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Abstract

In terms of a direction fragmentation process and a hard-scattering
process, the proton-inclusive data for the reaction a + 1 2C ->• p+X have been
successfully analysed. The extracted semiempirical momentum distribution
indicates possible evidence of nuclear correlations and final-state inter-
actions.

The nuclear momentum distribution is a basic nuclear property which is
important in understanding the correlation between nucleons and the behavior
of many intermediate energy phenomena involving large momentum transfers.*»2>3
However, not much is known about this momentum distribution experimentally.
In the relativistic heavy-ion reactions, the proton-inclusive spectrum at 0°
and 180° comes mainly from a direct fragmentation process (Fig. la) in which
the proton is emitted from one nucleus without scattering with the
other nucleus and, hence, conveys important information on the momentum dis-
tribution of a nucleon in a nucleus. Furthermore, as the proton can carry
much of the momentum of the nucleus in a cooperative manner, relativistic
heavy-ion reactions allow one to extract the high momentum tail of the nuclear
momentum distribution which may not be obtained by other means. The nuclear
momentum distribution also enters in the hard-scattering process3 (Fig. lb)
in which the detected proton comes from the collision of a nucleon in the
projectile and a nucleon from the target. Such a process is expected to be
important for p^ >> 0.1 GeV/c.

With a combination of the direct fragmentation and hard-scattering
processes, we analyze the forward proton production data of Anderson et al.1*
in the collision of a particles on *^C. \,je introduce a simple parametriza-
tion of the nuclear momentum distribution as the sum of a single-particle
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Fig. 1. Diagrams the two dominant
processes contributing to the re-
action of interest.

component and a correlated
component with a greater width
and a parameter specifying the
relative importance of the
direct fragmentation and hard-
scattering processes. We show
in Fig. 2 the experimental in-
variant cross section versus
the theoretical results as a
function of the Feynmann
scaling variable x F defined
as P///|plmax« evaluated in
the center-of-ir.ass system.
As one observes, the data of
a + 12C -»- p+X at p a = 1.74
GeV/c/N is fitted very well
by the theoretical curves for
xF > 0.2. In the region
Xp. < 0.2 there are contribu-
tions from more complicated
rescattering processes which
are not included. One observes
that direct fragmentation
dominates the cross section
at pj = 0. However, the hard-
scattering cross section domi-
nates the quasielastic peak
at p T = 0.3 GeV/c. It is
clear that a combination of
the two processes is needed
to fit the data.

Ve show in Fig. 3 the
experimental invariant cross
section in the transverse
direction when the detected

proton has a momentum of 1.75 GeV/c. The solid curve is the theoretical re-
sult which is the sum of the direct fragmentation and the hard-scattering
components. As one observes, the experimental data are well explained as a
combination of these two processes. One also observes how, as a function of
increasing p^, the direct fragmentation process diminishes its importance
whila the hard-scattering process becomes more important. The cross-over
occurs at p T - 0.2 geV/c.

From the present analysis, a seraiempirical nuclear momentum distribu-
tion for a proton in ^He is obtained. In the frame in which the center of
mass of ^He is at rest this distribution is shown as the solid curve (Fig. 4).
other curves are from the theoretical results of Zabolitzky and Ey.^ Curves
labeled KJ, RSC, and SSCB are theoretical results which include the effects
of nuclear correlation and the curve labeled UNC comes from an independent
particle model where the nucleons are not correlated. The presence of nuclear
correlation is indicated by a change of slope in £n n(p). Indeed, the nuclear

The



5

f
e

t

,

10°

10=

DIRECT FRAGMENTATION
HARD SCATTERING \ \ \ Et

I I I I I I \
O.I 0.2 0.3 O.« 0.5 0.6 0.7

>f

Fig. 2. Experiment invari-
ant cross section for the
reaction a + 12C -»• p+X at
p o = 1.74 GeV/c/N as a func-
tion of x F - (P///Pmax) c m >
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Fig. 3. Experimental invariant cross
section for the reaction a + 1 2C •* p+X at
p a = 1.74 GeV/c/N as a function of the
transverse momentum.

momentum deduced from the present analysis shows a change in the slope of
log n(p) which may be taken as a possible evidence for the presence of nuclear
correlation. However, the distribution has a narrower width compared with
the theoretical distribution. The semiempirical momentum distribution is
also narrower than expected for 1 2C. This indicates that the observed semi-
empirical momentum distribution may have been subject to a distortion due to
the final-state interactions between the observed proton and its comple-
mentary partner which suffers a collision with the target. More work is
needed to separate our final-state interactions in order to obtain the "true"
momentum distribution from the semierapirical distribution.



Fig. 4. The extracted serai-
empirical momentum distribution
for **He (solid curve) compared with
theoretical distributions.
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