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Abstract

Using the polarized proton beam facility of the TRIUMF cyclotron, differential
cross sections and analyzing powers have been measured in the angular range 20°-
150° cm. for proton elastic scattering from 3He at incident proton energies of
200, 300, 415 and 515 HeV. The differential cross sections exhibit a minimum at
t - -0.33 (GeV/c)J which becomes more pronounced with increasing energy. There is
evidence for the onset of a second minimum corresponding to the Interference be-
tween double and triple scattering amplitudes. Large analyzing powers art observed
at the lower energies. The data from the present analysis, together with data ob-
tained from the literature fn the energy range 100-1000 HeV, have been analyzed
within the framework of the Glauber multiple scattering formalism. Nucleon-nucleon
scattering parameters were taken from a global phase shift analysis of nucleon-
nucleon elastic scattering data. Reasonable agreement with the data is obtained.

I. introduction

Measurements of the scattering of intermediate energy nudeons from few-
nucleon systems can test the validity of multiple scattering theories and the ade-
quacy of the nucleon-nucleon scattering amplitudes used in such theories. Few-
nucleon systems are well suited to such studies since the multiple scattering ex-
pansion can be treated properly to all orders. Also the differential cross sec-
tions are sufficiently large to permit measurements to be made over a wide angular
range. In addition, at far backward angles, nucleon resonance and nucleon exchange
phenomena can be observed.

A considerable amount of data is already available for p+d and p+^He elastic
scattering but relatively few experiments have been performed using 3He as target
nucleus. The differential cross section data which are available were measured at
incident proton energies of 100, 156, 415. 582, 600, 715 and 100!) HeV ]" 6). With
the exception of the 100 and 156 HeV data which was measured back to 146" and 178°
cm. respectively, the data all correspond to angles less than 70*-80° cm. There
is data, however, at 415, 600 and BOO HeV at far backward angles7). The only
polarization data available is at 156 HeV8). It should be mentioned that there
appears to be a discrepancy of~20& between the 562 and 600 HeV angular distribu-
tions. The purpose of this experiment was to measure differential cross sections
and analyzing powers for proton elastic scattering from 3He over a broad range of
angles for the energy range 200-500 HeV. Then, along with data from the literature
in the energy range 100-1000 HeV, to analyze the data within the framework of
Glauber multiple scattering theory: firstly, using a simple Glauber formalism with
a parameterized nucleon-nucleon interaction, and secondly, with a more complete
spin-isospin dependent theory utilising nucleon-nucleon scattering amplitudes.
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II. Experiment

For the experiment a liquid 3He target system was used w(th areal target den-
sities of 100 and 130 mg/cm2 (ref.9). The cryostat consists of a 4 K reservoir of
liquid helium surrounded by a liquid nitrogen jacket. Connected to the 4 K reser-
voir is a pumped liquid helium bath which contains the condensing lines for the
3He and to which the ^He target cell Is connected. The pumped helium bath main-
tained the target a t M . 6 K.

To measure the differential cross sections the medium resolution spectrometer
(MRS) was used in single arm mode. The detection system comprised 3 thin plastic
scintillator AE, two multi-wire proportional chambers (MWPC's) (used to determine
the solid angle and in ray tracing through the spectrometer), a quadrupo'e magnet,
the momentum analyzing dipole magnet, two pairs of MWPC's around the focf'l plane,
and a 2.5 cm thick plastic E detector. The total flight path through the spectro-
meter is'wil m. Momentum resolution is ±0.3%- The time of flight is determined
from AE to E scinti1lators and used for particle identification. At 200 MeV the
scattered proton was detected at angles between U " and 100° lab. At the other
energies the proton was detected from 14° on until it became feasible to detect the
recoil 3He particle. 3He particles were detected at a few angles overlapping the
proton data and then forward to 14°. Thus deta were obtained corresponding to pro-
ton scattering angles from IV to 135* lab. The polarization direction of the Inci-
dent beam was automatically switched from up to off to down to off with a change
every two minutes. Events were recorded on tape for later off-line analysis. Cor-
rections were made for HUPC inefficiencies, electronic deadtime, and reaction
losses. The differential cross sections and analyzing power data obtained are
shown in figs. I and 2. Comparing the angular distribution at 415 MeV from the
present experiment with the one obtained at Saclay at J*15 MeV, one notices a dis-
crepancy of 20-30%.

III. Theoretical Analysis

For the first theoretical calculations a formalism similar to that described
by Czyz and Lesniak was employed'0). The nucleon-nucleon scattering amplitude was
parameterized as
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thewhere Op n and 0p,n are the total pp and pn cross sections, ap,p and ap,n 9re th
ratio of'the real to imaginary scattering amplitudes at 0° and Dn p and bp,n are
the slope parameters for forward elastic pp and pn scattering. The values for 0p,j
and ap ; were taken from a global phase shift analysis11). To determine b p i , the
phase shifts at the appropriate energies were used to generate elastic scattering
differential cross sections. These were then fitted at the forward angles with

A exp(-bpijt) .

For the case of pp scattering the small angle region at the lower energies is ob-
scured by Coulomb-nuclear interference. In these cases the fitting'was done at
angles beyond the region of Coulomb-nuclear Interference. A subsequent test showed
that the calculations are not very sensitive to the value of bp i. The ground
state density for 3He was taken to be

|*|2 - .^ p o exp(-r?/R
2) .

The value of R was taken as 1.5 fro. With this value for R and taking the radius
for the nucleon as 0.8 fm, the RMS radius for 3He is 1.7 tm which Is in reasonable
agreement with the charge radius 1.844 t 0.01(5 fm ano magnetic radius 1.74 t 0.10 fm
as determined from electron scattering experiments1*'*1^).

Usin,, this formalism calculations were made for the differential cross section
angular distributions shown En fig. I. The 100 and 156 HeV data are considerably
lower than the theoretical predictions though the position of the change in slope
of the angular distributions coincides with the theory. The 200 MeV data compares
better with the calculations but Is still not very well reproduced. The 300, 415
and 5'5 HeV data from the present experiment are quite well reproduced. The 415 MeV
Saclay results are considerably hi<"-<?r than the theoretical calculations suggesting
a disparity with the normalization of the present experiment. Similarly, the 582
and 600 MeV data are adequately described by the calculation but the normalization
of the 582 HeV data appears to be low. The 715 HeV is well reproduced also. The
1000 HeV angular distribution is lower than the calculations but the positions of
the first and second minima match. In general, there Is reasonable agreement be-
tween the experimental data and this simple Glauber formulation. The only serious
disparity is with the depth of the minima. It is thought that more complete calcu-
lations including spin-dependent terms may account for this disagreement.
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