura transfer q- extends

divided by the nucleon
3C incident energy of
GeV, and (Z) ac 10.95
to 2.25(GeV/c) 2

.

H3S-418
(H EV, 7*1 4-441
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B.M.K. Nefkens, Th.S. Bauer, K. Baba, A. Boudard, W.J. Briscoe,

G. Bruge, J.L. Faure, J. Gosset, A. Hegerath, J.C. Lugol

,

B.H. Silverman, Y. Terrien

Phys. Rev. Lett. 45_, 168 (1980)

EL EM. SYM. A

He

80 Ne 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

P,G ABX. 308,375 D 450,550 MAG-0 0ST

Seven differential cross sections of the reaction p + d— 3He + y have been measured at

T, = 450 and 350 MeV between 52“ and 92“ (3
y

c.m.). 3He’s were analyzed by the SPES I

spectrometer in coincidence with photons detected by Cherenkov counters. The results
are about twice the cross sections of the inverse reaction measured recently by Hege-
rath et al

. and by Argan et al . The data are consistent, however, with the y + 3He — p + d
data of Heusch et al

.

GAMMA-HE3 CO INC

PACS numbers: 25.40. Lw, ll.30.Er, 25.10. + S

TABLE I. Differential cross sections in center of

mass lor p ~d ~ 3 He + y. Errors quoted do not include
an overall systematic uncertainty of 10/4.

7

,

(lab) (MeV) (c.m.) ao/dV. (nb/sr)

450 51 .6 31= 10

450 59 .6 71.5 = 4.3

450 69.2 4S.9 = 3.4

450 73.9 32.5 = 2.3

450 91.3 2J.3= 1.3

550 71.0 27.7= 3.3

550 93.3 9.9= 1.4

FIG. 1. Existing controversy in v
- ’He ~~p * d

. The
v - 'He - d measurements are those of Heusch et al .

(Ref. 1, open circles) , Argan et al . i Ref. 3, triangles),

Picozza et al
. fRef. 4, inverted triangles)

,
and Hegerath

et at . 'Ref. 5, crosses) . The ? - d — -He - y dam of

Heusch et at . iRef. 2, closed circles) and me present

experiment (squares) have been multiplied by the ap-

propriate detailed-balance factors, and the data of the

present experiment have been interpolated to i = 50“

and 90“ from slightly different angles.

F 3 AM N3S--4 13
l«EV. 7-1 A- 541

use OWM-NS5J3C
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ref. P. Argan, G. Audit, A. Bloch, N. de Botton, J.L. Faure, C. Schuhl,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels,

B. Van Oystaeyen
Phys . Rev. C24, 300 (1981)

EL EM. SYM. A Z

He 3 2

method REF NO,

81 Ar 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPf RANGE

G,PI0 ABY 140-147 C 140-147 CKV-D 0

Our recently published photoproducnon data at threshold have been reanalyzed with the use of a more refined REANALYSIS OF 80AR2
detection efficiency calculation. The high energy points appear to be consistent with the threshold measurements;
the effective threshold amplitudes remain unchanged, and are now supported by the complete set of experimental
data.

NUCLEAR REACTIONS fy, iA), 'H , ^He, and *He targets; measured reac
tlon yields, *1-10 MeV.

FIG. 2. The measured t
5 photoproduction yields in

microoaras, normalized to one target nucleus and one

equivalent quantum, as functions of the Bremsstrahlung

end-ooint energy E , . The curves are the theoretical

yields computed vith OWtA cross sections . and adjusted

to the complete set of data as explained tn me text.

'oxm NSS-UX
(M cv. T.l
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«bf. B. Bel 1 inghausen , A. Christ, H.J. Gassen, G. Goerigk, R. Muller,

G. Noldeke, T. Reichelt, H. Stanek, P. Stipp
Nucl . Phys. A358, 373c (1981)

EL EM. SYM.

He

81 Be 3 HG

REACTION RESUL T
EXCITATION
ENERGY

SOURCE detector
ANGLE

TYPE RANGE TYPE RANGE

G,PIO ABX 280-336 C 300-450 MGP-D 0

Abstract. *r pho to produc t i on on _ He, Li(nat) and °5e has oesn measured under
angles in the P,

3
resonance region.

smal 1

Table 1

Cross sections as function of energy and momentum transfer

K
Tax

K
i q do/dn* in ub/sterad

Me V MeV
j

fur 1 3 He Li (nat) 3 8e

300 230 i 0.27 12.4 s 1.5 21.0 t 2.4 23.6 i 2.7

320 296 0.27 14.5 i 1.5 26.9 c 2.1 34.4 i 2.7

370 334 ! 0.25 14.3 c 1.5 24.9 c 2.0 31.0 r 2.5

390 361 0.23 10.0 c 1.1 21.1 ± 1.6 24.5 t 1.3

430 336 ! 0.27 7.7 ± 1.1 22.7 s 2.3 22.8 i 2.3

'0*u N3S-U1S
IX CV. 70 4-4LI

‘JSC OMM-N SS-OC
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* EF D.D. Faul , B.L. Berman, P. Meyer, D.L. Olson

Phys. Rev. C24, 849 (1981)
EL EM. SYM. A

He

METHOO REF. NO.

81 Fa 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 7-25 D 7-25 BF3-I 4PI

The photoneutron cross sections for and 3He have been measured from threshold to

— 25 MeV with monoenergetic photons from the annihilation in flight of fast positrons.

These reactions include the two-bodv breakup of
3H and the three-body breakup of both

3H and 3He; these measurements for
3H are the first to span the energy region across the

peaks of the cross sections. An efficient BFr tube-and-paraffin neutron detector and

high-pressure gaseous samples were employed in these measurements. The results, when

compared with each other and with results for the two-body breakup cross section for
3He

from the literature, show that: (a) the two-body breakup cross sections for
3H and 3He

have nearly the same shape, but the one for -Tie lies lower in magnitude; (b) the three-

body breakup cross section for
3He lies higher in magnitude, broader in the peak region,

and also rises less sharply from threshold than that for
3H; and (c) these differences

between the cross sections for the breakup modes largely compensate in their sum, so that

the total photon absorption cross sections for
3H and 3He are nearly the same in both size

and shape at energies near and above their peaks. Theoretical results from the literature

disagree with the experimental results to a certain extent over the entire photon-energy re-

gion for which the photoneutron cross sections were measured. Sum rule predictions also

fail to reproduce the experimental results. These discrepancies constitute a challenge to

the principle of charge symmetry of the nuclear force, but more complete theoretical cal-

culations are needed to ascertain whether these discrepancies can be ascribed entirely to

electromagnetic effects.

"NUCLEAR REACTIONS 3
H(y,/i),

3
H(y,2n),

3
He<y,/i); measured

aiE^, threshold to —25 MeV; monoenergetic photons, high-pressure

gas samples; two-body breakup, three-body breakup, charge asymmetry.

(continued)
•Oflvi N3S-41S
in tv. 7.1 4-44)
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FIG. 9. Three-body photodisintegration cross section for
3He: filled circles, present data; open circles, data of Ref. 31;

solid histogram. Ref. 12; dashed histogram, Ref. 30. The error flags indicate statistical uncertainties only. The arrows in

this and the following figures indicate the reaction thresholds, as labeled.

TABLE III. Integrated cross sections and moments.

Reaction E r
(MeV) aM (MeV mb) 1

a_i (mb)
s

<r _

2

(mbMeV _1
)

c

’Hdy./i) 23.4 12.3 ; 1-2 0.760 ; 0.061 0.050 ; 0.CC4
J H ty.n) 23.4 11.7 ; 1.2 0. S*^0 2! 0.06 / 0.067 r 0.005
5
H(y,2/t> 23.4 10.2 ± 1.0 0.538 ; 0.051 0.C42 ; 0.C03

J He<y.n) 25.3 14.1 ; 1.4 0.233 - 0.067 0.053 ; 0.CO4
3
H(y./i)

d
25.3 13.2 r 1-J 0.296 r 0.072 0.069 - 0.CC6

! H(y.2n) 25.8 11.5 ± 1.2 0.691 ; 0.055 0.044 ; 0.003

:

'Hety./t)
d 26.4 14.4 - 1.4 0.350 ; 0.C63 0 053 ; 0.CO4

JH (y,.t)
d

26.4 13.6 ; 1.3 0.900 r 0.072 0.070 ; 0.006
:

H(y,2/t) 26.4 12.0 ; 1-2 0.709 = 0.057 0.045 - 0.004

'Hety./t ,

d
50.0 16.4; 2.0 0.91" ; 0.092 0.056 - 0.004

;

H(y./» i

d 50.0 15.4 r 1.3 0.936 r 0.099 0.072 - 0.006
J
H(y.2/tJd 50.0 13.6 ; 1.6 0.767 ; 0.077 ' 0.0477; 0.CC4

r -***

I <J\Er)dEr.* 0

S P
'***

=
Jo aiE 7 )E 7 ~'dEr

0
cn£ 7)E-

ldE r

'Extraoolated (from the present data cnlyi.



Hzr. H.J . Gassen, A. Hegerath, W. Loers, B. Mecking, G. Noldeke
T. Reichelt, H. Stanek

Z. Phys. A303, 35 (1981)

EL EM. SYM.

He

METHOO . NO.

81 Ga 5 egf

EXCITATION
ENERGY

SOURCE OETECTOR
ANGLEREACTION NESULT

TYPE RANGE TYPE RANGE

G,P ABX 200-450 C 500 T0F-D DST

The : He(y, p)d reaction has been measured in the photon energy region between

200 MeV and 450 MeV at proton c.m. angles between 20° and 150°.

Protons and deuterons were detected in coincidence with two time-of-flight spectrome-

ters consisting of scintillation counters; both particles were identified and their energies

and angles were measured. P - D CO INC
The angular distributions show a strong forward peak. The differential cross sections

fall off with increasing photon energy without showing a significant influence of the J

resonance.

r nnl
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.
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Fig. 2. Differential cross sections as a function of onoton energy <

for i^
l" = oO° and 90°; our resuits i.i are compared to the phoio-

disintegration data of Argan et al. Ui [6] and Heuscn et al. («i

[T and. alter using the detailed balance factor, to -he -adiative

caoture data of Metises at al. iC) [3] and Neflcens et al. i0) [1*1

Fig. 3. Angular distribution at It = 267 MeV; the full curve repre-

sents the fit in cost^m to the data
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Tabic 1. Differential cross sections (nb/sr); the errors are due ro counting statistics only

k(MeV) Proton c.m. angle (deg)

30° 45° 45° 52°

(1. series) (1 series)

60° 75° 90° 120° 150°

154

163

173

1X4

196

210

226

245

267

294

526

367

420

613 ±27
CT\

tyy M <
j

•j

27 .557 ±23
24 477 : 20

24 414 + 17

19 560-16

16 196 — 15

707 -31 691 +26 556 ^ 12

573 ±29
472 + 23

603 ± 17

513 ± 15

434± 13

3*9 ±11

337 ±
304;
242 ;

17

15

12

326 ± 10

302 ± 9

270+ 9

243; 8

209+7
193; 6

105 ±6
98 ±5
32 ±5
66 ;4
57 ±4
42 ±3

557 + 21 467 + 10 437 ±24 320 ± 10 204; 11 166; 6 35 ± 3

8 '>•’4-26 529 - 20 425 ± 9 362 ±21 254; 9 137; 11 • 139; 5 30 ±3

443 - 22 451 - IS 399 +. 9 311 ±13 207 ± 7 147 ± 9 100 ± 4 31 ±3

377 4- (9 369+ 15 359 r 3 223 ±13 147- 7 104; 1 67 x 3 -6 £ 3

296+15 240+ 11 259; 3 155 ± 1

1

107 ± 6 63; - 43- 3 24 ; 3

223 + 13 1S9 + 9 1S9 - 4 125 ±10 74; 5 42 ± 4 23 ± 2 20; 2

75 ± 7 93+ 6 104- 3 72-^7 27 — 3 17; 3 10+ 2 12+2

Table 1 Coefficients of the polynomial fits and total cross sections

1c (MeV) a (nb/sr) B C D E P* cr

210 3715 +23.0 -0.77 ±0.09 -0.64 ±0.44 2.53 ±0.25 142 ±0.62 MoMn
r-~>

226 250.1 + 8.5 -0.57 + 0.09 0.95 ±0.23 2.05 ±0.20 0.60 ±0.33 3.38 ±0.18

245 221.6+ 8.1 -0.8. ±0.09 0.40 ±0.23 2.76 ±0.20 1 .60 ; 0.38 3.04 ±0.16

267 166.6; 6.4 -0.48 ±0.10 0.61 +0.30 2.26 ±0.22 112 ±0.33 157 ±0.14

294 109.3; 5.4 -0.31 ±0.13 1.16 ±0.39 2.46 ±0.30 17! ±0.43 103 ±0.13

326 75.8; 4.1 -0.12 + 0.18 0.10 ±0.41 1.94+0.42 5.42 ±0.63 1.50 ±0.10
367 48.5+ 3J 0.32 + 0.21 -0.66 + 0.45 1.51 ±0.49 8.18 ±0.74 1.11 ±0.09

420 16.9; 2.3 I.16;0.56 -0.03; I.C9 -0.44 ± 1.13 12.34 ±105 0.54 ±0.08

6. Arean, PE.. Audit. G.. De Botton. N.. Faure. J.-L.. Laset, 3*

M.. Martin, J.. Schuhl, C.G., Tamas. G.: Nucl. Phys. 237,

447 (1975)

7. Heusch, C.A, Kline. R.V, McDonald, K.T„ Prescott,. C.Y.:

Phys. Rev. LetL 37. 405 (1976)

8. Heusch, C.A, Kline R.V., McDonald, K.T„ Carroll, J.B,

Fredicksoa D.H, Goitem, M, Macdonald, B„ Perez-Mende;

V. Stetz, A.W.. Phys. Rev. LetL 37. 409 (1976)

I'. Neficer.s, B M K„ Bauer, Th.S., Baba, K„ Boudard, A., Briscoe,

W.J., Bruge, G, Faure, I.L, GosseL J, Hegerath. .A_ Lugol.

J.C., Silverman, 8.H., Terrien, Y.: Phys. Rev. LetL 45, 168
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«cf. i.v. Kozlovsky, V.A. Goldshtein, E.L. Kuplennikov, E.M. Malyarzh,

V.K. Tartakovsky, V.B. Shostak
Nucl. Phys. A368, 493 (1981)

method

EL EM. SYM.

He

81 Ko 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE NAN GC TYPE RANGE

E.E/P ABX THR-806 D 643,806 MAG-0 DST

\b>ilnjct: The differential cross sections of the
3
Hele, e'p) reaction are measured, the channels associated 2,3 BODY BRKUP , COINC

with the two- and three-particle electrodisintegration being separated. Angular distributions of

the outgoing protons for the reaction
]

Hele, e'p) and energy spectra of scattered electrons for the

process
3
Heie, e ) are calculated The influence of the nuclear structure and the interaction in the

final state on the magnitudes and shapes of these distributions is analysed in detail.

NUCLEAR REACTIONS 3
Heie, e p), £ - 806, 643 Me V; measured <r( £,,£,, 0 e ).

Calculation, structure effects, final state interactions.

Table 2

Angular dependence of the
3
He(e. e'p) cross section

4,-416 MeV/c 4, -303 MeV/c

o,

(deg)

d
3
<72 d

J
0'3

(deg)

d
3
(72 d

3
aj

d£, d/2, d/7, dE, d/7, d/7,

(IQ'” cm :
• MeV • sr*

J
)

d£, d/7, d/7, d£, d/7, d/7,

(10' 3I cm :
• MeV" 1

sr
-J

)

47.5 2.32 = 0.27 0.80 = 0.31 54 7.27 = 2.73 9.00 = 2.21

52.5 5.76 = 0.78 4.40 = 0.33 60 19.29 = 2.91 31.59 = 2.83

57.5 11.40 = 0.39 10.26 = 0.89 67.2 24.37 = 1.36 31.34 = 2.02

62.25 11.98 = 0.37 13.95 = 0.39 72 18.87 = 3.71 31.08 = 4.58

67.5 8.32 = 0.64 7.41=0.64 78 13.35 = 2.78 3.35=1.34

72.5 3.57 = 0.48 3.26 = 0.49

dcr; and d<7] are the two- and three-particle disintegration cross sections, respectively.

a
n
13

a
a

'He i.s,;

9
?

Ufy.es)

•~g. 2. Outgoing proton angular distributions calculated with the use of the interpolation model wave
functions isee the text). Solid lines - FSI. dottea lines - ?W a.

'OHM MSS-41S
Itt CV. 7.1 4- Ml
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W.J. Briscoe, O.H. Fitzgerald, B.M.K. Nefkens, H. Crannell,
D.I. Sober, R. Goloskie, W.W. Sapp, Jr.

Phys. Rev. Lett. 49, 187 (1982)

EL CM. 5YM.

He

REF. NO.

82 Br 9 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,D ABX 150-350 C 275-360 MAG-0 OST

Differentia] cross sections /or 3He(y, d)p have been measured at S,(c.m.) -60° and -90°

for photon energies between 150 and 350 MeV. The data have an absolute normait2 afion
uncertainty of 6% and provide absolute differential cross sections suitable for a test of
time-reversal invariance when used in conjunction with comparable data on the inverse
reaction.

PACS numbers: 25.20. + y, ll.30.Er, 25.10, + s
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4) 75Ar1

3) 3 1 G a

5

5) 76He2
! P. Picozpa et ai.

,
Nucl. Phvs. A 157

, L90 ‘19701.

9) 75He3
7 ) 80Ne2

!

J. M. Cameron et aL, in Abstracts of the Proceed-

ings of the Hindi International Conference on High En-

__ergy phvsics and Nuclear Structure, Versailles,
N ^S prance, 1981 (unpublished), o. 473: A. W. Statz, pri-

uscoMM-cvats communication.
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2 v ,Mev l

t -C . 3. The ratios .2 ) or tne d&''dCl

'

5 obtained in

measurements of !Hecy ,p'a
, open svmbois iHefs. 4,

d,b,5, respectively:
,
ana a ip

, yi-He, solid symbols
'.Rets. 9, <, t, respectively/

, ;o our resuics.
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Yad.

Sov.

METHOO

Go! ’dshtein EL EM. SYM. A Z

Fiz. 35, 801 (1982)

J. Nucl . Phys. 35, 465 (1982) He 3 2

REF. NO.

82 Go 3 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E, E/P ABX 1*12 0 643,806 TEL-D DST

We describe the technique and present the results of a study of the reaction
!He for primary enerjia

£, = 806 and 643 MeV and electron scattering angles 8, « 31 and 2r with energy resolution 4 and 2.6 MeV,
respectively. The angular distributions [d

) — 47.3-72.3* and 34-72*1 and momentum dombutiocs

(?/ = * ICO MeV/c) of protons for rwc-particle and three-particle disintegration of
!He are compared with

model and exact calculations with use of various wave functions of the
!He ground state. It is shown that the

angular and momentum distributions obtained are best described by a model calculation with use of the

Irving wave function and the exact calculation with the Yamaguchi potential and the Tabaidn parameters.

*MISS ING ENERGY

PACS numbers: 23.30.Cg. 23.10. -f i, 27.10. + h

TABLE L. Croaa sections for the reactions 5 He(e, e
Jp)d and

5 He(«, e'phtp.

ICinezniucs l Lncauoa 2

Roctoa emu «ecuo** ft±*coo« cma wenoo*

dei
X
4

X
4

*H4(#. * p)d 'Uaa. rplrp <***
rp)4 *«•(#. rp)np

47.5 22*02 02*02 OJ 54 72*10 L9*1.7 02
’

52-5 52*^3 *.4*0.3 t.l 40 19 1*22 312x21 0.4

573 11.4*0.9 102*0.9 1.0 572 24.1x1.4 312x12 12
1135 12.0*02 14.0x0.9 22 72 18.4*1S 30.7*3.4 0.4

572 8-34t0.6 7. 4x0.6 4.9 73 13.1 ±24) 12*1.0 0.1

715 3.3*02 3-3*02 12

•Her* for the cross 3ecdoas we have given values of

Jo/ • 1022 In cm 1 MeV4
sr' 2

.

Measurement of the sHe(e,e'p) cross sections was
carried out under two kinemacic condicioas : kinematics
1—

£—306 MeV, 0,-31“, p.-416 MeV/c, 4,-;7.5°
-72.3’, Ac -4 MeV, \q A

~- 17 MeVc,

and kinematics 2—

£•—643 MeV. 4,-13°. a. -103 MeV/c .
4,-34°

-72°. A£— 2.6 MeV. Aq„— e= 13.3 MeV'c

(here h£ and Ad* are the resolutions in energy and
momentum).

“IG. 2. energy soectra of the reaction ! He(e, e' j* measured

tooer the conditions of kinematics 1 for various values of the

angle 4, and momentum The lotted anc disced curves ire

tie resuit of fitting the cross sections for two-oarttcie and

three oamcle disintegration. and the solid carve is their sum.

= N3S-418
1° tV. 7.1 A- 641
USCOUU.OC 2«010-»«A

o.s. o e= as tm=n r or ;o.viMe=ci
NATION AC SvatAulf STANCA-OSphotonuclsar data sheet 354



REF E. Jans, P. Barreau, M. Bernheim, J.M. Finn,
J. Mougey, D. Tarnowski, S. Turck-Chieze, S.

G.P. Capitani, E. de Sanctis, M.K. Brussel,
Phys. Rev. Lett. 49^, 974 (1982)

MCTHOO

J. Morgenstern,
Frullani, F. Garibaldi,

I. Sick

EL EM. SYM.

He

REF. NO.

3

z

2

82 Ja 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPC NANCE TYPC RANGE

E,E/P DST 5*305 n MAG-0 DST

The proton momentum distribution of s He has been determined up to momenta of 310 *M£V/C P MOMENTUM QST
MeV/c by use of the reaction : He(e,e'p). The experimental missing-energy resolution,

6Em ‘ 1.2 MeV, was sufficient to separate the two- and three-body breakup channels.

Results for the three-body disintegration have been obtained up to missing-energy values

of 30 MeV. The resulting spectral function is compared to the predictions of Faddeev
and variational calculations.

PACS numbers: 25.30.Cg, 24.10.-k, 21.40.>d, 25.10. -s

i
.

|

i ,
.

‘

1

'3 '50 100 _ 300

3 !

'iMgy/c!

1

To ico
~

3oo

; P! ;f*8-//;i

FIG. 2. Procon momentum distribution of He for ai two-body ana ibi taree-ooav oreakup. The chree-joav oreax-
uD contribution has been obtained by integration up to a missing energy of 20 .fief . Dots ana - tosses correspond to
measurements in kinematics l ana II, respectively. The solid curves represent t.ne calculation at Diepermk cr A.
iRef. ill. the cashed lines that oi Cioii degli Atti. Pace, ana Saime Ret. 1). The error bars include beta the sta-
riswicai error and an a \ error cue co cne estimated uncertainty in t*e aosoiute normalization.

»orm H3V411
£ V . 7.1 4-44)

USCOMM.OC 24010-P44

(conti nued )
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TABLE II. Proton momentum distributions, p ;
and pv for the two- and three-bodv disintegrations , respectively,

p. has been obtained by integration of the three-body breakup contribution up to 20 MeV. The errors represent the

statistical error only.

p P, Kin I 0
3

Kin. I P? Kin. II P
3

Kin. 1

1

(MeV/c) (CeV/c)“ J (GeV/c) -3 (MeV/c) (GeV/c)
-

-^ (CeV/c)"
1

5 659 37 155 8.66 +0.45 4.76 + 0.39

15 608 18 180 + 10 I 65 5.31 +0.29 3.14 +0.26
25 543 ¥

1 6 182 ± 8 1 75 3.77 + 0.20 2.35 i 0. 23

35 427 + 10 173 + 8 185 3.00 +0.14 1.59 i 0. 1

5

45 345 + 8 135 + 4 195 2.01 +0.12 1.47 +0.13
55 242 + 8 94.9 + 4.2 205 1.58 +0.10 1.10 t 0. 1

1

65 1 74 + 4 66.3 2.7 215 1.24 i 0. 1

1

0.733 i 0.096

75 156 * 4 63.6 2. 1 225 0.716 + 0.059 0.787 + 0.083

85 96.0 + 3.3 63.4 2.5 235 0. 678 p 0.072 0.598 t 0.083

95 67.6 1 .5 31 .5 1 .4 245 0.397 + 0.031 0.492 i 0.081

105 55.2 + 1 .5 30.7 ± 1 .2 255 0.276 + 0.026 0.260 i 0.040

1 15 32.5 + 1 . 1 16.9 ± 1 . 1 265 0. 192 i 0.023 0.167 + 0.029

125 29.6 + 0.7 17.9 0.8 275 0.107+0.014 0.160 + 0.027

135 20. 1
+ 0.6 12.8 0.5 285 0.138 + 0.023 0. 108 f 0.022

145 10.1 + 0.5 7.25 0.58 295 0.095 + 0.018 0.130 + 0.025

155 • 10.8 0.4 8.25 + 0.58 305 0.059 i 0.015 0. 134 i 0.028

165 7.10+ 0.33 4.93 * 0.33
175 3.14 0.33 2.97 0.38
135 3.31 V 0.23 3.23 + 0.37
195 2.25+ 0.23 2.21 > 0.26
205 1 .56 * 0.37

56
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REF . S. Rock, R.G. Arnold, B.T. Chertok, Z.M. Szalata, D. Day,
J.S. McCarthy, F. Martin, B.A. Mecking, I. Sick, G. Tamas
Phys. Rev. C26, 1592 (1982)

EL EM. JYM.

He

re r. no.

82 Ro 2 egf

REACTION result excitation
ENERGY

SOURCE OETECTOR
ANCLE

TVPC RAN 4K TV PC RANQC

E,E/ RLX .

1*8 D 6@17 MAG-D CD

Tabular Data given .8*5(G£V/C)SQR,@GEV

The cross section for inclusive inelastic electron scattering from the helium isotopes has

been measured at momentum transfers squared of 0.3 <, 5.0 (GeV/eP for
3He and

0.8 < Q
2 < 2.4 (GeV/e)2

for ‘He. The data were taken at 3' and cover the range 0.6 <x < 1,

where x =Q 1/2Mh,v, which includes the elastic peak, nuclear breakup threshold, the high

momentum tail of the quasielasttc scattering, and pion production. The structure function,

v(V
2 , derived from the data, is approaching a scaling limit at high Q

1
. It can be factored

into a product of functions of Q 1 and of x as predicted by some models.

NUCLEAR REACTIONS 3He, ‘Hrie.e')*; £=6.4-16.5 GeV;

6, = 8*; measured da /dCldE'-, deduced vlV
2 at threshold.

iO*‘ g“

P
h

r
io'2 k

3He 02i0.3 (GeV/c) 2 (a) l
4ne

1.2

(b)
^

A C2 =0.3 iGeV/c) 2 1

-A
a • 1.0 a

• 3

i.6

!CT-

p 4

i •

2.0

* G'
4, - •

_ • a

C'
1

i 0
o

^ •

- i $

- 0
I

I
I

i

1

IV.

it
;

r
, 0
$

1

1 ?

1.6 -1

2 '“ .=

i

o" ~n—
’3 a.? 3 5 9.3 9 a

iuASTC- -^HRESrCLO - v thPES.-CLO

v2 .2

<1.0 * 1; A3 5.2 5.3

— HRESHOLD - ~ ~-ea3H0LC

f,
2 GeV )

2

FIG. 6. The dimensionless inelastic structure function vW
.}
Q-. W 1 '

as a function of the tmssinz mass squared 1 W l

for several values of the momentum transfer squared ! Q-\ !al
;He and '.bl 'He.
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FIG. 14. The elastic structure function A (g
2

) for
3He

as a function of Q
2 showing previously directly measured

values (Ref. 1) and the highest Q
2 value derived from the

elastic-inelastic connection.
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R.M. Sealock, H.S. Caplan, B.W. Zulkoskey, A. Szyjewicz, E.L. Tomusiaket-

Can. J. Phys. 60, 1257 (1982)

EM. SYM.

He

MCTHOO REF. NO.

82 Se 1 egf

R E ACTION result EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RANGE TYPE RANGE

E.PI+ ABX 7*12 0 200 TEL-0 OST

*PI0N ENERGY

Differential cross sections were measured for the electn>-?ion production from H and ’He at an incident energy of 200 MeV

and pion energies from 7.3 to 12.1 MeV Pion-angular distributions are presented and compared with theory. For hydrogen

there is good'agreement. A simple three-channel calculation performed for the pion production from ’He was found to

overestimate the cross section at forward pion angles.

On a mesure les sections efficaces differentielles d'electroproduction de pions a panir de H et ’He. pour une energie incidente

de 200 MeV et des enerzies des pions allant de 7.3 a 12.1 MeV. Les distributions angulaires des pions sont presentees et

comparees avec la theorie. Dans le cas de I'hydrogene. I ‘accord est bon. Un calcul simple, a trois voies. a ete effectue pour

la production de pions i panir de 'He. et l‘on a trouve qu'il surestime la section efficace pour la production de pions diriges

vers l'avant.

Table 2. 'Hete.tr*) dVdE.dH, nb/(MeV sr) for T,
= 200 MeV

E./8. 45° 60° 90° 120° 128° 145°

7.3

8.2

10.1

12.1

1.02=0.11

0.92=0.10

0.88=0.08

0.86=0.07

0.97=0.10

0.91=0.10

0.94=0.09

0.85=0.12

0.87=0.11

0.89=0.09

0.83=0.08

0.78=0.10
0.89=0.10
0.67=0.07

0.57=0.06

0.61=0.14 0.67 = 0.08

0.64=0.07

0.63=0.06

0.60=0.05

N3S-41I
(A SV. 7.1 4-441

USC OMM-N8S-OC PHOTONUCLEAR DATA SHEET 359
U.S. OCPAPTXCNTOF COMMERCE

NATIONAL SUREAOOP STAnCARCS



'

360





362



REF.
J.E. Perry, Jr., S.J. Bame, Jr.

Phys. Rev. 1368 (1955)

EL EM. SYM. A Z

Re k 2

METHOO
Van de Graaff; inverse; Nal

Page 1 of 2

REF. NO.

55 Pe 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 20-36 D 0-6 NAI-D DST

proton energy (MEV)

Fig. 3. 90* excitation function of T(£,ir)He*. This is a composite
of tile sets of data mentioned in Table IIL

rr-LM t" M?,7iar m me cer.ter-oi-mass system, .ne aosassa oas oeen dropped 0.*0X10 _I" cm 3
/

w/rT^TV
IOf^ recessive ener-y to prevent overiaopin? of

H?. f

arawa ‘ “iTougn tie experimental point3 are of

9
whefe 37 33 9.77X 10-», 10. IX 10-®,

pnew- °
.l’
“d 5 -93x 10'". and a is 0.110, 0.098. 0.082, and0-051 tor the respective enenpea 3.64, 4.08, 3.42, and 1.88 hlev.
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REF. ELEM. SYM.

He

A

4

z

i

2 1

1

M6TH00

Page 2 of 2

REF. NO.

55 Pe 2
\

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

Fig. 7. Difference curves showing how the angular distributions
deviate from a sin^ distribution. The four angular distributions
of fig. 6 were normalized to unity at 90*, and sin*9 was subtracted
to yield the difference values. The smooth curves have the form
2o sin<9 ccstf+a1 sin’s cosV, with the values of a listed for
fig. 6. The round and square experimental points are for the

TXT ““
, TTw distnbution3

’ respectively. Points for the
*.U&- and 3.42-Mev distributions show rimiLir deviations from
their smooth curves.

t I i i i r
• calculateo mw lfc> neto ratios
FROM ANALYTICAL FTTS OF
angular otsTRiaunows

-JO-

^ 136

h
DZ

T

.1

.!
..I

•
:

T

.1.

I 2 1 4

PROTON ENERGY -

s

MEV

Fig. 8. Asymmetry coemdent a as a function of pfroton energy,
where angular distributions are assumed to have the form
(sind+o sin£ cos#) 1

. The rms statistical uncertainties in a shown
for several points do not include the possibility of a small isotropic
component in the angular distributions.

Fic. 11. Cross sections for the inverse reactions T(p,-/;He‘ and
He'(y,£)T, based on detailed balance calculations of Fuller's

data (reference 10) and the results of this exoeriment. The vertical

shading represents the absolute error of this experiment, while
the sianced shading is the error associated with Fuller's exDeri-
ment. Fuller's experiment has quite Large errors in the unshaded
region vbeiow S_5-Mev procon energy or 16-itev gamma-ray
energy).

fosm N8S-418
(* CV. 7-1 4.441
USCOMM-OC 2SOIO-P44 PHOTONUCLEAR DATA SHEET 364
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Ref. A.N. Gorbunov, V.M. Spiridonov

Zhur. Eksp. i Teoret. Fiz. T5, 21 (1957)

Soviet Phys. JETP 6, 16 (l95o)

Elem. Sym. A Z

He 4 2

Method ITef. No.

Cloud Chamber 57 GO l f/h

Reaction

He(y,p)

He (y,pn)

E or AE

27-28 15 Mev

rdE

70
= 37-S±2.8

19.3
70
10±1.4- Mev mb

t:

] * Notes

E threshold - 1^.8
^'"max - 1.310" 2 '

Assuming = /‘(v,?).
88 ±7 Mev

8^ MeV mb is given by the Levinger
and Bethe (LB) sum rule with 50%
exchange.

Angular distributions indicate that
this absorption is all El below 30
MeV. Above this energy E2 contri-
butes about 10% . This means that it
represents about 6$ of He total
integrated cross section.

I

I

I

<3
.^cm1

F"IG. 5. Energy dependence of the cross sec-
tion for the reaction He*(y, p)H3 as determined
from proton tracks. Only the statistical uncer-
tainties are indicated. The threshold (IS. 3 Mev)
is indicated by the arrow. The cross sections
obtained from triton tracks are indicated by the

full circles.

iGUQ i0f emVsterad Q •

a

s

1

:

0 SO i0 30 110 ISO :S0‘ c.m.s.

FIG. 3. Angular distributions

of the protons from the reaction

He*(v. P)HJ
in the c.m.s. (a) pro-

ton energy 21 — 30 Mev; (b) 30 —
1T0 Mev. Ir. (b) the full circles

indicate the proton angular distri-

bution inferred from the measure-

ments on triton tracks. The fail

curves represent Eq. i9).

-O AM MQS-418
«a-i-43)
u 3c:mm*oc t 8 ^sa-»fl 3
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M. 0. Barton, J. H. Smith

Phys. Rev. JJJD, 1143 (1953)

EL EM. 5YM. A

He

METHOO
Betatron; ion chamber monitor; plastic scintillator proton
telescope; liquid scintillator neutron detector

REF. NO.

58 Ba 3 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR

G.NP RLX 150-280 280 TEL-D 60- 180 DST

Fig. 9. Helium coincidence counting rate vs angle ot the

neutron counter.

FT

300 -

I00f

r 5 ,0 ^“

ME'JUM CCiNCiC£NC£S

— L • 6.6 ; * 6.6 m£V
A

l5 X Scatt«r«d owl at iQO M£V

*\

NP CO INC.. PSPC

rms radius

= (1.40 ± 0.12) x 10* 13
cm.

Found Gaussian momentum spectrum.

i do© = (6.3 * l.0)(^
np deuterium

20 -CO ‘20 .H<

PROTON LABORATORY
l M£Y

)

Ftc. 13. Total proton counts per Mcv of pro. or. c

helium zs the proton laboratory energy.

ENERGY

ro
(R I

US'

60 60 >00 ‘20 **C :60 >60

PROTON LABORATORY ENERGY v V.£V)

Fic. 11. Total coincident counts per Mev of proton energy iron;

heiium vs the proton laboratory energy.
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Ref. A.N. Gorbonov, V.M. Spiridonov

Zhur. Eksp. i Theoret Fiz. 34, 862 (1958)

Soviet Phys . JETP 7j ^96 (1958)

Elem. Sym.

He

Ref. No.

58 Go 1

Method

Cloud Chamber F/H

Reaction E or AE
S'

dE J IT Notes

(7, n) 27-28 MeV 40
=21 .6±0.9

20.6

100

=41.3±1.7
20.6

J
170

=43 . 8±1 .

8

J
20.6

Msv mb
->odE_

J E
1.09±0.08 mb

At all photon averages the angular
distribution approximately
(a + b sin^9)

.

FIG. 2. Dependence of the cross section for the He'(y, r.)

He 1

reaction on photon energy. Only statistical errors are shown
on the figure. The reaction threshold (20.6 Mev) is indicated ov
the arrow. The points marked with a - are the data of Ref. 1

-orm N8S-418
(8-1-43)
U3COMM-OC 18SS8-R43

•J.S. DEPARTMENT 3F : DMMEP.CE
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Ref. A.N. Gorbcnov, V.M. Spiridonov

Zhur. Eksp. i Teoret. Fiz. 34^ 866 (1958)

Soviet Phys . -TETP 7_, 600 (1958)

Elem. Sym.

He

Ref. No.

58 Go 2

Method

Cloud Chamber
F/H

Reaction E or A E
S'-

dE J * Notes

H (7,pn) 50 Me' r

is

q max = 2.10
•28

p_o_dE
= 1>810 -28 mb

VdE 1
MeV mb

rnouon c.

7;Pn
|

y, a+7, P

< 75 I

75
J 7. 2+0.

9

25.7
71.6±2.2

75-170 170
r 4.6±i.2
J

75

10. Oil.

9

<170

260

r 11 . 8±i 5

170

8l.6i2.9

Angular distribution shows that this
is a psuedo-deutron proton.

f <<“ dE = 95 ± 7 MeV tnb
J tot " 1

Levinger and a’u ~ T <i / give 89 .

r> dE
1

:—£ = 2.4± ©.15 mb which gives

for the mean square radious Ag He:

1.57 - 0.06 10 ^cm.

i
i

, i

1 rn 1 • :

A irH
\ 1

: !{; \j'i
j

j

j

i

i

!

j i

!
i‘

i

j

. !

i

'
1

1

ij

1 ;

1 I

! j ;

=

J
:

:

•
1 \i

! M !!^

FIG. 1 Dependence

of the cross section for

the He* (y, pn) D reac-

tion on photon energy.

r 1

k

a x so 7 00 zs :e -j

L_

Dan
FIG. 3. Dependence at total cross section lor aosorpuon ot

photons by He* an photon energy. Only statistical errors are
snoam an -jie yaon. errors :n aasoiute values are o’,.

-o rm N BS- 41

8

18* t -43)
jscomwoc isasa-^aa
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***** D.L. Livesey, I.G. Main
Nuovo Cimento _12a 590 (1958)

Eletn. Sym.

He

Ref. No.

58 Li 1

Method
r. , • J „ 3Emulsion to detect He

FH

Reaction E or \E ad E
J » Notes

He (y, n)

Bremss.

70

60

f =7.5 MeV-mb
40

He
1+

(7,n)He 5

i

i

i

I

Fij. 1. - Lower: number of n)-

evencs plotted against photon

euerjy. Upper : estimated iy. ai

cross-section as a function of

photon enersy: che smooth curve

has beeu ritred to jive the best

agreement with the integrated

oross-sectioas *howti in Table I.

Fij. 2. - Anjular distribution of : He
particles emitted in the C.M. co-ordi-

nates. after correction for the variation

of solid anjie of collection with anjle
in the laboratory system. Lower: all

events above 30 MeV. Upper: all events
above 4.3 Me V. 'be curve representing

the function /'(fl)= 3 »in-9 i l — <>..5 cos o'.

J.3. 0E?»flTMc«T Or C3MMESCS
7 * TION* L auBEAU OF JTANOAHCS

369

FORM NBS-418
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Ref. C. Milone
Phys. Rev. 129. 1302 (i960 )

Elem. Sym.

He

Method

"Betatron; emulsions

Ref. No.

60 Mi 1 F/H

Reaction E or AE ad E J n Notes

(y

)

p) 32 MeV Peaks in a(y, p) at E = 2k .

7

i 0.2,
26.1 ± 0.1, 26.9, and^27 .

8

MeV
(see Figure 4) for range 70° < ® <

110°. These data were derived from
Ep spectrum in Figure 3*

rORM N85-418
( 8-»-43 )

USCOMM*OC l 8 B 3«-®«3

FtG. 4. Histogram: differential cross section derived
jtrom the 90°:=20° spectrum of Fig. o .present work) in aroitrarr ,

units. Curve ta ) : Hec/,^j cross section in miUioarns according;t® I

Fuller. - Curve hi: Hefy.?) cross section in miiiiharns accorcing
to Gorbunov anu Spiridonov. ;

j
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|
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j
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FiO. 3. Photooroton spectrum from He in JJa. steps of O.liu
Mev; 'O'

3 <5< 110° plates parallel to the y beam). The cor-
respondence between E, and £, for ^ — is reported. The
statistical root mean souare errors are indicated. The iepena on
:he ieit-hand side of the figure should reaa 0.1o3, rather than

) 4. .:.
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REF. EL EM. SYM.

J. M. Reid and B. Laiovic
Proc. Phys. Soc. (London) 76, 65 (i960) He

METHOD REF. NO.

60 Re 2 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,XP C 330 CCH

Recorded only events where photon with 20s E Sl20 MeV was emitted.

28 events saw evidence for *He(y,p)T

(Y,pn)D
(y,p2n)p

H8S-418
(R SV. 7-1 4-44)
USCCMM-OC 2SC10-P«4 PHOTONUCLEAR DATA SHEET 371

U.S. DEPARTMENT OF COMMERCE
NAT! ON A U 8URSAUQP JT-kNOAPOS



REF.
G.R. Burleson
Phys. Rev. 121, 624 (I96 I)

ELEM. SYM. A

He

METHOO
Linac; inelastic electron scattering; magnetic spectrometer;

Faraday cup or HEM

REF. NO.

61 Bu 2 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-325 D 400,500 MAG-D DST

S } 2 ABX 0 D 400,500 MAG-D DST

io'
3 ‘

h«
4
^elastic peak cross sectic NS

500

2 400
>e<
c:

C 300a
§

200
SlUi

“
I

73
-o G

• EXPERIMENTAL POINTS
CURVE FITTED TO EXPERIMENTAL .POINTS

CURVE AFTER UNFOLDING RADIATIVE CORRECTIONS

4
H«

400 MEV. 75* /ii

ii m
i

! t
.1

i

T /I
r r* \

\\
ETJp-

j

T

! I

7 ii • /J

1 PTfl/

AA

4
i

r t
t - t THRESriGLO.

\
i

50 100 150 200 250 300 350 400

ENERGY IN MEV

Fig. 3. The corrected inelastic curve found at 400 Mev, 75*.

r ;g. , . axpcnmer.tsa inelastic cross sections. I he errors mown
represent uncertainties due to counting statistics and to the
measurement of tne areas of tne curves neiow the nion-prouuctton
threshold. The corves shown are l'da^/dQ-rd<TjdQ,) for values of
o, for the neutron of 0.6. 0.3, and 1.0 f.

• • 400 MEV
« '• soo MEV

CURVES: 0GLO3ESS THEORY

WITH M^^.T.S

F:g. 6. Experimental inelastic peak cross sections. The errors

shown are the statistical standard deviations. The corves are
predictions of the Goldberg theory, is adapted for He‘, for values
of a. for the neutron of 0.6, 0.3, and 1.0 i and for a value of

G/<l//>). of 7.5.

.

* -p- -axoertmeatal vaiues of .hr/ dG)/fdoi^/ ail) p,octec as a
function of the four-momentum transfer r. The errors mown are
~“e 3^5"*4ticai stancara ueviaticns. Also mown are aata tounc n
an earlier measurement with a multichannel detector.

form N 35-4 18
m ev. 7-i 4-441
uscomm-oc eaoto-na 4 PHOTONUCIEAR DATA SHEET 372
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Re{„ C.C. Gardner, J.D. Anderson
Phys. Rev. 125, 626 (1962)

Elem. Sym.

He

Method 90- inch variable energy cyclotron; Nal Ref. No.

62 Ga 1 JHH

Reaction E or AE
S'

dE J * Noees

(p,y) 5. 8-9.

2

w(9) = (sin 0 + a sin 0 cos 0 ) ,
where

a is plotted versus E^ in Figure 5*

Excitation function at 0, , = 90°
lab.

(Figure k) is consistent with Perry
and Bame (Pnys. Rev. 1368 (1955)].

/

•#«»» *

0.16 -
I

0J4 -

1 3 0-2-

j

OiO -

3xs a -

£, tM«ft

Fio. 4. T(p,y)He* e.tatauon function.

oo* -

OKU f

Fig. 5. Asvmmetry coiriidsnt.

?ORM N8S-418
(8-1-63)
USCOMM-OC 18536*

J .j. JSP^RTMEN'T OF CCMM63CH
NATIONAL, 9URSAU OF JTANOARCS
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Ref„ D.S. Gemmell, G.A. Jones

Nuclear Phys. 402 (1962)

Elem. Sym.

He

Ref. No.

62 Ge 1

Method
Tandem generator; Nal

JHH

Reaction E ot A E ad E
J * Notes

H5 (p,Y)He^ 4-11

J-RAY ENERGY M«v)

_Ei 2S 26 27 29
-

o^ 3 * CCO -c ^ 33 03,- (XOp3

£

o“
rn
’0

^ 90° YIELD
-O 3=33

"•

45° YIELD

A a * A a A a A d A^A a 4
0

I

“ A A A A

$ * x x

T(p.y)H*4

’
, , ,

135° YIELD

10
4 5 6 7 8 <J

PROTON ENERGY MeV;

* ** ic|4 curves for Tip. yiHe-* measured at 45 . 90 and 135’

- :occ

£ occo

No significant structure in c(p,7)
observed.

(J ( 9 )
= A + B sin^S 4- G sin^3 cos6

2 2
+D sin 0 cos 3; where A/B

< 0.01, C/B and D/B given in Figure 4-

Calculations from measured o(p,7)
give:

28 MeV

J a
E1

(Y,p)dEy= 10.2±1.2 MeV-mb
th

and

28 MeV

J o
E
^(total)dE^= 20. 4-12. 4- MeV-mb

th

using assumptions:

r„ - r
P

r
d

- °-

J soco

7

z

£ :ccc

aooc
///

- SCO— —

V

\ \\
\ \

\

/*

n c -c *c cc io~

3 c

m

>0 3C

‘.igvuar uiscrtounons —raaiacion mejaureu at c -4 - \!<v -.roM<s> * M-s
' le'* • -irc.cs •

“'= Vjit lsr.es arc r.'.t 0 :n« t^renmcr.ui points using :ne wiucs c
-'-ents * 3. C .nd D je'ermined bv '.ne method -«*:r:oed n %et: } 1

-lues of C 3 and D 3 determined from analysis of the angular distributions. T>e c irc.es ai

.ciermineu :rom ~c nrescr.i *orK -nu me «..-o>»o -*re '-iuc* :ounu cv — rrv -.-.u 3-me

"he Hr-
. Jerrv

- ' .roo-«!:on u'ar.e -.i-rreu rem (he F'n. •/> -otk presen t rnuuj t**o _j

no Same > .'autta ’u»n -0 ne rj.’ ici. fhe unsneu ar.u ;r* uuueu uncs -re -le
-** .’.r n >..nu -v - _.,c' • anu >j jrouni'N * acecti-e:

Ref 5 :! Fuller - Phys. Rev. Qc, 1306 (195*4)

Gorbunov - Lebedev Physical Institute
Report (USSR) 1^ 1J4- (i960).

C77,

form N8S-418
(8-1-43;
U3COMM-OC 183»«-P«3
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Ref. I.G. Main Elem. Sym. A Z

Nuovo Cimento 884 (1962) He k 2

Method

70 MeV Betasynchrotrorr emulsions

Ref. No.

62Mal 3^
Reaction EorAE E

o
r S" E

J tf Notes

(Y,p) 23-32 Angular distributions of protons
obtained. Least squares- fit for

f(9) = B(l +Ccos8 + Dcos 9) sin 9

was made.

3C 60 90
~ar>tr+~"f-SDQSS 'Z~'~'e

120

Fig. 2. - Centre-of-mass angular distributions of protons from pi reactions in ;He
in photon energr ranges a) (23 -9-26) MeV (1777 tracks), b, ; 2G -9- 29 ) MeV '1030 tracks),

ci '29 — 32) MeV 1 33 1 tracks); smooth curres represent "he functions:

•ti ’Id) = 3(1 — s).4«$ cos 9) sin* 8 . 6) rid) = 3'1 — iViS cos 9 -in- <>
.

c) 1(8) =» B(1 — 0.47 cos 8 — 0.25 cos* 9' 9 .

U.S. 0£P*RTM£NT OF COMMERCE
NATIONAL BUREAU OF STANOAfiOS

fo pm H 8S-4 1

8

(a* i-43)
u3Comm-oc iasaa-p«3

PHOTONUCLEAR DATA SHEET 375



R. W. Zurmuhle, W. E. Stephens and H. H. Staub

Phys. Rev. 132 . 751 (1963)

EL EM. SYM.

He

METHOD REF. NO.

63 Zu 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE range TYPE RANGE

N.G ABX 24 D 4 NA1 dst(90,45)

D.G ABX 24 D 1 NAI 45

(1.35)

[DjG] 1=1.35

The gamma rays from ihc He^n^JHe4 and ihc Df^yJHc* reaction have been observed. The gamma
detector, a 3-in.X4-in. Nal crystal, was surrounded by a plastic scintillator to eliminate the cosmic-ray
background. A pilcup rejection circuit was used to reduce the background from neutron induced reactions
in the Nal. The cross section of the He*(»,-r)He4 reaction at 4 MeV isff-5)ib/sr at 90°. The intensity ratio,
/ (907/ (45°) =» 2, agrees with that expected for electric dipole radiation (AA/-0). The D(</,-r)He* reaction
at 1.25 MeV has a cross section <r»2X10_a cmVsr at 45*.

if. 2 4 5 8 1 2

'Mo.ylN*
4
Ej- *oa»oi-o*i ^

• om So*"* '-{

• Con3n*f and

• 0<d./) H«
4 J -!

: (

i r

>L
c

•5 9 ' 2

" i i

I' ig. (). Cross sections
oi ihc Di(/.v;Hc4

retie

-

lion and ihc quadrufwiic
coin()oncnJ. oi ihe /•

(fir/jHe4 reaction.

a o am N8S-4 18
(R EV . 7*1 4-44)
U3COMM.OC 20010-P44 PHOTONUCLEAR DATA SHEET 375
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REF.

P. E. Argan, G. Mantovani, and A. Piazzoli

II Nuovo Cimento _2Z, 376 (1965)

ELEM. SYM.

He

METHOO REF. NO.

65 Ar 1 JOC

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX THR - 999 C 999 CCH-D 4PI

G
r
D ABY THR - 999 C 999 CCH-D 4PI

999= 1 GEY

d(y,p)/avg 20-4.0 MeV = 1.35 ± .46 mb

Yield
4He(y,D)D ~ 15$ Y (y,p)

20 - 40 MeV

form HSS-418
(RCV. 7-14-441
U3COMM.QC J4010-P44 PHOTONUCLEAR DATA SHEET 377
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R5P.
J. G. Asbury and F. J. Loeffler
Phys. Rev. JJS7, B1214-20 (1965)

ELEM. S YM.

He

METHOD

Synchrotron; ion chamber monitor Page 1 of 2

REF. NO.

65 As 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANCE TYPE RANGE

(1) G, 2D ABX 24- 300 C 250,300 TEL-D DST

G,XP ABX 78-300 C 250,300 TEL-D 58-128 DST

(1) COINCIDENCE

Table II. Differential and total cross sections for the process

Y—He — d+d for two different mean photon energies. The angles

for the differential cross sections are center-of-mass angles. The
total cross sections were calculated under the assumption that the

angular form for the differential cross section is sin4 cos-tf.

Photon energy Cross sections

4 = 220.5 MeV

4 = 265.3 MeV

<r« = 22-3±7.9X10-u cm 1

*/<20(* = 52.4*) = (6.3±2.2) X 10~u cm3/sr

<rio,=* 5.4=3.3X10-“ cm1

da/dSl (0= 53.2°) = (l.5±l.l) X 10-° cmVsr

J :0-»L

d Poirier A Prlpiftio

Akunov tf ol.

• Proionf Experiment

27S

> - e. (MeV

)

Fig. 5. The high-energy experimental cross sections for 7— He*— i—i. The cross section due to Akimov el di. and the upoer limit
of Poirier and Pnpstem were inferred from their measurements of
the inverse cross section <rid—

d

—• He4—7 ). Threshold energy
<0-23.9.MeV.

(continued)
form N8S-418
(Rev. 7-1 4.44)
U5COMM-OC 25010-O44 PHOTOHUCLEAR DATA SHEET 378
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REF.

J. G.

Phys.

METHOO

EL EM. SYM. A

Asbury and F. J. Loeffler
Rev. JJ2, B 1214- 20 (1965) He

REF. NO.

Synchrotron; ion chamber monitor Page 2 of 2 65 As 1 NVB

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
i!

ANGLE
4

4

TYPE RAN <#E TYPE RANGE

i

!

Table III. Differential photoproton cross

sections tor the reaction 7 -
1-He4 —p+X.

Proton angle

Proton energy
(MeV)

Differential cross section

Pv/iOdTp Q
Mi/sr MeVQ

45° 87.5 0.215 =0.020
45° 115.4 0.170 =0.015
4S* 127.8 0.114 =0.010
118* 58.2 0.187 ±0.017
118* 87.5 0.07 10±0.0070

“K. Grieder, Phys. Rev. 122, 1919 (1961).

•0%

•0*

4<3 50 .00 200

Profon Energy (MtV)

3«*«4lcf , Woodwar

d

Htiium, 60*«n<j 90*

Normqi/ioticn Error Z 30%

Ao*«oqr«fi
,
Oudloy

Carbon
,
90*

Normalization Error

P*Ot*nt £io«rim«nf

Ralfuin, *3*4*4 1 1
%"

Marmqiijati9« Error t 9.5 7*
Fig. 7. P ho cod ro toa spectra.

« ~orm N8S-418
(R SV. 7.1 4-641
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REF.

H. G. Cl ere, R. J. Stewart, and R.

Phys. Letters _18, 3 16 (1965)

METHOD

C. Morrison

EL EM. SYM.

He 2

Bremsstrahlung Yale Linac. 65 Cl 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANCLE

TYPE RANGE TYPE RANGE

G,P ABX 24 - 56 C 40 - 60' ’ SCD-D 3 - 10 90

Magnetic quadrupole triplet used to determine momentum.

6 (ED [mo]

i

from aroton*

from tritons

. 3
tot

0 J — i —: ' ~

30 10 50 i T C
M,V

]

r_ j j
Fig. 1. Electric dipole cross section cfEl) for the reaction He(y,p) H as a function of incident gamma ray energy.

The' error bars represent one standard deviation; atot is the total cross section (including E2) measured by Gorbu-

nov and Spiridonov [1],

form NSS-4I8
(R EV . 7-U.UI
USC OMM.OC 200 l 0* PS 4 PH0T0NUCLEAR DATA SHEET 380
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R. Frosch, R.E. Rand, M.R. Yearian,
Phys. Letters _12, 155 (1965)

METHOD

H.L. CranneLl and L.R. Suelzle
EL EM. SYM.

He

SEE. NO.

Linac 65 Fr 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E.E/ ABX 0 1 o D 200 MAG-D 160-175 DST

For (20.5±0.1) MeV Level f = (0.4t0.l) MeV.

O.A

as
*x

0 ?

QJ

a
°0 OJ LD L5

rin

FI;. 2. Experimental values of the ratio «

Flnel.(?2)/{l - F'el.f?2)} for the 20.5 MeV level. W,

also show the best straight line fit to the four polo
The large error of the point at 0.52 fm*2 is maiai;
due to the uncertainty of the elastic form factor

urement.

Table 1

Results for the 20.5 MeV level. Note that <?2_ 3quare
of the 4-momentum transfer, is calculated for the in-
elastic scattering event. (<?-) _a defined in the text.

E - ,
Inel

(MeV)
*

dfl a
x (<r)

(10“J2 cm" 'atari

198 45° 0.52 22 - 5 0.30 ± 0.07

200 50° 0.90 IS *3 0.29 n 0.04

198 73° L.29 4.8 a 1.2 0.20 - 0.03

Oori 900 1.75 2.4 n 0.6 0.173 x 0.023

Fig. 1. Two spectra of inelastically scattered electrons.
The vertical scale refers to a standard solid angle of
1 mar. The inserted horizontal scale gives the mass
difference E* between the recoding 4-oucleon-system
and the ^He ground state. The length h£ 3nows the ex-

perimental resolution.

fokm N8S—418
IS (V. 7-1 <-WI
USCOMM.OC 26 0 1 0- Pfli PHOTONUCLEAR DATA SHEET 3S1
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R. Schrack, D. Kohler, N. G. Puttaswamy and W.E. Meyerhof
Phys. Letters _18, 327 (1965)

ELEM. SYM.

He

METHOO

Stanford Van de Graaff, NAI 65 Sc 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P,G ABX 20 - 23 D 0-4 NAI-D 20 - 24 0

' '?• 2 . Differencial cro3s section in the lab. svstem for
-be -'P,7) reaction at j

J as a Sanction of procon .an. en-
irZY- affects of tile smgi.cc contribution have jeen sub-
tracted. \ u 20c'n jncerramty ,n the cross section
calibration r.as aoc aeon ac.tided ;n the error tars
Couiomb scattering of the arocon3 :n the argot mate-
rial gives the estimated effects at low energies s.oown
n aasned lines. The solid docs are talcen from ?orrv
and Came

. L
1

The soud curve assumes that t.ae trosa
section is due to a 1‘, j = 7=1 resonance ,n ’He
with a resonance energy at 23 MeV (but peaking at ap-
proximately 24 MeW The resonance oarameters were
chosen m accord with Tombreilo'3 analysis of the analog
states in H and —i t i0|. See text for the vames used.

foam N3S-418
(A cv. 7-1 *-«ai
USCOMM-OC Z90I0-P44 PHOTONUCLEAR DATA SHEET 332
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REF.

F. Ferrero, C. Manfredotti, L. Pasqualini, G. Piragino and
P. G. Rama

11 Nuovo Cimento 45B . 273 (1966)

EL EM. SYM.

He

A

4

z

i

2
!

METHOO REF. NO.

66 Fe 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYRE RANGE TYPE RANGE

G,N ABX 20-30 C 20-80 BF3-1 4P1

8 O
r csdE = (40.5±3)mb.MeV.

J s o* s

The rms < R
c > from bremsstrahlung- weighted d is (l.54t0.06) fermi.

0 0-3

FORM N8S-413
(R £V. 7- I 4-44)
USCOMM.QC 24010-P44 PHOTONUCLEAS DATA SHEET 333
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H. v. Buttlar, F. Freund und G. Gammel
Z. Physik 200, 1 (1967)

EL EM. SYM.

He

METHOO

Linac

REF. NO.

67 Bu 1 JDM

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P RLY THR-5A C U,5L ACT-

1

4P1

> 11
Normalized with C(Y,n) C yield assume average 0 is proportioned from yields.

Tabcllc 2. Vcrglcich dcr gcnicsscncn rcduzicrten Aitsbcute C<r
y)j

mit Literaturwcrten

Em
(MeVl (mbarn]

(^y)}. eigenc Mcssung
(mbarnl

(^y)jt tnderc Mesjungcn
(mbarnj

aach Barber
cc al.«

nacb Cook ct al. !0 ausgewertet
oach*, ohne
Fehlor von (<*y)n

ausgewertet
nach*. mit
Fchlcr voq (<7y)\i

ausgevertet
nach l0

,
mit Fchier

von (<7 y)u

Gorbunov und
SPiRroo>ov2

Clerc ct al.i Fuller '

44,3 2,14 ± 0,1

1

2,33 + 0,20 0,70 + 0,07 0,70+0,OS 0,76+0,10 0,80 ±0,06 0,75 ± 0,0S 0,60 + 0,19

54.3 2,36 + 0,13 2,60 + 0,22 0,34 + 0,06 0,84 + 0,08 0,92 + 0,11 0,94 + 0,07 0,90+0,09 0,65 + 0,20

TabeUe 1. Mtfrresultate fur das Aus-

beuieverhaltnis

YdYn iVr,,
;m.vi (onne Elch/ehier) (Eich/ehler b«-

rUcicuchugt)

44,3 0,323 ±0,011 0,323-0,031

54,3 0,3 54 ±0,006 0,354 ± 0,027

fosm N8S-al8
(R «V. 7-1 <-MI
U3C OMM.QC 2S0t0-P«4 PHOTONUCLEAR DATA SHEET 384
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REF. V.

J.

Sov

METHCO

P. Denisov and L. A. Kul'chitskii
Nucl. Phys. (USSR) 6, 437 (1967)
. J. Nucl. Phys, 6, 318 (1968)

EL EM. SYM. A

He

REF. NO.

Z

4 2

67 De 3 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE SINCE TYPE RANGE

G.P ABX 24- 50 C 52 TEL-D 3-13 Q0

Angular distribution of p and t assumed to be sin2
9.

T, mb

section drawn through the experimental poinu with an arbitrary extrapolation to
t^le fFRC11®" threshold; histogram is the cross section for the (y, p) reaction according
to the data of 1"; the doued curve is the cross section for the (7, p) reaction according
to the data of l41

; the dash-dotted curve is the cross section for the
(7, pn) reaction

according to the data of

Integral cross sections for individual intervals

of the 7-quantum energy £,.

F~r,

°tfU “ f s(y. p)‘l L'y. McV-mb
Sr,- ST.. E r,

MeV According to Accord ini' According
the data of 10 the tUia to the

this paper ol 1,1 data ol 141

20—25 (5.8)
*

(5.4) (4.6)
25—30 6.3 8.7 8.1
30-40 10.4 11.8 ' 10.1
40-50 5.5 4.7 6.0
20—50 2S.0±2.0 30.6 23.3

*In brackets— values taking extrapolation into .

account.

*5. ">6

£ y

,

.VteV

Tig. The cross section curve for the reaction He ‘(7, p>tP obtained by utilizing the
intervals o£. - 100 keV. Solid curve— approximation to the poinu by the method of
reference' 1 "; dotted curve-the same as the solid curve of F.g. 1. Arrows indicate posi-
tions of the peaks according to the data of ol
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A. N. Gorbunov
PICNS-67 Contributions, International Conference on Nuclear Structure,

Tokyo, Japan, 1967 (Institute for Nuclear Study, University of Tokyo,
Tanashi-shi, Tokvo, Japan) 10.12. p.376

EL EM. SYM.

He

metmoo REF. NO.

67 Go 5 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ABX 20- 170 C 170 CCH-D 1-150 DST

form NBS-418
(REV. 7. I 4. Ml
USCOMM.QC 280(0-044

Photodisintegration of He*

A.H. Gorbunov

P.S.Lebedev Physical Institute, Academy ofSoiencee

Ianinat7 Prospeot , Hoaeow, OSSH

Tba photodiaiirt aeration of He was investigated pith a aloud chamber at

'®j7»«8 “ *70 The Ha ( y,p ) H oroae section (histogram in fl^.1 ) *ai found
1)

to be in a rood agreement with Parry, Heme and Oemnell,Jones reeulta below

?8 Itww (daahed line), obtained from the lnvwrae reaction aeaauriiaenta with

Clero et al.
3)

l 4Bw oroaa aaction for the energy range 25+55 her

multiplied by the faotor 81/3 to aati-

mate a total oroaa aeotlon (solid line).
O 1

Branaden et al. haa shown theoretl i

eally that it la not poealble to dee-

oribe aimultaneoualy the rmdiua of

He nucleus , ita binding energv (which

damanda a smaller radius) .position oi

the
|£p

oroaa aeotlon maximum and ita

absolute value (which demands a larger

radius), when one uses a simple ware
4

function of Ha . Curve "a* was ealcu-
4 ,

3

( y.p ) H total cross sec-
tion

10 1 j.-JOtMmm

, A
Jj’tV \

0 b.

Al

\u X

Plg.1 He

lated by Branaden et al with the sxponentional

type variational wavs function. This rurre ia

In a sharp contradiction with the experiment.

Curve "b" better agrees with the experimental
4

lata. but It corresponds to too large Ha radius

( <A>
V1

• 2.35 ?).

In fig. 2 we give the angular distributions of

proton from the
J,?

reaction. The solid rar-ree

ere a least squares fit of the functional form

Sin ^ rflSin 9 Oos0 r^Sln1^ Cos^SrS .Parameters

y
and 4 are found to be equal to zero within

the errors at leaat up to 55 her. The asymmetry

parameter S> shown In the fig. 2 rabidly Lncrea-

•ea with the photon energy.

Heferencea : 1) J. 3. Perry, 3.Bans : Ph-e.Pev. Pig. 2 Angular iiatributlona
99 0955) 1366 of protona.

2) a.S.<JeeBwll, G.A.Jooes ; Hucl.Phye. 33 (1952) 102.
3) H. 3.Clero, R.CiXorriaon, S.J.3tewert ; Fhya.I,ett. 18 (1965 ) 316
4 ) 3.H. Branmdan, AJC.Douglaa, H.BUHobertson 1 Phil.Mag. 2 (1957)
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REF - R. F„ Frosch, R. E. Rand, Hall Crannell
L. R. Zuelzle and M. R. Yearian

Nucl. Phys. AllO , 657 (1968)

METHOO

J. S. McCarthy, EL EM. SYM.

He

REF. NO.

63 Fr 1 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

E,E/ ABX 20-30 D 150-^00 MA.G- D 162-270 DST

80

60

40

5 20
4)

2
4 o

• He* 299 MeV. 28Q*

111* I
'

I 1

«f
I
|

inA,

l
a |lH .

1111, \
'I'll,,-. ••

V
,

-fa—

I

—k 1 i L—i—

1

^iltli-'lL.J.,

256 258 260 262 264 266 263 270 272 274
MeV

#i
.•*

299 MeV. 546*

•
j

*•**.

1

'"'S .

|iH;l
1.

. . . ,

t

1—
i —i— id—i

1 1- Iulh !

20r

IQ-

252 254 265 258 260 262 264 266 268 270
M*V

Fij. 7. Experimental data for 4He showing the excited 20 MeV peak and a large portion of the
inelastic continuum. The points represented by the mangles have been corrected for radiative losses.

^Similar data given for ocher E
)

Tajle 2

Experimental results for the 20 MeV level inelastic form factor

(fm' 1

)

0.29 0.094 ^0.019
0.53 0.114±0.018
0.89 0.153 ±0.019
1.30 0.160= 0.026

1.74 0.162 = 0.020

2.20 0.153 = 0.023

2.66 0.132=0.019
3.67 0.114 = 0.022

The error quoted for tnese values again includes tne systematic uncertainty for the asymmetric peak

correction.

rom N8S-413
(REV. 7-1 4.441
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A. N. Gorbunov
ZhEIF Pis. Red. 8, L48 (1968)
JETP Letters 8, 88 (1968)

EL EM. SYM.

He

METHOD

Page 1 of 3l

REF. NO.

68 Go 2 hmg

REACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TYPE P.NSE TYPE RANGE

G.P ABX THR-260 C 260 CCH-D DST

G.N

G.P
d
Q

(170 MeV) = 40.1 ± .9 MeV-mb

(170 MeV) = 1.13 ± .02 mb

G.N
Oq (170 MeV) = 42.5 ± 1.1 MeV-mb

d_
L

(170 MeV) = 1.09 ± .03 mb

FO«M NBS-418
(A CV. 7- I

USCOMM-OC 2«010-P«4
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A. N. Gorbunov
ZhETF Pis. Red. 8, 148 (1968)
JETP Letters 8, 88 (1968)

METHOO

EL EM. SYM.

He

Page 2 of 3

REF. NO.

68 Go 2 hmg

‘ECTOR
ANGLE

RANGE

?ig. 3. Angular distributions
of the aeutrons in the reaction
He 'M y, a ) He 3

.

(continued)

PHOTONUCLEAR DATA SHEET 389
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Angular distributions of protons and neutrons
in the reactions HeMy, p)H 3 and He^y, n)He 3

(in the c.a.s.

)

E
y
MeV A,; ub/sr 8 y 3 P.X

1

Proto as

22-24 165 1

9

0.04 ±0.11 ~ - 93

24-26 210 ±11 0.07 ±0.10 - - 47

26-28 213 ±11 0.33 ±0.10 - - 10

28-30 184 ±11 0.34 ±0.11 - - 79

30-36 155 ±6 0.66 ±0.07 - - 14

38-45 33 ±4 0.79 ±0.07 - - 55

45-65 43 ±3 0.98 ±0.10 - 0.03 ± 0.02 22

65.-170 6.1 ±0.9 1.48 ±0.22 - 0.0&± 0.06 75

Neutrc308 -

27-30 152 ± 19 0.10 ±0.18 - 0.12 ±0,08 39

30-36 142 ±9 —0.36-± 0.09 - 0,04 ±0.03 30

38-65 68 i 4 -0.03 ±0.08 - 0.04 ± 0.03 4

65-170 3,7 ± U 1.43 ± 0,32 U ±0.6 - 87

30-170 44 ±2 8,05± 0.07 - 0.13 ±0.02 31

3S0
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A. N. Gorbunov
Phys. Letters 27B, 436 (1968)

EL EM. SYM.

He

REF. NO.

68 Go 5 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE MANGE TYPE mange

G,P ABX 20-200 C 170.260 CCH 2- 240 DST

G.N ABX 26-150 c 170 ,260 CCH 5- no DST
-• - -- L

<Z4

auz

‘<0 em'/jr

l

Fig. 2. Angular aisiribution of protons from the

*He(y,p)JH reaction in. the c.m. system.
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R. Mundhenke, R. Kosiek and G. Kraft
Z. Physik 216, 232 (L963)

EL EM. SYM.

He

REF. NO.

68 Mu 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.P ABX 23-32 C 23.33 SCI-D 3-10 Q0

2 -

=
T
(Mev|

23 2- 25 26 27 28 29 3C 31 32123456789
Sp[MeV|

Fig. 3a— c. Wirkungsquerschmtt der Reaction 4He(y, p)
J T: a) + Gorsunov «t al.

ll
;

b) • bzw. o CtERcet al.
0

; e) Histogramm: diese Arbeit; d) C Wiricungsquerschnitt

der Reaction 4 He(y, /i^He nach Ferrero et al.
14

11 A. N. Gorbunov and V. M. Spiridonov; J. Exp.
Theoret. Phys. USSR 6, 16 (1953).
13

H. G. Clerc, R. J. Stewart and R. C. Morrison,
Phys. Let. _LS

,
316 ( 1965).

' 4
F. Ferrero, C. Manfrecotti, L. Pasqualini, G.

Piragino and P. G. Rama; Nuovo Cimento BZ.5 . 273
( 196c) .
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Yu. M. Arkatov, A. V. Bazaeva, P. I. Vatset, V. I. Voloshchuk, A. P.

Klyucharev, and A. F. Khodyachikh
ZhETF Pis. Red. % 462 (1969)

JET? ,

Letters 9
,
2?8 ( 1969 )

EL EM. 5YM.

He

REF. NO.

69 Ar 1 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPS PANGS TYPE PANGS

G.PN ABX 26- 120 C 120 CCH-D 4PI

Total cross section of the reaction
ne

l

*(r, pn)H 2 vs. gamaa-quantum
energy. Histograa - our results;
dahsed curve - data of Gorbunov et

al. (3l; solid curves - results of
theoretical calculations (U, 5].

•OHM N3S-. 18
(P CV. 7-1 4.441
UJCOMM-OC 2«010-P«4 PHOTONUCLEAR DATA SHEET 333
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- F
- Yu. M. Arkatov, P. I. Vatset, V. I. Voloshchuk, V. V. Kirichenko,

I. M. Prokhorets, and A. F. Khodyachikh

ZhETF Pis. Red. 2, 574 (1969)

JETP Letters 350 (1969)

EL EM. SYM.

He

REF. NO.

- 69 Ar 2 HMG

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANCLE

TYPE RANGE TYPE RANGE

G,P ABX 23-32 c 300 CCH-D
4PI

5200 events

22
'

"is'
L

~ta~‘ MeV

tf,mb

Energy dependence of the
cross section of the
reaction HeMr, p)K 3

.

The dependence of the cross section a on the energy is shown in Fig. a in the form of

1 histogram with energy spacing 0.2 MeV. This distribution was constructed from 5200 events.

The statistical errors are indicated. At gamma-quantum energies 2U.8, 26.0, 28.0, and 30 MeV

one can clearly .see the peaks. The distribution shown in Fig. ’o includes events in which the

tritium emergence angle relative to the direction of the gamma quantum does not exceed 110*

,

thus improving the energy resolution. The normalisation was against the angular distributions

of all the events. It is seen that the peaxs at 24.3, 26.0, and 28.0 MeV are more pronounced.

<o>m N0S-418
(REV. 7-1 4.441
U3C CMM-O C 2900.344 PHOTOHUCLSAR DATA SHEET 394
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Table I

'^vParticle and
P •

3
H 3 He

MeV
25 - 40 22 - no 27 - 04

®c.a. 3 .
de«\^

io - oo° 0,185 1 0.172 - 0.228 t 0.230 -0.151 t 0.215

30.- 170° 0.333 t 0,245 -0,00 i 0.245 -0.130 i 0,205

Table II

Par-

ticle

d c.m.8.

deg.

Ey
MeV

10 - 90° W 90 - 170® W 10 - 170®

23 - 40 0,02 * 0.05 — -0.23 0,14 - —

9
23 - 27 — — — — - 0.05:0,07

27 - 40 ~~ — — — 0.10 t0.08

T3 • o 0.70:3.7 50.541 -0,3 : 2.7 03®'. __

JHe 31 - 45
j

-0.33 :l,4f. |r.o,3* -0,08 ; 1.74
j

05,2*
|

—

Note: 2
T

3 •

. y-^uantum energy

,

polar angle

»Obm NSS-418
in ev . 7-1 t-ui
ulCSMM-oc zaoto-p«4 PHOTONUCLEAR DATA SHEET 395

•J.s. OE?AflTM€NT OF COMMENCE
NATIONAL 8URSAU OP STANCAROS



REF.
Yu. M. Arkatov, P. 1. Vatset, V. I. Voloshchuk, A. P. Klyucharev,

V. L.Marchenko, and A. F. Khodyachikh
Yad. Fiz. 2, 473 (1969)
Sov . J. Nucl. Phys. 2s 271 (1969)

EL EM. SYM.

He

A

4

z

2

METHOO REF. NO.

69 Ar 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N AEX 21-120 C 120 CCH-D DST

3 Ut
6,

10 U SO 130 no '00 IJO mo iio

If. K«V

FIG. I. Total cross sec-

tion for the reaction He*

(

7 ,

n)HeJ as a function of 7-

ray energy: a-for the v

energy interval 30- 1 20 MeV,
b— for the energy interval

70-120 MeV. Points: A-
ref. l,X-ref. 2, B-ref. 7,

O—our data; dashed curve,

theory. (* ]

FIG. 3. Neutron angu-

lar distributions in the c.m.s.

for the reaction He*

(

7 ,

n)HeJ for E7max = 120 MeV.
Solid curve-theory accord-

ing to formula (2); dot dash

curve -according to form-

ula (3).

50-5^
MeV

1/
; \ %

1 k k 5
te?

3

"f./A j?\
nr \ l_ \
'ool ji . st1- 1: m«v - .

53_o 5
III - ad MeV

- /Hr N

m ..\_.

,ac

j

:*-stu»v i-.'ip, 75-120
-7A MeV

0 SO :’0 SO

W*«
S'* HU ifl

4a

4lT
/"(> in2 0 -r 3 $1.1*9 cos 9 -r M.

— (>*n" 0**j3 sin- 3 co** 0 — y sin* 0 co>- f) -j- < i

.

(2 )

(3)

IfUCM 0/
cnruuu fU*>

tiouckwu
•
r aa/s *

a-“ j:» 5—7.D
—4*. 41)^ *• 12 1 ix' -^' 1

, 47,

>1 ^ J_i | US

il.lbSO^AI |i| ^

r-,i
5 +J \—A . 1

—.1."2*4». 1 j

__o .
1 rj—1

1

n>| " ! 3*4).23

'*.,1—41 (6
—1) ,ii(4

40—42
3

s ./I— III . 11

*7.4^11 ..i

11 .T4—«i.

43 i
. 'JI —'1

,
j(

•4.23*41. 15

—.i.m—•» i>:;

*=-**
5

id.MJ-N..,

1*1. 1 —*.7 11.21— i. 'S 11 ., i*;.

—

41.47

•1. 13*4*. ,i»

—Vii34*^4*.4:3u

43—44»
3i.4^>!3

i».2i>*!» 33
ti.lii—4».l9 2 . 12^/.;;

0. viJ-i. 17

— 4» 1WS— 1 “3

>>—a; 2
j

22. ::»*•• 43 —•I.*' 4—41.23
—•» 5a-^*i. 1.1 1 . S 7 4*. *

. 42

<1.224-4*. 12
—•».ii;t—‘* .<U

54—

«

5
1 7 .7-*-4i. ,i

j

—il.7'J4-*».20

—u. 75*0,17 1 .dK^n,39
• I. IM— • 1 \

_;j,n2j-ii.uj

5M

—

3

.s

ta.7—

1

,S

—4 * 13*41,14
-..iTXtu-j

— 1.1137*:* '«4X

'» H3^** '1 4

«5— rj>
3

4.45— 1 . 4j 1
.'in—it,M4

1 . ^i»^4* . Li

». ai***1.27
—n.*i)42., ,i;u»

75— 12«
j

2-3.%—! ,*

i.2** -a 1 . ,oJ% » 1 1

,

1
.
4 ;

1 .2
,»* ,

»..i3

ii.r.— ».<u

“,/ /\ _/ tj -1 f
1

..

1 — i
L-

I
JP /»7 va JiT V SO 10 03 ::j iff

\t r
i-4/

FIG. -4. Asymmetry coefficient 3 as a function of 7-ray energy for

(7 ,.-n ana ' 7 ,pi reactions. Points: O-ref. 9, X—our data.
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, eF- Yu. M. ArkaCov, A.V. Bazaeva, P.I. Vacset, V.I. Voloshchuk,
A.P. Klyucharev, and A.F. Khodyachikh

Yad. Fiz. K), 1123 (1969)

Sov. J. Nucl. Phys. .10, 639 (1970)

EL CM. SVM.

He

METHOD REE. NO.

69 Ar 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

"TYPE RANGE TYPE RANGE

G,PN ABX 26- L20 C 120 EMU- D DST

G,2P2N ABX 28-120 C 120 EMU-D 4PI

FIG. 1. Total cross section for the (7 ,
pn) reaction as a function of

7-ray energy. The histogram shows our result. The dashed curve is the

data of Gorbunov et al. [

3
] . Solid curve 1 is that calculated by

Dzhibuti et at [‘1. Curves 2—t are those of KopaleTshvili et al. [

T
J.

e. ,-b

1. 19 -

TTT

FIG. 3. Angular distributions of protons (a, b), neutrons (c, d), and

deuterons (e, 0 in the c.m.s.; a, e, e - for the energy interval 2S - 60

MeV; b. d, f - for the energy interval 60 - 120 MeV. Points; O — our

data. — Allen's data (
,3

], x. A - data of Whalin et al. (

I3
).

FIG. 2. Total cross section for

the reaction 2?2.n, as a function

ic v-ray energy. The soud-linc rusto-

;n.T. shows our results, and the

cashed histogram the aata a; Gor-

bunov . ioiid curve . ,s tr.a: cal-

ciated by Conn and Irving ,

s
i , in-

curves 2 ar.a 3 by Dzmbuti et al. .

l 13
- <

:

Y
Ocu:e:or.a

3 —

v

,/ ;/

JL l\l.f

JJ 'JJ

: . ,
.vuv

(conti nued

)
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FIG. 4. Distribution of number of

events in relative energy of neutron-

proton pairs in units of their maximum
possible energy, for 7-ray energies of:

a-2S-33 MeV; b-38-50 MeV; c-50-
65 MeV;d—65—80 MeV; e—80— 120

MeV. The solid curves are theoretical

values from the work of Kopaielshviii et

al l
10

1

.

'/
,

'20 r

|Hl

$ L

k

&

uo

d,

UO i

F csii*

120 'JO

IS*
45*

FIG. 5. Distribution of number of neutron-pretor. pair events as a

iunction of the opening angle between them in the c.m.s.. a - 7-ray
energy 28 - 60 MeV; b - 7-ray energy 60-120 MeV.
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W. Del Bianco and J. M. Poutissou

Phys. Letters 22B, 299 (1969)

METHOO

ELEM. S YM. A

He

REF. NO.

69 De 3 EGF

REACTION RESULT EXCITATION
ENERGY

SOURCE OET ECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 26-30 D 4-10 NAI-D 10-30 130

3X10
-32

Ej (MeV)

10

Fig. 1. The 130° differential cross section of the

Dfd.y'^He reaction. Dots represent the results of this

experiment. Points at E$ » 1.35 MeV and E4 * 12.1 MeV
ire those oi Zurmuenie [5] et al. ana Meyernof et al. [6],
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Loeffler.
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W. E. Meyerhof, W. Feldman, S. Gilbert, W. O'Connell

Nucl. Phys. A131 . 489 (1969)

EL EM. SYM.

He

REF. NO.

69 Me 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 26-34 D 6-19 NAI- D 20- 36 135

ANG PI ST AT 1G MEV

Fig. 3. Experimental and theoretical total cross section for
4 Her/. d) 2H reaction. The symbols have

tne following meaning:
—

ref. - ref.
,1

). • • orcsent results, o • ref.
3
\ ~ - ref 30

),
-

ref 31
). Soiid curve assumes Ir/mg wave function for

4 He [ref 3
)|. Dasned curve is computed wnn

Gaussian wave function for *Hc [ref
4
)). Oot-ano-dasn curve is based on I* resonance in ‘He
it 29 MeV [ref *)|.

Table 2

Experimental and tneoreucai cross~><:c;ion moment

Reaction £vimax) 27,

(MeV) i'^io • MeV 2
) f.u6 • MeV)

v c*

• /to) (/jto MeV) l.MeV) ,MeV; {MeV)

4 Hei•-/, d) JH
4 He(y, d)*H
4Hety.p> JH
Sum rule a

)

3d 1
> 570

323 ’) 0.05 1

0

3

260 c
) 1.7 10 3

1.5 103

19

0.08 ~ 10 J

1 .7 x 10-3

3.Ox I0 J

0.65 0.022

1.3 0.044.

27 0.60

60*) 1.2

6 i 46 Jy

^ i 00 65 45

‘) Absolute cross section values accurate to — 25
*) Smooth extraooiation of data of rig. 3 to nign energies.
5

i Lower 'imits estimated from ea. 12) and ref *’). is quite uncertain.

-vo.MNSS.ai8
4

) Assumes £y = 50 MeV.

ITscoMM-oV^'soio-oea
"^1e ^uadruP<>lc sufn ru *e satimate of ref “) gives a similar value for 27., assuming uncorrelated

protons.
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Table 1

Measured 2 H> J.vi'Hc differential cross section at 135’ lab,and computed total *He(y, d) 2H cross

section assuming a sin- 0 cos 2
0 c.m. angular distribution

£^(lab)

(McV)
f dffld, yfl

L df-> J Ii»

(nb/sr)

(MeV)
o(y, d)

f/ab)

5.82 9.9 — 1 .0 26.75 1.18 ±0.12

6.83 10.7-0.9 27.26 1.45 = 0.12

7.S5 12.5 — 1 .4 27.76 l.90±0.21

3.86 12.5-1.3 28.27 2.06x0.22
9.87 14.3-0.7 28.78 2.54x0.12
10.88 13.1-1.5 29.28 2.43x0.29
11.89 15.1 ±1.9 29.78 3.04x0.38
12.89 12.5 ±1.5 30.29 2.66x0.32
13.90 14.8-1.1 30.79 3.29x0.24
14.91 12.7 ± 1.0 31.29 2.94 ±0.23

15.91 1 1.8 ± 1 .

1

31.80 2.82x0.26
16.91 12.5 — 1 .4 32.30 3.08x0.34
17.92 11.0=1.2 32.80 2.80x0.32
18.92 9.4± 1.5 33.30 2.48 ±0.39

Possible systematic errors in gamma-detector efficiency up to ±25 V, have not been included in the

quoted errors.

20* 40* 50* 3C* .00* .20* .40* .50*

^c.ti.

Five. 2. The c.m. differential cross section of :ne : H(d. y) reaction a: 10 MeV aeuteron energy. The
soiia curve reorcscnts a sin 2 6cos 2 6 angular distribution -'olded with the detector geometry. The

normalization of the curve to the data is arbitrary.
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RCF A. N. Gorbunov ELEM. SYM. A z

Yad. Fiz. J£, 469 (1969)
Sov. J. Nucl. Phys. JLO, 268 (1969) He 4

METHOO REF. NO.

. 69 Go 1

2

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

T Y PC RANGE TY©€ RANGE

G.2P2N ABX 8iOQCM C 170 _ CCH-D 4PI

J at

FIC. I. Total cross section for th«

reaction He* (7, 2p2n)-histopram.

SoluJ curve — theoretical cross section,

reduced by a factor of SO, calculated

by Gunn-ind Irving.

FIG. 2- Energy spectrum of protons in the reaction He 4
(7, 2p2n).

Yield 0 i photonuclexr reactions in He'

Ndimbcr of

o6wn«4
cua

Y«i4 Y, »• rrec.r) r IT,
1

ir**(7, ?) "*
He* (7. 4| lit*

Its* IT. a«i 11*

He* (7. ifZA)

He* (7, P*) It* 1

He* (7. 2*2/.) /

1I«*(T. nm

7:m -**a\

7;74-l37
HU-t tn7

Sul ±114

ir,ist 4i

73±10rt

I.17±A.(M
1.12-rt.W
».17±0.rc
A.fi3±0/»2

0.24±0.0t

o.ntt±o.oi5

.

n.os-tn.n;
O.H-n.MI
0.0«±0.0lj

0.21*0.01X1

0,01*0,012

u.w-n.iw

••.ncr»±o.aw
0.020±0.007

o.om±o.o©

O.OMxOtOOi

Not*. Only statistical mors art shown. Errors associated with measure
«nl of the absolute lotesusty of the radiation (root the synchrotron do
not exceed 6%.
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P. Picozza, C. Schaerf, R. Scrimaglio, G. Goggi, A. Piazzoli and

D. Scannicchio
Lettere al Nuovo Cimento II, 2 ? 445 ( 1969 )

ELEM. SYM.

He

method REF. NO.

69 Pi 2 egf

REACTION RESULT EXCITATION SOURCE OETECTOR

ENERGY TYPE MANSE TYPE MANSE
ANGLE

G,P ABX 180- 480 C TEL-D 160-500 90

f m*v)

Fin. 3. - Cornoaneoa of '.bo oxooruneatal 90* a.m.d. differencial pdocodtsuuenracion eroHe-scctioa ia

two bodlos for d. ‘He. ‘He. o iTcom. tt al. i ref. CD; 4 Kzcx ef al. : ref. CD: * Chino ’i ai. 1 ref. ,*));

• tbi« experiment.

P AND T CO INC

16 r

14 r

I

9
"

0.2 h

l

ul ^

:80 2d0 300 360 -20 46C

Ft*. 1 . - Experimental differential croee-eection

ffi.m.a. angle — 90*3 foi the reaction .r+'Be — p + t.

(continued)

Fin. 2. - Comparison of tbo experimental 30 * e.m.s.

differential two-body ‘Ho ptiotoOieintcimitioo croee-

•cction. Aseunung a sin 1

~
annular distribution in

;bo vaoio jnersy range. Ida data Or JonoCNoy
(o, ref. Cl). CLKnc it al. (*, ref. Cl). Gemmelx, it

al. (a, ref.'C)) hove boon multiplied by 3 /Sit to

00mpare them with our (lata (•>

•0

10
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PICNS-69 Proceedings of the Third International Conference on High

Energy Physics and Nuclear Structure, Columbia University, New York

City, Sept. 8-12, 1969.
MCTHOO

ELEM. $YM.

He

REF. NO.

A Z

4‘ 2

69 Pi 3 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 200- 500 C 999 TEL-D 90

s
7ia. i

999 = I GEV

form N8S-418
<R E V . I 4-641
U3COMM.SC 2601 Q.P44 PHOTONUCLEAR data SHEET 405

U.S. C£p AR r MEN T OF COMMERCE
NATIONAL 0UP IAU OF STANOAflOS



J. Sanada, M. Yamanouchi, N. Sakai and S. Seki

J. Phys. Soc. Japan 26, 850 (1969)

ELEM. SYV. A

He

REF. NO.

69 Sa 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANSE TYPE RANSE

G.P ABX 22-30 C 32 EMU-D 2-8 DST

dfi/dfi almost pure sin“9.

Fi^. . Excitation curves of *He(;-, pyH. ‘He<;-, /t^He and *H(p, y)*He reactions, and a recently proposed
. . . level scheme of ‘He. 51
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I.M. Prokhorets, and A.F. Khodyachikh
Yad. Fiz. 12, 227 (1970)
Sov. J. Nucl . Phys. 12, 123 (1971)

MFTHOO

Kirichenko, ELEM. SVM. A

He

j

70 Ar 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,P ABX 20-120 C 20-120 CCH-D DST

(19-8 - 120) (19-8-120)

SEE 71AR1

Cot 6

Er M«V

FIG. 2. 7-ray dependence of: a-che coefficient 3. b— the coelTicient

7 ,
c— die phase factor cos 5. Points: •, O—our data. X—data of ref. 3.

Dashed curve—data of ref. 3.

3 = b/a, n/ = c/a, cos 5 = 3/ 2.7

.221. =xasia 2 0 -J- a sin- 0 cost) -r « cia5 0 cos 3 0 + i (2)

--era 1 and s characterize the contributions of El and

Z2 p.-.otcn absorption, o tne .nterference between them,

anc a ill transitions in which the angular distribution is

isotropic.

J. mb

FIG. t. Total cross section for the reaction Ho 4
(7 , p)H* as a function

of energy. Points: O-our data, X— data of ref. 3. Curves: l --experiment,
ref. 2 -ref. 5: 3-ref. S. 4-theory. ref. 1 1; 5-ref. 12: and 6-ref. 13.

lOmmxxi .ti tt r. mo |V‘

j

r.n .

cl a&torpt>o« 1 ir.ijiO.st
|
l.iW- 0.01 ' ISni.iii27.4 ! IZ.IG sO.Ot) I 0-*

1

40.0x0.9
£2 aowrpuoa U.Mkjs* 1.007 1

: rr,.- — 0
.3

1 J2.7rlD- i0- 4

Com otnod 4l.2isO.S4 , 1 . J _r 0.0 1

2

1671^-^3.0 •; -ISO -ao5) •,0-«
1 4os=os

fcDvorpuon •
i |
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FIG. 3. rray dependence of the cross sections: a-El absorption,

b—E2 absorption.

FIG. 4. Total cross section for

the reaction He* (7 , p)H
J

in the

region of the giant resonance,

with a step of 0.2 MeV.

*E. G. Fuller, Phys. Rev. 96, 1306 (1954).
:
A. X. Gorbunov and V. M. Spiridonov, Zh. Eksp.

Teor. Fin. 33, 21 (1957) fSov. Phys.-JETP 6, 16 (1958)].
J
A. X. Gorbunov, ZhETF Pis. Red. 8, 148 (1968)

[JET? Ler.. 3, 33 (1963)]

.

*
H. G. Clcrc, J. R. Stewart, and R. C. Morrison,

Phys. Letters 18, 316 (1963).

’V. P. Denisov and L. A. Kul’chitskii”, Yad. Fin. 5,

437 (1967) [Sov. J. Xucl. ?hys.'6, 313 (1963):.
a
R. Mundhenke, R. Xoslek, and G. Krait, Z. Physik

216, 232 (1963).
T
C. Milone, Phys. Rev. 120, 1302 'I960).

*D. S. Gemnaeii and G. A. Jones, Xucl. Phys. 33, 132

(1962).

’Yu. M. Arkatov, p. I. Vatset, V. I. Voloshchuk,
et al.. ZhETF Pis. Red. 9, 574 ,'1969} 'JZTP Lev.. 9. 239

(I960)].
10
Yu. M. Arkatov, ?. L Vatset, V. I. Voloshchuk. et

al., ?r:b. Tech. Iks?., 4, 235 :1063).
U
R. I. Dzhtbuti, X. 3. Xrunenn.kovz, ana V. 1.

Mamasakhlisov, Yad. Fin. 7, 333 (1963) ,'Zov. J. Xucl.

Phys. 7, 439 (1963m.

'*

* F. Beck ana A. Muller- Arr_-:e, Phys. Lever: 2*3,

343 '1363).
13
R. I. Dzhibutl and A. V. Tar-’iashvili, Zh. Zksy.

Teor. Fin. 39, 1735 (1360) ’3o". ?:-y3.-.;~P 12. 1323

(1361)].
l* A. X. Gorbunov, Trudy FL\.X 12. 1"4 '13-33).
a
P. Quarati, Xucl. Phys. A115, 531 (1332'.

14
A. X. Gorbunov, Doctoral Dissertation, FLAX, 1333.

408



- *0.5

I

-•04

--03

--92

09-

ce-

07-

- -0 2 >-

- -0 3 I
- -3 4 ~
- -05 S

T2 ?3 TS 19

PHQTCN SNESGr (MeV)

"3TT

FTG. 2. Fore-ait asymmetry of the ohotooeutrons.
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EL EM. SYM.

He

«EF. NO.

70 Bu I

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

type range TYPE RANGE

G.N ABX 25-60 C THR- 60 CCH-D DST

Fit with 2 3 6

<j(e) = F(sin29 + 3 sin
2
© cos© + y sin2© cos

2
© + s) for energy intervals given in &9Ar4

resulted in poor fit due to low number of events per interval. Statistics about same as in
69Ar4 but parameters were not in agreement within errors.

onofon energy M»v

)

•' '* ’• ” YPPcr port: cnrea-ecction if tho ‘CTcir. reaction compared •’nth th« data if ref.
cm«»<rei. ref. t*! 'open circiml, ref. ,*> ennn»ie9i. Lower part: croa*-lection of th« 'Sefr. Th) reaction
compared with tho crose-iectloa of ’.ho ’Seir. ’Horn reaction wo haro obtained daahod-iino hiato«ram).
Tha arrow* indicate .eteu expanmcntaily oedacsd m ref. (•) (.If), tn ref. (••) U) and theoretically

dodacod In ref. (") for •*• - is.i HeV and - 13 i£0 7.
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1
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«

«

8

8

1

8

8

a

8

8

fl

1

fl

fl

Ffe. C - 1 ng-i i.» iutrUratlon ol tie pbotooeutoona emitted in the oun. (yitem (from tile left Bid*) (a

(lS + 30)MeV, (30 + 40) M#V and (<0 + iO)M«T p boton energy interraU.

Txxlz I. - Angular attribution of neutron* from the 4 Hc(y, sHe)n reaction.

1 A.E_

(MeV) a. <h a
« Z*(8)

27-^36 29.35-^0.87 — 2.43= 1.03 — 31.38=1.59 2.46= 1.16 1.49i 1.33 16
i

30-f-40 9.09±2.28

8.98= 0.27

0.54^0.32
— 0.04 = 0.08

— 9.95±0.51
— 9.19i0.30

— 0.08 = 0.35 0.74= 0.41 2

9 0

40-1-60 3.39-0.13 0.21=0.14 — 4.23= 0.23 — 0.13=0.10 0.92= 0.17 12 •

C*) Fit with d*l<\Q -
•

1
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W. E. Meyerhof, M. Suffert and W. Feldman
Nucl. Phys. AliS . 211 (1970)

EL EM. SYM.

He

70 Me 2 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P.G RLX 22-33 D 3-18 NAI-D 15-33 DST

o(0) = A + B sin2 S + C sin2
0 cos0 + D sina

9 cos*© *•» H °

Fig. 2. Differential cross section for 3 H(p,-/)*He reaction at 90* lab. Solid dots - present results,

normalized to absolute cross section measurements of Perry and Bame (PS), ref.
4
). The measure-

ments of ref. *) (GJ) and of ref.
1J

) (GA) are also indicated.

A/3
I

I

0.Co —

g. Rations ;n J Hfp, >')*He differential cross section. Soiid Jots - present resuits. Open circles
- reI - ’)• l “e curves marked I and II are theoretical estimates of ref. *), discussed in the teat. ( COflui fiued

)
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a>|r>

£{
4
H») MeV

SO 22 24 26 28 30 32 34

Fig. 4. Ratio CIB in
J H(p t y)*He differential crow section. Solid dots - present results. Open circles

- ref. *). Triangles - ref.
1J

). (PB) - ref. *). (O) - ref.
lJ

).

t(
4
Hei MeV

Fig. 5. Rauo DIB in
3H(p, yl^He differential cross section. Solid dots - present results. Open circles

- ref. *).
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J. Sanada, M. Yamanouchi, N. Sakai and S. Seki

J. Phys. Soc. Japan 28, 537 (1970)

EL EM. SYM. A

He

REF. NO.

70 Sa 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE NANCE TYPE RANGE

G,P ABX 23-32 C 32 EMU-D 3-9 DST

(A5,90
t
135

)

in

« as
<

23.1-23-SMeV 235"239M«V 239-243MeV

-

/ \

/ V

.,-4-

i X .Jr’

245-247MeV 247-251MeV 25l-25.5MeV

1

r~

f.

-

/ \

*^* \

2S5-259V*/ 259*263MeV 203-2€.7M«W

r ,a

r ? ^ t \
A

’ / X
. t 'vi

297-27 IMeV 271-275M«V 275-279WeV

>
, / \

- *£ \
; *•> \

_JI

o* 90* so* o* 90* ieo* o* 90* iso*

.

C.M. ANGLE

Fig. 4. Angular distributions in the c.m. system.

Dotted lines are sin1 9 distributions.

4 He(7, p ) reaction in successive steps of 400 keV

intervals between the excitation energies 22.3 and

27.9 MeV. The angular distributions are almost

proportional to sin1 d with no distinct isotropic

component. Some of the previous experiments

22 23 24 25 2S 27 29 29 20 31

EXCITATION ENERGY IMeV)

Fig. 3. Cross section of ,j)
3H reaction. The

solid curve is a ieast-souares St :o the -reasurad

values.
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G. D. Wait, S. K. Kundu, Y. M, Shin and W. F. Stuboins
Phys. Letters 22M, (1970)

REF. EL CM. $YM. A z

He

METHOO
I

REF. NO.

j

70 Wa 2

4 2

egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TYPE PANGE TYPE PANGE

G,P A3X 22-70 D 91 MAG- D DST

G,N ABX 50-85 D 91 MAG-D DST

For low excitation energy no corrections made for multiparticle final states.

Ex ( MeV)

Fig. 1. Total cross section for the reactions 4 He(y, p)
3H

and 4 He(y, n»3 Hc. Triangles are obtained from proton
data and crosses from triton data. The total cross sec-
tion for the reaction 4 He(y, n)

3He is obtained from the
3He data (x's).

Fig. 2. Energy aependence of coefficients in the angu-
lar distributions obtained from the (east-squares fits

to t fie form 'M&i - utsm* 1?- ib/main"? cosd » id/m <

sin*9 cos* 1

? * c/ai\. Triangles are obtained from pro-
ton data, crosses from triton data and <'3 from -He
data of the present e.tpenment. Squares are from the
results of the >*/. pi reaction and circles from the ly. n)

reaction of Gorbunov et ai. Solid bars are from the re-
sults of Arkatov «c 3 l. for the y. n) reaction, a) The

coefficient b/a. b) The coefficient d/a.

»o«m N8S-418
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METHOD

Th. Walcher
Z. Physik 227, 368 (1970)

EL EM. SYM. A

He

REF. NO.

2

70 Wa 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE PANGS

E,E/ LFT 19-31 D 56-65 MAG-D DST

Inelastic Electron Scattering from *He at Low Momentum Transfer 20.1 MEV LEVEL

L’sing a liquid helium target, inelastic electron scattering from 4He was investi-

gated at momentum transfers below 0.5 fm" 1 with improved resolution. The assign-

ment 0* for the state at (20.10+0.05) MeV (measured excitation energy) has been

confirmed, and new values for the monopole matrix element (1.10+ 0.16) fm J and
the total width (270 ± 50) keV ‘sere derived. The giant resonance region shows evidence

for the ,W2-resonance at 24 MeV.

Tabelle 3. Das Verhaltnis des dif/erentiellen elastisehen (aE) and unelaslisehen (a,)
Wirkunfsquerschnines und dir Wiirsel aus den redusierlen Matrixelemenlen des

20,1 MeV-Zustandes fur rersehiedene q

q
2lim~ i 0/Grad (a,l<rE) • I0-" (| 4;r fl(CO,

0,199 117 2.69 0,152 + 0,013

02215 117 4.17 0,175 + 0,012

0424 117 4,33 0.172 + 0,012

0496 165 9.9 0,179 ±0,045

Pg. 5. Die Wurzel der reduztenen Matrixeiememe als Funktion von <r fur dea

20.1 MeV-Zustand. Die ausgezogene Oerade zeigt die Extrapolation zur 3estimmun*

des Monopoimatrixctementes, die gsstncr.ctten Ceraden :;lustneren die

L'nempfindlichkeit der Extrapolation auf jroOe Anderungen in

- UMM «0
'P € V . 7-14-44)
UJCOMM.OC 2S010-O44 41 6
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Fig. 4. DifTerenz rwischen drei Spcktren und den glatten Kurven, die durch Tzbdle 1

gegeben sind

Fig. 3. Z^ei Spcktren unclastisch gcstrcuter E.'ckironcn nach Abzug des eiastischen

Strahlungsschwanzcs und der Untcrgrundc. Das Spckirum bci 6 = Ihi* isl durch eme
glade Kurve dargeslcllt, wic sic 7ur Scsiimmung dcr Wirkungsqucrschnide der Ta-

bclle I bcnuizt wurde. Dcr Einschub 7cigt cm wcncrcs Spckirum ohne Abzug des

Sirahlungsschwanzcs und dcs Unicrgrundea
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EL EM. SYM. A

He

REF. NO.

70 Wa 5 egf

Th. Walcher
Fhys. Letters 31B , 442 (1970)

METHOO

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

type rinse TYPE PANGE

E,E/ FMF 19-31 D 65 MAG-D DST _ 5

et at

'ju9(C0
'
,) Ha 2

L J , Froscfl

o this •«p*rwn«nt

,1

fig. -• Square root of reduced transition probabilities

20 22 2* 26 30
U.S. OEPARTMENTOF COMMERCE

NATIONAL BUREAU OF STanCaROS
•;.l. Three spectra of electrons scattered inelasticaily from ’He. energies and angles as indicated. The hack-

jround of the empty target and the elastic radiative tail have been subtracted from the 65 MeV sixtctra.
1 418
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Yad. Flz. 13, 256 (1971)
Sov. J. Nucl. Phys. 13, 142 (1971)

Kirichenko

,

EL EM. SYM. A

He

REF. NO.

Z

4 2

71 Ar 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G ,XP NOX 20-50 C 20-50 CCH-D DST

New study of previously published data: see 70 AR2
NEW ANAL OF 70AR2

FIG. 1. Asymmetry coefficient (points). (solid histogram) and
(dashed histogram) as a function of yray energy. The dau on odand o

q
were taken from ref. 7.
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B. L. Berman, S. G. Fultz, and M. A, Kelly
Phys. Rev. C4, 723 (1971)

ELEM. SYM. A

He

REF. NO.

71 Be 3 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

type rinse TYPE RANGE

G,XN ABX 20-31 D 20-31 BF3-I DST

233

The photoncutron cross section for ‘He has been measured with monoencrgctic photons from

threshold to hi McV. The cross section reaches its maximum value of 1.0 mb from 24 ..1 to

27.1 MoV and appears to be split into two broad peaks. The integrated cross section is 7.9

McV mb. The fore-aft asymmetry of the photoneutrons also was measured. This quantity,

which is a measure of the interference between the £1 amplitude and the underlying positive-

parity contribution, changes from forward to backward peaking at about 27 McV. The E2-

to-£l amplitude ratio deduced from these data is of the order of 0.04. A comparison of the

cross-section results with the considerably larger values for the 'llefy.p) reaction measured

elsewhere shows appreciable (>15%) Isospin mixing throughout the energy region studied,

with indications that this mixing might be increasing with energy above 28 MeV.

”TG. S. The l Het7,si cross section as a function of Incident photon energy (closed squares). The arrows indicate

threshold energies, as given in J. H. E. Mattauch, W. Thiele, and A. II. Wapstra, Nucl. Phys. 57, 32 (1953). The ‘He-
V.ii 'iaLa iif Refs. and 2 are suown ns tne cioseu circles onu the dashed lino, respectively; the 'llcfy.'lie) data of Refs.
» :*r"I 4 are a,.own is tno triangles and the open circles, respectively; and me 'Hcfs.yj datum of Ref. 12 is suown as the
open square. •

.

(conti nuea)
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EL EM. SYM. A

He

71 Bu 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE

ryce nance

OETECTOR

G.,N ABX 25-80 80 CCH-D DST

ABX 24-30 80 CCH-D DST

3*4 y

331

TU. t. - Upper part: eroat-teetloo of (be ‘Herr. 'He* rmcUam; a, pecaeat experiment; •, ret. (**); x. ref. (*•); full line. ref. ("); d*ibed lice. ref. *•>.

Lower pert: otw-ksUo* of the 'He<T. ‘H)v reaction; a. present txperlaeat; x, reL (•*): • tad », ref. (•): Jail due. ret. ('•): dAjhed Uac. re!. i*>. iliddjlo part:

«(r. ‘Sl/ofT. *3«); tar I5J <£ tin rxOm ana deduced 3sa« tie «tT,'Ho> raiues of red. ,.>*5 Juii line) tad %>< ref. .'*) .dathod due).
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He

REF. NO.

71 De 1 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE
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N.V. Goncharov, A. I. Der ebchinskii
and V.M. Khvorostyan

Yad. Fi2 „ 14, 31 (1971)
Sov. J. Nucl. Phya. 14, 18 (1972)

METHOD

0. P. Konovalov, S.G. Tonapetyan,
ELEM. SYM.

He

REF. NO.

71 Go 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETSCTOR
ANGLE

type range TYPE RANGE

G,PI+ RLY 150-500 G 500 CCH-D dst

PY-/PI+ YIYLD PATIO

Measurements are reported of the relative yield of i* mesons »n/i the i*/t* yield ratio tor mesons
with energy 40 ± 10 MeV emitted In the angular range 0^ * 50—160' In photon- Induced reactions
with E®1* » 500 MeV with light and medium nuclei. The charged t- meson detector was a 34 -cm
Freon bubble chamber with a tube tor the beam. The i*/i* yield ratio tor He*, Li’, C‘\ Si

1
', S”,

Ca ,u
,
and Nb” was found to bo respectively 0.94 t 0.14, 2.15 * 0.31, 1.22 t 0.21, 1.25 t 0.15, 1.0

'

± 0.13, 1.11 t 0.13, and 1.53 * 0.25. It was established that the v'-meson yield follows a ZA"^’
law.

FiG. 3. »".>* yield ratio as a

function of mass number A.

"r
r i -

nc. 3. Relative yield of r’ mesons per nucleus is a function nf
mass number V

•> ; ii j <

» i i **.*•# •* * ,4 v «r«r <

U.5. :£P4R’’MEN*0F commence
NATIONAL 3URSAUOF ST ANC*SC :
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EL EM. SYM. A

He

REF. NO.

72 Ar 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G , P PI- ABX THR-575 G 346-575 TEL-D DST

TABLE L The experimental conditions and the mea-

sured cross sections.

P
R

HbV/c
8
a

Q

OfaV)

<W23

(S.V) m*T)

b

ic(5.u. ?,.»,)

(-b in.- «r “) c

50 90 1 136 :i2 246 15.5 i 2.3

1147 223 259 19.3 * 2.7

1156 233 271 13.6 r 2.6

117! 250 290 17.6 i 2.9

1176 256 297 25.4 t 2.9

1116 267 309 20.6.1 2.3

1206 289 335 20.6 l 1.9

1256 324 376 16.1 l 1.2

1256 403 12.3 l 1.7

1286 380 449 12.5 i 0.7

:306 404 *"3 8.7 : 0.9

125 90 I20C 302 340 7.4 S 1.3

200 90 1146 260 238 1.4 i 0.7

1156 273 300 3.3 i J .9

1161 276 306 3.2 i 0.7

1169 285 317 3.1 i 0.6

1176 292 326 3.5 r 3.3

H9I 309 346 2.! : 0.5

1206 323 305 2.1 ? C . 4

1226 342 392 1.9 t 0.4

1246 370 419 1.8 i 0.3

1266 393 447 0.7 : 0.3

> 286 416 475 0.6 : 0.3

275 90 1206 360 394 0.4 t 0.5

3C0 50 • 106 299 31 4
1 t 3.5

. 1206 318 336 0.3 ; 0.5

::;6 383 3.2 r 3,.

iS invariant mass of the three-particle sys-

tem: the pion. the proton, jmd an unobserved nucleon

with a momentum equal to (m is the nucleon mass).
b£

7 <,
is the energy of die photon inducing the reaction

when £r = 0. The end-point energy of the brsmsstrail-

lung spectrum was chosen about 100 MeV above 5vlJ .

'Experimental cross sections.

FIG. 3. The differential cross-section values F(Q)
= dcr/dQa da.

jJ
P3 : dPs of the reaction ‘Heiy.pr') for 9*

= 90“ and <j = 90*. (This means that the recoil P* vector
occurs on the same side of the photon beam as the emit-
ted pion.) The solid Lines correspond to the calculation
outlined in Sect. 3.1 of Ref. 1 (a realistic single-parti-
cle wave function and optical-parameter set HI were
used). The dashed curves are obtained bv multiplying
by she norm aliaanon factors 1.35 for Pa =50 MeV/c in
(a), and 3.1 for P

? = 200 MeV/c in (b).

?o«m N 3 S-4 18
:« ev . ?• i *•

USCOMM.OC 26010-P-54
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Prokhorets, EL CM. $YM.

He

REF. NO.

2

72 Ar 6 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE 0ETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,D ABX 28- 75 C 150 CCH-D DST

FIC. 1 . Total cross section for

the He4
(7 , d)H

J reaction. Experi-

mental points: A—Zurmuhle et al.,

[

5
1 e-Meyerhof et al., [‘1 -

Skopik et al., [ M O-present ex-

periment. Theoretical curves [‘1

:

Solid curve—calculated with a

Gaussian wave function; dashed

curve-with an Irving function.

a,

».*t>

J.

8 i tf J2 M *8

FIG. 2. Total CTOSS section for the He 4
(7, d)H3 reaction. The ex-

perimental points are the same as m rig. 1. Theoretical curves i ! : a—

for a Gaussian wave function, b— tor an Irving tuncuon.

•UL'^

FIG. 3. Angular distributions

(c.m.s.) of deuterons from the He 4

(7 ,
d)H 3 reaction. Curve 1 -fitted

by Eq. (2); curve 2-by Eq. (3).

da

m = a sin
1
9 + b sin

1
9 cos 9 + e sin* 9 cos' 9 + d. (2 )

—— = e sin1 9 cos' 9 + d, (3)
dO

Table I

4E.. M«V «. ab

30—O i 19a -0.65
*C— 50 1(7 =0.64
50—60 I 0.79=0.39
40— 73 • 1.14= 0.43

Samar

x

: E-jj, * 13.3

VteV.

>(J9m N3S-413
R CV. 7-1 4- 64)

USCOMM-NBS-PC
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He

METHOO REF. NO.

72 Be 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RAN5E TYPE RANGE

G,N ABX 22-32 G 35 T0F-D 90

Fig. 1 la^The 90° flabl differential phctoneutroo cross section for ‘He idata poimslThe dot-dash curve is

(he :cui ‘Her,-, .n cross section of ref. *1 divided by
f ,e; the dashed care is hairthe *He(y. p0 j

90* diiTerenual
cross section ooumed from the J H(p. ~

0 ) measurements of refs, ’-"l bi The isospin mixing -auo iav a,|
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METHOO

EL EM. SYM.

He

REF. NO.

72 Do 1 hmg

REACTION RESULT EXCITATION
, ENERGY

SOURCE DETECTOR
angle

TYPE HANSS TYPE RANGE

E.T ABX 30-52 D 90 MAG-D 90

E ,HE ABX 30-52 D 90 MAG-D 90

HE=HE3, RATIO G,P/G,N
* RATIO G.P/G.N

TABLE I. Summary of the results of this experiment and the data for calculating <J\y ,p)/<J(y ,n). The angular-dis-

tribution coefficients A(*
r), B(kJ, and C{iJ are from Meyerhof, Suffert, and Feldman, 1 Perry and Bame, b Berman,

Fultz, and Kelly,' and Gorbunov. d
In those columns in which there are two entries, the upper entry refers to the

4
He(y,.p) reaction and the lower to the 4He(v,n) reaction. The uncertainties of a include oaly the errors in the angu-

lar-distribution coefficients and uncertainties due to counting statistics. T' and T are the particle kinetic energies

before and after correction for energy loss in the
4He gas and the target ceil wall.

k

(MeV)
A(k )/8(k )*

r r
C(k )/B(k )*

r y
R /H
• r

T
(MeV)

T’

(MeV)

Relative
Counting
Efficiency Degrees

ia /<X4 )r c. m.

kJj/rr

flv
a(r.p)

a(r. n)

29. B
£ .016:. 005

. U t. 08

-.53:. 11

. 22c. 15
1.017

2.392

2. 202

2. 213

1.355

1.00

.83

100. 1

101. 6

202..* 4.

139. c 25.

1.61:. 06

l. 54;. 34
1. 07;. 24

31. 7
f .0166.005

. 038:. 028

-.601.03

.301. 13
L. 005

2.356

2.665

2.631

1.394

1.00

.90
100. 6

lOUO
173.1 4.

127. ; 17.

1.40:. 04

1. 19t. 17
1. 18:. 16

31. 7* .016*. 005

. 038:. 028

-. 601.05
. 301. 13

1.005
2.856

2.665
2.631

1. 594
1.00

. 90

100. 6

101. 0

L92.: 9.

159.H6.
1. 54:. 14

1.48;. 15
1. 04;. 12

3

33. 9
. 0

.04 03

-.661.07

. 34i. 10
1.020

3. 294

3. 104

3.092
2. 181

l.CO

.98

100. 4

10O. 7

168.; 3.

131. r 13.

l. 30:. 10

1. 24;. 17
1. 05:. 17

h

31.7
.0161. 005

. 0381.028
-.601.03

. 301. 13
1.005

2. 356

2. 665
2. 553

1. 165

1.00
.80

ICO. 6

101.0
192.: 11.

164. ;45.

1. 51:. 12

1. 53:. 51 . 98:. 33

h

33; 5
.0
.04 :. 03

-. 671.07
.351.10

1. 037
3. 392

3. 201

3. 131

1. 975
L. 00

. 93

100.4

100. 7

150.: 6.

117.: 6.

1. 16:. 10

1.106. 14
1.05c. 16

h

35. 2
.0
.04 03

-.701.07
.461. 13

1.039
3. 708

3. 5 L

*
3. -*8**

2. -00
6. JO

i. :o

100. 3

100. 6

137.: 5.

104.: 5.

1.05:. 04

i. 00:. 03
l. 056.09

37.

1

1' .0
.04 ;. 03

-. 751.09
.47i.07

l. 022
w0

3. 980
3. 947

2, 985

..00
oc

LOO. 3

LOO. 5

105, 1 3.

31. : 3.

. 30r. 03

. 78r. 05
1.03:. 08

*

— . 3
.0
.04 ;.03

84;. 07

. 34;. 04
1. 020

5. 916
5. 726

*5. 746

5. 000
L. 00
k.CO

.oc.

:

L00. 4

74.; 3.

3i. r 3.

. 3o:. 02

.55:. 03
1.016.07

h
51. 3

. 3

.0

96;. 20

. 06:. 03
L. 022

7. 680

7. 539

7. 5-1

o. 96 L

2. oo

:. co

.00. 5

L 00. 5

51.: 3.

-3. : L. 3

. 3d:. 02

. 36:. 02
1. OOt.08

JSee Ref. 7.

’See Set. !4.

’See Set. -5.

dSee Ref. 4.

'Angular-distribution coefficients for the
4

'HefV,''H)

and “Hery.’He) reactions.

0.000 .'6-g cm' Mylar window 2.31 cm long ana '..27 cm
wide.

^0.000 7S-g cm- Mylar window 1.537 cm in diameter with

a 0.95.T-cm collimator.
h 0.0003-g/cm : Mylar 'window 1.537 cm in diameter with a

0.953-cm collimator.

‘A. N. Gorbunov, Phys. Lett. 27B . 436 U963).
SL G. Main. Nuovo Cimento £6, 384 (1962).

’3. L. Berman. 5. C. Fultz, and M. A. Kelly, Phys. Rev. C 4, 723 (1971), and Phys. Rev. Lett. 2j5, 933 (1970).

W. E. Meyerhof, M. Suffert, and W. Feldman, Nucl. Phys. A148. 211 (1970).

J.E. Perry & S.J. Bame.Jr.
,

Phys. Rev. 99, 1368 (1955).
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K
r
(M#V)

FIG. 2. The *He(y,£)
3H total cross section as a func-

tion of *. Crosses, results of Meyerhof, Suffert, and

Feldman (Ref. 7); circles, our results using a 0.0006-

g/cm 2 Mylar window 1.537 cm in diameter; squares,

our results using a 0.000 36-g/cm : Mylar window 1.537

cm In diameter; triangles, our results using a 0.000 36-

g/cm 2 Mylar window 3.81 cm long and 1.27 cm wide. K (MtV)

FIG. 3. The ratio <J(y ,p)/<J[y ,n)

.

The crosses are

the results calculated by Berman, Fultz, and Kelly

(Ref. 6) 'using theciy,^) values of Meyerhof, Suffert,

and Feldman (Ref. 7). The other symbols are defined

in Fig. 2.
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Stanley S. Hanna
PICNS-72, p.453 Sendai

EL EM. SYM. A Z

METHOO

He 4

REF • NO.

2

7 2 Ha 9 hvm

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE H4NSC TYPE PANSE

$ P,G NOX Oia D 6- 14 NAI-D dst

POLARIZED PROTONS

e, (

4
He) Mev

Right:: measured analyzing powers for 3 H(p,y 0 )*Ke.
Left : summary of the existing information on

,
J H (p

,

y 0 ) “He . The £2 (X10 ) curve shows the
£2 component of the yield as determined
from the coefficients ai_ and aj.

fo*m N3S-418
l*EV. 7 - I 4- <5*1

U3COMM-N0S-OC

(continued

j

J.j. 3E.= *S:M£S7:f CCMMESCi
NATIONAL. BUREAU OF STanOAROS

PHOTONUCLEaR data sheet 431



t

sin (<£,-<£,)

0.02

0.01

6.0 10.0 14.0

E, M«V

Fig. 9. Solutions obtained for the proton channel
in 3 H(p,Y0 )*He. The triplet to singlet ratio is
designated Hxi/R10-
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ELEM. SYM.
|
AREF.

D. M. Skopik and W. R, Dodge
Phys. Rev. 06, 43 (1972)

He

METHOO REF. NO.

72 Sk 3 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RanCE TYPE RANGE

E.D ABX 35-50 D 35-50 MAG-D DST

(35. 7-49.4) (35.7-49. 4)

FIG. 4. The *He(e,iI»' !H angular distribution in the
1 40±l-MeV energy interval. The solid curve is

0.92siir29 lib/sr.

X (M»V)

3 4 i Z i 11 24 £S

< - 21.3? mi.

FIG. 6. The ‘He'y.dl'H tocal cross section nth the
same .notation as Fig. 5. Carve L .3 :rom v fsas an.
.Het. 41 nth resonance oarameters a., = .'3 Mev and a
reduced width of 3 MeV. Curve 2 13 from Crdas etai.

Set. 4) with a. T = 30 MeV and a reduced width of 3.3
MeV. Curves 3 and 4 ire from Gibson fRef. 2S' with
- 210 and 330 MeV.

(continued

j
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TABLE H. All 4He+y= JH

+

lH data jwblished up to August 1971 pins the unpublished data of Degre. Uncertainties

are those quoted. by the original authors. All data are referred to the absorption experiment 4He+y— :H + :H In the

center-of-mass system. The production experiment da/dO. and aT has been converted to the absorption experiment by

da , . 9

d3 (y’
am

I

* dcr

7n
id-y> and a(y. d) =~ll Pi

<Jid,y) ,

Ey~Q ^c.m. da/da or
-

(MeV) (deg) (nh/sr) (Ub) Experiment

190.7 41.5 0.119 *0.044 02302 *0.076 Production 4

215.7 65 £0.0078*0.002 £0.044 *0.012 Production b

184.6 52.4 0.0063*0.0022 0.022 = 0.008 Absorption e

224.4 53.2 • 0.0015 = 0.0011 0.0054*0.0038 Absorption c

0.32 45.6 0.023 Production i

0.80 45.3 o.oia $$1 0.061 •0.122
-0.330 Production d

1.04 46 0.17 Production d

1.91 131.3 0.175 *0.079 0.59 *0.27 Production
‘

2.90 131.6 0.373 ±0.095 1232 *0.33 Production *

3.89 131.9 0.644 * 0.071 2236 ±0.25 Production e

4.38 132.2 0.842 *0.035 2.83 ±0.12 Production c

2.38 136.

6

0.351 *0.036 1.18 ±0.12 Production f

3.39 136.8 0.432 *0.036 1.45 ±0.12 Production f

3.39 136.9 0.566 *0.063 1.90 *0.21 Production f

4.40 137 0.608 *0.064 2.06 ±0.22 Production f

4.91 137.1 0.623 *0.030 2.54 ±0.12 Production f

5.41 137.3 0.729 *0.085 2.48 ±0.29 Production f

5.91 137.4 0.394 ±0.112 3.04 *0.38 Production f

6.42 137.5 0.782 ±0.094 2.66 ±0.32 Production f

6.92 137.6 0.966 ±0.070 3.29 *0.24 Production f

7.42 137.7 0.863 *0.068 2.94 *0.23 Production f

’.93 137.8 0.327 *0.076 2.82 *0.26 Production f

.4o 137.3 0.903 *0.100 3.0S *0.34 Production f

3.92 137.9 0.820 ±0.094 2.30 *0.32 Production
'

9.43 138 0.726 *0.114 2.48 *0.39 Production f

15.9 38 0.34 *0.13 3.0 ±0.6 ‘He +« — 2H * 2H*e' 4

15.9 53 0.55 *0.15 2.4 ±0.5 *He *e — JH * JH +«' i

15.9 83 0.01 *0.10 4He *e — !H + :H +«' ?

15.9 97 0.10 *0.10 4He +«— JH + ZH +«' ?

15.9 137 0.30 ±0.14 2.7 *0.5 . ‘He *e — :H * ! H --e' ?

15.9 152 0.83 *0.22 4.2 ±1.1 4He *e — 2H * :H *e' 3

11.3 37 0.53 ±0.16 2.1 = 0.6 *He-e- 2H- 2
H-‘-e' *

13.7 38 0.63 ±0.11 2.7 ±0.5 ‘He-e — !H * :H *«’ *

17.6 152 0.60 *0.20 3.1 *i.i ‘He-e — :H * :H ~e' J

19.6 152 0.60 *0.20 3.1 *i.i ‘He +« — 2H * 2 H *' 3

21.5 153 0.46 *0.20 2.5 ±i.i ‘He*e— 2H * 2H »

23.5 154 0.32 =0.10 1.3 zO.S ‘Ke-e — :H * :H *«' t

25.5 154 0233 *0.10 1.9 ±0.8 ‘He*e- :H ^ j H *e' »

0.30 0.112 *0.026 Production 1

1.30 0.303 s0.04-t Production "

1.30 9.577 *0.034 Production
'

2.30 0.766 *0.111 Production
'

2.30 1.J0S = 0.J9o Production 1

J Yu. K. .Akimov, 0. V. Savchenko, and M. L. Soeoko. Zh. Ekspenm. . Taor. ?iz. 41 , 703 (1961) [transi.: Soviet
Pcys.-TETP 14, 512 .1962) I

.

'J. A. Poirier and M. Pnpstem, Pbys. Rev 130
,
1171 '1963).

-'See Ret. 23.

’See Ref. 22.

|W. Del Blanco and J. M. Pounssou, Phys. Letters 29B . 299 il969).
; See Ref. 3.

‘Tils experiment. Uncertainties are due to counting statistics only. *

h \- Degre, M. Schaeffer, and M. Suffert, private commumcation to W. E. Meyerhof (Ref. 3).

Z. Meyerhof , ez al. , 3TucL. Phys. A1Z1
, 439 (1969)

V. Zuraruhle, et al. , Phys. Rev. 132. 751 (1963).

Asb-ury, ec al. , Phys. Rev. 137. 3124 (1965).
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Stanley S. Hanna
PICNS-73, Vol. I, p.417 (1973) Asilomar

ELEM. SYM.

He

METHOD REF. HO.

73 Ha 15 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

P-lS ABX 26 (26.0) D 8 (8.34) NAI-D 90

Table IV. Suntinary of cross section measurements for (y,p0 ) and (y,nQ ) reactions on
4He, 12 C , and 160. Underlined values are essentially the consensus of
several values.

E
X

a(y,p ) in mb a (y,n ) in mb
o

(MeV) New
3^ Old N'ew Old

4
He 26.0 1.95 ± 0.13 1.84

b)
2 1 0

C)
i.o

d)

12
c 22.5 12.2 t 1.2 13.4

e)
,3.0

f) - 6.0
h)

16
o 22.2 9.6 ± 1.5 8.8

1
’ ,12.2 j) -7.2fe)

9.i
n)

,7.2

a) Ref. 25 e)

b) Refs. 30-32 f)

c) Refs. 22-24 a)

d) Ref. 33 h)

Ref. 34 i) ?.ef

.

39

Ref. 35 j) Ref. 40

Ref. 36,37 '<) Sef

.

41
Ref. 38 1) 3ef

.

42

(continued)
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32
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34

35
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40

41
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J.D. Irish, R» G. Johnson, B.J. Thomas, B. L. Berman, K.G. McNeill
and J. W. Jury

PICNS-73, Vol.I, p. 147 Asilomar
ELEX. SYM.

He

BEE. NO.

73 Ir 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, N ABX 21- 31 D 21- 31 TOF-D DST

dcj/dC = a
Q
(l + T a^p^(cosP))

3
a i

Urn W
Z
s

020

O IS

OlO

oos

cco
22 2S 20 34
EXCITATION E.NEPGY CMeV)

Coefficients" "for uHe (y,n) 3He
fig. 2. 9 3° Differential Crcss-
-^tion for uHe (y,n)

2 3 :o 32 24

'ORm N3S-4 18
flCV. 7- I 4-441
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REF.
J. D. Irish, R.G. Johnson, B.L. Berman, B.J. Thomas, K.G.

and J. W. Jury
Phys. Rev. C8, 1211 (1973)

METHOO

McNeill

,

EL EM. $ YM. A

He

REF. NO.

73 Ir 4 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.N ABX 21- 37 C 35. 39 TOF-D 98

Two measurements:
(1) liquid target

(2) gas target

FIG. 3.
4

He(Y,'i)
3He differential cross section as a

function of excitation energy. Present results: Circles
(lower curve) denote liquid target; triangles denote gas
target. The squares are the results of Dodge and Mur-
phy obtained at a center-of-mass angle of 101* (see Ref.

3). The solid line was obtained by drawing a line by eye
through the Yale results obtained at 90* using a liquid

target (see Ref. 2).

FIG. 2. 98* 4He(y,n) :He differential cross section.
Circles (lower curve) denote results obtained with the
Liquid target. Triangles (upper curve) denote results
obtained with the gas target. The solid lines Indicate
the limits of the uncertainty in the gas target cross sec-
tion due to the correction for scattered neutrons.

The 98 differential photoneucron cross section for *He has been measured for excitation energies

between 22 and c3 MeV with a liquid 'He target it .ts normal boiling point and for excitation energies
ween 23 and 37 MeV with a He gas larger at a pressure of 51.6 bars. The .Toss-section values

obtained with the gas targe: were approximately a factor of 1.9 greater -han uiose obtained with the
liquid target. This apparent dependence ot the cross section upon the physical state of the ‘He target

may explain the large values tor the ratio oiy, p )/<riy, n ) ootained by comparing photoneutron and
photoproton cross sections obtained wuh targets in different physical states.

U.S. PEP ARTMENT OF COMMERCE
ational iunsiuo* iriNCiaji

F O AM N3S-A18
IR E V . 7-1 A-A4I
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RCF- S. E. Kiergan, A. 0. Hanson, and L. J. Koester, Jr
Phys. Rev. C8

, 431 (1973)

EL EM. SYM. A Z

METHOO

He 4

REF. NO.

2

73 Ki 2 hmg

REACTION result EXCITATION
ENERGY

SOURCE OETECTOP .

angle
TYPE RANGE TYPE RANGE

G.P ABX 180-320 C 320 SPK-D dst

-1.0 -OA -0.2 0.2 0.6 1.0

COS 9*

FIG. S. Experimental differential cross sections and

fitted angular distributions for various energies. Toe
carves xra least-squares fits of do /dQ* = A atn:9*

[X + d cos«J" + y cos*S "1 to the data. The cross sections

and angles are in die c.m. system.

ronu M3S-41S
IR Ev. 7-1 a.«ai

USC OMM-N S5-OC

E.IV

OOOy
0 CO 100100 0 OO SCO too —

1

csss’- 0.2 cosa’" 0.« icsss’" -0.4

«°r

V.

i «[*•

S
- 1

\**
V \
l

*1

P

'

L.

COS 9 -0.2
1

CCS^-0

0 100 200 300 0 ICO 2CO JOO

FIG. 4. Experimental differential cross sections.

The closed circles are data of Gorbunov, closed trian-

gles are from Stenberg, closed squares are from this

experiment, and open diamonds are from Picozza etoi.

The croas sections and angles are In the c.m. system.

v
continued)
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(

TABLE L Differential cross sections to the center-of-mass system for * He ()<,;> )

]H to units

of 10"ncmJ/sr. The errors shown ire based on counting statistics only.

Energy
(MeV) -0.4 -0.2

cos 8*

0. 0.2 0.4

190 16.1±3.4 35.4 ±5.1 45.7 ±5.8 70.2 ±7.2 75.6 ±7.7

210 10.8 ±3.0 21.9±4.3 41.7 ±6.0 62.0± 7.3 103.6 ±9.5

230 10.5 ±3.2 12,5 ±3.5 1S.6±4.3 31.8±5.8 52.4 ±7.3

250 S.5 ±2.8 S.S±2.7 7.8±2.9 26.0 ± 5.4 61.4 ±8.4
270 3.6±2.1 4.1 ±2.1 13.5 x 3.9 10.2 ±3.2 47.2 ±7.7

290 4.6 ±2.7 8.8±2.6 5.9 ±2.1 4.7 ±1.7 20.0±3.5

310 1.3 ±0.9 6.3 ±2.2 4.8 ± 2.0 3.3 ±1.6 13.5 ±3.4

TABLE IL Total cross section, x
1

, and parameters calculated for fits to the angular dis-
tribution 4oXlQ* = Asto, 8,(l+^ cosS»-t-ycos: 9*]. The errors are calculated from the statis-

tical errors of the experimental data.

Energy
(MeV) A (cmVsr) 9 y

Calculated total

cross section

(Mb)

190 (5.0 ± 0.9) x 10"51 1.8 ±0.45 0.8±1.9 1.28 4.8 ± 1.7

210 (4.0 ± 0.9) x 10-n 3.1 ±0.9 3.7 ±2.7 1.67 5.9 ± 1.9

230 (1.9±0.8)x io-*» 3.0 ±1.2 5.8 ±4.0 0.378 3.4 ±1.2
250 <1.0±0.4)xl0*n 6.7 ±3.1 16.3 ±9.0 3.87 3.S±L1
270 (7.8 ± 4 .3)x io-» 4.7 ±3.1 10.0±10.0 12.94 1.9 ±1.1
290 (4.0 ± 2.8) x 10-a 2.7 ± 2J 12.0± 13.0 9.52 1.1 ±0.7
310 (4.1 ± 3.7)x 10*B 2.1 ±1.9 2.0 ±12.0 8.75 0.5 ± 0.8
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C.K. Mai com, D.V. Vebb
, Y.M. Shin, and D.M. Skopik

Physics Letters 47B , 433 (1973)

EL EM. $YM. A

He

REF. NO.

73 Ma 11 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TVPS RANGE TYPE RANGE

G.N ABX 20-110 c 110 TOF-D DST

The 4He(7, n)
3He differential cross section has been simultaneously measured at five laboratory angles

between 30° and 142°, from threshold to 1 10 MeV. The asymmetry in the angular distribution from 24 to

70 MeV has been extracted and found to have sign changes at energies which are in accord with previous

experiments. The total photoneutron cross section has been observed to be close to the known (7 , p) cross

section. From the energy dependence of the asymmetry coefficient a!2* state in
4He at •» 35 MeV has been

confirmed.

Fig. 2. Comparison of the (7 ,
n) and (7 , p) angular distribution

asymmetry coefficients. The (7 , a) data shown are: o, present

experiment:
,
Berman et ai. (2] ;

, 3usso et ai [5]

;

= . Arkatov et ai. (61 ; lashed curve. Wait et ai, ( 7 ] . The (7 , p)

data shown are: •, Wait et ai ( 7 ] ; u, Gorbunov
[
4

J
. The

solid curves were calculated by introducing a broad 2 ° state

near 35 MeV.

Fig. 1 . The 4He<7 . n)
3He total cross section. The data are:

c, present measurement; x. Gorbunov (4j , 3erman et ai

i^l • Berman at ai (3 1
, Busso et ai (5 i , dashed

curve. Wait e: ai [7]

.

dlso shown js the histogram is the
1
He< 7 . pj

3H total cross section of Gorbunov
[
4

j

,

B. L. Berman, S. C. Fultz, M.A, Kelly; Phys. Rev. Lett. 25 ( 19703 938-
Phys. Rev. C4 (1971) 723.

—
3
3.L. 3erman, F.W.X. Flrk, C. ?. Wu; NucL Phys. A 17

9

(1972) 791.

Gorbunov, ZhZTF Pis. Red. S (1968) 148; JET? Lett. 8 (1968) 88.

L. Busso at al. , Nuovo Cimento Lect. 1 (1971) 941.

(197i)

A
142

C °V SC al” ^ Fi2 * — (1971) 2505 S0V-J - Nuci ° ?hys.l3

'g.D. Walt at al.
, Phys. Lett. 33B (1970) 163;

G.D. Walt, Saskatchewan Accelerator Laboratory report SAL- 20 (1972)
unpublished. ’
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REF. J. M. Poutissou and W. Del Blanco
Nucl. Phys. A199 , 517 (1973)

EL EM. SYM.

He

METHOO RE F. NO.

73 Po 2 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 25- 28 D 6- 12 NAI-D DST

Table 2

Differential cross section of the 2 H(d, y)*Ht reaction

9l

(deg.)

o,.m .

(deg.)

da/d-Q

fnb/sr)

0,.-.

(deg.)

drr/dfl

(nb/sr)

0=.™.

(deg.)

dcr/df?

(nb'sr)

0 0 0.0 ±0.32 0 0.0 ±0.52 0 0.0 ±0.65
40 41.5 l.24±0. 17 41.8 1.68 ±0.22 42.1 1.56 ±0.1

9

50 51.3 1.08 ±0.1

5

52.2 1.71 ±0.24 515 1.64-0.16
&0 62 0.80 ±0. 1

3

62.4 1 .04±0. 1 7 62.8 0.73±0.!3
70 72.2 0.33±0.I2 72.6 0.74 ±0.22 73.0 0.51 -0.13
30 82.3 0.08 ±0.12 82.3 0.23 ±0.20 33.2 0.20±0.l 1

90 92.3 0.04x0.10 92.3 -0.02x0.13 93.2 0.I2±0.I1
100 102.3 0.1 3 ±0.1

1

102.7 0.36±0.20 103.1 0.35 ±0.12
1 10 112.1 0.55 ±0.1

3

112.6 0.36±0.21 113.0 0.89-0.12
120 122.0 0.31 —0.14 122.4 1.30 +0.1

5

i Z2..1 1.08 ±0.14
130 131.7 1.12x0.14 132.1 1.66 ±0.14 132.4 1.61 ±0.16

Cl = 6.05 McV £< = 8.96 MeV /rrt -- ii .67 M tf \

The errors (looted m t idle I .ire lar^-cr than those reported in a prcsituis publication i "m the

"•ray jicld of the : H(d.
;

,

r‘l Ic reaction at 0L --
1 307 The difference i« partis doe to a rctulti.it' a of

the errors and partly to difficult experimental conditions at small anu'os.

|

‘ ' i > i

y
-

1

i i i i r—; i—i it
I

2
H(d, J- )

4
He

j

9c.m." 132 *1

r
3 !-

n

A, Degre, Masther's thesis,

Universite de Strasbourg,

1969, unpublished.

^ W. 2. Meyerhof et_ al_. , Nucl.

Phys. A131 (1969) ^39.

O
X

(-

; t

3 '0

1
>

1 —

15 E.jtMeV)

Differential ‘c's section .or Pic M f ti
.

;.'i
4 Hc "cuetion at 3 C .„

•bilowmg 'ncniunsj: • present results; 7) ref. ');

= 132”.

• ref.
4
).

The symbols have

fo«u N3S-4H
1KCV. 7* I 4. 641
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(jt/qv)

-yp/op

ref. C. Tzara
PICNS-73, Vol.I, p. 573 Asilomar

elem. sym.

He

REF. NO.

73 Tz 2 hmg

REACTION RESULT EXCITATION SOURCE OETECTOR
ANGLE

ENERGY type range TYPE RANGE

G .TP U) ASX 190-415 c MAG-D DST

G.HE <?.) ASX 27 5-4 30 G MAG-D DST

G .PT-P n*) ASX 150-950 C MAG-D DST

10

4
He p)

(1) TP DETECTED IN COIN

(2) N AND HE3 IN COIN

(3) PI- AND P IN COIN

Fig. lb

3p * 90-
r
(CDM) 60*

4
He(Y

,

3
'He n

'

9.
i 90*

n
!CDM)0 1 20*

10T A

+

ci|. la, b , c

.

Ivo-body phecodisinaegracior. cross-sacrians
:or d, 'He, "Ha, a; o0

5

ana 9C
3

. The aross-
seorions for y iz :n - 9G

J

ar.d

! 10
3

iT 2 also given.

100 ailO 300 /,00 Ej(MeV)

Fig. 3

To:ai cross-section
for the

~~
phctopro-

duction on deuceron.
P.asuits fron tras-
caci and sann.

•wOp

I

:Ch

*o am N3S-4 13
IREV, 7-1 4.64*

'JSCOMM-N 9S-C C 443
aa

c GeV)
:onf!

.3 '3

nu^ii)



da^dft
B
?3

dp^

pb Fm1 sr* 3 1 +
4 Hs

—

P*n* + (PPN)

u. = 90*

9, = 90*

P„=200M«»//e

200 300 400 JOO E, (M*V r

Fig. 4

Dif f erentiaL cross section £or
photoproduction on ^He

d<^. d a. P* dp,

pb fm 1 if 1

3 -

2 -

'i * He_ P+n*
uj = 90" 1

9, i 40
J

*

9. = JO'} <

p =300M*V/«

(PPN)

3C0
|

'

3CO £,(M»V)200



D. V. Webb, C. K. Malcolm, Y.M. Shin, D. M. Skopik
PICNS-73, Vol.I, p. 149 Aailomar

EL EM. SYM. A z

METHOO

He 4

REF. NO

.

2

73 We 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 25- 75 G 25- 75 TOF-D DST

~ = A + B sin
2
9 + C sin

2
9 cos9

Fig. 1 Asymmetry coefficient 2/C as i function of photon enarcy.
Curve 1 shows the direct reaction; curve 2 shows the effect
of introducing a broad 2

+ state at 35 Me 1/.

“osm N3S-A18
IR EV. 7-1 4.44»
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Yu.M. Arkatov, P.I. Vatset, V.I. Voloshchuk, V.A
I.M. Prokhorets, and V.I. Chmil

Yad. Fiz. 19, 1172 (1974)

Sov. J. Nucl . Phys. 19, 598 (1974)
______ _______

Zolenko

,

EL EM. SYM. A

He

REF. NO.

74 Ar 6 hmg

RESULT EXCITATION SOURCE OETECTOR
REACTION ENERGY TYPE range TYPE RANGE

ANGLE

G,P ABI 26-120 C 120 CCH-D 4PI

G, N ABI 26-120 C 120 CCH-D 4PI

G, 2D ABI 26-120 C 120 CCH-D 4PI

G, PN ABI 26-120 c 120 CCH-D 4PI

G, 2P2N ABI 26-120 c 120 CCH-D 4P1

ENERGY MOMENTS

The energy moments of the cross section for toul absorption of y rays by ‘He have been

determined. The method of sum rules has been used to calculate the mean energies of dipole and
quadrupole transitions, the contribution of £2 transitions to the total cross sections, and the mean
square radius of ‘He. It is concluded that the contribution of quadrupole absorption to the total

cross section of the reaction ‘He(-y. p n )*H can be as high as 50%.

(7. pn) reaction, ±-<y, 2p 2 n) reaction. The solid curve is the cross
section for the (7. 2d) reaction with inclusion of the data of other
authors. i

l2
l multiplied by a factor of 1 00.

TA3 L£ 1

- *r rr' rc-crr.t;

Reaction c.iannth w ;o‘. r ,• IC
4

. r'/MeV

'7. P)

r! 2S\

T, ?«)
T, 2p2*)

Toul icnrpnoa

lT7 3-ttt.a
!57 .5 — ['2.6

) .5-0. >5
52.7-3 .3

30 .: -5.1
453.5-30.3

«
. lo-tO.25

3.37-0.25
O.OtfV'JOl
l-5-O. ;3
0 .23— 0.ij*»

11 . t.) j-o ;o
1U. ;S-').77
j.

-

t.36 = o.:t
0. .6-0.0©

t .52

Zo.SZ^l 7)
5I.52---CO

:..j7t.Jc
0.60-)..

9

n.tiA.A

R.W. Zurmihle, W.E. Stephens, Phys. Rev. 132 , 751 (1963);
W. Del Bianco, J.M. Poutissou, Phys. Lecc. 293

, 299 (1369).
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REF.
V.A. Gol'dshtein, V.B. Shostak, N.G. Afanas'ev,

E.L. Kuplennikov, and V.I. Startsev
Yad. Fiz. 19, 727 (1974)

Sov. J. Nucl. Phys. 19, 369 (1974)
METHOD

V.G. Vlasenko,
EL EM. SYM.

He

REF. NO.

4 2

74 Go 5 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECT O R

ANGLE
TYPE RANGE TYPE RANGE

E, E/P ABX 0* 30 D 999 MAG-D 70

Electron scattering angle is 20
o

*SEP E, 999=1.1 GEV

The cross section for the reaction ‘Hc(c ,e 'p
)
JH has been measured as a function of the separation

energy of the protons. The experiment was performed in the beam of the LUE-2000 electron

accelerator at an energy of 11S7 MeV. The proton binding energy is found to be 17^1 MeV. The
suppression coefficient is 0.87.

d.S. 3 E 3 APTMEH* DF COMMENCE
NATIONAL. 5UHE* J ZP 37ANC«PCi

=o«u NSS-413
is E v . 7-1 a-eai
uscauu.oc 2s 0 1 0- Pe

a
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REF.

METHOD

V. A
V.

Yad.

Sov.

Gol'dshtein, V. B. Shostak, N. G.

G. Vlasenko, E. L. Kuplennikov, V.

Fiz. 20, 447 (1974)

J. Nucl. Phys. 20^, 241 (1975)

Afanas 'ev,

I. Startsev
EL EM. STM. A

He

REF. NO.

4

z

2

74 Go 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYP£ RANGE TYPE RANGE

E,E/P ABX * 17 D 999 MAG-D DST

*SEP E, 999=1.2 GEV

The angular distribution of protons from the reaction ‘Hefe.e’p^H has been measured in the

electron beam of the LUE — 2000 accelerator at an energy of IIS7 MeV. Values have been obtained

for the oscillator-potential parameter and the reduction factor for 15 protons emitted from the 'He

nucleus.

Angular distribution of pro-

tons in the reaction 4
He(e.e p)

JH.

B » 17 MeV.

ro’u N3 $-a18
IR E V .

7-1 4—641

JSCOMM-NSS-OC
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REF. ELEM. SYM.

J.D. Irish, R.G. Johnson, K.G.

Phys. Rev. C9, 2060 (1974)

METHOD

McNeill, and J.W. Jury
He

REF. NO.

74 Ir 1 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G.XN RLY 20- 35 C 35 T0F-I 98

Current i^ai

N YLD VS BEAM CURR.

FIG. 1. Relative yield of photoneutrons from a liquid

4He target as a function of average beam current: cir-

cles indicate points obtained using an aluminum Dewar

and triangles indicate points obtained using a glass Dew-

ar. The poirts obtained using the glass Dewir have

been normalized to the coin's obtained using the alumi-

aum Dewar at an average current of 0.3 mA. All points

were il.-tained using ;n electron energy of 33 MeV.

Experiment to measure the phoconeutron yield from a liquid ; He target as a function of

beam intensity have been carried out. They show that the most recent measurements of the

photoneutron cross section with liquid helium targets can be made consistent with each other,

and that the results ire then noc inconsistent with measurements of the
: He(y. i) He cross

section U3ing gaseous 'argets.

i_ MUCLaAR REACTIONS ' Ke py ,

•:
,i

,
a =35 MeV; measured o 'beam current). ]

0.3. PER 4PTMENT OF COMMERCE
NATIONAL. 3UP.il. OF ST IN 1APC i

FORM N 35-4 18
(REV. 7-1 4-04)
USCOMM-OC 15 01 0- PS

4
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ref. P.E. Argan, G. Audit, N. De Botton, J.-L. Faure, J.-M. Laget,

J. Martin, C.G. Schuhl, and G. Tamas

Nucl. Phys. A237 , 447 (1975)

EL EM. SYM.

He

REF. NO.

75 Ar 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TYPE RANGE TYPE RANGE

G.P ABX 175-370 C 405 MAG-D DST

n
t
N ABX 274-403 C 405 MAG-D DST

2-BODY COINC

looct

i”

c*"Q'

b-

•on j

—

r

-H-
He
He + 'lS

P + t

. n + T

+
-

- +-

- 60% r

r-
-

I

1 TM

+T
a .

I

T

10000 is 2
P — 'lO cm i

r

1000

100

f

He+ y +— p + I

8 p
= 90 *c j-n.

I -'rv>-

10

I

,+
* * *

3C0

-

1

<oc

rig. 11. The •>— 'He — p— : ;c.jr.) differential cross section, at 9, =

90
J

c.m.; is the photon lab energy. Cots: this work; circles: ref.
1 '1

):

triangics: ref.
17

).

150 200 250 3CC
iMcVI

5SC -GO

Fig. ;o. The •/— *He-»p— t (o.tr..) differential cross sections at 0, = 60s
,

90“ c.n. and the •/-‘He — n-r c.rn.) differential cross sections at 3, =

90”. I20”c.m. (this work); Sy is the photon iao energy. Horizontal error bars

give ohoton energy resolution; vertical error bars represent statistical error.

?• Picozza et al
. , Nucl. Phvs. A157, 190

(1970).
’

19 - -
p.a. :<ie rgan at al

. , Phvs. Rev. C3_, 431

vCDrvcinued,
rO RM N3S-^ 13

REV. 7-1 4.44)
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Table 5

Differential cross section for the reaction y-r^He -* t+p at 60 s and 90’ proton angle (c.m.)

Photon lab

energy (MeV)
da

dQ
(10~ 33 cm3

/sr)

60* c.m.

Photon lab

energy (MeV)
da

dQ
(10~ 33 cma/sr)

90* c.m.

248.0 ±10.1 585.8±44.2 194.5± 6.9 532.3 ±22.9
259.4±10.3 572.8± 19.6 202.4± 6.6 446.8±17.6
271.4+10.5 519.6±14.8 210.4± 6.5 336.8± 13.6

284.1 + 10.8 508.7±14.8 219.4± 6.4 278.4±11.5
296.9+ 11.2 409.0 ±12.8 228-2± 6.4 267.2±12.4
311.4+ 11.7 398.3 ±12.4 237.9± 6.4 204.9±10.7
327.2 ±12.3 302.7 ±11.6 248.8= 6.6 170.7± 9.2

343.3±12.7 255.9 ±11.2 260.2± 6.9 149.3± 9.4

361.7+ 13.5 218.0± 12.6 271.6± 7.3 131.4± 8.9

379.1 = 14.1 1 66.7± 8.4 284.3 ± 7.6 I21.9±10.4
399.6+ l<t.9 144.7± 9.7 296.2± 8.0 U1.4± 8.0

422.7 ±15.6 108.0± 9.9 3 10.2± 8.3 1 02.5 ± 5.8

317.7± 8.5 94. 6± 8.7

325.3 ± 8.7 85.5± 5.8

338.8± 9.0 69.3± 7.4

342.0± 9.3 77.5± 5.5

351.0± 9.5 65.5± 7.1

358.8 ± 9.7 51.0± 6.3

369.2 ±10.0 53.6± 6.4

The photon energy uncertainty is the FVVHM of the photon energy resolution function. The cross-

section uncertainty is due only to counting statistics.

Table 6

Differential cross section for the reaction y+ 4He -*• 3He+ n at 90’ and 120’ neutron angle (c.m.)

Photon lab

energy (MeV)
ilf.; (10~ 33 cm 2/sr)

dQ 90 :
C.ar..

Photon lab

energy (MeV)
dal

d-0,,20

(10-” cna J /sr)

* c.m.

357.8 = 14.3 59.4± S. 1 274.1 ±10.9 56.1 ± 11.0

369.1 = 13.3 49.S± 3.6 284.8± 10.4 55.9± 7.8

385.2 = 13.5 43.0±3.2 296.1 ± 9.9 70+± 7.7

403.0=12.5 28.8±4.4 308.4± 9.3

321.5± 8.9

48.6+ 4.4

45.4± 5.3
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Yu. M. Arkatov, P.I. Vatset, V.I. Voloshchuk, V

V.A. Zolenko, I.M. Prokhorets, and V.I. Chmil

Yad. Fiz. 21, 925 (1975)

Sov. J. Nucl. Phys. 21_, 475 (1976)

N. VjU-L c V , EL EM. SYM.

He

METHOD REF. NO.

75 Ar 10 hmg

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

type range TYPE RANGE

G.N ABX 27- 30 C OKU CCH-D DST

da/d2 = A(sin 20 ) + 3
n
sin

20cos0 + ysin 2 0cos 20 + 8 )

Experimental values of the total cross sections and of the angular distributions of the photoneutrons of the

reaction 'He(y, «)
JHe were obtained in the photon energy region 27-30 MeV. The eiectnc dipole and

quadrupole cross sections and the phase shifts of the £1 and £2 amplitudes are obtained from an analssis

of the angular distributions. The results are compared with analogous values for the (y. p) reactions.

PACS numbers: 25. 1 0.

<5*, mb

2. a -

i.s

1.0

4

a.s -

X
J ^

iia

f .

JO 40 so so. 10 10 10

£v M.V

FIG. 1. Total cross section of the reaction *He(7 , n)*He. Points:

a—our data, a-data of l

1
], o-data of [’], o-data of t

13
1 . ‘-data of

[
l7

] ; dashed curve-data of ( “].

TABLE ;i

(t. •»! reaction it. n* reaction

V v mb cs* n v eib > . Jib
*

r-a I-a2i-0.iV 0.07 ±0.04 —0.14=007 !.4o—0.06
3.070±0.020 f'j

0.07C ±0.030 (•]

2S— IQ t.r:±o.c3 aC5±003 —0.17±0.10 S.iCrerO.07
0.073 ±0.013 f‘1

0.031 ±0.020 (*’
0.199-0.09

29—

»

t.o&±0.06 0.09±0.03 —0 10=0.06 1-27 ±0.07
0.074—0.017 f‘j

0.087±0.030 (*

)

CT-M 1.62 ±0.04 O.CS±0.02 —0.1o±0.04 0.07E-0.0H f‘]

a031i0.020 (’]

Note. The data on die (y, p) reaction are vixen from (*-’]

.

TABLE 1

t,. MeV A. mb/» J. T
•n. mb

27-29 *

US—29
29—30
27-30

9.1*5-0.013
0.104=0.0>i
l.,l7Sre0.dC9

0.IS8—0 Odi

-0 l33i=0.0.-.2

—q.i3:_="0t,
—0t“.=,'.0.V3

—o.tise^row

0.2Li±0.124
0 14H±0.073
02131 =0.103
0.2dI ±0.084

139±0.06
t.77±0 03
1 .73±0 06

t.70±0.03

4J SO
> 1«V

2. Energy dependence of the photoneutron angular-asymmetry

coefficient. Points: a-our data, ‘-data of ( ”1. -1— l
J
l.
=-(’l. — i" '•

X — t""l; solid curve-data of [*!.

-0«m N35-418
.B E V . 7- I 4-641

USC OMM-N 0S-OC
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REF.
S.V. Dementii, V.I. Ogurtsov, A.V. Shebeko, and N.G. Afanas'ev

Yad. Fiz. 22., 13 (1975)

Sov. J. Nucl. Phys* 22., 6 (1976)

EL EM. SYM.

He

METHOO REF. NO.

75 De 6 hmg

REACTION result EXCt TATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

E,E/ ABX 0-300 D 800-999 mag-d DST

999= 1.18 GEV

Results ire presented of in experimental investigation of inelastic scattering of electrons with energies SCO-1200

MeV in the ingle interval 16-4C by the ‘He nucleus. It is shown that the experimental cross sections

measured in the region of the quasielastic maiimnm can be reconciled with the results of elastic scattering

by ‘He within the framework of the shell model only when account is taken of the correction for the

motion of the mass center. An analysis of the results leads to the conclusion that the effect of motion of

the center leads to a narrowing (in comparison with the predictions of the shell model) of both the

nuclear density distribution and the momentum distribution of the internal electrons.

‘He on the energy of the scattered electron: i) £ * 1 ISO MeV, 9 • 20°;

b) E * 988 MeV, 3 » 30“
; oirves-calcuiated from formulas (2) and

(24) with Po 150 MeV/c.

FORM N3S.413
(R EV. 7.1 4. 44!
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J. D. Irish, R. G. Johnson, B. L. Berman, B. J. Thomas,

K. G. McNeill, and J. W. Jury

Can. J. Phys. 53_, 802 (1975)

EL EM. SYM.

He

METHOD REF. NO.

75 Ir 1 rung

REACTION RESULT EXCITATION
ENERGY

SOURCE OETSCTOR
ANGLE

TYPE RANGE TYPE RANGE

G,N ABX 22- 32 C 22- 33 TOF-D DST

» a w 2% a » n j* » n 2* :» a mum
1

1
1

1

1
1

i

1

1

1

1—1—i

—

.2 5—i—j—i—i—i—i—i—i—i—i—i—;—i

—

J' ,

JO
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Photon Energy (MeV)

Fig. 9. Ratio o(r,p)/c(y.n) for *He adapted from Fig. 4 of Londergan_and Shakin (1972): bars — values inferred

from the present normalized results and the *He(r,p) cross section data-.of Meyerhof et at. (1970): closed circles —
values infemed from the *Hefy,n) data of Berman et at. (1971) and the *He(y.p) data of Meyerhof et at. (1970); open
circles — values measured by Dodge and Murphy (1972): solid curve — coupled channel reaction theory calculation

of Londergan and Shakin (1972).
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G. Noldeke, H. Rost
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EL EM. SYM.

He

REF. NO.

76 Ar 5 egf

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G, D ABX 201-359 C UKN TEL-D DST

D , D COINC

High-energy differential cross-section measurements of the
4 He(y, d)d reaction are presented. Tlie cross sections are

considerable smaller than previously published results and are not consistent with a predicted 122 transition.

Fig. 2. Total cross section jtot for the
4
Het7 ,dld reaction;

a shows the lata of A'cl-tigv et al. [4| . a -die dau of ?mner

et ai. (3 j , X of Asbury et al. [51 ,
o are our data.

J. A. Poirier
(1963) 1171.

al.. Phys. Rev

.

130

r

Y. X. Akimov
(1962) 512.

et al.

,

Phys

.

JET? 14

’J . G . Asbury et al. , Phys

.

Rev

.

137

(1965) 31214.

Table 1

Differential cross sections for the
4 He(7,d)d reaction with

statistical errors only.

£7 (MeV) ®CMS Wcg) do/dfl (nb/sr)

213 46 0.22 a 0.04

213 61 0-35 t 0.09

213 73 0.41 t 0.09

213 87 0-54 ± 0.10

258 46 0.08 £ 0.03

258 61 0.23 £ 0 08

258 73 0.16 £ 0.07

258 87 0.25 £ 0.07

330 46 0.14 t 0.03

330 61 0.16 £ 0.05

330 73 0.07 £ 0.05

330 87 0.19 £ 0.05

Table 2

The 4 Hc( 7 ,
’)d total cross section and number of collected

waves.

£7 iMeV) o tnb) Counts

201 2.41 j 0.32 104 £ 12

225 1.29 £ 0.23 54 i 9

253 0.92 £ 0.20 40 £ 3

285 1.04 i 0.20 44 * 3

320 0.61 £ 0.16 32 £ 7

359 0.55 £ 0.15 22 t 6
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EL EM. SYM. A

He

REF. HO.

76 Ar 8 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TVPI RANGE TYPE RANCC

G,N A8X 21-150 C UKN CCH-0 4PI

The electric dipole and quadrupole cross sections are determined for the reaction
4He(y, n^He from the threshold to 150 MeV. The quadrupole cross sections of
the reactions ‘Hefy, n )

3He and 4He(y, p)
JH agree within the limits of the

experimental errors. A structure is observed in the dipole cross section.

FIG. 1. a) Electric dipole cross section of the reaction '*He(y,npHe, b) struc-
ture Ln the electric dipole cross sections, c) quadrupole electric cross section.-

Histogram—our data for the (y ,n) reaction, points—our data for the (y ,p) reac-
tion,"^ curve—data of Meyerhof 101 for the (y ,p) reaction.

5
P.I. Vatset, Doctoral Dissertation , Khar 1

kov , 1374

W.E. Meyerhof , M. Suffert , and W • Fel dman , Nuc 1 . Phys . A1 48 , 211 (1970) u.s. department of c o rc
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EU EM. SYM.

fie. . . 4 . 2

REF. NO.

76 Me 2 hmg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANCE TYPE RANGE

E,E/ ABI 32-272 D 500 MAG-D 60

QUASIELAST SCAT

TABLE I. Quasielastic cross sections at £, = 500 MeV and 9 =60* Integrated up to 200 MeV
energy loss. The values used for the nucleon elastic cross sections were 1 J.4* 10~n ctnVsr

for the proton and OJlx 10"a cmJ /sr for the neutron (Ref. 4).

3He (x 10-n cm: /sr)
4He (x 10*aem: /sr)

Static-Impulse model 2.50 2.7

“Fermi-gas” fit to data 2.62 2.86

Lehman model 2.36 ...

Experiment
4He-3He difference

2.59*0.07*

0.41*0.11

3.00* 0.03 *

* Error bars do not include the ±3% uncertainty in the proton elastic cross section (Ref. 4).

4
T. Janssens, R. Hofstadter, E.B. Hughes,
and-M.R. Yearian, Phys. Rev. 142 , 922 (1966).
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FIG. 2.
4He quasielastic elec cron scattering spectrum

as a function of energy electron loss.
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EL EM. SYM.

He

#•#*««

Uses . $SL = A(sin2e + &sin 29cose + fsin 2ecos 2e + e)
dn Page 1 of 4

REF. NO.

77 Ba 14

excitation
ENERGY

SOURCE OETECTOR
ANGLEREACTION RESULT

TYPE RANGE TYPE RANGE

S,P ABX 20- 46 C 85 CCH-D DST

G.N ABX 20- 46 C 85 CCH-D DST

G,PN ABX 28- 75 c 85 CCH-D DST

R.2P2N ABX 28- 70 c 85 CCH-D 4tt

Fig. 2. - p)
3H reaction cross-section. Full points: present work; open circles:

ref. (
u

); triangles: ref. (*); full-line curve: ref. (”)•

9 o rm N3S-418
<R EV. 7.1 4.64)

USC OMM-N 8S-OC

Fig. 3. - *He<Y. n)JH reaction

ref. (
u

); triangles: ref.

ref. (
n

).

cross-section. Foil points: present work; open circles:

squares: ref. (’*); histogram: ref. full-one curve:

^continued)
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Fig. 4. - B(Er ) = <j(y. p)Mr> n). Full points: present work; open circles: deduced
from the data ol ref.

(

u
); squares: rsf. (”); triangles: deduced from the data of

ref. (‘) and ref. (’•*); dashed-line curve: ref.
(
n

).

Fig. 5. - Coefficient /„ and */
p
values as a function of Er . Full-line crosses: present

work; full triangles: ret. I

4-11
); full points: ref.

(

u
); * crosses: ref. (**); open circles:

ref. (
ll

); open triangles: ref. (
5
). The roll-line curves represent the =* y(E~)

values deduced from the data of table I (see the tout).

461
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EL EM. SYM.

He
METHOO

Page 3 of 4

REF. NO.

77 8a 14

REACTION RESULT excitation
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

50 !20

3. i 0.eqr*«s)

Fi«. 15. - Angular distribution o£ p, a ind d from the ‘He(r. a?)‘H reaction (respec-

tively a), 4), «)). Full-lino histograms: present work (23 < J?,< 60 ileV); triangies:

ref. (•) (23 < E~,< 60 MeV); open circles: ref. (

5
) (25.9< .FT

< '3 4reV; data normalised

in ana to otot).

~orm H3S-418
'REV. 7-1 4-44)
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CLEM. SYM.

He

REF. NO.

78 A1 10 hmg

REACTION RESUL T EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,PI0 ABI 1*5 C 1*5 TEL-0 DST

ENERGY IN GEV

An experimental arrangement designed for the study of ^-photoproduction on the nuclei of helium gas at small mo-

mentum transfers (the kinetic energy of the recoil nuclei T\‘m = 1-20 MeV) is described. The arrangement consists of a

recoil nucleus detector which is a self-triggering helium spark chamber and a 7t°-meson detector which is a combination

of total absorption Cherenkov spectrometers, wide gap spark chambers and scintillation counters. By this arrangement the

reaction y+ 4He — 4He + /T° has been investigated and for the energy interval £
7
= 1.5-4.5GeV a value of the cross section

has been obtained integrated over the angular interval 0‘j3=2°-8° equal to (0.28 ±0.02) /ab (statistical errors).

e

Fig. 6. Dependence of the yield of the reaction

;
, - 4He - 4 He j-.r) on photon energy E. in the angular interval

<3.0 - The curve is the theoretical cross section normal-

ise to tne total number of events according to ref. 3.

Fig. 7. Dependence of the yield of the reaction

y+ 4Hc — 4 lle-r it0 on the angle &;? for the photon energy in-

terval E7 = 1.5-4.5 GeV The curve is the theoretical cross sec-

tion normalised to the total number of events according to

ref. 3.
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V.P. Alfimenkov, S.B. Borzakov, J. Wierzbicki, O.N. Ovchinnikov

L*.B*. Pikel'ner, E.I. Sharapov

JETP Lett. 29, 91 (1979)

REF. EL EM. SYM. A Z

METHOD

He 4

REF. NO.

2

79 A1 6 hg

EXCITATION
ENERGY

SOURCE DETECTOR
ANGLEREACTION RESUL T

TYPE RANGE TYPE RANGE

N,G ABX 20-22 1QO NAI-D DST

(20.6-20.653) (.001-. 070.

First measurements are reported of the effective cross section of radiative capture

of He J

neutrons in the energy interval 1-70 keV. The resultant energy

dependence of the cross section is compared with theoretical predictions.

SIGMA AT THRESHOLD

PACS numbers: 25.10. + s, 25.40.Lw

FIG. 1. a—y-ray spectrum in the reaction He1

(n.y) obtained by means of NalfTU crystal at an

angle of 90" with the beam: iV—number of rea-

douts per channel during 48-hour period of mea-

surements; n—amplitude analyzer channels, fa-
background spectrum after He* substitution

with graphite sample, indentical to He* with re-

spect to scattering. Numbers indicate energy in

MeV.
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w- J. Arends, J. Eyink, A. Hegerath, H. Hartmann, B. Mecking, G. N’dldeke,

and H. Rost
Nucl. Phys. A322, 253 (1979)

El EM. SYM.

He

method REE. NO.

79 Ar 3 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
angle

TYPE RAN SC TYPC RANQC

G,P ABX 197-420 c 500 TOF-D DST

Abstract: The p)
3H reaction was investigated in the photon energy region between 200 and

450 MeV and at proton c.m. angles between 30* and 150°. The outgoing particles were detected in

coincidence in two time-of-flight spectrometers consisting of scintillation counters; energies and

angles of both particles were determined. The measured angular distributions show a strong forward

peak. The differential cross sections and the total cross section fall off smoothly with increasing

photon energy. However, the slope is not as steep as in the low energy region.

NUCLEAR REACTIONS ‘Hely.p)^. E - 200-450 MeV, P = 30*-150°; measured

<r(E. 8

)

Table 2

Differential cross sections in units of nb/sr; the errors are due to counting statistics only

Photon Proton c-uls. angle (deg)

(MeV) 30 45 60 75 90 105 120 135 150

197 154.4

=5.4

209 426.1 143.1 13.9

= 14.7 =5.0 = 1.2

223 784.3 483.8 348.9 130.6 35.0 25.9 13.0

=47.2 =24.3 = 13.0 =4.6 = 1.3 =2.1 = 1.2

239 641.6 411.3 242.6 102.0 26.6 25.1 12_5

=39.5 =20.1 = 10.5 =4.0 = 1.3 =2.1 = 1.2

257 568.6 293.7 194.4 64.4 27.1 21.1 12.3

=35.0 = 18.0 =9.1 =3.1 = 1.5 =2.0 = 1.3

278 401.4 481.5 246.6 125.0 52.6 23.0 13.9 10.3

=30.6 = 15.3 = 7.0 =2.6 = 1.4 s’.'’ =1.2

303 233.2 394.6 395.2 176.5 92.3 43.2 20.6 16.7 11.6

x23.9 = 19.1 =26.3 = 12.8 =5.3 =2.3 = 1.4 =2.1 ±1.4

334 166.3 339.7 329.1 142.1 69.9 30.3 20.6 11.1 9.3

= 15.6 = 16.7 II
‘-I

= 10.9 =5.2 = 1.3 = 1.5 =2.0 = 1.4

371 180.9 246.0 196.7 105.1 43.4 23.5 13.4 9.4 6.2

= 14.0 = 13.2 = 16.4 =3.3 =3.7 = 1.5 = 1.4 =2.1 - i~3

420 163.1 181.9 154.1 67.6 23.3 13.6 3.9 3.1 5.1

= 12.9 = 10.8 = 13.3 =6.9 =2.6 = 1.1 = 1-3 = 1.3 = 1.4
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Fig. 8. Photon energy dependence of the fit parameters; the coefficient b is

shown in (a), coefficient c is plotted in (b); closed circles: this experiment,

triangles: ref. *). crosses: ref.’), points: ref.
lo

). The parameters J (dosed

(mints) and t (dosed squares) are shown in (c).

The total cross section as a function of the photon energy (closed circles); the open circles are the
results of ref. I0

), the triangles are from ref. *).467



«cf. F. Balestra, L. Busso, R. Garfagnini, G. Piragino & A. Zanini
II Nuovo Cimento 49A, 575 (1979)

methoo

EL CM. SYM.

He

REF. HO.

79 Ba 5 hg

R EACTION RESULT excitation
ENERGY

SOURCE DETECTOR
ANGLE

TV*C RAN SC TYPE RANGE

G,NP ABX 26-60 C i?n ccH-n ncr

G,2N2P ABX 28-60 C 120 CCH-0 nsT

Summary. — The total and the differential cross-sections, the angular

and the energy correlations for the three- and four-body ‘He photo-

disintegration have been investigated, with a diffusion cloud chamber

placed in a magnetic field and exposed to the 100 MeV electrosynchrotron

of Torino University. The analysis seems to indicate that, in about 71%
of the (y, pu) events the photons are absorbed by a n-p pair, in about 15%
of the events by a n-d pair and in about 14% of tho events the particles

photoemitted are not correlated. For the (y, 2n2p) reaction, the results

seem to suggest, as main reaction mechanism, the photoabsorption from

a quasi-deuteron correlated to another quasi-deuteron, which are decom-

posed too.

Table I. - Average value* of the opening angle* (c.m.s.) between p-n. p-d and n-d pairs.

6„ 23 < £, < 40 MeV 40 < E,,< 60 MeV

(c.m.s.) 9* 9„ 9* 9»j

0’ -r 90° 63° 145° 125’ 40° 145’ 106’

90° 4- ISO
0 125° 115° 35° 142° 116° 73®

Table II. - Average values of the relative energy of the p-o, p-d and -d pairs, related to

the energy of tire third particle.

d„ 23 < Er < 40 MeV 40 < £1 < 60 MeV

(c.m.s.) E,jE e^e E^E E,al E E7d/E E.<,E

0° — 90’ 0.40 0.53 0.59 0.15 0.37 0.32

90° -130° 0.69 0.44 0.47 0.32 0.43 0.37

Data also given as function of
opening angle of p-n,p-d,n-d and
P.P pairs.

voi-

-0 U3 :0 50 70
iy.MeV)

* '• ~ ‘Hety, Ip, fa) reacciuQ cross-section; full-line hystogratu: Drcseuc daca: full
points: ref. open circles: ref. I

1*).

__ ___ (continued)
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Fig. 4. - 4He(Y, pn) JH reaction cross-section; full-line hvstogram, deduced for the

events with 9 PI >90
=

; dashed-line hystogram, deduced for 9,.<90
a

; full-line curve:

ref. (*); dot-dashed-line curve: deuterium phncodisiategration cross-section from ref. (
u

);

dashed-line curve: deuterium photodisintegration cross-3ection from ref. (
,l

); open

circles: data from ref. (’); full points: ref. (
ls

); open triangles: ref. full triangles

ref. (*); diamonds: ref. (').

Fig. j. - Angular distributions of p. n and d from the *FIe(--, pu) : II reaction, for the

events with > 90°
; upper part: F,<40 2feV, lower part; £r > 40 IfeYh Fuil-lino

a vs to grams
:
present data. Open circles: ref. (’); full points: ref.

,

s '; the crosses (ref. :
19 ')

are the angular distributions of p and a in the deuterium photodisintegrution.
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ref. T.W. Phillips, B.L. Berman, D.D. Paul, J.R. Calarco, J.R. Hall

Phys. Rev. Cl 9, 2091 (1979)

EL EM. SYM.

He

REF. NO.

79 Ph 3 hg

RESULT EXCITATION
ENERGY

OETECTOR

S,T RLX 31-51 31-51 TEL-0 90

G,HE3 RLX 31-51 31-51 TEL-0 90

We have measured the cross-section ratio triy.'H)/crvy,
JHe) for ‘He from 31 to 31 MeV with an incident

bremsstrahlung beam and a collimated solid-state telescope at 9CT laboratory angle. The results obtained

from these data for the total cross-section ratio are consistent with unity for most of the energy range

covered, but deviate from this value in the energy region near 44 MeV. SIGMA RATIO G.P/G.N

NUCLEAR REACTIONS *He (y ,

3H, 3He, £7 = 31 — 31 MeV; measured differential

cross-section ratio at 90' (laboratory); deduced total
(7 .^)-to-(7 ,n) cross-

- section ratio.

FIG. S. 'He (y .p)-to-ty,/x) differential cross-section
ratio at 90* in the laboratory tor the detected trinucleons.
The data obtained with a 'He gas pressure at 0.10 atm
were normalized to those taken with a pressure of 0.25
atm in the overlap region ber.veen 39 and 43 MeV.

^ttaiQn zncrqv iMevI

L<: FJ-to-r/.’i) total cross-section ratio.
The circle s and .-qua res arc commuted from the mea-
sured results shown in 1-' its.- . and the aocuiar-Jistribu-
tion parameters given in the tables, under-the assumo-
tion mat Eq. (2) holds. The triangles are data of Ref.
U, reanalyzed unticr the same conditions; the data
points shown at 21.7 aad 32.7 MeV represent weighted
averages of three and two points, respectively.

*

jo~A ~ a sin2
S.Csirrfl cost)

-Osm-rcos-7,

T.ABLE I. Values for the asymmetry coefficient 3 -

For the *He(y,p) reaction
Energy Ref. Ref. Ref. Ref.

For the 4He(y,n) reaction

Ref. Ref. Ref. Ref. Ref.
(MeV) 19 7 4 20 Adopted 2 11 7 12 22 Adopted

31 0.64 0.58 0.60 0.62 -0.30 -0.25 -0.45 -0.10 -0.25
36 0.80 0.73 0.72 0.73 0 -0.03 -0.02
41 0.82 0.80 0.31 0.20 0.22 -0.3G 0.21

46 0.91 0.82 0.38 0.24 fP|o1 0.23

51 0.98 0.34 0.93 0.22 -0.12 0.23

TA3LE II. Expected differential cross-s ection ratio.

Energy (1 * Jcosb),

(MeV) Reaction cos 9 3 cos 8 1
1 1 * Jcosb),

31
IT, pi 0.13b 0.112

1.17
(Vt n) 0.193 -0.048

36
(y.p> 0.130 0.131

1.14
17 ,n) 0.134 -0.004

41
(7 ,p) 0.179 0.115

1.10
fy,n) 0.132 0.038

-*6
'V, pi 0.15

1

0.159
l.ll

•y,n) 0.133 0.042

y ,?)
• —

51
<y t x) 0.136 0.043

1.12

‘Computed with adopted values for 3 from Tabie I.

(1)

~'x s m2
7(1 - j cos bl

,

(continued)
N35-413
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References:

2: 71 Be 3

4 68 Go 5

7 71 Bu 1

11 75 Ir 1

12 73 We 5

19 70 Me 2

20 71 Ar 1



HEF P. Argan, G. Audit, A. Bloch, N. de Botton, J.L. Faure, C. Schuhl

,

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels,

B. Van Oystaeyen
Phys. Rev. C21_, 1416 (1980)

EL EM. STM.

He

METHOD REF. NO.

80 Ar 2 hg

REACTION RESULT EXCITATION
CNCROY

SOURCE DETECTOR
ANGLE

TYP« RAN SC T Y PC RANGE

G,PI0 ABY 137-148 C 139-148 CKV-D 0

Relative measurements of tr° photoproduction yields have been performed on hydrogen, deuterium. 'He,

and
4

He, in the region of I to 10 MeV above threshold. A simplified distorted-wave impulse approximation

model of the four reactions is described; it leads to an overall understanding of the results. Large
rescattering effects are brought to evidence in deuterium and 'He, making the extraction of precise values

for the dipole photoproduction amplitudes on nucleons strongly dependent on the theoretical description

of the processes.

THRESHOLD MEASUREMENT

Final data in 81Ar2.

^NUCLEAR REACTIONS (y.r1
), 'H H, 5He, and *He targets; measured reac-1

tion yields, £ f
«»l-10MeV.

|

OWLA cross sections, ind adiusted to the data id to

6 MeV above threshold as explained in the text.

TABLE m. Experimental yields YA{Et) -C E9
)t A(E t ft)(dcrA/dQ)dfl dE in micro-

barns. normalized to one target nucleus and one equivalent quantum, for different values of
the bremsstrahlung end-point energy £, above threshold £,. Note: The measurements with
empty targets gave Ympr, =0.00*0.02. The average yields measured below threshold
amounted to YH =0.02 *0.02. To = 0.07 * 0.04, Y,

Ht = 0.0X ±0.12. and = 0.01=0.15. Alt have
been taken into account in the table.

'

Hydrogen

(MeV) 10%

1.41

1.91

2.41

2.91

3.41

3.91

4.41

4.91

5.41

6.41

7.31

Deuterium

E,-E„
(MeV) 10%

'He ‘He
E.-E,
(MeV) 10*Y

Ha

E.-E,
(MeV)

.14*0.05

.14 *0.06

39*0.05

40 *0.06

65*0.07

35 *0.10

39*0.17
60 =0.15

00 *0.16

15*0.25

40 *0.23

0.88

1.38

2.26

2.38

3.76

4.26

4.38

5.38

6.26

7.33

7.76

3.26

3.76

i0. 33

0.26 =0.05

0.79*0.08

0.77 *0.14

1.79*0.21

2.38 *0.29

3.75 *0.32

4.47 *0.31

7.07 *0.47

7.75 *0.55

11.13 *1.12

12.40 *0.72

13.9 =1.1

16.9 =1.1

24.3 *1.1

1.37

2.87

3.37

4.37

5.37

9.37

9.37

0.61 *0.19

1.38 *0.24

2.94*0.23

6.08 *0.47

9.86 *0.83

23.7 *1.2

24.4 *1.3

1.72

2.72

3.72

5.22

6.22

3.72

11.22

io‘r,
<H«

0.47

1.43

3.02

3.12

11.32

27.3

51.1

*0.19

* 0.22

*0.39

= 0.63

= 0.39

*1.7

*3.2

'0«m N3S-418
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Yu.M. Arkatov, P.I. Vatset, V.I. Voloshchuk
I.M. Prokhorets
Sov. J. Nucl. Phys. 32, 2 (1980)
Yad. F i7

t

s MoanT
MCTHOO

V.N. Gur'ev, V. A. Zolenko

EL EM. SYM.

He

REF. NO.

80 Ar 12 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE DETECTOR
ANGLE

TYPE RANGE TYPE RANGE

G,D SPC 28-150 C UKN CCH-D DST

G,P SPC 19-150 C UKN CCH-D DST

G,N SPC 20-150 c UKN CCH-D DST

ENERGY DST - PN,PD,ND

New experimental results ire presented on the reaction ‘Hdy, pn pH. In order to carry out comprehensive
investigations of the role of the pole mechanism, the distributions obtained have been compared with phase

space and with calculations in the pole approximation. It is concluded that the pole mechanism is dominant in

this reaction.

PACS numbers: 23.20. + y, 23. 10. + s

FIG. 2. Distributions in kinetic energies of deuterons (a),

protons lb), and neutrons (c). The phase space (dashed curve)

and pole-approximation calculations (solid curve) have been
normalized to the total number of events.

FIG. 3. Distributions in relative energies of the following

Paris pn (a), pd (b), and nd (c). The phase-space (dashed
curve) and pole-approximation calculations (solid curve) have
been normalized co the total number of events.

FIG. 4. Distribution (in units of solid angle) in the angle be-
tween the y ray and proton in the rest system of the pn pair
for several values of total kinetic energy of the pn pair: 2.2-
7.3 MeV, (b) 7.3-17.7 MeV, (c) 17.7-27.7 .MeV, (d) 27.7-472!
MeV

, (e) 472!-95_3 MeV. The dashed curves are the differ-
ential cross section tin arbitrary units) for the reaction y *d
—

7

form N3S-418
IR ev. 7-1

USCOMM.OC 2fl 0 1 0* Rfl
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Yu. M. Arkatov, P.I. Vatset, V.I. Voloshchuk, V.A. Zolenko,
I.M. Prokhorets
Sov. J. Nucl . Phys. 3T_, 726 (1980)

Yad . Fiz . . 31 , 1 4 00 (1980)

ELEM. SYM. A

He

METHOD REF. NO.

80 Ar 13 hg

EXCITAT’ON SOURCE DETECTOR
REACTION RESULT ENERGY TYPE range TYPE RANGE

ANGLE

G,P ABI 19 - 150 C UKN CCH-D 4PI

G,N ABI 21 - 150 c UKN CCH-D 4PI

G,2D ABI 23-150 c UKN CCH-D 4PI

G,NP ABI 26-150 c UKN CCH-D 4PI
G,2N2P ABI 28 - 150 c UKN CCH-D 4PI

New experimental data are reported on the photodisintegraiion of ‘He up to the meson-production threshold.

The total, dipole, and quadrupole cross sections for absorption of photons by ‘He are obtained for the first

tune. On the basis of the results we have calculated the energy moments of the total, dipole, and quadrupole

absorptions of photons and have carried out comparisons with theoretical calculations on the basis of the sum
rules.

PACS numbers; 23.20. + y. 23.10. +• s

•to,.

FTG. 1. Energy dependence of the cross section for total

absorption of photons by ‘He.

Total Absorption of Photons
table i.

Energy fnomena

Rsacnoa
<f,

,

«„ cnO-M^V • ,
• 10*

. .-nb
• , 104 .

roto-MeV*'

9,10*.
mWleV*

(i. /) 1701.19=23.37 4 1.140*0.450

(40.1=0.9) •

(32.3=0.6) ••

117140= 12.00

(1130=20) •
37125-1=4 07 127.770= 1.330

(T. •> I9#7.S3±3SJS2 41-3.0=0.490

(42-5=1.1) •

( 29-0=0j) ••

11*8 25=11.27
(1090*25) •

ra.s:=3.ss lautosthsa

(T. Mi 3.08=0.27 0.074=0.004

(0.4)
•

1.37=0.11

(10)
•

0 563*0.032 0.168=0.010

(T. /•> 1116.43=46.53 13.400=0.426

(11-5*1.7) •

(4.6=ai) ••

194.30=5.20

i 190=24)
*

33 470=0.070 0.729=0.231

(T. 232-5=23.08 2 990*0-117
lSJ=l.2) •

(2.3=0.1) ••

42. 43=4.21
(100=13) •

6.732=0.790 1.192=0.1 i3

5020.50*69.23 °9.7*i4=0.33l 2504 40=17.77 736.l3Ss.i-i3 2.0.373=1C 10

sarpaca ui>3±:) • <2520= i GO )
•

•Data of Ref. 4 up to £
r =

170 MeV.
•‘Data of Ref. 7 up to =60 MeV.

TABLE II.

Dioole Absorotion

Icuroon
i

energy momcau

<F, lCT,.-nb.MeV‘ • 10*
.
tn*+UV'

n. i

,

IT. 2.Ji«l

£2 acaorouoa
1

38 2 '.-0.70

1.3 iso 2i>

•v».yi to.-jo

ii'jtsn •

:
'.iff'oOslS.:*)

|
*7 53=15 W

J! U7 ri"S
212j.»M*>2J2
(2*70=160) •

341 40*3.20
23t o6*4 o“
12.67 si). ',4

IS* »*•.).27
523.73=7.01

tt 9.03=1.CO

39.01 = 1.59

l.37to.jo
ij.53j*0.04

210.2 4* 155

FIG. 2. Energy dependence of the electric -dipole cross sec-
tion (a) and electric -quadrupole cross section (b) for absorp-
tion of photons by ‘He.

•Data of Ref. 4 up to £y - 170 MeV.
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TABLE rn.

Qu*d*'op©l e -Absorption

EfMTfj' moments

Racooa
9vv mb-M«V 10*. mt 10*

, mfc.M.v-'
-10*.

(T. P)

(T- <*>

(1. Ml
(T. P»>
(T. 2pbK)

£3 JCaorpao*

3.239*0.300
1978*0.634
0.074*0.004
1.043*0.031
0.233*0.023
3.372*0.803

(2)
•

75.80*11-50
81.72*1163
1.97*0.11

18.43*0-59

4.03*0.40
181.95*17.12

(50)
•

20.711*3-500
20.555*3.523
0.563*0.032
3.810*0.141
0.787* 0.080
48.412*4.969

6 323*1.200
5.941*1.135
0.163*0.010
0.843*0 033
0.156*0.019
13.435*1 652

•Data of Ref. 4 up to Ey = 170 MeV.

satisfactorily with the experimental value. Somewhat
poorer agreement with our results is given by a calcu-

lation taking into account the Rosenfeld mixture of

forces (a
a = 102 mb-MeV), and a calculation with a

Yukawa potential and an Irving variational wave func-

tion for the Serber mixture of forces gives o
0 = 89 mb-

MeV.



ref. B.L. Berman, D.D. Faul, P. Meyer, D.L. Olson
Phys. Rev. C22, 2273 (1980)

CLEM. STM.

He

A

4 C\J

N

METHOD REF. NO.

80 Be 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
1

angle
TVPC ftANOC TYPC AANCC

G , 1

N

ABX 21-47 0 21-47 BF3-I 4PI )

20 29 30 36
2.0

^

40 46 90

/-V ?Zummh*S^(19«3)
— 14r !/\\ F^rrwoQfi, <19061

t // \\ * 8»rm«n jj at, (1970)
*— A a J \

• OoOfli * Murpfrr (1*71)
-

_ . . 4 tj
J t

• a<i«ro » « «i, nsm
| [

*1.
. . V ! - i

,
*Art*0»QR1 (H7»1

!’•;
!j%1' iil.

u a s - I
•h!=1 I

:

• I hj"MTjtnl
4 H« 7,

3 H«
,
l7.nl

a » i i

20 25 30 IS to *8 SO

Photo* Emny (M*Vl

a
0
(Y,ln:47.3)=23.1±l .6 MeV-mb

a_i (Y,1n:47.3)=0.71 mb

a_2(Y,ln:47.3)=.023 mb/MeV

The photooeutron cross vcrioo for ‘He hu been measured from threshold up to 47 MeV using monoenergetic

photons snd a high-pressure gss sample. The results agree with earlier monoenergetic-photon and certain

photoneutron time-of-flight (liquid-sample) results at the lower energies, and consequently disagree with the

results of other measurements at these energies. At the higher energies, however, the present results are

essentially in agreement with all previous results.

NUCLEAR REACTIONS 4
He(y,j«); measured <t(Et), 21 to 47 MeV, with mono-

energetic photons, 4t neutron detector, high-pressure gas sample; four-nucle-
on system; lsospin mixing; charge asymmetry.

FIG. 3. Photoneutron cross section for *He. The

present results are indicated as x’s in all three parts

of the figure. The error flags (except for those for the

three highest-eaergy points; see text) represent statis-

tical uncertainties only. Systematic uncertainties in the

15-2S-MeV region could be as large as see text).

(a) Present data compared with me photoneutron-yveld

results of Ref. 7 (Pennsylvania; open triangles). Ref. 3

(Torino; upper shaded band). Ref. 3 (Livermore; lower

shaded band), and with he neucron-capture datum of

Ref. 17 (Pennsylvania; open inverted triangle). (b) Pre-

sent data compared with the phoioneucran-cime-of-flighc

data of Ref. 10 (Yale; shaded band), Ref. 11 (Toronto;

open circles), and Ref. 12 (Saskatchewan; open squares).

The 90° differential cross-section data of Ref. 10 have

been converted to total cross sections using the angutar-

dlstnbucion coefficients of Ref. 11. The data of Ref. 11

were obtained with a liquid helium sample and later were

renormalized to the results of a 33* measurement ob-

tained with a gaseous sample isee text), (c) Present

data compared with the cloud-chamber data of Ref. 13

(Moscow; filled inverted triangles). Ref. 14 (Kharkov;

filled triangles), Ref. 15 (Torino; tilled circles), and

with the magnetic-spectrometer data of Ref. 16 (N3S;

filled squares). The data of Ref. 16 were recalculated

with the angular-distribution coefficients used in Ref. 6. iOTOHUCLEAR DATA SHEET 475
U.S. 0€P*flTUCNT OF COMMERCE

NATIONAL SUACAUOR STAnOABOS



rce. W. Del Bianco, G. Kajrys

Can. J. Phys. 58, 1496 (1980)

METHOD

CL CM. STM. *

He

80 De 5 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE DETECTOR
angle

TV»« AAMeC TYPE • ANSI

P,G SPC 20-21 D 460*930 NAI-D DST

(20.145-20.5)

The differential cross section of the 1 H(p.y)'*He reaction has been measured ai the proton
ENERGY IN KEY, J~PI

energies E, - 0.46. 0.50. 0.62. 0.77. and 0.93 MeV. A thin 3H-Ti target has been used and the
T-rays have been detected by a 12.7 cm diameter x 15.2 cm long Nai(Tl) crystal rotating over the
angular range 0 L » Oto 135° The ^(p.y^He reaction is found to proceed through El. Ml. and E2
transitions. El transitions being predominant. The ratio of the y-ray flux at 9 0 and 90* is energy
dependent and decreases from 0.017 ± 0.003 at £, - 0.46 MeV to 0.0078 + 0 006 at £ -
0.93 MeV. ~ ”

Ftc. 4. Angular distribution of the ’Hlp.yVHe reaction at

£»=* 0.46 MeV.

Vi*, ri *"• »CiCTiON

• MCTCSHO* «i 91 U9T0I

• TWS EXPERIMENT

0 4 36 33
PROTO* ENERGY iu«v)

Fig. 5. Ploc of (he rauu AIB vs. proton energy. The open
circles are the result* of this experiment and the solid point* the

data of Meyerhof er ai. (7).

Table I. Coefficients of the angular distribution of the

^fp.y^He reaction

E,

(MeV) A 3 C

0.46 0.0165 = 0.0024 0 97 = 0 02 0.031 =0 033
0.50 0.0155=0.0015 0.98=0.01 0 . 064= 0.018
0.62 0.0120 - 0 0015 0.99 = 0.01 0.074-0.024
0.77 0.0109 = 0.0015 1.01=0.02 0.080 = 0.036
0.93 O.OOTS-O.OC06 0.99 = 0.01 0.102 = 0.015

Table 2.
3 H(p,y)‘He reaction. Angular distributions and polarization of y-rays

Entrance channel

Exit channel

J'

Multipoie

transition

Angular
distribution

Polarization

(9 = 90 )
5 L J °

0 1 I* 0 El sin- 9 100T. parallel

0 2 2* 0 E2 sin- 9 cos ; 9 lOOT;. parallel

1 0 1* 0° Ml Tsotrooic Jnooianzed
1 1 1

0* El 1 t cos 2 9 100°", perpendicular

pomm N3S-418
(A C V. 7. 1 4- <3*

)
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* eF R.C. McBroom, H.R. Weller, S. Manglos, N.R.

D.R. Tilley, D.M. Skopik, L.G. Arnold, R.G.

Phys. Rev. Lett. 45., 243 (1980)

MCTHOO

Roberson, S.A. Wender
Seyler

EL EM. SYM.

He

REF. NO.

80 Me 2 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE detector
angle

TV»| RANGE TYPE RANGE

P»G A6X 26-44 0 8-31 NAI-D 17-31 DST

The fore-aft asymmetry in the angular distribution of the reaction 3H(p,y^*He has been
measured as a function of energy for protons from 17 to 31 MeV. The same quantity was
also measured using the reaction *Ue(e, 3 H)pe'. These asymmetry data were fitted with
an expression which consisted of a term which varied slowly with energy plus a 2* reso-
nance having parameters of r c-m- »3.5 MeV and £x(res) “40.2 MeV.

PACS numbers: 25.40. Lw, 25.10.*s

FIG. 1. The measured tore-aft asymmetries in the

center-of-mass system are shown as a function of ex-
citation energy in "rie. The data of botn reaction studies

are shown. Thu error bars represent the statistical

errors only. The solid cur/e is the result of a fit de-
scribed in the text.

E , ( Mev )

FIG. 2. The exoerimentaUy determined cross sec-
tion for the reaction Hlp.'.v'Hu at !>i a0 =3C' is a func-
tion of incident proton energy. The data of ::ie present
work are shown along with the data of Ref. 10. The
error bars reciresent the statistical uncertainties as-
sociated with the data points.

ronv. N3S-4I8
IN IV . 7. I 4- «4I
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«er. J. Arends, J. Eyink, A. Hegerath, K.G. Hilger, B. Mecking, G. Noldeke

H. Rost
Phys. Lett. 988, 423 (1981)

, CL EM. SYM.

He

METHOD RIF. NO.

81 A r 1 hg

REACTION RESULT
EXCITATION
ENERGY

SOURCE detector
ANCLE

TYPE RANGE TYPE PANG*

G,MU-T ABX 215-386 0 215-386 TOF-D 4PI

DATA -ALSO IN 81AR3

Double differential ctoss sections for the photo-emission of protons and charged pion production were investigated for

a number of target nuclei (He, Be, C, 0, Al, Ti, Cu, Sn, Pb) in the photon enerzyrange k » (215-386) MeV. On the basis

of these experimental results the total hadronic cross section was determined.

Fig. 7. Parameter as a function of photon energy (data points) compared to the mean cross section fot a free nucleon (solid line).

The toul hadronic cross sections for ail measured

elements can be parametrized in the form

j<£..4 ) = Or^(k) • .4-'
,

.4 being the atomic number, with a constant exponent

x = 1.1-. The photon energy dependence of a0 is shown

in fig. 7. Compared to the mean cross section for a free

nucleon (the soiid line in tig.
T
) the excitation of the

A-resonance is suppressed. Such a suppression is ex-

pected in the .A-noie model [1 1 J.

roftM M3S-413
(P tv. 7-1 4-441
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ReF
- P. Argan, G. Audit, A. Bloch, N. de Botton, J.L. Faure, C. Schuhl

G. Tamas, C. Tzara, E. Vincent, J. Deutsch, D. Favart, R. Prieels

B. Van Oystaeyen
Phys. Rev. C24, 300 (1981)

METHOD
' ~

£L£M. STM. A

He

re*. mo.

81 Ar 2 egf

REACTION RESULT EXCITATION
EMERCT

SOURCE OETECTOR
ANGLE

TYPC NAN CC TYPE NANfiC

G,PI{S ABY 139-148 C 139-148 CKV-D 0

REANALYSIS OF 80AR2

Our recently published x° photoproduction data at threshold have been reanalyzed with the use of a more refined

detection efficiency calculation. The high energy points appear to be consistent with the threshold measurements;

the effective threshold amplitudes remain unchanged, and are now supported by the complete set of experimental

data.

NUCLEAR REACTIONS for
9
),

lH,
2
H, 3He, and ‘He targets; measured reac-^1

tion yields, ’ 1-10 MeV.

FIG. 2. The measured t 9 photcproduction yields in

microoarns, normalized to one target nucleus and one

equivalent quantum, as .unctions of the Bremsscrahlung

end-pouit energy E t . The curves are che theoretical

yields computed with OWL3
. cros3 sections, and adjusted

to the complete set of data as explained in the text.
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„tr J. Arends, J. Eyink, A. Hegerath, K.G. Hilger, 8. Mecking,

G. Noldeke, H. Rost

Nucl . Phys. A358 , 367c (1981)

EL CM. SYM.

He

MCTHOO rer. no.

81 A r 3 hg

REACTION EXCITATION
ENERGY

detector

G,MU-T ABX 215-386 215-386 TOF-O 4PI

Abstract. Double differential cross sections for the photoemission of protons and
charged pion photoproduction were investigated for a number of target nuclei
(He, Se, C, 0, A1 , Ti, Cu, Sn, Pb

)
using the tagged oremsstrahl ung beam at

the 3onn 500 MeV-Synchrotron in the pnoton range k = ( 2 15-3S6 ) MeV . On the ba-
sis of these experimental results the total hadronic cross section was deter-
mined.

. k(MeV
ng.- Z. Cross section for the process: y + Pb - p + x

The proton threshold is 58 MeV.
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sections for heavier nuclei
can be parametriced in tne
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The exDonent is constant x = 1,1.
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REF. J. Uegaki, L.O. Dal 1 in , Y.M. Shin, C.Y. Kim

Nucl . Inst. Meth. 179 179, 55 (1981)
ELEM. SYM.

He

METHOD REF. NO.

81 Ue 1 hg

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
angle

TY»C RANGE TYPE RANGE

G,.T RLY 5-100 C 100 TEL-D DST

G,HE3 RLY 21-100 C 100 TEL-D DST

High resolution telescope counters which employ thick germanium and silicon surface barrier detectors have been constructed

nd used for experiments with bremsstrahlung beams at high energies. The system has been tested with £ 160 MeV bremsstrahlung

jams and Li targets. AH charged particles up to E — 100 MeV are clearly separated, and there is Little background in the mea-

-ired spectra except at very low energies. Data have been acquired for the :
D(-r, p) n reaction at 90° and for the

i
He< 7 , [) reac-

"jn angular distributions. The system may be constructed at about l?o of the cost of a magnetic spectrometer with a comparable

nergy resolution and analyzing capability.

Fig. 3. Angular distributions of the
4
He(i. reactions. The

data are converted to the proton fneutron) angles in the

centre-of-mass system.
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mtr L. Ward, D.R. Tilley, D.M. Skopik, N.R. Roberson, H.R. Weller

Phys. Rev. C24 , 317 (1981)

METHOO

EL EM. SVM. A

He

REACTION RESULT EXCITATION
ENERGY

JOUNCE

81 Wa 3

OETECTOA
J22_

ANCLE

N,G ABX 24-34 1-17 NAI-0 DST

A recemly reported measurement of the photoneutron cross section for
4He indicates a value

of about 1.0 mb for Ex of — 23 to —33 MeV. This result, when combined with the previously
reported (y.p) cross section in this energy region, implies a ( y.p )-io-( y.n) cross section ratio

of 1.6 to 1.9 in the 26 to 29 MeV region of "He. W e have used the inverse reaction
3 He(/r. y)

4He to measure the photoneutron cross section for
4 He. Our detailed balanced results

confirm the recently reported measurements.

NUCLEAR REACTIONS 3
He</t. y)

4He; measured cr(E,&), E -6.0 to 17.0 MeV.
Results confirm the most recent

4He(y.n) 3 He measurements.

10

a a

a.

mV
, i

• 5H«U,y)4 Hf (TUNL)

• 5
H(e.yl

4
H« (STANF0R0)

I i

,
1

I

iiV

0 2 4 6 3 10 12 14 16 !8 20

E„ (lob) (MeV)

FIG. 2. Differential cross section for the 5
He(/». y)

4He

reaction at 90" (TUNL). The previously reported J H(p. >)-

"He cross section data at 90* are also shown (Stanford — Ref.

18l. The two energy scales are aligned so that the data sets

correspond to the same excitation energy in "He. The error

bars are only :f • statistical errors associated with the data

points.

‘B. L. Berman. D. D Paul. P. Meyer, and D. L. Olson.
Phys. Rev. C 22, 2273 0980). gggg]

i»W. E. Meyerhof. M. SufTert, and W. Feldman. Nuct Phys.

au8 . 2ii U970). 70Me2
up Balestra era/., Nuovo Cimento A 38. 1 45_U 977V
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scr.

A.S. Aleksanyan, T.L. Asatiani, N.V. Vladimirskii, A.O. Gasparyan,
M.I. OaTon, V. A. Ivanov, S.P. Karavaev, S.N. Karapetyan,
F.F. Kayumov, G.K. Megrabyan, N.A. Nalbandyan, E.M. Oganesyan,
R.N. Pikhtelev, V.M. Rappoport
Yad. Fiz. 35, 368 (1982)
Sov. J. NucT. Phys. 35, 210 (1982)

elw. sym.

He

REF. HO.

82 A1 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPf HAN (SC TYPl HANGS

G,PI0 ABX 1*4 C 2*4 TEL-D OST

Experimental values arc reported for the differential cross sections for elastic phocoproduction of r* mesons

from helium nuclei at photoo energies 1.5—*.5 GeV is the angle region 9, » 2-T. The parameters of the »-

meson trajectory are obtained. The wort was carried out in the bremvttrahlung beam of the Erevan

synchrotron.

PACS numbers; 25.2a + y. 27.ia + h. 25.10. + s

!TIG. 4. Differential cross sections for elastic photoproduction
of i° rnesoas from *He as a function of the emission angle of

the meson in die laboratory system. The solid lines are the

result of calculations from Ref. 7.

TABLE L

£,,G4V •*, 4*1 ub
tai4i.

(GpV/cH

Sfeoaocai «r>

roo. (G*V/c) 4

3-4 13.5 *13
4— ') 119 *11
5—

A

10 9 *XJi
6-7 10.2 *10
"—8 54 =20

15-3.5 :-3 111 *3-3
3—4 6.9 *1.6
4— 5 5.9 *1.1
5—o 12 *0.74
3-7 11 =0 42
:-4 0.57 =->.33

15-U 1-3 *1.7
15 =ia90

i-3 )SJ *0.48

0.53 SOJO

•0«M H3V.1I
l»tv. r • I 4. 64}
U1COUW-DC 26 0 10. P. 4
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" eF
- R.C. McBroan, H.R. Weller, N.R. Roberson, D.R. Tilley

Phys. Rev. C25, 1644 (1982)

ELEN. SYM.

He

A

4

z

2

METHOD REF. NO.

82 Me 1 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE oetector
ANGLE

TV»C RAN6C TYPC

P.G ABX 25-44 0 8-30 NAI-D DST

We have measured the 'cross section for the
5
H(p,y)*Ile reaction for incident proton _

energies from 8—30 MeV. The absolute 90* differential cross section below £, = 18 MeV is

in reasonable agreement with previous results. Angular distributions were measured at

eight energies between £, = 13 and 30 MeV. The coefficients which result from fitting

these data to an expansion in Legendre polynomials are reported.

f"NUCLEAR REACTIONS 3H lp,y), measured cr(E,9) from £, = 8 — 30

L MeV . Obtained Legendre polynomial coefficients.

E, (M*v)

FIG. 3. Tae laboratory cross sections obtained at

0Ua = 9O" are shown along with the data of Ref. 1 (Stan-

ford). The error ban represent only the statistical un-

certainties.

FIG. 5. The A 0 and a k coefficients of Table II are

shown here as a function of the outgoing y-ray energy.

The data of Ref. 1 ’.Stanford) are also shown. The sta-

tistical uncertainties associated with the present results

are presented in Table II. Tne solid lines ire smooth

curves drawn through the data points.

TABLE II. The Ao and a* coefficients obtained for the reaction.

E,

MeV
£,
MeV

Ao

;xb/$r

3| 3) 3 t

13 29.4 3.05r0.16 . 0.243+0.018 -0.908 +0.021 -0.247 x0.022 -0.106x0.066
17 32.4 4.07x0.12 0.273+0.009 -0.936±0.013 -0.279+0.009 -0.075x0.025
19 33.9 4.03+0.09 0.314+0.009 -0.825±0.012 -0.309x0.CC9 -0.180x0.C13

21 35.4 3.40+0.09 0.348+0.010 -0.893x0.013 —0.337+0.009 -0.104+0.016

23 36.8 2.91+0.05 0.292+0.008 -0.868x0.011 -0.370x0.008 -0.028+0.024

23 38.3 2.83+0.06 0.458 x0.009 -0.793x0.011 - 0.466x0.009 -0.139x0.010
27 39.3 2.29x0.05 0J53x0.009 -0.34lx0.012 -0.5J9x0.0C9 -0. 174-0.012

30 42.0 2.11x0.14 0.382x0.070 -0.890+0.071 —0.3 50 -tO.073 -0.084x0.175
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R tr. S. Rock, R.G. Arnold, B.T. Chertok, Z.M. Szalata, D. Day,
J.S. McCarthy, F. Martin, B.A. Mecking, I. Sick, G. Tamas
Phys. Rev. C26, 1592 (1982)

CL CM. JYW.

He

Rcr. no.

• 82 Ro 2 egf

REACTION RESULT
EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPC RAN OK. T Y PC RANGE

E,E/ RLX 1*5 D 6017 MAG-0 ft

Tabular Data given .8*2 .4(GEV/C)SQR,0GEV

The cross section for inclusive inelastic electron scattering from the helium isotopes has

been measured at momentum transfers squared of 0.8 5.0 (GeV/c)J
for

3He and

0.8^2 J <2.4 (GeV/e)2
for *He. The data were taken at 8* and cover the range 0.6 <x < 1,

where x=Q 2/2Mh.v, which includes the elastic peak, nuclear breakup threshold, the high

momentum tail of the quasielastic scattering, and pion production. The structure function,

vH^, derived from the data, is approaching a scaling limit at high Q
2

. It can be factored

into a product of functions of Q
2 and of x as predicted by some models.

NUCLEAR REACTIONS 3He, ‘Hrie.e'tfT; £=6.4-16.5 GeV;

dr-=V\ measured da/dCld£'\ deduced vW
l at threshold.

;o
H r

r 3He Q2 =C.9 (Gev/c! 2 (a) £
4 He (bl

;j

02 =0.8 (GeV/c) 2 1

1.2 a • l.O
A •

h

r s

l0
'3

i * .
•

F

r i •

^ !

1

.

*

? cr
4 = a

t

i-5 -
;

*

A 1.2

’.6

a 5.C

_ a

a «

;Ii .

*-> i

4 x

= ' I X

Elf
- i 1 ? =
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3 =

:C

r i $
,

i

*

Ei 0

r?

'if
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|

a
" 5

1

±
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iLAST'C- ~T>9E3:-O_0 - — r-=£;-CL0 -T ‘Jp££HCL0 — --,p£t,_Q n

.V
2 'Cev> 2 «/- Gev •

HG. 6. The dimensionless inelastic structure function vi*'y Q
:

, is a function of the missing mass iquared V-
for several values of the momentum transfer squared ‘ Q

2
'. at He and b) 'He.
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2

Q
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]

FIG. 15. The elastic structure function AIQ 1
) for *He

as a function of Q 1 showing previously directly measured

values (Ref. 1) and the highest Q
1 value derived from the

elastic-inelastic connection.
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Ref. 4. Buss, H. Waeffler, B. Ziegler
?hys. Letters hj 198 (19^3)

Elem. Sym.

He

Ref. No.

63 Bu 2

Method
( source not given) ; Nal

JHH

Reaction E or AE crd E
J " Note*

H5 (d,Y ) 0.150
-1.300

~ 17 At the resonance energy,

cr H5 (d,Y)He 5 = 60max ' 3 1

J

sc ix ccd no —

D

. Thick target excitation carve for Tfd.
-r experimental values for the relative

reaction

_ 1 e id

^ res Thick target yield, calculated with :ne .toss

r
u.!CK ^ir?e t -eid. icuiateci with me r^ss

x -*-Q cc -co 'vo ac -*/.

Assumed cross sec::on for the radiative captur**

Tid. r ro ^ cross sectioo for resonance caoture

The snaoe ot the curve s the some is given hv

Porter e: -d. for H^d, a* He"*. .-j
:r

cross sect:- .r

;or direct capture process. A '..near acreaso
•energy is assumed. The slooe s adjusted to ;j’v<?

the t rit ;or :'*
0( itie. l> to the exoe rimer. tai

omts

.

r. Me : :e ::ue . r te ! .r^o
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V, M. Bezotosnyi, V. A. Zhmailo, L. M. Surov, and M. S. Shvetsov

Yad. Fiz. .10, 225 (1969)

Sov. J. Nucl. Phys. .10, 127 (1970)

ELEM. SYM.

He

RE?. NO.

|

69 Be 10 egf

REACTION RESULT EXCITATION
ENERGY

SOURCE OETECTOR
ANGLE

TYPE RANGE TYPE RANGE

D,G ABX 17 D 999 NA1-D

(16.7) (.025- .100)

999 = 25- ICO key

We report the results of measurements of cross sections o f the reaction T(d,y)Ke‘ with emission o

£

16.7- MeV y quanta at a deuteron energy 25—100 keV. The ratio of the cross sections of the reactions
T(d, y)He J and T(d, n)He* is found to be a(d, y)/a(d, n) = (2.1 * 0.5) x 10**, and the radiative width of

the reaction T(d, y)He‘ is 1"^ 14 x 4 eV. The results are compared with the data of other papers or.

the mirror reaction.

Cross section ot the reaction T(d,y)He 3
vs. the deuteron er.ei^y.

Points: O-present resuits, d-data of (

1

1 , C-cata of [
1

)

.

‘G. Sawyer and L. Burkhardt, Phys. Rev. S3, 1005
(1955).

v. Coon and R. Davis, 3ull. Amer. Phys. Soc. n, 355
(1959).
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REF A. Kosiara and H. B. Willard ELEM. SVM. A Z

Phys. Letters 32B, 99 (1970)
He 5 2

MCTHOD REF. NO.
I

70 Ko L egf

REACTION RESUL

T

Excita tion
ENERGY

SOURCE DETECTOR
ANGLE

type: range TYPE RANGE

D,G ABX 13 D 1 SCI 90

( 1 . 025 )
.

c
3
H(

2 H,G)
5
He at 90° 0 . 44=0 . 12 p.b/sr I = 1025 :<EV

»orm N8S-A18
l«£V. 7- 1 4-441
'JSCOMM.CC 2aC10-3«54
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D. Renker, W. Dahme, W. Hering, H. Panke, C. Zupancic, J.C. Alder,
B. Gabioud, C. Joseph, J.F. Loude, N. Morel, J.P. Perroud,
A. Perrenoud, M.T . Tran, E. Winklemann, G. Strassner & P. Tru'd!
Phys. Rev. Lett. 4]_, 1279 (19781

tL 04 SYM.

He

KEF. NO.

78 Re 5 hmg

REACTION fttSULT
tXCJTATIOM
ENERGY

source OCTCCTOR
ANGLE

TY PC RANQK

PI,G SPC 150 0 0 MGP-D IIKN

Partial rates for radiative capture from the Is atomic level in *L1 to the lowest two

*He states have been determined by measuring, with the necessary energy resolution,

x rays and high-energy photons In coincidence. A comparison of our results and other

related experimental results with different theoretical approaches shows that phenomeno-

logical wave functions consistently describe photopion processes as well as electromag-

netic and weak transitions between low-lying ®Li and ®He states.

PI IS PI-

TABLE L Comparison of cur experimental results

and recent theoretical predictions for the *He ground
state and first excited state. Here, b Is the harmonic-
oscillator parameter. fl tJ , R 3,, and R are the radia-
tive-capture branching ratios from the atomic Ls level,

the 2

p

level, and all levels, respectively. A^'* and
are the absolute radiative-capture rates from the

L* and 2p levels, respectively. The theoretical values
obtained in structure-type and phenomenological im-
pulse-approximation calculations are Indicated by St

sad Ph, Respectively. In the latter gToup, the calcula-
tion of Ref. 20 uses v-capture matrix elements directly
obtained from other reactions.

EIG. 1. Spectrum of high-energy photons from radia-

tive pion capture in
s
Li. (a) Capture from ail atomic

levels. The inset shows the upper part of the spectrum

measured with optimum resolution, (b) Capture from

the atomic is level. The inset shows the x-ray spec-

trum from the coincidence measurement.
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DEFINITIONS OF ABBREVIATIONS AND SYMBOLS

Note: In this list definitions are given for various photoneutron
reactions in which the following symbols are used: N, NL, nN, SN and XN.

Corresponding definitions apply for reacti ons invol ving other nuclear particles
where the symbols N (neutron) is replaced by, e.g. P, D, T, H3, A etc. Where
unknown reactions result in the production of a specific radionuclide, the

chemical symbol and mass number is listed
reaction in 59 ^ 0 .

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

AV 6 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

yield curve

BRKUP break up

BRMS bremsstrahlung

BTW between

C continuous. Used to describe a

photon source or a detector

as the reaction product, e.g. a G,NA22

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

)

501



N stands for any outgoing
particle measured in coinci-
dence with an inelastically

scattered electron. Distin-

guish from eg., (E,N) which is

used to represent an electron
induced reaction when only the

outgoing particle N is detected.

EMU emulsions (photographic plates)

EXCIT excited

F fission

FMF form factor

FM-1 inverse femtometers

FRAG fragment

G photon

G/ inelastically scattered photon

G-WIDTH gamma-ray transition width

HAD hadrons, hadron production

HE ^He particle
He3

INT interaction, integral,
intensity

INC includes

ION ionization chamber

ISOB isobaric

ISM isomer

J multiplicity of particle
defined by following symbol

e.g. (G,PJN) with remark
J = 2, 3, 5,

7

JPI spin and parity of a nuclear
J-PI state

K second multiplicity index, e.g.

( G ,J PKN ) with both J & K posi-
tive integers greater than 1

KE kinetic energy

L may be an integer or zero
that always follows a reaction

product symbol. This is used

to indicate transitions to

specific states in the, residual

nuclide. When the letter is

used as in (G,Nl) the cross
section given is that for the

sum of transitions to two or

more specific final states.

LFT excited state lifetime

LIM limit

LY,LVS level, levels

LQD liquid

MAG magnetic spectrometer

MEAS measurement s)

MGC magnetic Compton spectrometer

MGP magnetic pair spectrometer

MOD moderated neutron detector not
employing a BF 3 counter, e.g.

rhodium foil, Szi 1 ard-Chalmers
reaction, 3 He, 6Li reactions,
GD loaded liquid scintillator,
etc.

MSP mass spectrometer

MULT multiple, multipole, multiplicity

MU-T used only in combination with G

to indicate a total photon
absorption cross section measure-
ment, i.e. ( G , MU -T

)

N neutron (see also XN and SN).

The notation (G,N) is used to

i ndi cate a reacti on i n whi ch only
a single neutron is emitted, i.e.

the reaction that can, in many
cases, be measured by observing
the radioactive decay of the

residual nuclide.
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nN where n is any integer. (G,nN) SN sum of neutron producing
indicates the sum over all reactions, a(y ,SN)=a( y,N)
reaction cross sections in which + a(y,NP) + a(y,2N) + a(y,3N)
n neutrons are emitted. + etc.

NAI Nal(Tl) spectrometer SPC photon or particle energy

NEUT neutron(s)

no cross-section data
SPK

spectrum

spark chamber
NOX

SPL
proton (see also XP)

spall ati on
P

parti cl e( s)
STAT stati stical

PART

PHOT photon( s)

SYM symetric, symmetry

T tri ton
PI pion, usually written as PI+,

PI-, P 10 to indicate charge TEL counter telescope

POL polarized or polarization

momentum transfer squared (q 2 )

THR threshold for reaction or

threshold detector, e.g.,
Q-SQUAR 29Si(n,p) 29Al.

RCL recoi

1

TOF time-of-fl ight detector

REL relative TRK tracks of particles or frag-

ments observed in solid
RLI relative integrated cross-

section data
materials (glass, mylar, etc.)

TRNS transi ti on
RLX relative cross-section data

UKN unknown
RSP reaction spectrometer UNK

RLY relative yield data VIB vi brati onal

SCTD scattered YIR PHOT virtual photon(s)

SCO semiconductor (solid state)
detector

XN all neutrons, total neutron
yield, o(y,XN) = a(y,N) + 2a
(y,2N) + 3a(y,3N) +o(y,NP) + etc.

SCI scintillator detector other than
Nal, e.g., Csl, KI, organic
TTTquid or solid), stilbene, He

XP all protons, total proton yield
c(y,XP) = a(y,P) + a(y ,NP) +

2a(y,2P) + etc.
SEP separati on

XX reaction products defined in
SEP ISOTP separated isotope used XXX REMARKS

SIG SIGMA (cross section) YLD yi el d
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4PI a 4 -rr geometry was used or a

method like radioactivity or a

total absorption measurement

999 energy defined in REMARKS

$ indicates the measurement
involved beams or targets
that were either polarized
or aligned, or that the polar-
ization of the reaction

products was determined.
The polarized particle is

indicated in REMARKS.

* or @ symbols used to indicate that
the units associated with the
numerals on one or both sides
of the symbol in a specific
column are not MeV. The units
are defined in REMARKS.
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