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To varanelerize the azngular distribution of YHe3~m> pd, we usc a
multipole analysis, but consider only relative S; P, and D waves for the
pd state. (i detailed computation of the multipoles keeping only 5 and P
wovey is given Ly Abe Seiden in CTSL Inteynal Report No. h9)  The multinoles
of interest are the electric dipole (B1), magnetic dipole (M1), and the
electric quadruoole (82). The possible couplings betusen the various

mrulticoles and pd states are listed below,
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For photen energies small compared Lo the nucleon mass only a few of
these possible amplitudes are exoected to domiraie, M1 and E2 amplitudes
2 i . I
arce reuchly egual in strength and both weaker than the El. The Ml amplitudes
couple much more stronely to spin than orbital angular momentum, so that if
3. 2 . o - .
we assume the He” is in a 83/2 state, the most important M1 transition 1s
l.. ' . - .
to the 53/2 pd state, Conversely, in the lew energy limit, electric
transitions counle more stronzly to orbital ancular momentur than te sovin,
and this cownling is indeperdent of the totzl angular momentim. Hence we
= ‘s 25 2 .
exrect 81 btransiticns to 1/2 and Pg/? to dominate and be rourkly equsl,
' 2

. . . 2 .
while for 22 transitions we need onlv c¢-unsidsr the D3/2 and Dr/g' For
ey .

simnlicity. denote these five armplibudes as & Pl, Pj, D3 ard DS'



Keepine only these five amplitudes, the differential eross~saction
has the form
A + Boosg 4 Csin29 4 Dsjnzacosﬂ + Esin2@cos29 (@ =0 )

Iif we assume thav Pl = P3 and eall their common value P, and that D3 = ﬁ;
snd call their common value n/5, then

L=5 B=0 0= P2 D= 2fGerd E = op”

Tf these assuwpbicns hold, the phase,ﬁ, betwsen P and D is given by
cosf = VEC/2D

This form of the multinole aralysis is used by nuclear physicists dealing with

photon ensrgies less than 50 eV, In narticular sec

Railey, Griffiths, and Donnelly, Nuc. Phys. AL, 502 (1967)

If we keeo all five amplituvdes then
s i 2 . 2
‘JB + (2/3) (PB - Pl) 1 J—l(D3 - D[)J)

B = h:ﬁ7§ne(P1 - ?3) (DJ - DSZ
! I “
- P3 % 2ReP3P1 - 2(03 - DS)

= 2J§7§(5He?iD5 - 2ReP;(3D3 % 2D5))
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T heve located three experimants giving differenlial cross-sections

for Yﬂea—»> pd in the vicinity of EY = 100 MeV.:

1. Fetisov et al, ¥uc. Phys. 71, 305 (1965) A Breméntrahlung weighted
average for 22 < EY < 170 HeV,

2, Bachelier et al, Phys. Letters 21, 697 (1965} Lctually pd --> Hejv
with T == 154 ¥eV,

3, Carron, éhvs. Rev. 168, 1095 (1668) Refers to unpublished datba by

MFallen et al, at EY = 60 MeV,

The figurea show these cross-sechions.



. D
For purposes of caleulation, I normalised the data to 1,0 at 907, and
combined all three experiments. YThus A + C shonld be 1.0, The results of

a least squares fit are

A B C D E @
My fit 0.39 ~0,02h 0,60 1.33 0.99 +73°
Bailey et a) .0006 “ 1.0 1.30 0.18 +71,°

E_ = hO eV,
Y

Since cosf = .3, the smallnes of B compared to D imnlies either Pl = P3

or D, = D, or both, even near EY = 100 MeV, The increase in A means either
2

3

83 in increasing or P] no lonpger equals P3 etc, MNote that a rise in 4 and a

fall in C is ccnsistent with a phase difference tetwosn Pl and P3 or." . a
phage difference bvetween D3-and Dg.“ The inqrease in E can only come firom
an increase in the D wave amplibudes, and a'phase differencp bebween D3 and
D; would slow the increase, so I surmise D3 = DS stiil, go that P3 7 Pl any
more, The constancf of coefficient D wmost likely implies that either P3 is

. . . 0
decreasing or the P3~D30rr phase differerce is closer to 90,
2

A more or less consistent sclution to Balley's paremters is
e = = = = = © ingnr = 0
83 0 Py P3 b D3 D5 W1 9& th” defining Qb 0

Supnosing the magnitude of the P waves remain constant, my fit implices

= = = = 0 = [Jo 79 i = ©
8, 5 Dy D¢ ol ¢p1 | 35 ¢P 1057 with ¢b 0

isnt't valid, Yowever, a laree 5. term would be nice in that it is the onl
3 £4 3 Y

one of the amplitudes wrich can interfere with a A(1236) intermediate state.
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¥ig. 2. Scclidn officace dilférenliclle de 1a yéaction

Dip,p)3Me A £ = 156 McV, dans le sysitme du centre
de masse,

e T b

enfin avee une moindre précision par I'énergic

des pholons. Chague événement est done large-

menl surddlerming,

Le faisceau exierne de protons du synchro-
cyclolron d'Orsay irappe une cible de polydihy-
1éne deutéré (18 mg/em?) placée au centre de
1a chamibre 4 réaclion, Les pholons sont détectés
par un compteur Cerenlov i absorption tolnle
constitué par un bloe de verre au plomb de 20 cn
d'éprisscur associé & un photomulliplicateur
rapide 60 A. V. D.; le compteur présente 1'jntéret
de ne donner aucun effet direct pour les nom-
breuses particules lourdes regueé. L'angle solide

.. est défini par un eanaliseur de plomb {de 6 cm

d'épaissour).

Los noyaux 3He sont détectds pax deux scintil-
Jateurs minces en cdineidence formant télescope
et placés au voisinage du plan focal de 'annlyseur
magnéltique. Les diaphragmes d'entrée de ce
dernicr sont ouverts de maniére & admellre sans
perte appréeiable tous les noyaux de recul 3He
(> ~98%) associés aux photons de la réaction
regus dans 'angle solide §2,.. Le disposilif clee-
tronique ulilisé comporte sur 1a voiey une porte
linéaire rapide suivie d'va allongeur et d'un
analyscur multicanal & aiguillage réglé sur deux
voics. La porte est ouverte par 1'wn ou Mauire de

698
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deux cireuils dre comeidence de lempa de régoly-
tion voisin (~2 % 1078 ), permettant, par un
répiage convenable des retarcds, d'obleair parat-
18lemenl be speelre pen cofneldence avee leg
noyaux de e ol un spectre de fortuiles.

On a représenté g, T des speclres oblenus
S = 609, Le speclre y "yrai” comporle une
rade de larpeur inslramentale voisine de 400 My
correspondani aux photons de i réaction cher.
chée, Loules les condilions cindmatiques étanl
respeclées, Dans Je cag contradre, on relrouve
un gpectre rapidement déeroissint anidogue aw
speclre "lorlwit”. La conlribution de ce deraier
est d'ailleurs presgue {eujours néglipeable dang
1a répion de la raie, Le résidu de coincidences
vrales ohservé pour les pelites impulsions est
da aux effels de hord du eanatiscur. T.es figs, 1y
ct lc représentent des raies oblenues par analyse
magnétique des noyaa de dle en coincidence
avec les photons, Pour les différenles valeurs do
0, ces raies sont centrées sur les valeurs at-
{endues cf leurs largeurs s'interprélent hien,
compte tenu du ralenlissement de e dans la
cible, de l'ouverture angulaire du compleur ¥
dans le plan de réaction et de la layrgear du déiec-
teur. Iin géndral, les mesures onl éi¢ effectudes
pour une série de valeurs de la-{réquence de la
sondle de mesure de cham)p correspondant i des
bances d'analyse juxtaposées, de {elle maniére
que le nombre tolal d'événements cherchés soil

simplement la somme des événcments enregisirds

dans chaque bande (aprés normalisation av méme
nombre de prolens regus par In cibie). 11 suffisait
ainsi dans la pralique de 4 & 6 mesures powr en-

registrer la tolalité de la raie,

Nous avons porté swr Iz fig. 2 les sections of-
ficaces c¢ilférentielles ((IG/C‘IQ)[]-', dans le sysléme
du centre de masse, déduiles de ces mesures,
Les erreurs indiquées sont les errcurs stalis-
liques. On peut eslimer & 20% l'ordre de gran-
deur d'une erreur systématique évenluelle sur
I'c.eemble de 1o courbe, provenant en particulier
de V'dvaluation de 1'angle solide moyen du détec-
teur v, de celle du nombre d'alomes de deutérium
dans Ia cible, ou d'un défaul d'étalonnage de la
chambre d'ionisation 4 hélium utilisée comme
moniteur du faisceau,

La section efficace olale de la réaction a éid
caleulde par inlégralion & partir des résuliats
ci-dessus, cn ajoutant une correction de 15%
estimée par extrapolation, pour icnir compte
de 1a conlribulion des petils et des grands angles.
La valeur obtenue est de 1.4 £ 0.3 jib; les
mesurces de Fetisov et al. [3] pour 1a véaction de
photodésintégration inverse peu précises dans le
domaine d'énergie des photons supérieur &

e T s T e P T

’- The Més:
l My
I

I

|
|

Volume 24, 6

100 MeV, w
efficocn de ¢
3 s

Il peraft
expérhnenta
clficnce Lot
utilisant, do
le noyna de :
exponenticiie
ajustés par §
[6] pour rene
ditfusion deg
enlrepris de
mation de 3¢
symcétrique d
en tenant corn
masse dos Le
charges dog
nétiques des
diff drenticlle
acceplable ay

platinum
nal fields

Mossbhauer
o7, transiti
several autho
use of a } to
for electroma
ing time reve;
oul Mdsshaues
melrie backsc
EmCi of 1954
wsed. The sci
(33,7 195py)
powders of (¢
tinum with iro
split spectra g
ire suminariz
tained from o
coluimn, The 1



——

A\

P
—

e

1100
e e e o
[[a 3
(X8 E
ol A Derman, ot of, Ral, 27
@ B Stewarl, ool Rel 26
OFolton, ef of, Ref. 20
20
Ly g .
¢ ]
[ "R 18 -
"
< } J
- -
R
.
O b o
o
-
¥ g
v s
M- :
L :
.L - -
" 1 1 1 %

o] 20 10 GO e [ 120 (]
LA PIOTON ENERGY {MeV)
_ TG 40 Ninely degree difierential cross section for the B.r
interaction, Curve (u), Guaussian, V=4.1: () ¥, =19,

s Ldp g o) Gunn-Trving, p1=2.6. Exparimental poinls are
from Refs, 26, 27, and 28,

20%, 1oo high. The fact that the 90° results are much
too smallat high encrgies whereas (e total cross section
remains quite good is duc to the forward peiking of the
angular distribution, as shown in Tig. 5 at 60 McV
(curves 1 and 2). It practically disappears fn the back-
ward hemisphere and the peaking at 45° is greatly
provounced, in disagreement with experfment.

Also shown in Fig. § are the angular distributions
for ¥ and s using Foldy’s interaction Sl dls, eieleer
(curves 17 and 2°), which gives a resull inlermediate
between the dipole distribution (sin®d in the center of
mass) and the B-r vesults with the full relardation
factor. This improves the anizular distribution areally
but il is still too small in (he backwird hemisphere,

We also show in Fig. § the disteibution from (he
A-p interaction (curve 3) for the Gunn-Trving wave
function. For ease in comparison we have multiplicd
the actual theoretical result by 3.38 to normalize the
curve to the 60° data point. The angular distribution
is not greatly diffecent from that of the Foldy inter-
action, but it is cven smaller for large angles.

This fact, that the dificrential cross section ngrees
so poorly, indicates (hat we cannot {ake too. seriously
the agreement of the total cross at high cnergy. That a
singular wuve function which ignores mesons and pro-
duces an incorreet dilfeventiad cross section should yield
the corvect total cross section at high encrgies must be
regarded as somewhat fortuitous.

Of coursc the dillevential cross section is much more
sensitive to the details of the wave function than is the
tolal cross scetion, T would be very surprising il such
a simple model 25 we are using were Lo corvectly describe
the details of the nucleus at an interaction encrgy of

Fiovre §, The Q1Fallon dabo

N. J. CARRON
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say 60 McV ov peater, where short wavalengihs hepin
o probe the internal stracture, This neans that the
diffcrentind cross section at low or intermediate enertics
(S50 McV) is a sensitive test of the grounc-slate wave
function. 11 s at the interraediate encrgies Lhat various
models will differ in their predictions suflicienUy enoush
to be able to derive meaningful information from com-
parison with expetiment. Accurate experimental dif-
ferential cross sections in this encrgy range would be
very helplul,

As mentioned i the Introduction, the final deuteron
should have o radivs which is smaller when the free
proton is near and Javger when farther dway. Since our
devteron is more spread out than the heliwm, this
correclion would have the effect of increasing the over-
Jap of Uhie initial and final s(ates, thereby increasing the
cross seclion,

To qualitatively investigate the effect of & final-state
interaction we have inserted a proton-deuteron square-
well attraction of depth 75 McV and rudius 1.5 T, his
increases the peak cross section by about 15%, and
decrcases the high-cnergy (235 MeV) cross section by
nearly a factor of 2. The result s quite sensitive to the
polential radius, The same low-encrgy effect has been
noticed by Eichmann.*

These last results are encouraging, for they tend Lo
bring the nonsingular wave function I3 dilo befier
agreement with the low-cnergy data. In fact, they will
also tend to bring the A+ p results into betior agreement,
although it is very doubtiul that final-state intericlions
coukl account for nearly a factor of 2. The huge dif-
ference between the two interactions is maost likely due
to the use of inexact wave functions,

We finally sce that the threc wave functions tried
cannot malch both the photodisintegration cross see-
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Yie. 5 Angular distribution at 69 MeV far three diffecent inter-
actions, Curves 1, 1) aud 3 are the Gunn-Irving wave function
¥y with 0= 260, Curves 2 snd 2 are N owith g7 te= L9
p= Ll Curves 1 and 2 are the interaction Fer with the full
retacdation fuctor ¢ %, Curves 17 and 2 are the I-r interaction
with the Foldy space dependence 30 ds ¢ [or the electric feld.
Curve 3 is the A-
te the €07 data point, Iixperimental poiats are from tef. 25.

for YI—};-'? ~-> pd,
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