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POLARIZATION AND CROSS SECTION MEASUREMENTS FOR p—hHe
ELASTIC SCATTERING BETWEEN 20 AND L4s MeV*

A. D. 'Bacher+, G. R. Plattnerr+, H. E Conzett,

D..d. Clark H. Grunder, and W. F. T1vol+ "t

Lawrence Berkeley Laboratory
‘University of California-
Berkeley, California 9LT20

Noveﬂber 1971

ABSTRACT
Angulafjdistribﬁtions of the §olarization and the‘chSS—sectién for
p—hﬁe elastic-scattering ha&e been'measured inv2 MeV'stebs between 20 and Ls
" MeV and in steps of approximately 150 keV across the 23 I MeV resonance, corre-

5L1 at 16.7 MeV exc1ta+1on ‘The

spondlng to the second exc1ted state of
relative unce?teinties oftﬁhe polerization measurementsvare typically less
than'i0.0i. ETEe.ﬁefmaliiafion uncertaihty from energybte energy.and relative

to the older data’below 20 MeV protoﬁ energy is approximetely 2%. <The-crOSs—
section angﬁier distributions with a relative uneertainty of 3% have been -
normalizedEﬁo pfeviously exisfiné deta,‘since an absolute cross—eectioﬁ measure-
meﬁt was not feasible with our experiﬁental'setup; The polarization measurements
provide.an accurate proton~polarizatioﬁ anaivzer up to hS MeV. Wifh'the
exceptlon of the narrow resonance reglon around 23.h MeV the analvz1n£ power
near 91 b 125° exceeds 807 at-all energles and shows no rapld varlatlons
:Around 30 MeV a very ‘weak and- broad anomaly is seeﬁ in the polarlzatlon;
~coinciding inisLi;excitation'(aﬁprox.,22,MeV)'with the stfucture observed in

d¥3He elastic scattering.'
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I. INTRODUCTION

The low—lying T = l/é states éf thé fivé nﬁcleonfsystem héve'beeh
studied'g#tensiVely and a quantitative understandingrof-theirfpfoperties has
been achieVed.l‘vMost recent work has cehfered around.the.existence and
structure of'highiy excited T = 1/2 states, particularly in SLi. A natural way
of_reaching the excitation energies of interest is to-use.the d+3He channel
which at threéhold'has an excitation enefgyﬁofil6.38 MéV. _This‘appfoach has
been widely ﬁakén, despite the diffiéulfies whiéh result  from the complicated
spin étructure'oﬁ the spiﬁ 1l-spin l/2_chénnel. ,A'variety of experimental
eviaence for e#citéd states.in 5Li has been acéumulated,.but'no quantitative
ekplanations‘haVe'yet_been put férth for‘the'anomalies.seen in‘d—3Hé elastic

>3 and in the 3He(d,p)h_He rea_ction.h’5 Progress has been made, but

A} .

scattering
' the gap beﬁweéﬁ experiment and theoretical interpretaﬁion:is stillvconsiderable.
Thébanalysis of.resonance effects COrrespbnding.fo states in 5Li will
be simplified if they can be obser&ed‘in thé p+FHe channel.with-its s&ngle
channel spinf iStaﬁes with a étructure bther than p+hﬁe (i.é. unlike the grouﬁd
and first excited states of-SLi) will however be only Weakly excited via the
proton channel.. If in additiﬁn such'staﬁes are situated well above‘t?e thréshold
of their main decay channel, they will.béqvery.broad and difficult to deteét.
Indeed, measurémentS'Of.p—hHe cross—éection excitatioﬁ functioné6 do not show
any effects correspoéding to the struéthfe observed . in the d+3He channel.
Since'polérization:data bro?ide indepéndent,infofmafion_abbut fhe
scattgring amplitudeé, andetgiied experiﬁental.étudy df'p+FHévélaspic scattering”
between 20 and AS MeV.wés undertaken'wifh_particuiarvemphasis on an éccuraté

set of polarization mé_asurements.7 Cross-section data were also obtained as a



welcome;byproduct,xhut.therexperimental-configuratlonﬂdid_not.allow’comparable
preciéion;- | . | | | | |
I1. EXPERIMENT
A. :Apparatus
'Both polarizatlon and cross—section measurements uere'performed
's1multaneously w1th the polar1zed beam from the Berkeley 88-inch cyclotron

The recently 1nstalled polarlzed—lon .source: of the Saclay—typelo produced '

typlcally 2- 3 uA of polarlzed protons Afterrthe beam was bunched;to’natch

~ the phase acceptance of the cyclotron, 1t was ax1ally 1nJected and accelerated

to the desired energy,b The extracted external beam of 80- 120 nA was then'
transported to a 36—inch diameter_scattering chapber and focussed onto a ‘target
cell'containingvﬁommercially avallable_high—purity helium. The heam was
collimated by.avpair of‘adjustable rectangular slits located approxinately-S ﬁ_
*upstream.from:the.targetf A second setcof:3*6 mm rectangular.slits located
“lmmeégateiyfinff;ontmor'£he”{afée5“wés"ﬁ§eE'EBA1{555.€hé"§oéifioni‘diréétian”*

and;size"ofﬁthejbeam to values compatible with the overall experimental accuracy.

vThe beam optics were adjusted so that the second slits 4did not normally intercept

,‘the beam.

After passage through the main target -the beam could be slowed down
by a set of,removeable aluminium-absorbers. It then passed through 2} second
hellumefilled’gas cell used'as a'polarimeter. A circular colllmator was placed
just in fronthof the polarimeter‘target tovproduce a'uell.defined*heam.spotl
vA Spllt Faraday cup ‘1located behlnd the polarlmeter was used to adjust the beam )

dlrectlon before each run. .ASua result of the.addltlonalibeam.coll;matlon after:

the:primaryjtarget,'aimeaningful:beam'currentwintegrationﬁuas"notﬂpOSsible.

b
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Tor this reaéon5 oﬁlyvrelative:angular disﬁributions of ?he cross—seciion could
be obtained. | |
The‘protOns.séattered:from the frimary targetFWe?é detected in 4. pairs '
of cooled (e30°655 5 mm thick, Li—drifted solid-state detectors. The two |
detectofé in éach pair‘were placed af éQual ahélés on.obpbsi£e sides of_ﬁﬁe beam.
A double slit éysﬁem was used to limit the éngulaf.acceptancé of the detectors
to approximately io_sdvin'bbth O.and azimuthﬁl anglé 9. _Thé angie_settings were 
accufaté to better than 0.1°. Above 30 MeV, sets of two stgckedFS mm_déteétors
had to -be used ét fdrward anglgs; vhere the range of the scattered protons in
silicon exceeded SSmm. | | L
Two mbhiﬁor detectofs, placed left and'right’of‘the-beam.axis at a

fixed scatteriné angle of Qlabv='10°, served to monitor the incident particle.

‘flux for the relafiVe differential crdss-Section'meaSuremeﬁts. The proton

“range was matched to‘the'monitor detector thickness (5 mm) with absorbers.

In the polarimeter a pair of AE-E cowiter telescopes at equal angles
} . T (

on opposite sides of the beam detected the protons scattered from the second

helium target. The scattefing angie could be varied to cofrespond to the
maximum analyzing efficiency.'

B. Polarization Measurements.

For each angle setting of the main detector assembly,'alternaté:runs

of equal length were taken with the spin vector of the incident beam oriented

up and dbﬁh‘with respect to the scattéring,plane. This_change of'éign of the

. incident beam polarization was obtained by reversingbthe maghetic field'of.the

ionizer at the ion source.. A test showed that'within.statistical errors no
artificial asymmetfy larger tha@ 0.003 was produced by a possible displacement

B

g

or angular shift of the .Ssin'correlation with the reversal of spin direction.
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The poiarizatidn p(0) was caleulated from the ratios of left .and right
detector yields as described in Ref. 11. The beam polarization was determined -
from the déta takeh‘simultaneoﬁsly in the_polarimeter. While this allowed an
accuratevmdhitoring of the beam polarization, a S¢pérate;ékperiment was

necessary to»qbnsiétently normalize all of our data,to‘p—hHeipolarizatidn

measurements below 20 MeV (seé Sec. III).

, normalize—to éXisfing-data}

;All'bf‘tHé»polafiZamion.data Qéfe-cofrected for the'finitelgéométry
of‘the detection syStém. >The corrections ﬁere éiways ieSs.than 0.0025vand
thusfnégiigible cpmbared tq-fhé,statisfiéai erréréQ

Tﬁe fih§lvreiative uncértainties of the pplarization-daté were obtained
by qﬁadrgtically gombining.the statistiéal?érrdrs,of-the:tﬁrge£ ahd‘pélarimeter

yields with the following two contribhtions: (1) ‘an error corresponding to an

uncertainty in scattering angle of *0.1°, and (2) an error of +0.003 due to

a possible correlation between the sign of the incident béam polarization and

the position or direction of the beam at the target. °‘We believe that the Iast = —
twb“contribufions repfésenf a conservative estimate of the systematic errors
pfesent;

The.absolute'normalizationvéf the polsarization data will be discussed

in Sec. III. . B = S . \

) Lo ‘ . ;
C. Cross-Section Measurements

.- Cross—-section values were-obtaiﬁed’fromfthé polarized beam runs by

'averaging,over'ﬁhefspin—up and/spin—downfruns, As stated before, an absolute
. determination offthe.bgam inténsity was not feasible, In order to extract:

" absolute cross-sections from our.relative measurements, it was necessary to

6,12 -

~ The fina}“relative-errdrs'Of\the:crdss-éection3were~obtaihed“by o



Y

S5e L LBL-280

" quadratically combining: (1) ﬁhe statistical error, (2) the uncertainty in the

"solid. angle of each detector, (3) an error corresponding to an uncertainty in.

scatterihg.ahglevof +0.1°, (4) an uncertainty ih the dead-time correction, and
(5) an additional oontribution fof a.few,forward—angle messurements at theA
higher energies, where itvﬁas evident ffom‘ﬁhé shape of the proton peaks that
a small'fraoﬁion of'the partioles were oot losing fheir total energy in the
sensitive Volﬁme of .the detectorss_'

The uncertainty in the absolute normaliiation was determined from tﬁe

stated errors offthe reference data6’l2

plus an additional conﬁribution due to

the possibility of small enérgy shifts bétween thess msasuremenfs and our.data.
A partiouisr probiem was sncountered when we attempted to normalizé

our cross—sgction\méasurements over the'sharp resonance stfucture-near 23.L MeV

|

to those of‘Ref..l2, "It became clear that a systematic energy differehce of

approximately'lSO keV existed betﬁeen the two sets of data. By shifting the

reference data in energy until their energy'dependent features coincided with

 those of our measurements, a tentative normalization could be achieved. It

was, howéver,_difficult to derive the associated normalization uncertainty. 1As

a result,.the unoertainties we will guote in this fegion must be taken as an

estimate. |
.In~the.cohversion of all kinematical.parameﬁers from fhe 1aboratory

to the center-of-mass system a relativistic transformation was used.

D. ‘Experimental Procedure

Before and after each run the beam énefgy was determined by passing
. . , o . R

‘the beam through a 110° momentum analyzing‘magnet.l3r.The associated uncertainty

of the mean energy is estimated at *30 keV. The' energy spread, deduced from a

measurement of thefpeak#width'of protons elastically scattered from‘a Niffoil,:.'
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1s'approx1mately 80 keV (TWHM). -

In a first set of runslpelerizatien and cross-section engular distri-
butions were meaSured in approximately 2 MeV intervals from 20 to hO‘MeV,Y A

secondvset of meaeurements was performed between 22.5 and 24.5 MeV ‘in steps of

.approximately lSO'keV to'determine the effects of the.p—yHe‘resenance‘corresPon—

dlng to the 16 7 MeV 3/2 level in 5Li vIn order to inVestigate the ekistence

' of 8 wesk anomaly dlscovered near 30 MeV an exc1tat10n functlon at one angle
'was then taken from 24 to 30.5 MeV 1n 0.5 MeV steps Flnally, an absolute

' normallzatlon of all the measured polarlzatlon angular dlstrlbutlons was

determined.
TII. ABSOLUTE NORMALIZATION-OFvTHE POLARIZATION DATA

: ,
‘It was: dec1ded that the polarlzatlon in p~- He elastlc scatterlng neari

14,15

1k.5 MeV was suff1c1ently well known and varylng slowly enough as a

.functlon of energy to constltute ‘an excellent reference on Whlch to base .our

normaliiation. e value of p 4O.T7liQ.bOBIat.Ocﬁ_;_80° and Ep = 1L, ‘MeV was

‘subsequently used as & reference. This value was deduced from.theuenergy

dependent set of'phase—shiftsbof Ref. lS,'uhich'in that energy region ere

based primarily on the data of Ref. 1h. The influence of the'finitefgeometry

- of our polarimeter'setup-Was taken into‘account. This resulted in a sllghtly

'reduced reference Value for the polarlmeter analyz1ng power at lh 5 MeV and

9 = 80° of A = -0. 759+0.011.

. cm

SlnCe it was‘neceSsary'to reduce the beem energy considerably between.

the main target and the nolarimetervin order to cempere‘our_highest_energies‘

~with 1k.5 MeV without toohmany'intermediate'steps,'a,teSt.wasvperformed to

eheck that a lerge-energy degradationrwduld‘nOt fnfluenCe-the,beam_pélariZatien
measurements. - It' is conceivable that ‘changes in beam quality and”illuminationf

y

@)
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of the polarimetefvtarget as Well'as the greatly,increased neutron-induced back-
ground in the poiarimeter,detectdrs might.have affected the-measgrements;
For this test,vtmo'runs‘were made at a proton energy of hS MeV in the primary
target. . Whilefmonitoring'the beam polariZation with the maim.detectiom system
“at ba%k angiesl6, the polarimeter was run at a fixed angle o, ‘flrst at 37 MeV
dnd then at 30 MeV. Thus, for_these two.energles the ratlo of effective
polarimeter analyziné power at the angle © could beldetermined; B

A.similaf set of two runs, both with the beameolariiation monitored
with the main_deteetion syetem at 37 MeV, ahd With the'pelarimetef run again
at the same angle O, first at 37 MeV and then at 30 MeV, yielded another
independent measurement of the same qﬁenfity‘under.verymdifferent circgmstanees
(zero ébsorbem thiekness at 37 MeV, and femghiy Lalf the absorber thickness at’
30 MeV). The two numbers thus obtained agreed within the combined stetistical
uncertainties‘of 0.4%. From this we cohcluded.that.iﬁ our setup no ﬁndesifaple
effeetsbwould 5e introduced by the energy degradere. - |

‘We then proceeded to the actual normalization of our polarization data
reiative to the 14.5 MeV reference. A first.measurement_linked our 20 MeV data
to the reference point. Thevbeam polarization was monitofed with the main
detection system at 20 MeV 'while the polarimeter was run<first at 26 MeV and
then at 14.5 MeV thus yleldlng the ratio of the analy21ng powers at the angle
used (Ocm 80°) at these two energies. A second similar measurement was .
performed mlth the beam polarlmatmon monltored at 30 MeV and the polarlmeter
~run succes51ve1y at 1h 5, 20 22, 2& 26 28 and 30 MeV ;Thls yielded another _f
callbrat;on for the.20 MeV datavplus one callbratlon for aiilthe other‘energies.

A third'run'with the beam polarization monitored at L0 MeV and the polarimeter'
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“run at 26 28, 30 32, 3h 37 and 40 MeV flnally llnked the remalnlng energles
to our reference p01nt yleldlng in addltlon a second 1ndependent callbratlon ' .
for the 26, 28_and~3o MeV data. |
“'The lé ﬁciarizafidnbangﬁiér'distfibﬁfions\ecrcss:the 23.4 MeV resdnence'

were not ndrnaiized in this(manner,:since it wonld have been impdssible.te‘
slownfhe.nrotcns:to exectlyifhe‘proper energy;_quite apart”from'the danger of
introducing tqo large an:energyispread compared to fhe:reSCnence width. When
these.deta Were teken hetween 2215 and 24.5 MeV,\the:pclarineter ran (with a
.fixed,ahsorber_fhickness) abcntITTS MeV:lower (i.e. between 20 and 22 MeV).
: The neasurements elreedy normaliiediat 20 and:22 MeV were therefore used to
obtein the nroner polarimeﬁer enalysing.power-bjiinterpolation. | -

= The actual energles used were, of course, the prec1se energlesvat'
whlch the angular dlstrlbutlons had prev1ously been measnred (see Tables I'ana

II); The proton'ranges from wh1ch»we calculated the necessary absorber,

’ fhicﬁnesses ﬁé}e~£5kén from-RefaTI7:
| The uncertainties in normélization as>iisted inxTabTes I and II:are fné
quadratic combinaticn of the sﬁetisfical errors of the ncrmaiisatiOn.neasurements
and the uncertainty of the reference point.
| IV. RESULTS :
‘The numerical-resnlts of all our meesurements arevpresentedxin
Tabies T—VT; ..T L - h ‘vf,-v ,..- 1 C ‘e o : "Th;
~Figs 1 end 2 show four tynlcal angular-drstrlbntions of the polarrzae“ “
;tlon p(O) and the dlfferentlal cross- sectlon O(O) In Flg. 3,,exc1tatlonc%:: fT &

functlonsjof the.polarlzatlon acroSs the'nsrroy.resonancevnear 23 MeV are - _ - o

shown for 3 cffthev15 énglesfinvestigated. ‘The‘dashedvlines_are intendedfssla




abundant , but‘in‘general more accurate data
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guidé to thé eyé. Fig. h,éresents the éxcitaﬁi¢n functiqn_of the polérization

taken atkecm = 102.26 adréss ﬁhe'weak.anomaly héar 28—30 Mev; Thé éharp struc-

ture near 23.& MeV is due to the 3/2° level at 16.7 MeV éxcitatioﬁ in °Li, and

the broad bump‘afound 30 MeV cdrrespénds ih 5Li éxcitation-to”thé strﬁcture

observea in the d—3He elastic écattéring crbss—sec_tioﬁ.2 ForVComparison, a-

d—3He'crosé—sécpion’excitation functioﬁ at @cm'= 90° is plottéd in the ihsert.
»A‘cohﬁour plot of the experimental polarizatioﬁ'ﬁétween'l6 and L5 MeV 

is shown in Eig. 5. Tﬁe‘data'below 20 MeV'ape-taken from‘Befs. 14 and 15.
fhe.météh between éur polariiation data and‘the existing data below 20 MeV

is eXcelleﬁt."Thé same comment also'applies:at fhe'highef energies, though we.

18,19

do not show any comparisons. Both double—scatfering measurements as well

as older data obtained With'a'polarized;ion source 0,22

generally agree with:
our data-wifhin'statistical errors. It is particularly grétifyiﬁg to note the
excellent agreémenﬁ'inva5301ute norﬁalizatiOn-bgtﬁeen oﬁr'daﬁé_gnd the RHEL.
da{a21’22 nééf‘29 and 40 MeVé'since the two sets were norﬁalized according to
quite differenévstandérds. | |

 Our Cross—séctioh measurements have been pomparéd'to oldef, less
. l2,20,22—2h Wherever‘possible. The
angular_distributions are in reasonable agréement, but inssqmé'instances
there exist differenceé in the absolute normalization of up to:lQ%. The
quoted‘Systemafic.nofmaliiatiqn errors Qf.thé différehtbsets of data Qanviﬁ:
general explain these.discrepancies, though from the point bf Qiéw of'a.future
anélysis fhis is of-course-an'unfo}tunaté situatidﬁ;

V. DISCUSSION
Tﬁebméasured polarization as"presented in'this_report behaves Very* 

smoothly as ‘a fﬁnction of energy at all angles, including'those which provide
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vthe best figurefof merit for.aﬁpolarization‘analyzer (i.e."the negative and

positive nax1ma near Ol ab. 866 and 125°,,respectively). | ' , : o .
Werbelreve that the‘amount'andrprecision of our polarization_data

permit theecalibration of an‘efficient polarization analyter-to:better.than

3%_by_simpie interpolation in:energy.and angle (except of course in a 2 MeV

wide reéion aronnd thebresonance near 23.k4 MeV); In view‘of tbe internal

: consistency o%jonr data; ve»findeit'doubtfnl tbat-an energyfdependent'analysis

15, »25

of the type now fashlonable could lead to uncertainties\significantly

lower than thosefof\our data (npon wbich itiwouldbpresumably'have to'be'based).
of conrse, we do not intend to belittle the value of sﬁcb an analysis, esbecially
where it mightiprovide new insighta into the physics of the process investigated.
| | As ebovn'in Fiéa. 4 and S5, a very veak‘and broad anomaiy7in-the p—hﬁe
‘polarization exiets near 30‘MeV; ejhis_eneréy correspondszto anvexcitationcin
5Lribof'-.a'pprox_imately 22 MeV. ‘As we have already mentioned; the .anomaly is so

1’weak that 1t is not observed in the p—hHe cross-~ sectlon 6f'This*isvin*contrastt—-~—
to d-JHe elastic scattering where a.strong "resonance-like" behaviour has

been found both with unbolarized2 and polarized3 deuterons. From these facts

5

it must be“concluded, that the structure of “Li between 18 and 32 MeV excitation

energy is.not of p+uHe character as it is\for the ground and first excited
states. ‘Some coupling to the p+uHe'channel does exist, but_the structure of

> 3

. L1 in this energy reglon is more llkely of the d+ he type. These eXnerimental /o )

conclu31ons (whlch are by no means new) agree very well w1th recent theoretlcal
5 3 26 . e
calculatlons of Li structure above the d+ He. threshold - S e
Whlle there can -be 11ttle doubt that a phase—shlft analy51s of our.

data Wlll lead toa better understandlng of the p—hHe elastlc scatterlng

process in thisrenergy,region;<it'remains tozbe seen_to‘what:extent.quantitative
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information about the structure of SLi can be obtained. Such a discussion of

our experimental results will be the sﬁbject of a Separate paper.d7 S

7
/
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TABLE 1. Proton pc.i‘;ra’riz'ation‘ in p-He elastic scattering from 19.94 to

39.80 MeVv _'p"roton_ lab. energy.

 21.90

S

a

a

a

Cap Qi 19,94 23.98 25.82 28,13
17.5° 21.9° —0.083 + 0.006" -0.091 * 0.004 -0.041 £ 0,004  -0.038:0+005 0.001: 0.004
27+5°  3ue27  =0.168* 0.005 -0.166 20,0052 ~-0+065 t 0,004 © -0.072+0.005°2 -0.,026 : 0.004
37457 4p.4° ~0+245 % 0,006 ~0.2356 + 0005 “De144 % 0.005 -0.128 ¢ 0.005 -0.082 + 0,005
47457 55637 -0+333 £ 0.008 ~0.,332 = 0006 =£+230 £ 0,006 -0,196 £ 0.007 -0,142 + 0.005
57.5Y 69.9Y =0.438 £ 0,005 =0.437 + 0.005 -0+357 ¢+ 0,005 0,302 ¢ 0.005 “0,241 ¢ 0,005
67.5Y 81.17 =0+560 £ 0.006 =-0.540 +. 0.005 -0.514 ¢ 0.005 -0.458 + 0.006 =0.365 t 0,005
77457 91497 =0.671 % 0+007 -0.621 3+ 0.007 ~0+624% + 0,007 ~0.572 ¢ 0.00n8 0,477 £ 0.007
82437 9,.9¢ =0.669 £ 0,006 -0.606 ¢ 0:005 ~0.567 ¢ 0,006 -0,553 + 0.006 0,462 £ 0.006

. B7.5% 102.2% =0.539 1 0.009 ~0.479 12 0009 =0+3631 0,010 ~0.,269 + 0.011 “0.,270 : 0,010
92.3° 107.0° ~0+256% L 0.010 -0.195* 0.010 ~0.065 ¢t 0,009 ~0,084 £ 0.009 0.012 0,009
97.5% 112417 0227 0.012 © 0.310% 04013 0299 * .01l 0.302 : 0.012 0.372 = 0.010

192,37 11,.7° 0652+ 0.010 0.706 ¢ 0009 0566 £ 0,007 0.5%1 + 0,009 0.616 £ 0.008

1075 121457 04913 " 0.009 0.9114+ 04009 0758 * 0,008 0.785+ 0.010 0.768 + 0.008

112437 125497 0.931 * 0.007 - 0.899 = 0.008 0.800 £ 0007 0,847+ 0.008 0.815 « 0.007

117457 133y.5°% 0486331 0.008 "0.824 + 0.008 0e812 £ 03008 0,863 ¢t 0.009 0.831 *0.008
120407 132.7% . 04817 *0.008 0,766 04008 04799 £ 0.008 0.829 L 0.0N8 0.0817 ¢ 0.008
12757 133.1° 0657 £ 0.007 0.605:* 0.007 04716 r 0.007 0.738 £ 04008 6.765 * 0.008
S 130.0% 141.2¢ 3612+ 0.007 0.557 : 0.007 0690+ 0.008 0,711+ 0,008 0747 i 0,007

140407 14947  ° 0.l43 ¢+ 0,000 0.391 = 0606 0560 £ 0,007 0.541 + 0.008 . 0.640 + 0,007

150.0” 157.3Y ~ 0.312* 0.005 0.206 1 0.006 Qs414 £ 6,006 0.409 x 0.007 " 0.529 : 0.006

Nermapization L1.5 % £2.2 % 1241 % 1 2.3 % 12,5 %
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" TABLE I.

{cont'd)
O Oen 30,43 32.17 ’ 34,30 36, .93 39.80
17 5 1 2149° 0.014 =0, 00‘“ §.023 .+ 0.005 0+020 : 0.004 0.034 x o 005_; 0.039 - 0.006
27.5°  34.3° =0, 015+ 0.004 =04007 +0.005 0.002 = 0.004% 0,019 £ 0,004 Ne0251 0,005
. '370‘3“ | “o-bu ~0.059 0. 005 '00037 * 0.005 -000_39.;_‘ 0.005 -0.(‘27 T 00005 =0.027 = 0.007
T y47.50 su.uv C =04125 £ (.006 ~0+107.£ 04007 -0+091 *+ 0,007 0,070 £ 0.007 =N.1:62 + 0,007
57.5° 6949 =04211'20.005 ~0+198 + 0005 ~0+163 ¢ 0,005 -0,128 + 0.005°® =0.091 * 0,0058@
67,57 8117 " =04341 20,005 -0.322 + 0+006 ~0+263 £ (3,0062 =0,200 = 00062 =0,145 : 0,007 &
\77 5 . 91 9C -0.“50 £ 0007 ~0 44l ¢ 00008 : "'0-370 —'—0'008 "0.33‘ b 000083 -00239*._0.0"8 a
- 82431 94e9% | =0.433 £+ 0.006 -0.438 + 0,008 -0s411 - 0,0078 -0,272.£0.009°2 =0,332.£.0,0072
87. s~ 102.2.." =278 £ 0.010 ~0.323 £ 0.0312° ~0+355 £ 0.010° 0,291 £ 0.0108  =-0v383 ¢ 0,012 28
92435107, o- =0.020 1 0,010 -0.127 £ 040118 ~ =0.208£90,009° ~0,326 £ 00102 =0.376 = 0,011
S 97.5% 112017 0.297 + 0011 04193 £ 0014 0027 £ 0.0133 ~0,162 < 0+0138 -0.260 = 0,015 a
102637 11577 0.527 2 0,009 0.408 = 0010 04252 = 0.010 0,072 0.0128  =0,N74% = 0.0118
107.5% 121.6° 0.678 = 0,008 0.581 £ 0.012 Qo453 = 0,012 0,289 £ 0.012 0.137 £ 0.012
S1l2.3¢ 123.,9_‘j o De7TH = 0.008 0.722 + 0008 0610 - 0,009 0,503 = 0.012°8 N.406 +0.082°
117,57 133_.‘5_ff._ 0+795 £ 0,008 0.817:0+610° 0753.£ 0.010° 0,650 = 0.012° 0.627 ¢+ 0,012 2
120407 132477 0.827 £0.008 0.821 * 0.009 Ne770 + 0+0102 0,739 0.011.2 +710 t 0,0122
1127.5° 139,19 0.831 £0.008 0.856 + 0.010° 0841 = 0+010! 0.85% £ 0.010 2 Ne870 + 0,012 9
130.0° 141, 2“» 0808 2.0.008 0.835:0.008 0837 £ 06.,009° 0,867 £0.010 @ N.885 + 0.n102
, 1#0.'0“ Lug. & 0742 20,008 0.790 = 0+008 0789 = 034009 0,818 £ Q. 0no 0.840 £ 0,N09
©150.6° '157. 3‘ 0+621 2 0.008 0.655 1 0011 - 0630 = 0,009 1 0.637 ¢ 0.008 - 0.651 + 0,008
Egggg g§g§;°" 1.6 % 2.9 % 2.4 % s24 % r1.8 %
a’ . . e O ) L. DL : . .
" Increase 3by 0.1° from value listed in second column. :
2 ¥
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TABLE II., Proton

el
)
-

polarization in pBHe elastic scattering from 22.46 to 24.51 MeV proton lab. energy.

B

22.96

1.9 %

Chs Cem 22445 22,71 23.16 23.29
17.5: : 21.9‘(‘ ~(e087 2 0.004 -0.109 = 0+004 ~0+120 ¢ 0.004 -0,138 £ 0.004 ~0.115: 0.005
27.5" _3u.3; =0+1851x 0.004 =-0.193 ¢ 0.004 - =0.213=0.005 " =0.228 £ 0.004 «0.194 = 0.008
37457 Hoe47 ~0e257 = 04005 =0.270: 0.005 ~0«303 T 0.006 -0,233 £ 0.006 =0.276 = 0,005,
47.57 5837 -0¢351 £ 0.007 =0.368 £ 0.006 -0.387 = 0.008 =~0,433x 0.007 ~0.392 £ 0,007
57.57 6997 =Qe¢441 r 0,005 ~0.442 £ 04006 ~Ne465 < 0.006 -0,516 £ 0.006 -N.520 © 0.0"6
67457 81.1° =0.5280.007 -0.52% r 0.007 ~0+528 £ 0.007 -0,547 £ 0.007 ~Ne579 = 0,007
77457 91497+ =0.580x.0.008 -0.545 x 0.008 ~0.507 £ 0.009 -0.431 * 0.008 -0.427 : 0.009
87457 102.2° =0e%15 = (.009 C =0.350 2 0.009 -0¢273 = 0.009 -0.037 + 0.012 0.094 7 0,008
97.57 112417 0325+ 0014 0.417 = 0013 0+479 £ 0,013 0,676 =0.015 N.587 £ N.NNY
107.5° 121.5° 0,913+ 0,013 0,877« 0.ul2 0.841 £ 0,011 0,747 2 0010 f.631.£ 0.009

S 117.57 13yg.5 0776 + 0.010 0.702 = 0+010 0.633:0.011 0,439 £ 0.009 N 65 1 0,008
1£040° 132477 0.702 0,012 0.681F 0.012 0551 % 04012 0,377 2 0.011 N.429 = 0,010
130,0% 143.2° 0e494 £ 0.010 0.441 = 0.009 0e362 £ 0,010 0.182 ¥ 0.009 0.296 = 0.009
14040% 149,47 0340 * 0.008 0.297 < 0.008 0.211 20,009 0.07320.008 0.392 £ 0.008
150407 157.3 0.231 ¢ 05007 0.184 * 0.007 0.135% 0.007 0,020 + 0.006 . 0,108 * 0.007

- Normalization '
uncertainty 1.6 % t1.6°% - 1.7 % 1.8 % 1.9 %

G O 23,48 23.56 23.70 23.85 24,51
1_7-53 21-9: ~0+042 r 0.004 “0.038 % 0.0nk4 ~0.032 £ 0.004 0,039 : 0,004 -0 044+ 0.0NY
27457 3437 -0+078 2 0.006 ~0.081 = 0.004 ~0.080 £ 0,004 -0.085 = 0.004 -0.N86 £ 0.005
37457 464" =0eluy 2 (4005 ~0.143 = 0.005 =0136 £ 0,005 ~0,142 = 0.004 -N.148 = 0,004
47057 55437 ~0e¢239 £ 0,006 ~0.243 = 0007 . =0.240 % 04007 -0,241 L 0.000 =0.234 = 0.006 .
57.57  6Y49° -0+398 £ 0.005 ~0.380 - 0.005 “0e371% 0,005 -0,258 1 0,005 =0.354 = 0,005
©7+5° 81.17  =0.562 = 0.007 -0.547 £ 0.007 ~0.528 ¢ 0,007 -0.517+ 0.006 - =0,507 £ 0.007
77,57 91.9° ~0.618 £ 0.008 =0.614 £ 0.008 = =0.616 * 0.008 ~0,630 > 0.008 “0.626 ¢ 0.008
67457 10427 =0+253 £ 0,008 ~0.281 = 0.009 =0+322 4 0,011 -0.270 % 0.008 -0,393 = 0.01}
(97.57 11a.17 0+338 = 0,010 0:368 = 0.010 00352 0.010 0,319 £ 0.010 0.282 = 0,014

107.57 121.5° 0715 r 0010 0.718 = 0.009 0731+ 0,011 0,753 £ 0.009 0.751 £ 0.012
117.5% 1305 04760 + 0,009 0,763 = 0.008 C.T787 T 0,508 0,820 + 0.008 0.R17 + 0.013
12040 13a-7'(’ 0745 2 ¢,010 0.758 =0.009 0772 % 0s,009 0.803 + 0,009 D.815 £ 0.010
130409 141.2" 0.659 £0.009 0.670 2 0.008" 0.689 r 3.008 - 0.667 * 0,009 0.707 t 0.009
140407 149,47 0.561 ¢ 0.011 0.553 = 0.008 0563 0.008 0,560+ 0.008 0.5¢2 7 0,009
ij‘ao.oi_,lf?"t/;é' 0.427 + 0.008 0,434 = 0.007 0+429 ¥ 0,007 0,416+ 0.007 0,396 = 0.007
Normatitization . ’
uncertainty 2.0 % L1241 % £ 0.1 %

1202‘*

-L'F—

082-T4dT



TABLE'III

-

Cross sectlcn (mb/sr) in P- He elastlc scatterlng from 19. 94 to 39 80 MeV proton lab energy.
s G 19.94 21, 90 23.98 _ 25. 82 28.13
17 Y 23.9° 180.20 1 2.5 % 167.50 ¢ 2.5 % 176 00 * 4.5 % 162,00 £ 445 % 162.10 :-3.5
27.5Y ’3u.2°' 163.60 ~ 2.0 % 153,50 + 3.0 %%  150.00 % 4.0 %2 133, ROt 4.5 %2 135,80 + 3.5
37.5Y hoe4Y 128480 * 2.5 % 120.40 £ 2.5 % 11¢.80 + 2.5 % 96,10 + 3.0 % 86.10 = 3.0
57.5Y 69.9° 57.10_t 2+5 % S1.40 & 2.5 % 42,40 * 2.5 % 36;60 * 2.5 % 29460 : 2.5
© 67.5% 81417 34.7¢ + 3.0 % . 32.00 % 3.0 % 24430 T 3.0 % 21,50 £ 3.0°% 16.90 ¢ 3.5
7745V . 91.9° 18.20 * 3,0 % 17.00 * 3.0 % 12.90 & 3.0 %~ 11,40 £ 340 % BuP3 £ U,0
- 82437 9p.9¢ 13.10 + 2.5 % 11.80 £ 2.5 % 9.52 £ 2.5 % 8.53-£ 25 % 6.29 5 3.0
87.5Y 102.2° 9,09 t 3.5 % 8,22 & 3.5 % 7.68 £ 3.5 % 6,73 x 3.5 % 5.23 2 4.5
9243Y 107.0° 6489 & 3.0 % 6.34 £ 3.0 % 673 * 3.0 % 5,96 + 3.0 % b.60 ¢ 3.5
97.5% I12.1° S5:66-% 2.5 % S5¢07 2 25 % 636 ¥ 2.5 % 5454 £ 245 % " 463 < 3.0
102.3u 110070 5097 b4 300 % 5 28 o 3.0 .% 7.006 < 205% 6-16 L 25 % R.26 ¢+ 3.0
107.5% 121.5° 7410 * 3.0 % bell & 3.0 % - pell £ 3.0 % 6.93 £ 3.5 % 6.07 & 3,5
112.3% 125497 9.12 + 3.5 % - B.07 t 3.5 % 9,49 £ 3,5 % 8,20 £ 3.5 % 7.11 « 3.5
1175% 133457 1150 § 2.5 % 10,20 £ 2.5 % 1090 * 2.5 % 9,39 t 2.5 % " B.23 r 3.0
120407 132.7° 12.50 & 2.5 % 11.00 + 2.5 % 11.30 £ 2,5 % 9,02 £2.5 % 8.48 £ 2.5
127+5% 13941°€ 17.90 £ 3,5 % 15.80 * 3.5 % 14420 £ 3.5 % 12,30 £ 3.5 %, 10.30 » 3.5
130.0% 143427 19430 2 3.0 % 17.00 = 3.0 % 14490 £ 3,0 % 13,00 £ 3.0 % 10.50 £ 3.0
1uo.o°'1u9.u 26420 2 2.5 % . 23.00 X 2.5 % 17480 t 2.5 % 15.60 £ 25 % . 11.50 + 3.0
- 15040% 157.3° 32.40 ¥ 3.5 % 28,20 £ 3.5 % 20.50 + 3,5 % 17,70 = 3.5'% 12.60 = 3.5
ﬁgégﬁ%éfﬁgioh 15,0 o £5.0 % £4.,0 % L4, 0% 23,0 %
4+
. S
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- TABLE I1I. (cont'd)

.\ . . i, . .(::r
O Bon 30.43
17.5% 214" 173.70 = 3
27457  34.37 137.60 ¢ 3
37.5° 45.5°  -83.10 = 3
47.5.: Sdcq(.' : 47-60 3
57.5 6*)09‘/' 2“000 2
67.57 81.1°7  13.5p £ 3
8243" QD‘9~ S:00 £ 2
75" 10(_02" Yol 2 3
92.3” 107.0° 3.80 £ 3
9757 11z241° 3,77 = 2

102.37 116470 4.34 =+ 3

107,57 121.6° 4,97 + 3
112.3% 125.9° 5.52 +.3
117.5% 13y.5° 6453 £ 3
120407 132477 6T 2
127457 139,17 8417+ 3
140407 l4y.4? 9.49 = 3
150.07 157.3° 10.30 = 3
Normalization

.uncerﬁalnty 23,5 4

® @ & o o ¢ 0 o o e ¢ * o s * @ o

. 32.17. 3y
0% 127.20 £ 3.5 % 122.70
0% 75.20 = 3.0 % 7110
5 % 40,10 + 4.0 % 34490
S % 20.30 £ 4.0 % 16.50
0 % 10,90 & 3.5 % £8.80
0 % 5.85 + 3.0 % Yo7l
5 % 4,28 * 3.0 % 3.59
5 % 3.57 £ 3.5 %9 3.06
0% 3.19 = 3.5 %@ 2.74
5 % 3.26 £ 2.5 % 2.74
0 % 3070 T 3.0 % 3.05
0% 4,14 £ 3.5 % 3437
5% 5.06 £ 3.5 % 4.03
0 % S.50 T 3+0 %8 4449
5 % 5,88 * 25 % 4460
5 % 6.98 £ 3.5 %a Se73
0 % 7.20 I‘ 3‘0 % 5091
0% . B.64 £ 3.0 % 726
5 % 9.73 £ 3.5 % 8.88

4,0 %

P N v —

UNGHNLH WG WO WU WP WL EE
* - . & L] L L 3 - - L3 - L] * [ ] » > - [ ] ) .

nuocuvnocvooLnLiocoooe Yy |

36.93

‘114,50
58,10
27.60
12,70

6.58

3,69
2,92
2.585
‘2.34
2.19
2.51

2,65

3.15
3.4
3.51
4,54
4,76
6.36
8.27

<4
(%]
[ )

o

S I R N L S LN L N E O PO LN A PRSP

PR O GUHNLWWNWHNN G WG EE WG

* o * & o © » ® © & & & o o * o . o

oo oL tioco o Lk

RRRRRRRRRVRRRRRRRR RN

vpooodbo

0o oo o

N

-

Y]

n
T T I SR S TR RS Ir\vir (v Iy 1+
[CEFRCRCECRCNERCRCEERE IR R K IR~ I & =
* » ® O @ & @& & 9 & & & & @+ B & > o o

N o
* @
NN
wm £
tr !

N
K2
b
O
Ar by ve |

NOOMODONUOOUDIDO2DOUND

a . . : Y
-Increase.eunby O.lc from

value listed in second column.
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" TASLE IV.'Cro§s¢Section (mb/sr) in p~He elastic"scatte:ing;from 22.46 to 24,51 MeV proton lab. enérgy,

RRRRRRRRRRRARR R

..02—

zeaeaexazvzaeaea&aeaeazaeagx :

082-141

7 O Gew - 22446 22.71 22,96 23.16 23,29
17.53 }2139; S 175400- & 3.5 % 175.00 £ 35 % 175400 % 3,0 %> 193,00 * 3.0%  200.00 = 3.0
37.5° 4pe4’ 112400 ¥ 3.0 % 106,00 £ 245 % 10500 + 340 % 111,00 + 3.0 % - 114,00 & 3.0
57.57 ©9.9 * 50400 * 2.5 % 49,70 £ 2.5 % 47,50 £ 2.0 % 47,20 * 2.5 % 42,30 = 3.0
67457 81417 28.70 £ 2.5 % 28.50 * 2.5-% 27.00 & 2.5 % 26,40 = 25 % 21.90 ¢ 3.0
TTe50 9ie9. 15410 ¢ 2.5 % 1520 £ 3.0.°% 14.50 * 3.0 % 13,90 * 3.0 % 11,60 * 3.0
87015: 10‘:,020 7091 2 3.0 % 7.37 s 3-0 % 60853 3.0 % 6.95 = 300 % 6.98 r 3.0
97-5j igel” 451 * 3.0 % 4,44 * 3.0 % 4409 £ 2.5 % 4,34 & 3.0 % 6:27 + 2.5

107.Sh’121m5; Selu + 3.0 % 536 £ 3.0 % 4484 3 . 3,0°% 5.35 £ 3.0 % T7.74 ¢ 2.5
11745° 139.5° 8479 * 2.5 % 8.74 £ 2.5 % 7.96 £ 2.5 % 8,19 £ 2.5 % 10.00 & 2.5
120407 132.7° 10.00 ¥ 2.5 % 9,60 £ 3.0 % 8490 * 3.0 % - 8,07 = 3.0 % 11.00 £ 3.0
. 13000'; 1“102 R 14,30 + 2.5 % 14,10 i 205 % 1290 & 2:5 % 12.80 L. 25 %- 13-10 £ 2.5
- 140407 149.4 19440 ¢ 2.5 % 19.00 % 2.5 % 17.50 + 2.5 % 16,60 t 3.0 % 14,80 r 2.5
150.0° 157+3° 2440 L 2.5 % 24,30 £ 2.5 % 21470 £ 2.5 % 20.50 £ 2.5 % 16.10 * 245
Normalization . . : . :
uncertainty 25,0 % 15,0 % + 5,0 % + 5,0 % - ¥ 5,0 .%
Oigp Oem - 23,48 23,56 23,76 23.85 24451
17.5: 21.92 193.00 * 3.0 ¥  193.00 * 3.0 % 180400 ¢+ 3,0 % 185,00 £ 3.0 %  173.n0 r 3.0
27457 3443 148.00 2 3.0 % 152.00 + 3.0 % 141.00 + 3.0 % 142,00 + 3.0 % 135.00 + 3.0
3745 4g.4° 10700 ¢+ 3.0 % 111.00 & 3.0 % 10400 £ 3,0 % 106,00 * 3.0 % 99,20 &+ 3.0
47.5% 5843° 68450 £ 3.0 % 71.80 = 3.0 % 67450 £ 3.0 % 58,70 t 2.0 % 64.70 + 3.0
57.5%  £9.9° 43,20 * 3.0 % 41,40 £ 3.0 % 41.90 £ 3.0 % 41.60 = 3.0 % 39.80 £ 3.0
675 81.1% 22,40 £ 2.5 % 22,20 % 3.0 % - 22.10 £ 3.0 % 22,20 % 2.5% - 21.70 1 3.0
S 77.5% 91.9° 12.00 + 3.0 % 11,80 * 3.0 % 1190 £ 3.0 % 11,90 * 3.0 % © 11,70 £ 3,0
87.57 102027 7 7455 & 3.0 % 7.36 £ 3.0 % 7.26 * 3.0 % 7i16 £ 3.0 % 6.2 * 3.0
97457 11z417 7411t 2.5 % 6.73 = 2.5 % 6.50 £ 2.5 % 6.09 ¢+ 2.5 % 5.57 = 3.0
107.5% 121457 8.81 + 2.5 % 8,59 * 2.5 % 7.82 £ 3.0 % "7.87 T 2.5°% 6,96 £ 3.0
11745¢ 135.5¢ 11.50 + 2.5 % 11,00 ¥ 2.5 % 10.70 £ 2.5 % 10,30 ¢+ 2.5 % 9.34 ¢+ 3.0
120.0° 13..7¢ 11.80 = 3.0 % 11,305 3.0 % - 11.40 £ 3.0.% 11,20 + 2.5 % 10.30. = 3.0
130407 tu4i.27 14.19 £ 2.5 % 13,60 T 2.5 % 13.80 T 2,5 % 14,20 ¥ 2.5 % 12.90 - 3.0
140.0% 144.4° 16400 £ 3.0 % 15.80 £ 2.5 %. 16+30 £ 2.5 % 16,90 = 2.5 % 15.80 = 3.0
Normalization - ' , -
uncertainty £ 5,0 % 15,0 % +*5.,0 % £5,0 % £ 5.0 %
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TABLE V. Proton pdlarizatioﬁ in pre

: elastic scattering at 45.04
MeV proton lab energy'
O’(sbr chﬂ (9)

120.07 i132 8“. 0. 610 : o 012

130.0Y 141.3Y 0.926 = 0.010

140.0°  149.4° 0.847.+ 0.008

150.07 157.3°  0.644 * 0.007

Normalization L 1.5 %

uncertainty

Proton polarization in pre

- TABLE VI.

o elastlc scatterlng at Oum =
102.2° from 24,0 to 30,2 MeV
proton lab. energy

£yl pu22h)
24.0 -0.349 = 0.009
24.5 .0.389 = 0.009

- 25.0 -0.390 = 0.009
25,5 -0.379 = 0.009
26.0 -0.376 % 0.009
26.5 -0.351 = 0.009
27.0 20.321 = 0.008
27.5 -0.308 ¥ 0.008
28.0 -0.280 = 0.008
28.5 ~0.274 + 0,008
29.0 ~0.263 * 0.008
29.5 0.264 =0.008 -
30.2 . -0.285 t0.008

e et R
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Fig.

Fig.
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 FIGURE CAPTIONS ,
1. Aﬁgular distrifutiohsvof the protoh polarization.p(e) and the differential ~
cross?sectibn 0(0) at 20 and 22 MeV. Unless explicitly shown, the error bars

, . . - _ s
are smaller than the size of the points.

2. Angular distributions of the proton poiafization p(0) and the differential

cross-section 0(0) at 37 and 40 MeV;vanléss explicitiy shown, the error bars

Fig.

are smaller than the size of the point$. 

3. _Polarization excitation functions across the 23.L MeV resonance correspon-

ding tq the 3/2 1level at 16.7 MeV in 5Li. Only three of the fifteen angles

investigated are pfesented. Unless explicitly shown, the error bars are

'Fig{

Fig.

smaller'than the size of the points. Thé dashed lines serve only és a guide

to ﬁhe eYe.'

1

h,» Polarizatidn'eXCitation function at @cm = 102.2° across the_broad
anomaly near 30 MeV. Full circles and fectangles-are our data, open-cirCIes

are froﬁ Ref. 14, the full triangle is from Ref. 19, and the open triangle

from Ref; 21. In the insert a croésésection_excitation'function for’d-BHe

elastic SCattering2 at:Gcmf# 90° is plotted for'comparisbn.

5. Polarization contour map ‘for p—hHe elastic_écattering'between 16 and

LS MeV. The part of the figure below 20 MeV has been draWn aftevaefs. 1k

and 15.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or’'implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any -
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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