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FEW~BODY EXPERIMENTS WITH POLARIZED BEAMS AND POLARIZED TARGE.S

James E, SIMMONS

Los Alamos National Laboratory, Los Alamos, NM 87545, U. S. A.

survey 1s presented concerning recent polarization experiments in the
elastic p-d, p-3He, and p-"He systeus. Ment{ou 1is made of selected
neutron experiments., The nominal energy range is 10 to 1000 MaV. Recent
results and interpretations of the p-d system near 10 MeV are discussed.
New experiments on the energy dependence of back angle p-d tensor
polarization are dis~us:ed with respect to resolution of discrepancies and
difficulty of theoretical interpretation., Progress 1is noted concerning
multiple scattering interpretation of forwnrd p-d deuteron polarization,
Some new results are presented concerning the p-3He system and higher
enargy p-"“He polarization experiments.

1. INTRODUCTLON

It is my object here to make a broad survey of few body polarizaticn
phenomena that have been reported in the past few years. Energies will be {n
the range of about 10 to 1000 MaV. Requirements of time and space will limit my
subject matter to the elastic channels in nucleon interactions with deuterium,
helium=13, and heliun-4, Excellent reviews cover prior eloaments of my
subject: At the Few Body Confarenca in Eugene, Grilabler! discussed three- and
four-body systems at lower encrglen (< 10 MeV); at the Santa Fe Polarfzation
Confarance, [gnz discunded polarization expaiiments at {ntermediate enorgles
(5 1000 MeV); at  Graz, ﬂhlqen3 reviewed polartzation effects in the rthree-body
system, with ceaphasis on break=up phenomena. At the Santa Fe cunference Kloet

comp: red theory with experimant.

2. LOW ENERGY NUSLEOH=DEUTERON SUSTTERING

I turn first to a very tecont experiment concerning thoe Literal subjoect of my
talke Schmolzer ot nl."’ have gubmitted a4 centeibution to thia conferance on the
measurement  of the gpla correlation parameter CYY {n d=p acattoring at {nctdent
doutaron enerpy Ty = 10 MoV, This is a diff{cult measwarement In which a4 vactor
polartzed deutoron  heam wan  deattored  from a thin (JOum) TMN-tvpe polart 2ol

proton target.  The oxperimental renults for ”YY are whown tn Flg, 1, The [lve
data  cover  the angular range of 00 (proton) from 7% to 1157, Thene valuen
roprosesn,  alight changen  from the published  valuada,  Three  curves  are  also

nhown,  two of  theae are  Faddeov calealations with Conlomb corvection,  The

wolld curve wan trom Stoll and T]on“ wntng a4 tocal N=N Interactton; 1t glves a



good qualitative prediction for the data., The dashel curve 13 from Fayard et
7

al, with separable interaction; it is not so good. The dot-dash curve is a
prediction from the phase shitt analysis of Schmelzbach et al.B in 1972; {t lies
between tiie other two, It 1s expected that refinement of such data will help to
define the nature or the off-ghell N-N interaction. Comparison to prior work at
Grenoble in Birmingham is noted in Ref. 5,

The Zurich group (ETHZ) has made a significant contribution to understanding
proton-deuteron scattering for equivalent proton energies in the range 8,5 to
22,7 Mev. A detailad account of cthelr analyzing power measurements with
polarized proton and deuteron beams was published this year hy Griiebler et al.?
sawada et al.!? at Tsukuba have also made a sertas of accurate analyzing power
measurements near Td = 20 MeV (published this year). These efforts have
cleared up certaln discrepancles, produced complementary information, and
brought gteater confidence to the experimental situation,

Comparison of guch p-d data to theory ia based on the Faddeav equntlnns.ll To
the extent tnat the N-N {nteractlons are known, with correct inclusion of the
Coulomb force, the Faddeav uquations may be integrated tn give axact values of
the p-d wave functions. On  the whole, the method provides remarkable
predictions for N-d scattering helow 50 MeV. In the following paragraphs we
{lluntiate the compartson between theory and axpertment at Tp w 10 MeV aquiv-
alant antrgy. Figure 2 shows the proton analyzing power Ag at Tp = 10 MeV as
glven by Doleschall at al'? For  this and the followfng tigure the Faddeev
predictinng are piven by four curves labelled in a common tanhion, All  curves
are  calenlated tor n=d  scattercing uning  separable poterttale,  The S-wive
Intoractfony {nclude a repulaive core,  AlL curves {nelude o two=torm  ainplet
S=wave (2IS”R) and P=waven, The four curves are summarited as follows:  Danned,

with two term tennor (2T2R); dot=dash, with four tLarm tenwor (AT4): continnous,

wame an preceding but with  all b= LM e enme

vavess  dotted,  same  an preceding 3 | FYJ

hut. with  approximate Gonlomb

corvectiona, In principle, the 2t

dotted curve should give  the hes. 1

repredentation of  the data;  the

cont fnumin carve Ly nost boat, In 00

Fige 2 wo ane a goud prodietion =V VY]

for l\‘; from  the fail nedd ! t_‘_,_‘_A__“_L_‘L'LJ“ ed ko btk ]
catentat fon (woltdl curve); 0 b1} 100 1450

fnelunton of  Coniomb coprect fonn . .
Flpge o Sptn vorelan fon patameter

oy
(dotted carve) ta wonewhat hatter tor pGdyp)d at |'Il - 10 MoV,

Data 1rom

At amald anglen, but 4 Tlttle tesa Reby e Ton curves aoe e,
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Fig, 2. Proton analyzing power tor Berm

d(p,p)d at T = 10 MeV, Data {rom
Ret, 12, The dotted curve {8 che full
Faddooev calculation,

Fig. 3. Tonsor analyzing power Ty
for p(d,p)d at Ty = 20 MeV, "ata
from Ref. 10, Dotted curve {s the
full Faddeev calcvlation.
good at larger angles, The four-term tensor interaction definitely improves the
fit for angles lems than 900; this {8 related to superior representation of the
< 1Sl - 3l)l =ixing parameter.

As another example, Fig. 7 shows T?l' a tegteren teador anelyzing power at
Ty = 20 Mev. This parameter {3 determined by X4 components of beaa polar-
Lzation, and the data are from Taukuba!® where the necessary control f spln
quantization dlrectfon # avallabla. Tie Faddeev predictions are froa Ref, 12
with the same definitions as abhove, There duem to be relatively wmerioun
discrapancios  batween the Faddeov preadictions and the data, and Lo te nrt
obvious which curve does bent, Doleachall et al, note that the way the youlomb
correct lon  are  treated could have a sfgnificant effact on T2l Al nome of the
other parameters, R vetd has aleo amphanized the imbortance of Coulomb wffacte.

Farther work on the Cou.omb  quastione  appedrad  thin  vear by Zankel and
13

Hate, who  made  caleulations  for  the n=d and p=d (0), parvametaer {ncluding

Coulomb distortion offecta, Compartson was mads to prectafon n=d datu of Tornuw

ot nl.lh and p-d data of Ref, 9, The coanclunten wan that 9% differences oceur

at the bk angle paak of A(Y) that are not  obtatosd  from simpler  correction
procedures,

Space  doos not perait further  examplos  of  the lowv energy p-l analyslng
pownrn,  Suffice 1t to aay that  the ATAR predicttons of Rel, 12 provide  good

prodict tonn for the  tentor analysing  powers !"u and T near Lo 020 MeV,



compar son was not as good for the

vector inalyzing power 1T11‘
Sperisen et al., Ty 16 at ETHZ

have recently published two papers
on a 3eries of measurements of po-
larization transfer observables 1in

p-d scattering at T = 10 MeV, In

p
the second paper measurements were

wade for the d(ﬁ,f)? process; three
vector-vector and seven vector-
tensor parameters wete obtained,
The Faddeev predictions for these
observables showed 1llittle sensi-

t{ivity to the form of the tensor

force or to additional D-waves or )
the Coulomb force, There were o 3o €0 $0° 120* 130* 180°*

Nocem,
p

indications of sensitivicy to P-
Fig. 4. V=T polari-ation transter pa-
rameters in d(p,d)p at Tp - 10 MeV.
ohsarvebles. Figure 4 shows three Data from Ret. l6. Dashed curves have
no Pewaves; others do,

waves {n the vector to tensor

of these, The curvues showing
Faddeev predictions are not the same as for Flgs. 2 and 1. The dashed  curves
contain no P-waves; they do not agree with the data, The other two curves
{rclude P-waves and variants of the tensor force; they have a qualitative resem-
blance to the data, but deviations are still obhderved, The P-wive sensitivity
of theso parameterd was o very Interesting finding and  encouraged the expec-
tation that further annlysis of these redults would lead to better understanding
of the N=N {nteraction in the Faddeev context,

Much offort has been put {nto low energy N=d scattering experiments (of which
1 have meationed but a amall part here), Such expariments were done at lLawrence
Rorkeley labhoratory (LBL) aw described by Cnnzutt.l7 Work at  Los  Alamos  waw
descrihed {n Ref, 13, shimizu ot al,'® have made B-d analyzing power mean-
urements nt Kyoto at 65 MeV. Further work from that  laharatory s belnyg
roparted to  thia  confercace by Hatanaka ot ul.!a on d=p tenkor meadurement g
rathar good agreement (4 roported with theory employing the Graz  intervactions,
Brock wt ul..m Romera ot :\1.,?‘() and Watyon ot nl.,"l at Davig have roported a-d
analyzing power meanurements giving partlal refereces to recent neutron work,

At Karlarahe o algntfieant asatreon=dewtsron ncabtoviag  program haw o heow
nnderway at the cyclotron aceslerator for energleu up to 50 MoV, Quite receontly
2

"
Sehware ot al 7% publiahed rowaltn Tor proctiston n-d difforontfal crvowa wect fona

from 2,5 to 0 MeV, New resalts from  thia group will be veported to the
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conference by Brady et al.22 on the n~d analyzlog power from 14 to 5. 'V, Such
data will be important for understanding the basic interactfon and the role of
Coulomb effects.

The exploitation of the Faddeev method for the explanation of 1low energy
elastic sacattering has been a major success of the past decade, The genaral
qualitative agreament between theory and experiment is most impressive. We hope
that additional knowledge might be gained about the on—shell N-N inte-action in
this way, uwirg partly to the enhanced effects that occur in some observables of
the N-d system. From my viewpolnt, it {s not obvious that this has happened.
Nor does {t appear that new insights have been gained with respect to the
off-shell N-N {nteraction from the elastic syitem. In this coanection, R,
Brown23 has called my attention to the (Impoirtance of breakup rntudies to
off-shell effects and to new experiments of this kind curreantly underway at
Indiana. The calculatfonal complexity of the Faddeev method i3 partly to blame
for these clrcumstances, For significant improvement to occur from this state
it appears that the caiculations must be made mnmore accurate with respect to
curvent undecstanding of the N-N interaction,

1 have not found any wrecent puhlications ca the phase shift analysis of the
low energy p-d system. Reference 8 (1972) was one of the moat complete, This
undoubtedly derives from the complexity of the problem and the relative success
of the Faddeev approach. At Tp = 10 MeV alone, almost 400 daia on 21 {ndepen-
dant obsaervab'es over a broad range of angles exist. Perhaps this {3 the time
to reconsider this question, Would {t be possible to calculate higher partial
waves or some of the inelasticity parametery from the Faddeev method? This might
make phance-ghift analysed more feasible while keeplng th theorstical faput
rearonably small, 1If »y this means the mass of data on N-d scattering from 5 to
50 MoV could be compactly described, this would be a significant accomplishment,
3. INTERMEDLATE ENERGY p=d POLARI“ATION

Nuc leon Jeuteron scattering may be constdered as dividiag {nto twn
reglon the forward direction whers the Incoming partic'e scatters individ-
unlly from the two constlituents of the deuteron, and backward angles where the
tacoming  particle  exchanges with one of the pavticles plcking ap the other to
form an outgo'ng deuteron, Nucleon exchange waw (dentified thirty yeaars ago by
Ghrinttan and  Gammal?® am the stpgnlficant phystanl process for low cnargy Ned
Lackward weattarting,  [ta lmportance  continues  {nto  the Intermedlate  anarvyy
sanpge o AL ancrgles near 600 MeV, however, another process becomes fmportant and
aaliinens backward seatioring <= delta(1232) formation in the {nteemediate state,
1t s the same  process  that  drives  the pp o+ td reaction to a peak at that

2%

energy, an descerihed by Rarvy and othery.,
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Berthet et a1.26 have measured backward p-d scattering from 0.6 up to 2.7
GeV. Thelir data overlaps the enhancement in the scattering at 600 MeV. Beyond
600 MeV an experimental declire was observed to 2.2 GeV where a new change of
slope was seen. They compared exlsting data on the backward scattering from 200
to 2000 MeV using nucleon exchange (ONE) and plon exchange (OPE) models, They
found that neither model was adequatc by itself, In unpublished work Laget and
LecrLley27 have formulated a model that employs a coherent sum of ONE and OPE,
whica apparently does give good predictions for p-d backward scattering at
intermediate energles.

Measuraments of the back angle tensor analyzing power T20(180) have generated
much interest {in the past few years. Earlier this year Arvieux et al.28
reported such measurements using the polarized deuteron beam at Saturne-2 over
the energy range Td = 0, to 3.0 GeV. Thelr experfmental arrangement had good
signal to background for detection of protons over the full cnergy range and

deuterons over a part of {t. Thelr results are shown In V.ig., 5. There !s a

good deal of {information un _ 02 o 06 08 10 12 To(GeY)

b T T — T g T
this figure of which 1 can =)o d , :

Zlep
discuss but a part. Thetr & . 1GO et a ! R

; \ L Pid -

experimental data are seen in 0 / iz;_-u§ﬂf;,.h_-’\f",-_l
the lower part of the figure w ST R
as solid dots (proton ! 4 ’

detection) or open squares -05

(deuteron detectinn),
A prorinent feature of the . BOUDARD-DILLIG
... LAGET-LECOLLEY
. . BHALERAD-GURVITZ
_ KONORATYUK et al
VASAN (5.0.0")

- i i
15 20 TolGev

100
data of Ffig, 5 ls the dip in

TZO neav Ty = 0.3 GeV. The

uature of this dip was -1§
29

predictad by Vasan“’ some time

ago on the vasis of ONE. This Fig, 5{ Bugk angle tensor analyzing power Tag
catsibitton L tndtented by (3507 DL A bl e,

the dotted cirve Lo Fig, 9,

but the position comes too high in enesgy. Kelgter and 'I’_)nn'm have fnvestigated
relativistic effects In the ONE mo'el; chetr pseudovector calevnlation 1t
comparable to that of Vasan; thetr pueudoscalar caleulatton {3 not consistent
with the data. A second Teature of the data te a dip of losser magnitude near
’I‘d « 1.4 GeV, which has not been seon or predicted heretotore.  The model of
Ref. 27 included nucloon and  plon exchange in a cohereat  Ffarhion, Thity
pradiction 14 shown as the dashed caryv: and descertbes well the dip at Td - 0.9

GeV: howover, by 1.2 GeV Lt haw climbed {ar ahove the data,
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Significant on Fig. 5 are the data points from Argonne of Igo et al.3!  shown
as crosses at Tp = 0.4, 0.8, and 1.0 GeV. These points are consistent with zero
and are ln complete disagreement with those of the Saturne group. Something
went wrong at Argonne, which was probably related to the difficult problem of
deteccing iow energy deuterons from back angle scattering. 1t must be noted
that these problems pertain only to back angle scattering. Argonne and Saturne

are in excellent apgreement on forward-scattering measurements. We see that this

very interesting experiment from T T T R T
i T 7800MeV

Saturne has resolved an experimental ¥

0.8p
discrepancy and provided new data
for theoretical comparison,

In the forward scattering of Q4
nucleons from deuterium at ilater-
mediate energles two reglons are

0.0
identified At small angles the 0.2

06 ,0.8
-b {Gevic)
scattering occurs singly from the I

constituent nucleons. At womentum 04k &

transfers near =t = 0.3 (G2V/c)? i K tg 1 e
double scattering becomes important, \m m‘>;"/

and the scattering decreases less 08 P T S
rapldly. The deuteron D-state must Fig. 6. Tensor analyzing power P

y in
p(d,d)p ar Tp(cqulv.) = 800 MeV. Katu

432
and M,S. curves Ref. 33,

be 1involve to obialn a quan-
titative explanation of the process.
Measurement of the polarization parameters i{s essential to the verification of
the validity ot multiple scattering theory.

Flgure 6 shows one axample of the many polarizati{on measuriments of the UCLA
group and thelr collavorators, as reported by Bleszynski et a1.3? shown ts the
tensor analyzing power yyy at Tp (equiv,) = 800 MeV, where y i3 parallel to the
normal scattering plane., The experiments were done at the Argonne %GS5 machine
with a polartzed deuteron beam incldent on a liquid hydrogen target. The data
show a rise to a substantial peak near -t = 0.25 (GeV/e)2, at the onset of
double scattering, then a sharp decline and a broad min.mum.

There are two significant theoretleal predictions In Filg. 6, which weru
described tn Ref, 33, and in greater detail {n Alberl et nl.’“ The dashed curve
represents  a  Glauber model  calculation  fncluding  the deutaron D=states and
enrrant N=H amplitudes, [t represents well the forward pea't but underdshoots the
date  at larger values of -t. The solid carve glvey results of a complate sys-
tematie multiple neattering nnlunlALtnn“"h of which the most slgntficant  new
olaments  are corrections to the efkonal approximation, These corrections allow

addttional dtftractlon aftects and phase changes for  the nmacleon wave  as Lt



propagates from the first to the second scattering. The solid curve gives a
significartly improved representation of the data 1in the reglon of larger
momentum transfer. Note that the experiments at Ar‘onne33 also yield values for
Py and P at 800 MeV and other energies.

It may be noted that the Saturne group28 has obtained Ay)' (-Pyy) data at T

(equiv.) = 600 MeV over the whole angular range, with good agreement to chz
Argonne data at forward angles, At the moment, however, there 1s no theoretical
model that can give a qualitative explaiation of a growing mass of N-d data at
both forward and backward angles,

In closing this section, I would like to mentfon some very recent results
from the UCLA collaboration in d($,3)d polarization transfer at 500 and 800 MeV.

In a contribution to this conference

Sun et al.'35 describe the measurements 08 "' ! . i ! ! l Il) =1
that were done at LAMPF in the polar- 0.4 : .... . . LL::
ized exteraal proton  beam. The L T ST, .4
preliminary results for two parameters, 00 = =
D, and Dg, are shown Ln Flg. 7 at =02 ": o ST DSL:
Tp = 800 MeV. The nomenclature is such _1 g _"‘__".,". . '. ________ ¥ -
that L means longitudinal and S means - .
perpendicular to L in the plane of -10 1 1 L ! 1 1
scattering. The dashed curves are 0.0 04 08 1.2

preliminary multiple scattering calcu- -t ((;e\;/c)2
lations of the type mentloned above . Fig. 7. Polarization transter in
The finteresting polat s that these 4(Psp)d at T, = 800 MeV. Preliminary

data from Ref. 35.
curves do not represent the data well.
New effects may be showing up hecre, Dr. Igo Lnforms me that the p-d program
1s, on this very date, being pursued at LAMPF at 800 MeV in a HRS experiment
with polarized proton beam, polarized deuteron taryet, and final state proton
polarization measurement. The 1long range objective Is determination of the

elastic amplitudes at 800 MeV,

4. UPDATE ON N~ Jile SCATTERING

In a contribution to this conference by Verheljen ¢t nl..jﬁ the Manitoba
group have continued low energy p- e analvzing power studies with a polarized
e gas target. By optlcal pumplng, polartzations of about 1A% were achieved.
Now  data at 30 and 15 MeV were obtalned, In additton, a phase-shift analysis
vay performed on all avallable data at  seven energles  betveen 19,5 and 3%
MeV. A good representation of the extdting data was obtalned but with no clalm
Lo untqueness, Reference to prior work s glven {n Hilllor ot .17 I note also

that Brady ot Al of the Karlaruhe prouap have submitted a contribution to the



conierence cn preliminary results 14
on the n- 3He nalvzing power at j
1 //’—_\\Bg s
eleven energivs between 16 and 50 0 200 MeV —
A

MeV. 1 ’ \__

At higher energv very recent =]

Y

r~r

llllnlnlcnalnuinlnanl—'ﬂ—f—rﬁ_m--
results are becoming available on 0 30 60 90 120 150 180
p- 3He scattering from Hasell et 8 c.m.

3, > 3
a1, 9 in a collaboration of Fig. 8. Anilyzing power in “He(p,p) He
ac Tp = 200 MeV, Data and M.S. curve

Manitoba and others at TRIUMF. from Ref. 39.

Differential cross sections and
analyzing powers were measured with the polarized proton beam at four energles
between 200 and 515 MeV. Evidence for interference between double and triple
scattering was seen 1in the cross sections, An example of the analyzing power
data at Tp = 200 MeV 1s shown in Fig, 8. The curve represents a Glauber-theory
prediction with wup to three scatterings. At this stage in the development of
the model, agreement is reasonable out to about 40° c.m.

In terminating this s->ction, I note the p- 3He back angle differential cross
section measurements of Berthet et 31.40 at Saturne-2 for T  between 700 and

1700 MeV. They observed two structures associated with delta and possibly heavy
baryon excitation, 1.0

T T L S A

Al

S. SOME RESULTS IN N- “He SCATTERING [ N-e 40 mev

I  have not found many recent ﬁ
publications in low energy N- “He po- i
larization work. Most recent 18 a x
{

measurement by York et al.%l ar TAMU 0. SaPug

on neutron=“He analyzing power at 50

MeV. The d(d,3)3He reaction at 0°

_0.4 i i i J‘ 1 A1
used as the polarized neutron source. 0 60 120 180

Their data show a clear minimum in 8 c.m,

. 4
A(8) at 110° com. and a strorg maxi- Fig. 9. N-"He analyzing power at Ty =
40 MeV. Dots preliminary neutron data
Ret. 423 open circles pzoton data Ref,
conference, Doll et al.*? of the 43. Dashea curve is n-%He Psa.

mum at 135°, In a report to  the

Karlsruhe group describe t Ir measurements for n- “He A(O) at eleven energles
up to 50 MeV. Shown In Fig. 9 is an example of thelr data at Ty = 40 MeV. The
solid points are ctheir work, the open ores are proton data of Plattner et
al.%3 The dashed curve Ls for n- “He phase shift predictfion and the other s
for un- “He, At back angles there ls excellent agreement between the two data

sets, Near 907 a very lInteresting charge~dependent differeace develops that
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will be important 1in clarifying
the way 1in which Coulomb correc-
tions are enmployed. In this
connection, I note the recent
paper of Frdhlich et al.%* who
treat such Coulomb differences
explicitly for the N- “He system;
referertes are also given to prior
phase-shift analyses.

At intermediate energy the most
timely results 1n p- "“He scat~
tering come frcm TRIUMF. Most
recently Moss et al.AS reported
measurement of the rotation pa-
rameter (R) at 500 Mev. In a
somewhat earlier work the same
groupb6 published measurements for

the Jifferential cross section and

10 - T — ———————r-
R+ 4He
350 Mev 4

————O0M

— — HPS _

OM ~ HPS

POLARIZATION

Nl A

N
20 40 60 80 100 120 140 160 180
Bem
4 : "
Fig. 10. p- He analyzing power at 1, =

350 MeV. Dara from Ref., 46, Opticag
model predirctions from Ref. 47,

analyzing power for p- “He scattering

at 200, 350, and 500 MeV over the full 1.0 T

angular range.

In a very recent paper, Sherif%’ has
discussed these results (not R) in an
optical model (OM) with  exchange

effects, The "He target nucleus may be

thought to consist of a proton

triton cluster, and (he associated 02k b
heavy particle stripping (HPS) mech- o4k i
anism 18 calculated by the distorted ]
wave Bern approximation. Thus the °°

total interaction 13 OM + HPS. The osr h
chief focus 1s on the exchange effects, 10 bl

wanifested through HPS, with the ob ject

plug R o—

0.6

04}

0.2t

] 10 20 30 40 %0 60 70 80 ®0

fem (degrees)

of reproducing the bhack angle cross

gsection and analyzing power.

Figme Ll p-[‘llu rotat fon parometer
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through heavy particle stripping. 7ibh2 solid curve gilves the complete inter-
action, Unfortunately HPS does not help very much; agreement in the large angle
region is lacking.

Data for the p- “He spin rotatirn parameter from Ref. 45 are shown in Fig. 11
at Tp = 500 MeV, Carben scattering was employed in the polarimeter. To the
best of my knowledge this is the first such measurement for p + “He above ~50
MeV, The parameter has definite structure with a negative minimunm near 40°
ce.m., rising to large positive values to either side. Also shown on the figure
is a prediction fer R from results of a standard optical model fit to the
differential cross section and analyzing power in the forward hemisphere. The
prediction is poor,

In a current preprint Greben and Gour:l.sha\nkarl‘8 have carefully examined p-
“He scattering at 500 MeV in the optical model context. Their considerations of
the data set led them to a model with a more pronounced attractive ta‘l i{n the
real central potential and to reduced spin orbit poteantials than some prior
models. In this panner they achieved excellent fits in the forward hemisphere
for do/d2, A and R, They emphasize the value of R data 1in arriving at good
optical model parameters.

A substantial amount of theoretical activity has occurred in the past few
years concerning intermediate energy p=- “He scattering. Brief menti~n of some
of this follows. Auger et 31.49 invastigated intermedisite iscbaric states in
the multiple scattering model, Wallace and Alexander2? s.udied covrelation
effects with 1inclusion of isobar states in the context ~=f multiple scattering.
Alexander and Landau®! described a microscopic optical model for energies near
200 MeV, Arnold et al.%2 presented a relativisti. uptical model for energies in
the range 0.5 to 1.5 GeV.

Knowledge of the p- “He system at intermediate cnergles {s 1in a state of
development. Experimentally the sgystem is fairly simple, both to measure and
with respect cto the number of observables (3), With the theoretical {nterest
now evident we may expect significant increase in our understanding in the next
few years,
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