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The p 3He elastic backward scattering cross sections have been measured in the laboratory kinetic energy range 700 < Tp

< 1700 MeV for backscattered proton angle 160° < fp < 180° in the c.m. A change in the slope of the cross sections and a

bump in the 180° excitation function are observed around Tp = 1300 MeV. These features are explained as due to baryonic
excitation in intermediate states.

Backward scattering of protons by 3He have been \ Incident beam
previously studied at 415, 600 and 800 MeV [1]. The
main features of these data, in particular the fact that Q\
the cross sections are nearly the same at 415 and 600 '\\:\\
MeV were interpreted in a one pion plus 2 N exchange ‘g\\’“\\m"’“"”
mechanism, as due to a A resonance in the intermedi- fﬂ

| X quadrupoles
ate state in the s-channel. The question arose immedi- - eansiation A
ately of whether it is possible to excite the other « g Target LI dipoles
baryon states or eventually propagate a double-A in TR Y Slits

the 3He nucleus. Because of the new facility offered at §Q

the Saturne National Laboratory on the SPES 4 beam ]

line we have been able to pursue the p 3He ~ 3He p ®\

measurements at kinetic energies as high as 1700 MeV . ®\ IFP

proton and at proton angles very close to 180° by de- o @,\/ o

tecting the recoiling 3He nucleus at very forward an- “ éR
— %, . TOF
gles. ‘ N

2 meters @/@
The experimental set up [2] is surnmarized as fol- "

lows (see fig. 1). The proton beam extracted from the N\ %\ p

v
Fig. 1. Experimental layout. Legend: IFP = intermediate focal B> ; /2
plane; TOF = time of flight basis; FFP = final focal plane; }‘,H =
H: plastic scintillator hodoscope. -
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synchrotron is focussed on the target which is a liquid
3He target with a thickness of 300 mg cm—2. The scat-
tering angles are obtained by changing the bending of
the incident proton beam, the intensity of which is
kept at 2 X 1011 protons per burst. The recoiling 3He
particles were detected using the SPES IV spectrom-
eter at angles ranging from 13y, to 105, which corre-
sponds to proton center of mass angles from 160° to
178°. Full vertical and horizontal aperture of 1° were
used, corresponding to an angular resolution in the
center of mass of A = 2° (full width).

The SPES IV beam mainly consists of four dipoles
and six quadrupoles yielding an intermediate focal
plane at 16 meter from the target and a final focal plane
at 32 meter from the target. Another dipole is placed
just behind the target and before the collimator slits,
allowing us to discriminate between particles emerging
from the target and having different momentum p/z as
close as 100 MeV/c. This permits the cross section
measurements at very small angles, rejecting the pri-
mary beam from the SPES IV spectrometer entrance
which is tuned for the 3He detected particles.

Three thin plastic scintillators (0.1 mm thickness)
were placed in the intermediate focal plane each cover-
ing 1.5% in momentum. In the focal plane 19 plastic
scintillators defining an hodoscope detector of 0.2%
momentum resolution over 3.8% momentum range
were followed by three rows of 3 plastic scintillators.
We set up 3 telescopes, each one of it being defined by
one counter in the intermediate focal plane, 6 counters
of the hodoscope plane and one counter of the three
fast scintillator planes, the coincident events being reg-
istered and labelled as a function of their position in
the final focal plane. Due to the 16 meter time of
flight distance and the three energy loss measurements
on each event, a very high separation of the back-
ground is obtained: in the worst case, at 1700 MeV in-
cident kinetic energy and at 63y, = 2°, the ratio be-
tween the elastic peak and the background under the
peak is about 7.

The beam current was monitored by three tele-
scopes each made up of 3 plastic scintillators, two of
them viewing a very thin CH, film upstream and one
viewing the liquid target. The calibration of these
monitors are obtained at each energy by activity mea-
surements from 12C(p, pn)!!C. The variation of the
stability of the monitors during the experiment and
the uncertainty coming from the absolute beam cali-
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Fig. 2. Experimental results of the backward pr — rp elastic
scattering at various incident proton energies as a function of
It — umax! where um,y is the value of u at 6 = 180°. The ex-
perimental data at 415 and 600 MeV are from a previous ex-
periment (ref. [1]).

bration or the target thickness lead to an absolute er-
ror of 9%,

All the experimental data are shown in fig. 2 as a
function of lu — u_, 1= 2p%(1 — cos 0) for the seven
different incident energies indicated on the curves to
guide the eye. The error bars are only statistical so an
overall uncertainty of #9% must be added. The data
points at 415 and 600 MeV are from ref. [1]. Two
main features appear: the change of slope between
300 MeV and 1100 MeV of the angular distribution
and the constarice of the absolute value of the cross
section between 900 MeV and 1300 MeV for 6 = 180°.

In fig. 3 is plotted the 0, = 180° excitation func-
tion extracted from our data as a function of the labo-
ratory kinetic energy of the incident protons showing
the two large structures at 400--600 MeV and 900—
1300 MeV. In the same figure is also plotted the §
= 180° excitation function at the pd - tr — or isospin
equivalent — reactions [3—5] ; the new data between
600 and 1500 MeV (squares) were taken in the same
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Fig. 3. The 0p = 180° excitation functions of the pr — 7p elas-
tic scattering extrapolated from the results of this experiment
and of ref. [1] and of the pd — tn* reaction [2—5] as a func-
tion of the same laboratory kinetic energies of the incident
protons. The curves are drawn to guide the eye.

run [2] using a 608 mg/cm? liquid deuterium target.
The striking similarity of the data for these two reac-
tions can be explained, if use is made of the one pion
exchange model [6] where all the B = 2 exchange reac-
tions are related to the nd - dn backward elastic as
the elementary interaction. For instance in the pr

—> 7p reaction, the exchanged pion carries the trans-
ferred momentum and the cross section is peaked at
zero relative momentum of the deuteron in 3He, cor-
responding to the deuteron at rest in the lab: that is
why pr = 7p and pd - tw must be similar for the same
lab kinetic energy.

The pr - 7p excitation function at 6., = 180° has
been calculated using the model of Barry [6] where
the form factor has been slightly modified [7] :
l¥,(0)12 is replaced by R,4(0), which is the overlap
between a deuteron and a 3He for p = 0. The value of
R,3(0), coming out of the resolution of the 3-body
bound state [8] varies between 0.096 and 0.14 fm—3

PHYSICS LETTERS

26 November 1981

depending on the depth of the attractive part of the
N—N potential used in this calculation.

The result of this calculation is shown in fig. 4 in
comparison with the experimental data plotted as a
function of the total c.m. energy. The agreement in
shape reflects the similarity of the pr - 7p and pd
—> tn cross sections. The absolute value seems to be
not badly reproduced. However, the B = 2 exchange
reactions are discussed more fully below: the pd - t7
reaction can also be expressed in terms of the 7d = dn
scattering in the one pion exchange model (OPE) [6]
The same form factor appears, so if the ratio

R, =do(d ~ t7r)/ do(pr — 7p)
1 a2 dQ ’

is formed at 6, = 0, = 180°, it should be equal to

s E
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Fig. 4. The experimental 0p = 180° pr — 7p excitation func-
tion in comparison with the calculation in the OPE model as a
function of the total c.m. energy of the system. The symbols
4 and X correspond to ref. [1] and e to this experiment. The
arrows indicate the intermediate exchanged mass resulting of
the OPE calculation. Curves: the continuous (dashed) line cor-
responds to R,3(0) = 0.14 fm™3 (0.096).
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where
= do(rd > dm) /do(pd—>t7r)
2 dQ @

and is independent of the nuclear structure.

In the range of energies 600 MeV << T}, <1200
MeV the theoretical predictions of the OPE model are
R, =25X10"3 R, and R = 8.6 X 1072 R, respec-
tively, at T, = 600 and T, = 1200 MeV. If a compari-
son is made between the experimental data of the pr
-+ 7p, pd — tm and nd > dn [9] excitation functions at
6,010, = 180°, the relation between Ry and R is
Ry =10"3 Ry and Ry =2.9 X 1072 R, respectively,
for Tp = 600 and 1200 MeV.

So the calculation is a factor of 4 (at 1200 MeV) to
25 (at 600 MeV) too high when the pr — 7p excitation
function is explained in terms of the nd - dn excita-
tion function.

This difficulty of the OPE model in giving simulta-
neously the correct absolute value for the two B = 2
exchange reaction pr — 7p and pd ~ tr has also been
encountered in the description of the B = 1 exchange
reactions pp —> dw and pd —~ dp [10] . Recently Anjos
et al. [11] have suggested that the approximation of
removing from the integral the pions and delta poles
for the value g = 0 of the relative momentum of nu-
cleons inside the deuterons is too crude; if this approx-
imation is made the pd — dp cross section calculated
in terms of the 7N — N scattering is a factor 40 larger
than the experimental one. When the integration is
correctly done on the two internal loop variables the
pd — dp is reproduced both in shape and absolute val-
ue (with a neutron pick up term added incoherently).
A similar explanation can be used for the B =2 ex-
change reactions: the calculated OPE coupling
strength ¢ of Barry [6] in the wave function integra-
tion approximation is probably too high. Other effects
can also contribute to reduce the discrepancy of this
model with the data such as off-shell effects or initial-
and final-state interactions as suggested by Keister and
Kisslinger [12]. In their calculation of the pp = dn*
forward differential cross sections in terms of nN scat-
tering, these authors show that distortion effects at
high energy can reduce the calculated cross section by
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a factor of 2 to 3 and improve the agreement with the
experimental results. Distortion effects in a calcula-
tion of the pd = tnt in terms of the nd > dn cross sec-
tions, could produce a similar effect, increasing the
theoretical ratio R, and so reducing the discrepancy
between the experimental and the theoretical ratio R .
Nevertheless the OPE graph, if correctly calculated, re-
mains dominant at backward angles. In the same fig. 4
are indicated the masses of the different A excited in
the intermediate state calculated in the OPE scheme:
the first bump is clearly associated with the excitation
of the A53(1232). The broadening of the width is due
to the Fermi momentum distribution of the nucleons
in 3He.

The second structure at /S = 4.5 GeV is tentatively
explained as due to the excitation of the heavier A
such as A (1650) or A (1670), the excitation of the N*
being considerably inhibited by isospin coupling con-
siderations. However the OPE model leads to an ener-
gy shift of 150 MeV too high. A double A (1232) exci-
tation seems to correspond to the right energy position
in this model.

In conclusion, the two structures appearing in both
excitation functions of the pd - tw and pr = 7p for 6
and 0 = 180° at the same laboratory kinetic energies
of the incident protons are strong indicaticns of the
COPE model dominance. A more sophisticated calcula-
tion has to be done to relate the pr = 7p, pd > tm and
7d - dr reaction; in particular to perform correctly
the integration over ¢ in the triangle diagram. The
deuteron pick-up term and the rescattering terms have
to be taken into account (taking care of the ambigui-
ties arising from double counting).

The first structure is associated with the A (1232)
propagation in 2H and 3He nuclei, the second one
could be explained in the OPE model with a double
A (1232) propagation in these nuclei.

The authors are indebted to 8. Buhler and
J. Mommejat for the cryogenic 3He target and to
P. Guillouet and G. Simonneau for their technical sup-
port.
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