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the N-N interaction. This resulted in good agreement with the differen-
tial cross section data in general. Secondly, a more rigorous calcula-
tion was performed to include spin dependence using the scattering ampli-
tudes derived from N-N phase shift analyses. Qualitative agreement was
achieved between the calculated differential cross sections and analysing
powers and the data. However, the supposedly improved calculations
generally underestimate the differential cross sections by 20-30% and are
out of phase with the oscillations of the analysing power data. Using
N-N scattering amplitudes from different phase shift analyses had negli-
gible effect on this discrepancy. Similarly, different forms for the 3He
wave function could not account for the disagreement. Some qualitative
improvements could be made by the choice of off-shell corrections. In
the next section a brief description of the experimental setup, data
reduction, and error analysis will be presented. Section III will
describe the results obtained and compare them with existing data avail-
able from the literature. The theoretical model and the analysis will
then be discussed in section IV followed by some conclusions.
II. THE EXPERIMENT

The experiment tmm performed using polarized proton beams acceler-
ated by the TRIUMF cyclotron to energies of 200, 300, 415, and 515 MeV.
The beam position and direction were measured using wire profile monitors
and by viewing a fluorescent screen which could be placed at the target
position. The diameter of the beam at the target was about 5 mm. The
incident proton beam polarization and integrated intensity were deter-
mined from the left and right counts derived from a polarimeter located
upstream of the L3He target. A description of the L3He target system is

given in Ref. 11. The polarimeter contained a 5 mg/cm? thick CH, target

and was previously calibrated against a Faraday cup. Typical proton beam
polarizations were 65-75% depending on the energy at currents ranging
from 1 to 15 namp. During the experiment the polarization of the inci-
dent proton beam was automatically changed from 'up' to 'off' to 'down'
to 'off' cyclically. The L3He target thickness followed from measure-
ments of the temperature of the target cell using germanium resistors
embedded in the body of the cell and from the cell's physical dimensions
measured with the same pressure differential. The target thicknesses so
determined for the two target cells used in these measurements were 1205
and 104t4 mg/cm?. The target cell radii both were 22 mm. The target
cell could be raised or lowered remotely, thus permitting the L3He target
cell to be replaced with an identical dummy cell in order to allow
appropriate background subtractions. In addition the target cell could
also be rotated around a central vertical axis in order to ensure that
the scattered particles would not strike the side frames. The
quadrupole-dipole magnetic spectrometer MRS was used to detect either the
scattered protons or the recoil 3He particles. The spectrometer detec-
tion system consisted of a 0.8 mm thick plastic scintillator plus a

0.128 m by 0.128 m multiwire proportional chamber (MWPC) (with 2 mm wire
spacing). The MWPC located before the quadrupole magnet-dipole magnet
combination was used to define the solid angle. Typical solid angles
were ~1 msr. The dipole magnet was followed by a set of 0.256 m by

1.024 m MWPC's (with 2 mm wire spacing) mounted about the focal plane of
the magnetic spectrometer and a 25 mm thick plastic scintillator. The
flight path through the spectrometer is ~11.0 m. Using the MWPC informa-
tion the track of the detected particle was reconstructed and thus its

position in the focal plane of the spectrometer was determined. The
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uncertainties in the absolute normalization of the two measurements.
However, the data mnor the present work match up quite well with the far
backward angle data of Ref. 5. Near 600 MeV there are two sets of data
available from the literature. The 582 MeV data of Ref. 6 are generally
lower than the data of Ref. 8 at 600 MeV. AT 1000 MeV there are wwmo two
independent measurements of the differential cross sections which are in
fairly good agreement (Ref. 9 and 10).
IV. THEORETICAL ANALYSIS

The data obtained in the present work, together with the data avail-
able from the literature in the energy range (100-1000 MeV) were analysed
within the framework of the Glauber multiple scattering n:mwnw. This
theory assumed incident energies T sufficiently high so that T >> V, where
V is a measure of the strength of the interaction, and ka >> 1, where k is
the wave number and a is the effective width of the potential. Then, for
small angle scattering such that ﬂlm. is effectively perpendicular to ﬁ.

the scattering amplitude may be expressed as:

“1k 1(kek')eb (i (D)
£k k) = - e (eix(®)oq)g2p | (1)

where ﬂ and m. are the w:n»mm=n and outgoing wave vectors, ? 1s the
impact parameter vector perpendicular to ﬂ. and x is the total phase
shift for the interaction. The total phase shift y is taken to be the
sum of the phase shifts due to the incident nucleon scattering from each

nucleon of the target individually. Thus for 3He:

> > > > >

+ > > +> >
X(b,8;,5,,53) = X1(b=8;) + X2(b-s,) + X3(b-53) (2)

where M—. MN. and mm are the projections of the target nucleons' coordi-

nates on the impact parameter plane. Expressing

r=1-elx 3
(often referred to as the profile function) then for 3He the total
profile function can be written as:
I'=T) +T) + T3 - T Ty, - I Ty = [,T3 + IT,T, (4)
The terms for single, double and triple scattering are clearly distin-
guished. The expression for the individual I''s can be obtained by

applying Eq. (1) to the case of free N-N scattering.

-1 ~1§ B-3) ¢ 2y q2
r oniq e f(q)d*q , (5)

where m is the aosmrnca transfer, and mAmv is the free N-N scattering
amplitude. Substituting the above expression for the individual profile
functions, and Eq. (4) into Eq. (1) results in the scattering amplitude
for 3He in terms of the free N-N scattering amplitudes. The various
observables can be calculated from the expectation values of the scat-—
tering amplitude operating on the spin-isospin state of the target
nucleus. The N-N scattering amplitudes operate on the spin and isospin
terms while the integration over the nucleon coordinates produces a form
factor for each term of the scattering amplitude. The calculation of the
various observables then requires only the N-N scattering amplitudes and
a wave function for 3He. This approach has been employed previously in
the analysis of intermediate and high energy proton scattering from a
variety of targets using a parameterised form of the N-N scattering
amplitude given by:

T

o wn
fp,1 = Mhu k(itap j)e P23 j=pon (6)

where qa is the total cross section, k is the incident momentum, a is the

ratio of the real to the imaginary part of the scattering amplitude at
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calculations. The disagreement at forward angles is particularly
troublesome as the approximations should hold best in this region.

In order to study these discrepancies the contributions of the
various terms which make up the calculations were examined individually.
For this investigation an energy of 415 MeV was chosen, being the worst
case in terms of agreement with experiment. Also the experimental
differential cross section and analysing power data at this energy cover
a broad angular range. Figure 6 illustrates the individual contributions
of the single, double, and triple scattering terms. The single scat-
tering contribution agrees well with the forward angle differential cross
section data. It appears though that the double scattering contribution,
while being significantly smaller, causes considerable interference
effects in this region. The triple scattering term similarly interferes
in the region of the second maximum and dominates at far backward
angles.

The effect of using two different forms of the 3He wave function was
next examined. A comparison was made with the predictions using the 3He
wave function of Ref. 14 which is given by a sum of four Gaussians.
Although this wave function better reproduces the 3He charge form factor
than the simple Gaussian wave function, the latter gives Glauber predic-—
tions in slightly better agreement with the data. Off-shell corrections
in a form given by Chew!5 and as used in Ref. 14 were also calculated:
the shoulder in the curve at ~100° as well as the back angle data are
better reproduced with these corrections, but the region around 60° is
better reproduced by the calculation without the off-shell corrections.
However, the analysing power data show that the off-shell corrections

enhance the depths of the minima. Spin-flip and charge exchange

processes appear to explain the filling in of the minima. This was
clearly demonstrated by the 415 MeV calculations when these processes
were removed from nrw full calculationms.

Glauber calculations using N-N scattering amplitudes derived from
phase shift analyses were performed by Bizard and Osmont!® for the 415
and 600 MeV data and by Frascaria et al.l0 for the 600 and 1000 MeV data.
Note that the present data cover a much larger range of the squared
momentum transfer variable -t. The predictions at 415 and 600 MeV are
lower than the experimental data while the 1000 MeV predictions agree
with the data. The same features are observed in the present analysis,
although more recent N-N scattering amplitudes were used. This appears
to be consistent with the observation that the N-N scattering amplitudes
derived from free N-N scattering are too small to reproduce nucleon-
nucleus scattering observables; an observation earlier made in compari-
sons of Glauber and optical model analyses of 800 MeV proton elastic
scattering from different nuclei.l? The use of a more realistic 3He wave
function could be considered. Yet a previous analysis made by Narbonil®
with different 3He wave functions including S' and D state terms did not
explain the disparity between theory and experiment. Similarly, improved
off-shell corrections could be used. The introduction of intermediate
nucleon resonances in the calculations should only be of importance at
the higher energies.!® Recently it has been shown2® that a relativistic
treatment of nucleon-nucleus scattering starting with the Dirac equation
gives much better agreement with experiment. However, a formulation for
the scattering of nucleons from a spin 1/2 target nucleus does not exist
yet. The Glauber formulation as used here has assumed form factors

independent of the spin and isospin of the scattering nucleons.
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3.

FIGURE CAPTIONS
Differential cross section angular distributions for proton elastic
scattering from 3He as measured in the present work. Relative errors
are smaller than the size of the symbols.
Analysing power angular distributions for proton elastic scattering
from 3He as measured in the present work. Relative errors are smaller
than the size of the symbols unless shown.
Simple Glauber model calculations for the differential cross sections
obtained in this work and available from the literature at
intermediate energies.
Complete spin dependent Glauber calculations for the differential
cross sections obtained in this work and available from the literature
at intermediate energies.
Complete spin dependent Glauber calculations for the analysing powers
obtained in this work and available from the literature at
intermediate energies.
Single, double, and triple scattering contributions to the

differential cross section at 415 MeV.

do/dSlem (b /sr)

0.0

10 B E— T T
10%% \ *Help,p)®He -
—OUA.v' [ Y .. -4
% =
0°F @ & —
L™ LS
L] 200Mev
o yu ® ...-.. &
]
3 s
10 %s " ™ay 300Mev ]
ﬂ s, s
_ON - (] Il { -
ey []
. . 415 Mev
_O_ | -. -fuol I
10° L s 515 MeV _|]
- [ ] 1
_OL 1 1 L. 1
O 30 60 90 120 150 180
6. (degrees)
Fig. 1
T T T T
-, 200 Mev
* LK
a ~
*. °® ° u::v.v,uxn
-f 300 Mev
. optontee
° sgef
L4 []
i ¢ as M |
2 - ...I’l . l.l
| .
| ¢ SisMev |
~ (] ‘ # L Y
. S ¢ .
"o )
'S
1 1 1 1 1
[+] 30 60 90 120 150 180
6., (degrees)

Fig. 2



9 314 G 814

(ssa163p) g (seaibap)
08l 0Gl 021 06 08 0O¢ O 081 0Gl 021 06 09 0t O
T T 1T T T -0l T B T T -
1 AW SIS
= — 4-. o-- O -
L]
= Soy 100! L _
- &) ° AW SIY . 1
N o
- 4,01
- s _
[~ 1 No_

ONIYILLVIS 3TdIHL--—3
| ONINILLVIS 378N00—— 2\

(,(3/A%9)/qu) (1p/0P)

ONI¥ILLYIS 3T0NISeweee 1) N[ €D
¥38nvI9 N4 —
— AN GIY -0l
9H _(d‘d .
Hf(d'dan, 3
] 1 1 1 ]
¢Ol
y 314 € *81a
(seasbop) g 2(3/A39)1-
o8t 0St OX 08 09 O€ 00 »¥2 02 91 21 80 w0 20 o
1 LA T T T R T T .& T (2
| AW 0001 )
- NS 000t » 0% - 10t
% o 4 .0
- —Q
o 4 o0
1 ng a r ast . 101
1 o BRETTE 133
Py - 0!
10 o) | AWNGIY eegT, ...”.:n_l'rr o
10 9§ Asw 008 . > ¢
- -
{40 < L
"
10 o B A®w 002
- L
1o i AW 961
b nop L
10 F e A*w 001
] ﬂg i L 1 L 1
- mImﬁadvan 30

1 1 1 1 1

‘e



