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nD SCATTERING AT 180° FOR NEUTRON ENERGIES FROM 200 to 800 MeV*

B. E. Bonner
Los Al;uYos Scientific Laboratory, University of Callrornia

Los Alamos, New Mexico 87545

C. L. Hollas, C. R. Newsom, ad P. J. Riley
University of Texas, Austin, Texas 78712

G. Glass
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THEORETICAL 3ACKGROUND

Near the end of the last decade, Kerman and Kisslinger,l in at-
tempting to understand the backward peaking that had been obsemed
in pD elastic scattering at 1 GeV, found that shple one-nucleon ex-
change failed to fit the backward peak, the calculation being low by
a factor of two. Taking a bold step, they postulated ~he existence
of Isobars in the deuteron, finding that a 1% admixture of the N*
(1688) sufficiently augmented the calculated cross section tu bring
it into agrement with the l-GeV data of Bennett et al.2 In inter-
I’ ,ningyears, many experiments and calculations have been performed
relatimg to backward pD elastic scattering at mediuu eL~eLgyand
Isobars in nuclei.3 Alternative explanations of the observed peak-
ing were proposal. One was the calculation of Craigie and Wilkinh
in which triangle diagrams were used to relate the cross sections
for pD elastic and pp + din+. Many authors have cursued this tech-
nique with success in fitting backward pD scattering. Another re-
cent calculation takes account of the fact that np angular distri-
butions also are backward peaked ami incorporates this into an ~-
tended Glauber Multiple Scattering calculation. With this approach,
backward pD scattering is fit wer a wide range of energies when a
radically different form factor for the deuteron is postulated for
the large momentum transfers encountered. The fact that the recent
S1.ACmeasurements tend to verify the postulated shape of the deu-
teron form factor brings us back to the original hope that informa-
tion on the high%arientum components of the deuteron wave function
can be obtained from the scattering of hadrous of modest energy.

~PERI_MENTAL BACKGROUND

In the last few years, several angular distributions have been
reported2 for pD backward elastic scattering at medium energies. In
each of these measurements, the backward peak is observed. Repre-
sentative results between 600 and 1000 MeV are shown in Fig. 1. The
data of Boschitz7 and of Aldera near 600 MeV ad the three measure-
ments2~9010 at 1~0 MeV arc shown. TW obsemations can h..made:
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(1) Gross disagreement (a factor of two) between the data sets at
1000 MeV exists. (2) Most of the data on pD backward scattering do
not extend to angles beyond about 160° to 170°. Yet there are sev-
eral plots in the literature of the extrapolated 180° cross section
as a function of energy. h a previous experimental by this group
that is about to be published, we measured for the first time the
neutron-deuteron elastic scattering cross section at 800 MeV. That
data is also included in Fig. 1. The =pertiental difficulty asso-
ciated with measurements at 180° cm. for proton beams does not arise
for neutron beams, ad we have taken the angular distribution all the
way in to 179° corn. We found in that experiment that the extrapola-
tion to 180° is very straightforward—a stiple exponential function
*eB(u - U180) ~its the ~ta at 8ooMev

. The experiment to be de-
scribed here has as its aim the measurement of nD backward scattering
from about 120° to 180° over the incident energy range from 200 to
800 MeV. Part of the reason for the interest In such a measurement
is the fact that a bump or shoulder in the (extrapolated) 180° ~ci-
tation function has been hintd at by previous pD experiments at
medium energy. It has been noted before that this behavior cannot
be reproduced in calculations involving Isobars h the deuteron, but
does follow naturally from the triangle diagram calculations. We
report here only on the 180° excitation function, which was measured
in nD elastic scattering for Incident energies of 200 to 800 MeV.
Only a smll fraction of our data have been analyz,tiat this time.

EXPERIMENTAL,TECHNIQUE

Basically, the experiment consists of using a continuum neutron
beam incident on a liquid deuterium t~rget and detecting the scat-
tered dcuterons in a mdtiwire proportional chamber spectrometer.
The expertiental layout is shown in Fig. 2. The 800-MeV proton beam
at LAMPF strikes an aluminum ‘arget and is then deflected and buried
soma di~tance away. Neutrons emerging at 0° are collimated to form
a neutron beam, then cleared of charged particles before encountering
a liquid deuterium target. Charged particles rroduced in the target
are momentum analyzed in a multiwire proportional chamber spectrom-
eter. Particle identification is achieved by a stiultaneous mei?s-
ment of ~heir time of flight through the spectrometer. This enables
a calculation of the particle mass from the relation M = P/By. Par-
ticle identification is unambiguous for more than 99% of the events.
The elastic deuterons are not the only ones that are obsened-they
form a rather mall fraction of the total. However, the elastfc deu-
terons can be cleanly separated from the others by measu?ing in addi-
tion the the of flight of the incident neutron. This is shown in
Fig. 3 where the incident time of flight is plotted versus deuteron
momentum for both the elastic and inelastic processes that lead to
a deuteron in the final state. Therefore, in a manner analogous to
identification of particle type by measurement of transit the
through the spectrometer, we can determine the type of process which
gave rise to the deuteron by measurmnent of the incident neutron



the of flight. Once we have identified the elastic deuterons, then
che measured deuteron momentum and angle uniquely specify the tici-
dent neutron energy to within the accuracy of the deuteron momentum
determination (about l%).

The other requirement that must be met before the cross section
can be determined is that the incident neutron spectrum must be
known absolutely. This was achieved in a separate measuranent, using
the same apparatus and techniques, with the exception that a liquid
hydrogen target instead of liquid deuterium =s used. The normal-
izing reaction is np + dne, the cross section for which is known,
using isospin invariance, from the reaction pp + dn+. An indication
of the validity of the technique is seen in Fig. 4, which is from a
separate communication’2 to this conference. This gives the varia-
tion with momentum of the np charge exchange cross section at 180”
(or t = O) as determined using the same techniques and equipment as
the present experiment. Since the normalizing reaction np + d~” is
not available below about 300 MeV (800 MeV/c), another form of nor-
malization is required. The one used for the data reported below
was to extrapolate the np charge exchange cross section (shown in
Fig. 4) from 300 MeV down to 180MeV.

RESULTS OF PRESENT EXPERIMENT

In Fig. 5 is 6hOW~ the preliminary results of the present exper-
iment ccmpared to previous pD measurements in the energy range from
150 to 1000 MeV. References to the previous experiments are given
in the figure caption. Present results are indicated by the solid
circles and were obtained for neutron cm. scattering angles greater
than 175°. It is apparent that the agreement with the lower energy
measurements13’14 is quite good, but the medium-energy SREL data8
differ considerably from the present results. Agreanent is found
with the 425-MeV point of Booth et all 5 The curve is merely drawn
to guide the eye.

Calculations using the triangle diagram technique lwve been
made. For our 800-MeV angular distribution, the shape is fit very
well. The energy dependence of the calculated 180° cross section is
not correct however when the 800-MeV normalization is used. The
calculation is about a factor of two too high at 500 MeV h that
case. This is not surprising since other mechanisms such as nucleon
and T = 1/2 Isobar exchange are protably present.
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Fig. 1. Angular
distributions for pD
backward elastic
scattering at ener-
gies of 582 MeV
(Ref. 7), 5?CMeV
(Ref. 8), and the
three measuranents at
1000 MeV (Refs. 1, 9,
ad 10). Data at
800 MeV are from a
recent experiment cm
nD elastic scattering
(Ref. 11).

Fig. 2. Layout of
neutron beam and
spectraneter used in
the present
experiment.
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Fig. 4. Figure fran Ref. 12
showing the variation with
neutron momentum of the 180°
cross section for np elastic
scattering (multipliedby
#). Below 800 NeV/c, this
reaction was used for nor-
malization of the results
in Fig. 5,
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Fig. 5. Present results on rdl
elastic.scattering at 180° can-
pared to extrapolation of pre-
vious pD measurements plotted
versus the nucleon kinetic
energy. The cume is merely ‘
drawn to guide the eye. Ref-
erences to previous pD meas-
urements are, from the top,
13, 1.4,8, 15, 7, 11, 2, 9,
10, and 16.


