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Abstract

The differential cross section and analyzing power for p-‘“He elas-
tic scattering at 200, 350, and 500 MeV incident proton energy in the
laboratory angle range from 4° to 168° are presented. Comparisons to

theoretical calculations at 200 and 350 MeV have been made.
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I. INTRODUCTION

Proton-nucleus scattering at intermediate energies has received
considerable attention with the advent of accelerators capable of produc-
ing high-intensity, variable-energy polarized beams with good energy
resolution. Extensive data for differential cross sections and analyzing
powers have been obtained, which should provide a stimulus to the search

for a successful microscopic description of the processes involved.

The elastic scattering of protons from “He is an unusually good case
to investigate thoroughly for several reasons: the initial and final
states are well defined theoretically; the target nucleus has spin zero,
minimizing the complications that arise in some spin-dependent calcula-
tions; and inelastic processes are easily ammmmsm:mm:mv_m. which reduces

experimental demands on energy resolution.

It has become apparent that analyzing power (polarization) angular
distributions are very important in the evaluation of the validity of
theoretical models. In the energy range of the present experiment, 200 to
500 MeV, the analyzing power exhibits a rich and variable structure. Al-
though a proper description of the differential cross section has estab-
lished the need for spin-dependent terms, far more stringent demands are

established when analyzing power data are to be explained as well.

The present experiment represents the last phase of a three-part
study of p-“He elastic scattering at TRIUMF. The first part! examined
do(8)/dQ and ><A@v in the small-angle region (4°-16° in the laboratory).
This measurement was made with a gas target which had a well-defined
density m:m thickness. The cross section results of this first phase
have been used as a normalization benchmark for the remaining two parts
of the study.

The second part of the investigation? involved measurement of
do(8)/dQ and ><A¢v at backward angles (144°-168° in the laboratory) for
several incident proton energies between 185 and 500 MeV. One of the
goals of the experiment was a careful search for energy-dependent backward
peaking of the differential cross section. The analyzing power measure-
ments made at the same time were intended to aid in a more complete under-

standing of the reaction process.

In the present experiment we have completed the cross section and




e uo jods 3yl buiaaasqo Aq AjJe|nbas pauolluow sem uoilisod s3y i3
-weip uy wd G0 A|ajewixosdde sem 319buel uo 9zis jods weaq ayy -sasodund
[043uU0d 40y weaq paziie|odun apiAosd 03 043Z 01 18S q OS|E PNOd “334N0S

Uo|l 9yl 3B PaSIdIA3L 3G PINOD Yd1ym ‘uoildauyp uollezjiejod ayy %G/ pue
%G9 usamilaq suoilezyiejod {ed1dA3 yiim yu Q| 01 7'Q wouay pabuea s9131sual

-u} weaq ayj] -SIUBWBINSEW ||e 10j pasn sem weaq uojosd pazisejod y

*21q161|6au auam sa|d)314ed | 10294 2yl jo Bujualleds ajdii|nw 03
anp sasso| 1Byl OS uasoyd> 3iam d|6ue pjjos uojoud ayl uo sINd Byl ¢siaq
-Weys> 31IM Y4 Pue 14 BYl YiIiM PIAIISQO sem sa|d13ued S, |10D94 4O 0|

-Nq113IS|p 3yl ‘Spow 2oUBPIJUIOd BY} U| “paioub| USIQ SABY SUO]1D3S SSOUD
[B13UD49441p painseaw 2yl UO $308448 pue ‘saa4bap £°( uey) ssa| SAem|e sem

spow sa|buys uy suoloud 8yl jo buyas3lleds a|diInw swa pajejndjes ay)

‘uojle|nsuy |ewdayl pue s|jem 3a6i1el 3yl wouy sjuaaa punoub

-¥oeq pue ‘sjudaa bujialjeds oyise|su) pue djise|e 9H,-d jo pasodwod a.om
apow s3|buis ay3 uy pe3los||od eieq ‘suo3del9p TeN 3yl u) Abisua uojoud
3yl Jtwi| 03 pasn 3iam saapesbop saddod ujeby ‘3abuel 3H, PInbi| 3ay3 jo
uoibal aleipaww) 9yl wody 4931e25 JOU pIp eyl suojosd djeulw)|d O Jojew
=110 3A13oe ue se paA4ds 3| °2dodS3|d) BYl U] SIIIUNOD JBYIO BYI YIIM
95u3p|dulod uy pajesado pue 3abiel syl wosy wd 0§ Inoge pade|d sem (d)
493UNOd |euollippe ue aJay .Auu.uu<.mv Buiaq 3uan® ayl Bujujyep 4966143
243 ‘sadodsa|a3 Juody 3yl ul PaIdLIBP BJ4oM Ssuojoad Byl Bsed siyl uj
'$4032313p 3V 3yl d4048q |e)i3d3ew 3yl pue jabiel syl ajesjoauad 03 Abusus

1U313144NS BABY JOU PIpP BH, |10794 DYl uUdYm pasn sem apow sa|buis ay)

- ‘punoubyoeq Aue jo aasy Ajjejjuassa

943M BIEP 3yl 1Y) OS SIUSAD D13SE|D 4O UOI3IDI[IS Y] U] UOIIBUIWIIDSIp
Jud| |22 aAeb apow 8duap|dulod BYyy “pSW Qf| pue 08 uaamlaq abues ayj
ul 4033933p 1eN 3yl 03 ddueujua 3yl je Absaua uojoud ayil desy o3 se os
suojoud pasalleds ayl jo A6usus syj uo buipuadap pajsen sem sadodsa|al
%3eq 3y3 uy ssawyd1yl Japesbap saddod ay) 3jusAd ue aujyep 03 pauinbau
sem Amu<.mu.uu<v 49661431 y -weaq 3y jo apis @311soddo ayy uo adoosa|al
pJemioj ay3 u} paldalap sem a9y, [10994 3yl 9| |ym sadodsa|al 40312939p

%2eq 2yl 3O Buo u| p31d>33ap sem uojoad Iyl ‘Spow IGUIPIJUI0D Y] U

‘weaq 3yl jO 3p|S BUO A|UO UO PaIIIIIP BUOM SIUDAD
o021 03 ,09 wouy 3bues seynbue 3yl uj -pasalledss sem uojold 2yl YdIym
031 ap!s 2yl Aq pauiyap sAem|e sem Juana ,3ybia, 40 ,349(,. VY *pa3liwiad

A135w096 31964e3 ay3 usym A[JuD1UNdUOD PaIII[ 0D IIBM SIUBAS 3yb1a, pue

IJI

13431, ylog -seuwesy 1364e3 3yl Aq paindsqo jou auom sa|dilsed pasalless
ay3 jo syied ay3 yi paIdaIdp Bq pNOd weaq 3yl jo Iy61s Byl 03 pue 3149|
8yl 031 patalieds suojodd yYiim sIudaAl  ‘uojoad Byl Yi M IIUBPIJUI0D U|
P3312233p 3q p(NOd> [ {0234 3H, 3yl uaym (q)| "614 ui umoys se dn-3as aduap
-12u10d e pue ‘paldaldp 2q p|NOd uojoud PaudIIeIS Y3 A{UO UaYM (e)| ‘b1

ul umoys spow safbuis e :pako|dwe o19m uo1lesado 40 sspow om)

‘Spew 3q p|nod> 1eN pue 42ddod 3yl u] suo|joesajuy

1e3|dnu 03 aNnp $9SSO| 404 SUO|IIS440d Jadoud eyl os gPo4nseaw Aj|njaued
usaq aAey sadolsa|al Byl 4O SBIDUDIDI44d Y| “°_|'Q 4O AdeJNddE U 03
243u9d 396.e3 3y3 Inoqe pauollisod A|310WSL 3G PINOD YIIYM SWOOq B|qeAOw
Aljuspuadepui 4noy uo kuczos a43M sadodsa|a3) ay| °si03da319p (¥1) 1®N
pue ‘saapesbap Abasua 1addod ‘sio31d33ap uoile||13ulods o13seyd ‘sajeuipio
=02 [BD11J43A pue [BIUOZIJOY YIiM (JdMW) Staqueyd |euoilsodosd aaimid(nu
ZW2 G°Z1 40 bulls)suod s2dodsa|9l 133unod u| paidelap duoMm sa|d1314ed pasal
-182S 3yl "33 3yl jo saweuy 3pis 2yl 143S pinom sa|d131ied pasajiess
243 jO BuOU 3By} Iunsud 03 palelol 3q Os|e p|nod 3abiel ay) *3H,

pinbi| @Yy punose [eisalew woiy Bujwod punoibxoeq 1oy 315214405 03 Jopuo
Ul ssauxd1yl judleainba jo | |93 396ue3 Ajdwa ue Aq weaq 3yl ul padse|daa
29 03 {92 2H, |ewlou 3y3 palliwiad sjy| -A|9j0WaJ passemo| pue pasied
2q p|nod | |32 31abuel ay] ‘aunjiade W2 G e yiim (wd/bw f6) wd /[0

40 ssawyd1yl e pey o« 3361e3 SH, PInbi| 9yl I a|qej ui pazjsewuwns os|e
94e walsAs 3yl jo sd1isjivldedeyd juersodu) swog *(q)1 pue (e)| 614

ul Ajed1jewayds pajuasasdas s| snjesedde 403239313p-~-39biey ay)

*11e19p ul passnos|ip aq || IM Judw)ladxad
Juasaid ay3 o3 o141dads sisadse Ajuo jeyy os g-1249ymas|a paqliosap usaq
aAey sniesedde 9y3 jo saunlesay 2yl O ISON  ‘UOIIOIIAD JWn|Yl Yl e

dul| weaq uojodd gy |eusaIxd 9yl buisn pawioyaad sem Juswiaadxa ayj

IN3WIY3dX3 IHL °II
A "I9S Ul PIZ|JEUWNS DI SUOISN|DUOD PuUB AT *I3G Ul
pajuasald aie uoisSNISIp pue s)|Nsay °saunpadoad sisAjeue 3yl saqiidsap

IIT 23S 2| !ym Judwiadxa 3yl sassnosip 140das siyl jo IT UO13I3§

‘a|qe|leae
Mou ale ,g9| 01 .h wouy obues 3 bue Aroiesoqe| ayy Bujuueds s3ss ejep
‘sa1b4aua 9a4y3 9sayl 1y -uoibos a|bue-a3e|pawisIul BYI Ul SIUBWDINSEIW

YitM AW 00G Pue ‘Q9E ‘007 3e suolinqiiisip se(nbue samod bujzAeue

- € -




lml
scintillator at the target station and by removable beam line wire scan-
ners upstream and downstream of the target. The polarization of the beam
was monitored continuously during data collection by a polarimeter? up-
stream of the “He target. The polarization was determined from the asym-
metry in proton-proton scattering from a thin, 5 mg/cm?, CH, target.
The statistical uncertainty in the determination of the beam polarization
during a given run was less than 1%. Corrections due to contributions

from the carbon in the target were made as discussed in Ref. 3.

Data acquisition was accomplished via a CAMAC system interfaced to a
Honeywell 316 computer. Data were recorded event by event on magnetic
tape with 'left' and 'right' events appropriately identified. The acqui-
sition program also allowed a rudimentary analysis of the data to be

made on line so that their quality could be checked.

Two independent beam flux monitors were used to provide an indepen-
dent determination of the absolute scale of the cross sections and to
permit the correct combination of data collected with different beam
polarizations. These monitors were (1) the beam polarimeter, where the
number of p-p elastic scattering events was monitored throughout each run,
and (2) an ionization chamber situated downstream of the helium target.
Both the polarimeter target foil and the ionization chamber had been
previously calibrated at each energy by using a Faraday cup installed in
the beam line. Although these monitors were used only for relative
normalizations, the values of the cross sections extracted by using them
agreed with those of Ref. 1 to better than 10% in all cases. The final
data presented here were normalized to the results of Ref. | in the

regions of angle ocwﬂ_mu.
III. ANALYSIS PROCEDURES

Data collected in the two modes of operation were treated separately
in the off-line analysis. For the singles data, horizontal and vertical
MWPC cuts were made to select only those events in the central region of
the Nal detector where the detection efficiency was uniform (see Table I).
A representative spectrum at a proton energy of 500 MeV is shown in
Fig. 2(a). The spectrum after the background from the target walls has
been subtracted is also presented. The two arrows in the figure show the

final cuts around the well-defined elastic scattering peak. In the cross

-6 -

section calculation, corrections were made for events lost due to wire
chamber inefficiencies (about 6%), for nuclear interactions of the pro-
tons while stopping in the total energy telescope,® and for the dead-time
of the system. The interaction correction was dependent on the mean
energy incident on the telescope and varied between 10% and 70% depending
on the beam energy and the angle setting. Uncertainties in this correc-
tion are 0.5-1.5%.6

The dead-time of the system was dominated by the computer data ac-
quisition and the on-line calculations. Dead-time corrections were calcu-
lated in two ways. The ratio of events detected in the electronics and
the number actually accepted and written on magnetic tape was used in the
final analysis. Artificial 'events' created using a pulser and light-
emitting diodes on each of the detectors mrotWQ that the electronic dead-
times were totally negligible in the experiment. The size of the dead-
time correction was dependent on the beam flux, with typical values being
about 15%. In several cases, data were collected at a given angle and
beam polarization orientation but with different beam flux in order to
check for possible systematic effects when dead-time corrections were
large. Even in cases where the dead-time adjustment was larger than a
factor 2, excellent agreement was Oanmw:mm with cross sections from data

with more typical corrections.

The compensation for the wire chamber efficiencies was determined
by observing the events corresponding to the elastic proton peak in the
Nal spectra, and then finding the fraction of events that had any combi-
nation of multiple tracks or misses in the individual coordinate planes
used to define the trajectory of the particle. Since the areas of the
Nal detectors were smaller than those of the wire chamber, this provided
a good estimate of inefficiencies in the region of interest. Losses were

typically around 4% due to multiple tracks and around 2% for misses.

In the coincidence mode, the correlation of the proton energy in the
NaIl detector with the energy deposited in the AE counter by the associ-
ated “He recoil allowed the desired events to be identified unambiguously.
An example is shown in Fig. 2(b). With the addition of time-of-flight
cuts, all background was eliminated from this type of data. The wire
chambers in the FL and FR telescopes were used only to verify that all

the “He recoils were well within the limits of the AE counter. Corrections
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l@l
overlap region the average difference between the data of the two experi-
ments is 6.8%, which is within the range of the estimated normalization
uncertainties. There is, as well, no systematic difference in the shape
of the cross sections. The minimum seen at 500 MeV is replaced at
350 MeV by a 'shoulder' at -t = 0.32 (GeV/c)? and again a change in slope

occurs at larger values of -t, this time around -t = 1.2 (GeV/c)2.

The 200 MeV data show a smooth decrease as a function of -t with a
small 'shoulder' near -t = 0.45 (GeV/c)2 except at large values of -t
where there is an abrupt rise. The agreement with the unpublished results

of Gotow!® is not as good as the comparisons at 350 and 500 MeV.

The analyzing power results are illustrated in Fig. 4. Once again,
the angular distributions include the data from Refs. | and 2. Their
values have been adjusted slightlyas indicated in Table II by using more
recent values of the p-p analyzing powers.!1512 The uncertainty in the
normalization of the analyzing power at each energy is dominated by the
uncertainty in the value of the p-p analyzing power used (1.0-1.5%) and
the systematic error introduced by the carbon background subtraction in
the beam polarimeter (0.5%). Unlike data at energies below 100 MeV,13 a
great deal of structure is apparent in the present data over the whole
angular range. A <mqmmnmo: from +1.0 to -1.0 in an angle change of only
30° is seen at 200 MeV. In fact our data at this energy yield extrema
that are slightly larger in magnitude than 1.0 (although within errors),
indicating that the phase-shift predictions of the p-p analyzing power
may be slightly high. A second large negative excursion in the analyzing
power is also observed at -t = 0.85 (GeV/c)? (see Table II). As the
incident energy is increased over 200 MeV the extrema of the analyzing

powers are reduced but additional oscillations in Ay appear.

The trend of smaller magnitudes in the oscillations of ><Amv which
is seen as one proceeds from 200 to 500 MeV in the present experiment is
continued at higher energies.” While one finds large positive and nega-
tive excursions in the analyzing power at 200 MeV, as the energy increases
the minima fill in and the structure smooths out. This behaviour is pre-
sented in Fig. 5 where the values of the analyzing power at the first
maximum and the first minimum are plotted against incident proton energy.

It is of interest to try to understand this behaviour inasmuch as it may

- 10 -

be a manifestation of the phase differences between the spin-dependent and

the spin-independent amplitudes used in multiple scattering models.

Figure 6 is a contour diagram of the analyzing power as a function of
incident proton energy from 130 to 1800 MeV. The vertical lines are
located at the energies and angles where data exist. The contours are
drawn in a manner which assumes a systematic behaviour as the energy
changes. The increase in structure in the analyzing power as the energy
increases is once again illustrated here. An unusual structure in ><on
can be observed at large angles between 200 and 500 MeV. One should note
that in this energy and angle domain there is no backward peaking in the
differential cross section,? in contrast with the behaviour at both higher

and lower energies.
V. CONCLUSIONS

Generally, existing theoretical calculations have been of two types:
Glauber multiple scattering theory predictions or optical potential model
calculations (see Ref. 14 for a summary). The Glauber model (and exten-
sions thereto) is reasonably successful in describing proton-nucleus
scattering at small angles with some differences between experiment and
theory appearing at large scattering angles and near diffraction minima.
Optical model calculations based on the procedures of Kerman, McManus, and
Thalerl5 have been limited by the inexact knowledge of the nucleon-nucleon
interaction. Relativistic treatments of the optical model potential
based on the Dirac equation such as those of Arnold, Clark, and Mercerl6
have investigated the possibility of achieving a successful systematic
description of the experimental data, including polarization results, over

a wide energy range.

We have compared our results at 200 MeV and 350 MeV with two different
calculations. At 200 MeV Alexander and Landaul’ have extended to proton
scattering a microscopic, momentum space, optical potential theory which
has been applied with some success to pion interactions with light
nuclei.l8 Figure 7 illustrates their results along with our experimental
data. The agreement for the differential cross section at large angles is
encouraging, although overall quantitative agreement is only fair. It is
significant that the theory employed is derived from first principles and

contains no free parameters.
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Table II. Proton-“He elastic scattering cross sections and analyzing power

R T
Cc

T, = 200 ev
a.7?) 87.5 0.0028 663. 5.8
6.3%) 84.7 0.0050 643. 3.1
7.9%) 89.0 0.0079 677. 2.6
9.5%) "77.4 0.011 589. 2.3
1.2 64.8 0.016 495. 1.8
12.8%) 52.9 0.020 405. 1.6
13.0 50.8 0.021 389. 0.8 0.816 0.0i%
18.42) 0.9 0.026 322. 1.5 :
15.0 39.2 0.028 302. 1.0 0.899 0.018
17.0 3.0 0.036 232. 0.9 0.993 0.019
19.0 23.1 0.045 180. 0.9 1.008 0.021
21.0 17.2 0.054 135.2 1.0 1.003 0.022
23.0 13.1 0.065 103.2 1.0 0.883 0.021
25.0 9.73 0.076 7.5 1.0 0.752 0.021
27.0 7.82 0.088 62.8 1.1 0.583 0.019
29.0 6.23 0.101 50.5 1.1 0.390 0.019
31.0 4.81 0.114 39.4 1.0 0.208 0.018
33.0 3.93 0.128 2.5 1.1 -0.013 0.012
35.0 3.08 0.143 25.8 1.1 -0.184 0.027
37.0 2.38 0.158 20.1 1.1 -0.308 0.021
9.0 1.83 0.174 15.6 1.1 -0.455 0.01a

TABLE 11. (Continued)
woe B ) Sgar TEET M e
C

a1.0 1.48 0.191 12.4 11 -0.597 0.021
43.0 1.08 0.207 9.48 1.2 -0.680 0.022
45.0 0.782 0.225 6.95 1.3 -0.783 0.024
49.0 0.442 0.260 a.08 1.2 -0.927 0.027
53.0 0.249 0.297 2.35 1.5 -1.029 0.035
57.0 0.156 0.33 1.52 1.4 -0.957 0.030
61.0 0.102 0.372 1.02 1.6 -0.703 0.040
65.0 0.0791 0.410 0.826 2.5 -0.320 0.026
73.0 0.0559 0.486 0.628 1.9 -0.042 0.019
77.0 0.0473 0.523 0.553 1.9 0.025 0.018
80.0 0.0431 0.550 0.519 . 1.7 0.076 0.016
85.0 0.0348 0.594 0.440 1.5 0.118 0.015
90.0 0.0267 0.636 0.356 1.1 0.065 0.018
95.0 0.019 0.676 0.275 1.5 -0.057 0.014
100.0 0.0142 0.714 0.210 s ) -0.104 0.014
105.0 0.00934 0.750 0.145 1.5 -0.208 0.035
115.0 0.00400 0.813 0.0683 0.4 -0.592 0.012
125.0 0.00204 0.866 0.0381 0.8 -0.897 0.015
135.0 0.00158 0.909 0.0321 3.0 -0.632 0.017
140.0 0.00162 0.927 0.0340 0.9 © .0.479 0.018
144.0%) 0.00166 0.938 0.0358 1.4 -0.408 0.017

145.0 0.00165 0.943 0.0357 0.9 -0.358 0.017
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TABLE 11. (Tontinued)

w8, B wgr cEeEn me e
ab e
116.0 6.9 x 107°  1.48 0.00691 1.5 0.035 0.010
126.0 6.05 x 10 1.57 0.00660 3.0 -0.085 0.011
136.0 .97 x 107" 1.64 0.00590 1.2 -0.349 0.017
143.0 4.30 x 107" 1.68 0.00536 1.5 -0.552 0.024
146.0°) 8.3 x 100" 1.70 0.00552 2.4 -0.695 0.029
152.0°) .91 x 107 L2 0.00514 2.5 -0.744 0.028
157.0%) 3.58 x 107" 1.74 0.00482 2.5 -0.791 0.028
163.00) .51 x 107" 176 0.00483 2.3 -0.763 0.030
168.0°) 37 %1070 L7 0.00442 2.7 -0.547 0.032
T, = 500 eV
3.9%) 0.0055 0.283 0.018
a.7?) 263. 0.0078 697. 2.4
5.62) 0.011 0.386 0.015
6.3 213. 0.014 566. 21
7.28) 0.018 0.453 0.013
7.9%) 163. 0.022 433, 1.4
8.8%) 0.028 0.530 0.012
9.5%) 130. 0.033 348, 1.4
10.42) 0.039 0.543 0.018
1.3 93.7 0.044 251. 1.5
TABLE II. (Ceontinued)
8 ap (de9) & [:%) _t[ei_v]? & el Chrror (5) Mouar Errer
1ab -{;]'
12.0%) 0.051 0.565 0.013
12.7%) 63.3 0.058 170.2 1.2
13.0 61.0 0.060 164.2 0.9 0.508 0.020
13.6%) 0.066 0.545 0.013
14.4%) 42.9 0.074 115.9 1.1
15.0 38.1 0.080 103.2 1.0 0.507 0.020
15.2%) 0.082 0.488 0.017
17.0 2.7 0.102 59.1 1.0 0.403 0.019
19.0 n.2 0.127 30.7 0.9 0.314 0.015
21.0 5.52 0.154 15.3 0.9 0.164 0.015
23.0 2.40 0.188 6.72 0.9 -0.134 0.016
25.0 0.851 0.215 2.408 1.4 -0.452 0.026
27.0 0.350 0.249 0.998 1.6 -0.613 0.035
29.0 0.285 0.285 0.824 1.2 -0.076 0.026
3.0 0.330 0.323 0.963 0.9 0.397 0.018
33.0 0.351 0.362 1.039 1.0, 0.503 0.017
35.0 0.341 0.404 1.023 1.0 0.488 0.018
37.0 0.308 0.446 0.939 0.9 0.468 0.018
9.0 0.256 0.490 0.792 1.0 0.374 0.017
41.0 0.19 0.535 0.615 - 1.0 0.345 0.018
46.0 0.805 0.653 0.263 1.1 0.162 0.019
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Figure captions MWPC SNVAE
1. (a) Setup for the singles mode data. The thin counters (P) served as
; P
active collimators to reduce the number of protons scattered in the

Beam
. ) >
entrance or exit of the scattering chamber from being detected. (a

(b) A schematic drawing of the target-detector arrangement for the
coincidence mode measurements. The protons were detected in the rear
telescopes and the “He recoils in the forward telescopes. The copper MWPC D.Amﬂ
degraders were used to reduce the proton energies to 80-130 MeV at

the entrance to the Nal detectors. ’

2. (a) A '"worst case' spectrum in the Nal detector for singles data in
the intermediate angle region at 500 MeV. The upper curve is the
target full data before background subtraction. The lower curve is
the net contribution from the helium alone. The arrows indicate the
cuts defining the good events.

(b) Beam
(b) A typical spectrum showing the correlation between the proton
energy and the “He dE/dx for the coincidence data. The clean separa-
tion from any background events is clear. The lines indicate the cuts
placed on the data.
3. The differential cross section at 200, 350, and 500 MeV as a function
of the four-momentum transfer -t. The data from Refs. | and 2 are () (b)
included here. The normalization uncertainty is about 5% at all
energies. 800} 500 Mev  SPIN ¢
8, ,: 56°
L. The p-"He analyzing power as a function of 0c.m. at 200, 350, and = 200k tab
500 MeV. The scale uncertainty is about 1-1.5% at all energies. e - 20MeV
5. The magnitude of the analyzing power at the first maximum and at the " S00- ]
first minimum as a function of incident proton energy. W sook
6. An analyzing power contour diagram representing existing data between M 3 ]
130 and 1800 Mev. N | 2
w w
7. The calculations of Ref. 17 along with a sample of the data of this $ 3o0r
=}
experiment and that of (1) and (2). z 200
8. The calculations of Ref. 19 along with a sample of the data of this #
experiment and that of (1) and (2). 100- W
of—+ N
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