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ABSTRACT

In a relativistic heavy-ion reaction, there are many processes
which contribute to fragmentation phenomenon. Here we examine two:
the direct fragmentation process in which the detected proton is emitted
from a parent nucleus without additional scattering, and the hard
scattering process in which a nucleon from one nucleus makes a collision
with a nucleon from the other nucleus. In terms of a combination of these
two processes, the proton inclusive data of Anderson et al., for the

120 + p+X at different bombarding energies can be success-

reaction o+
fully analyzed. We find that the direct fragmentation process dominates
the cross section at 0° and 180°. On the other hand, the hard scattering
process dominates the cross section at the quasi-elastic peak when the
transverse momentum far exceeds 0.1 GeV/ec. Our model leads naturally to

a new scaling variable which is the generalization of the Feynman scaling
variable for situations when the rest masses are not negligible. As the
nuclear momentum distribution enters into the model in a very important
way, our analysis constitutes in essence a semi-empirical determination
of the nuclear momentum distribution. Furthermore, since a single nucleon
can carry a large fraction of the momentum of the parent nucleus in a
cooperative manner, relativistic heavy-ion reaction may be utilized to
provide valuable information on the high momentum tail of the nuclear

momentum distribution when the effects of final state interactions are

better understood.



I. INTRODUCTION

-

Recent experiments using very energetic heavy ion beams have

created considerable theoretical interest.! Along with several other
models, a simple relativistic hard-scattering (RHS) model was put forth
for this type of reaction,? based on the constituent interchange model
originally proposed for high energy hadron scattering.3 In this model,
the constituent structure of the scattering systems and the forces due to
the interchange of the constituents are taken into account. The theory
can be applied to meson production as well as to the yields of light

nuclei. Counting rules involving the Feynman scaling variable x_ were

F
derived to characterize the behavior of the reaction cross section in
terms of the short range behavior of the nucleon-nucleon force. This
remarkably simple model was found to work quite well in explaining
certain experimental data. A similar model using a different kinematic
representation® was also proposed and found to be useful in analyzing
the meson and proton production cross sections in heavy-ion reactions.
In deriving the counting rules for heavy-ion reactions, one
considered? the case in which the energies of the colliding systems are
so large that the rest masses of the nuclei can be neglected. Great
simplification of the structure function, the basic reaction cross
section and the six-dimensional hard-scattering integral then follows.
Counting rules are obtained as the index function of the power of
(l—-xF). While these counting rules are useful results for very
energetic heavy-ion collisions, their application directly to heavy-ion
collisions at an energy of only 1 to 2 GeV per nucleon may be subject to

question. It is perhaps not surprising that after the initial success
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of theselcounting rules for forward pion production some discrepancies

f9r baekward pion production®:%:7 were then found. In the face of such
discrepancies, it is important to analyze carefully any error arising

from the use of asymptotic functional behavior so as to separate out true
physical effects such as constituent clustering6 and shadowing from simple
errors of kinematics. For this reason, one may wish to study the RHS
model using exact relativistic kinematics and direct Monte-Carlo
integration of the six-fold integral. Indeed,when this was carried out

12C > wi+-X data of

for the pion production case,8 the experimental p+
Baldin et al.,® at the backward angle of 180° can be explained well by
the RHS model. Furthermore, the results of a direct numerical integration
indicate that the RHS cross section as a function of the Feynman scaling
variable behaves differently for the forward and the backward directions.

, the RHS cross section is insensitive to the

For pion production at 8 = 0
bombarding energy and scales well with respect to Xp. It obeys approxi-
mately the counting rule of Schmidt and Blankenbecler.? However, for

8 = 180°, the kinematics is such that the RHS cross sections obtained
from the six~fold RHS integral depend on the energy of the projectile
and do not scale well with respect to the Feynman scaling variable Xpe
In view of these results, the discrepancies between the data and the
counting rules arise simply from using an asymptotic result in a
kinematic situation where the conditions for asymptotic beha&ior are
not met. The success of simple scaling for the forward angles may be
due to a kinematic effect as was discussed previously.®

We undertake to examine another application of the relativistic

hard scattering model for the analysis of the proton inclusive datatl?
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in the collision of a + l2C. Previously, these data were analyzed by
Chemtgb® using the RHS model. It was concluded that the RHS model could
not explain the experimental data. 1In particular, the decrease in the
theoretical cross section in the transverse direction was far too slow.
One knows, however, that in the discussion of proton production the hard
scattering process is not the only one present. Since the proton is
already a constituent of the projectile and the target, there is a very
important peripheral process in which the detected proton is fragmented
from the parent nucleus without suffering further scattering while the
complimentary remmant of the parent nucleus interact with the other
nucleus [Fig. 1(a)]. This process, which we call the direct fragmentation
process, is in fact the dominating process for the very forward and the
very backward angles. One expects therefore from the width of the
longitudinal momentum distribution! that the direct fragmentation peak
also has a transverse momentum width of about 0.1 GeV/c, roughly character-
istic of the nuclear size. To analyze the experimental data at Oo, 180°
and Pp > 0.1 GeV/e, it is necessary to consider a combination of both
processes. We shall see later that when both the direct fragmentation
and the hard scattering processes are taken into account, theoretical
results agree well with the experimental data of Anderson et al.,i? for
the reaction o + 120 -+ p + X.

Another related objective of the present investigation is to study
the scaling phenomena in proton production. Our understanding of the
scaling phenomena here may shed some light on the analysis of scaling

phenomena in other reactions such as in pion production and may supple-

ment other studies of different parametrizations of the cross section.ll



We shall see later that our model leads naturally to a new scaling
yariable which is in essence a generalization of the Feymman scaling
variable to an energy region where the rest masses of the interacting
systems are not small compared to the colliding energies. Along with
the success of finding a new scaling variable for proton production,
a corresponding scaling variable for pion production has also been
uncovered.i2

In the present analysis (as well as elsewhere in ﬁuclear physics)
a very important quantity is the momentum distribution or the related
structure function of a nucleon in a nucleus. Although 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 trans-—

fers,2s13,1b

not much is known experimentally about the general
features of this momentum distribution. In the relativistic direct
fragmentation process, since the detected proton is emitted by one of
the colliding nuclei without additional collision with the other
nucleus, it carries much information about the nuclear momentum
distribution. Additional final state interactions may distort this
distribution but the momentum distribution obtained thereby still
provides valuable information which may not be obtained by other means.
For example, because the detected proton can carry a large fraction of
the momentum of the parent nucleus, it may provide information on the
high momentum tail of the nuclear momentum distribution. Indeed, as

was emphasized not the least by Anderson et al.,!% and Schmidt and

Blankenbecler,? relativistic heavy-ion reaction may prove to be a



useful tool for the extraction of some basic nuclear parameters which are
- still uaknown.

This paper is organized as follows. In Section II, we review the
hard scattering model and pave the way for the introduction of the
direct fragmentation process in Section III. An intrinsic scaling
variable is then introduced and utilized to correlate different sets
of experimental data. In Section IV, we study the form of the structure
function and parametrize it as a sum of a single-particle part and a
correlated part. Detail analysis of the proton inclusive data of
Anderson et al., for the g +v1?C > p + X reaction at various energies
and transverse momenta was carried out in Section V. The nuclear
momentum distribution obtained thereby is compared with the theoretical

results of Zabolitzky and Ey13 in Section VI. Section VII concludes

the present discussion.

II. RELATIVISTIC HARD-SCATTERING (RHS) MODEL

We shall briefly sumarize the main results of the relativistic
hard scattering model, both to introduce the notation and also to pave
a way for subsequent discussions of the direct fragmentation process.
We consider a target nucleus A with a mass my and a projectile nucleus B
(B stands for Beam) with a mass mp. Using the infinite momentum frame,

we write the target four-momenta A and the projectile four-momenta B

3322’15
2 2
A A
A=|p + 5 %, -, + i, , (2.1)
2 2
B - B
B={P,+75, 0, P, -7 s (2.2)



where the letter labels also denote the corresponding momentum four-

. vectors,and the quantities P, and P, depend on the frame of reference.

1 2
In particular, in the center of mass frame, we have
P, = [s + A% - B2+ A(s,AZ,Bz ]/4/5 , (2.3)
and
_ 2 2 2 2) /s
P, =1s+3 -a" +2(s,a",B 4ws o, (2.4)
where
s = (A + 13)2 s (2.5)
2
AT = mi s (2.6)
2
B = nlé s (2.7)
and
2 _ .2 2 2 .
A (Xl’XZ’X3) = X + X, + X3 2(x1x2 + Xy¥q + x3x1) (2.8)

The hard-scattering contribution to the inclusive process
A+ B+ C + X is represented by the diagram in Fig. 1(b). The nuclei A
and B interact through the emission of a virtual subsystem a from A and
a subsystem b from B. The subsystems are the ones to scatter through the
basic process a + b - C + d where C is the detected particle. They have

off-shell momenta given by:

k2+k§ R 41l
= —_—— - —— 2.
a xPl + 4XP1 s kT » —xPy + 4xPl s (2.9)
224-2% > 22+-Z%
= _— -— .1
b sz + 4yP2 > Ly s sz 4yP2 (2.10)
where
k2 = [x(l—x)A2 - xa2 - ki]/ (1-x) s (2.11)



2= [ya-ys? -y’ - 2 Jam (2.12)

B

and a2 (or 82) is the square of the invariant on-shell mass complementary
to a (or b) in nucleus A (or B). If nuclear binding energies are

neglected, they become simply

az (mA - ma)z

(2.13)

-

and

™
li

2 _

(mB - mb) s (2.14)
where m and mb are the rest masses of a and b respectively. With this
parametrization of the off-shell momenta, we get the "momentum fraction
x" of the subsystem a in the nucleus A given from Eq. (2.9) by

a0+ az

Il vy . (2.15)
0 'z

and the momentum fraction y of the subsystem b in the nucleus B as

follows
b.-b
0 z

y = —— (2.16)
BO_Bz

The relativistic hard scattering (RHS) contribution to the inclusive
process A + B » C + X represented in Fig. 1(b) can be shown to lead to

an invariant cross section given by

3 .
E. d7o f 2 2 > >
c — =§: dxd“k. dyd~2,.G (x,k.)G (7,801 (s',5,%x,¥)
A s s PR R
ac3 RHS a,b T T"a/ T b/B T
d30
x EC —= (ab + Cd;s't'u") . (2.17)
ac3

Here, r=A(s',k2,22)/xy A(s,Az,Bz) with s'= (a+ b)z. The structure

function Ga/A(Xb’ﬁl“) is the probability of finding a constituent of type
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a in nucleus A with fractional momentum x and transverse momentum ﬁ&.

It is Jefined in terms of the Bethe-Salpeter bound state wave function
s

¢(pa) with one leg (a) on-shell by

1
2(27r)3

bi > |2
= vt (2.18)

Ga/A(X’kT) =

The quantity Ecd3c/d c3(ab->Cd;s't'u') is the invariant cross section
for the basic process a + b + C + d written in terms of the basic
Mandelstam variables s', t';and u'. The above result, which has simple
probabilistic interpretation, was derived by using the Feynman rules and
by integrating over the final state phase space.3

To carry out the integration of Eq. (2.17), one selects the
dominant channel of subsystems a and b, which in the case of pion and
proton productions are the nucleons. The six-dimensional-integral can
be performed with properly parametrized structure functions and the
knowledge of experimental basic cross section, the only complication
being the relativistic kinematics. We summarize the necessary

procedures in Appendix I for the evaluation of the RHS integral.

III. DIRECT FRAGMENTATION PROCESS

In a relativistic heavy-ion reaction, there are many different
processes which contribute to "fragmentation'" phenomenon, the
experimental characteristics of which are quite well known. One such
process 1is the hard scattering process represented by Fig. 1(b) and
discussed in the last section. We can envisage another peripheral
process in which a subsystem C (proton, in this case) comes out of the

nucleus without additional scattering while its complementary remnants
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interact with the other nucleus. This process, which we call the direct
- fragmentation process,l6 is represented by the diagram in Fig. 1(a). Since
the proton does not suffer additional scattering, they are likely to
emerge near 0° and 1800. All the evidencel‘points to the fact that direct
fragmentation dominates the cross section at the very forward and back-
ward angles with a characteristic momentum width of about 0.1 GeV/c.
When the transverse mementum of the proton increase much beyond this
value, the importance of the direct fragmentation is expected to decrease
and other processes will become important. In any case, to understand
the proton inclusive data for small values of Pp and to determine the
relative importance of the processes, we need a quantitative investigation
of the direct fragmentation process.

Following the same steps as in deriving the RHS integral,3 we can
write down (see Appendix II) the direct fragmentation (DF) cross section

represented by Fig. 1(b) as follows:

3

d g d30
Ec 73
dcC

G EZ EliE~——<+A+-+x' (3.1
~XpUe/B (XD’ T)i E, 1.3 8 + ) . -1)

DF di

Here, instead of the momentum variables Cz’ we used the momentum fraction
Xp introduced in the last section. For projectile fragmentation, xp is
the momentum fraction of the particle C out of the parent nucleus B
(of the beam). It is related to C, by
CO-I-CZ

xD =§O—+—]g (3.2)
The momentum fraction X is a longitudinally invariant quantity. It
does not depend on the coordinate frame of reference. The structure

function'éb/B(xD,E&) is the probability of finding a constituent of type
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C in the nucleus B with fractional momentum X and transverse momentum
Ef. It is defined in terms of the Bethe-Salpeter bound state wave
function with the leg C on shell., The bar symbol on top of Eb/B
indicates that they are in principle different from the structure
function GC/B given in Eq. (2.18): the latter quantity being

calculated with particle C off shell. The basic invariant cross section
Eid3c/di3 is for the reaction B+ A+ i+ X'. As the measurement of C is
inclusive, it is necessary to sum over all distinct channels i and for
each channel integrate over all the phase space.

With B representing the beam particles, the expressions in Eq. (3.1)
and (3.2) are the direct fragmentation cross section for the projectile
direct fragmentation process. We can write down a similar expression
for the target fragmentation process:

3

3 3
d o — d i d7o
E, — ~ x G x,E z:f——E.——(a+B+i+X') , (3.3)
C dc3 DF *pUc/A ( T) T E;, 1 d3i

where the momentum fraction Xp is given by
C.-C
0
e . (3.4)
0 "z
The differences in the signs in Egs. (3.2) and (3.4) arise from the
differences in the definition of x and y [see Eqs. (2.15) and (2.16)].
Since projectile fragmentation is mainly associated with CZ,BZ >0
and target fragmentation with CZ,Az > 0, we can often use a common
definition for events in this restricted kinematic regime:

xD =EQ+_I?_ZJ_ (3.5)
N, + ’NZ‘
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where N stands for the parent nucleus out of which the particle C is
" extracted. The less likely events, with Cz < 0 when BZ > 0 for
projectile fragmentation and Cz > 0 when Az < 0 for target fragmentation,

require the more general definitions of Egs. (3.2) and (3.4).

One expects that the sum of all the total cross section

1
. > 3, 3 ,..3 .

for all possible channels T f (d 1/Ei)Ei(d o/di”) (RA—~> iX') depends
mostly on the geometrical dimensions of the colliding systems and is
therefore rather insensitive to the collision conditions when the collision

energy is high enough (above 1 or 2 GeV per nucleon). When this happens,

it is reasonable to approximate it by a constant to obtain the result:
- '+ - . -
3 ’ XSGC/B(XD’CT) projectile fragmentation (3.6)

XDGC/A(XD’ET) target fragmentation 3.7)

In this case, in terms of Xps the cross section should be‘a universal
function, depending only very weakly on s. Thus, when the direct fragmen-
tation process is the dominant process, the fractional momentum Xy can
serve as a scaling variable., The subscript D is introduced to denote this

direct fragmentation scaling variable, to differentiate it from the

Feymman scaling variable Xp given byl7
CZ
Xp = , (3.8
max :

evaluated in the center-of-mass system.

How good a scaling variable is xD? We can plot the experimental
invariant cross section as a function of X for various values of
pT(E CT)' We show in Fig. 2 the data of Anderson et al., for

o+ 12C + p + X. TFor each value of the transverse momentum of the
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proton P the data points appear to fit in the same curve for different
‘bombarding momentum P, There are however some deviations for large
values of Xp for the data points of Py = 0.93 GeV/c which may be too
small for scaling. Data points at higher energies do not seem to suffer
this defect. We note also that the data points for small values of
XD(XD > 0.2) at Py = 0 depend on projectile’momentum. This region of the
proton spectrum contains important contributions from the hard scattering
process and from multiple scattering. It should not be given much weight
in assessing the direct fragmentation process, Figure 2 indicates that
scaling with respect to the intrinsic scaling variable X, occurs for
o + 12¢ p+Xatx; >0.2 and P, 2 1.74 GeV/c/N.

We note in passing that although we were led to the introduction of
Xy as a scaling variable by considering the direct fragmentation process,
the results in Figures 2, 3 and 5 below indicate that X, scaling persists
even for Py = 0.3 GeV/c for which the hard scattering process becomes
important., We can now understand this phenomena as due to the fact that
Xp is also approximately equal to the proper scaling variable for the

hard scattering process.12 Thus, scaling with respect to x

D persists

even though there has been a change of the underlying mechanism.

The scaling variable X, provides a natural way to link the forward
projectile fragmentation data with the target fragmentation data
pertinent to the same nucleus. For example, we can consider the
reaction o (projectile) -+ 12C (target) » p + X. The target fragmentation
proton spectrum provides information about Eé/lzc(xD,CT). Next we
consider the inverse reaction 12C (projectile) + o (target) - p + X.

The projectile fragmentation proton spectrum provides information about
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the same'structure function'aé/lzc(xD,ET) but at a different region of

| Xy Tﬁf structure function extracted from forward and backward direction
in the two reactions should join on smoothly with respect to each other,
Indeed, using the data of 120 + 12C + p+X to approximate the reaction
12C (projectile) + o (target) -+ p + X (allowing for Aééiget dependence) ;
it appears possible to link the forward data of Papp et al.,19 with the
180° data of Geaga et al.l® One notes furthermore that the 180° data

of Geaga et al., pert;ins more to the structure functipn at large values

of and hence is very valuable in extracting information on the high
*p y g

momentum tail of the momentum distribution.

The scaling variable as defined by Egqs. (3.2),(3.4) or (3.5) is just
the generalization of the Feynman scaling variable for situations where
the rest masses of the colliding systems are not negligible. Consider

for example the projectile fragmentation case. In the very high energy

limit, we have
2C CZ

*~ 2BZ e = X ’ (3.9)
z max

since B and C both approach Ys/2. Thus x_. approaches x_ in the very
Z max D F

high energy limit. In the other extreme, for the non—~relativistic case,

m.(l1+v./c) m Vv,V
R W er v dl <1+““—C B> (3.10)
Mgl Vglcs B ¢
We have
m v.,-V
=" (YeV)
N < ) s (3.11)
B c
where
. (3.12)
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Hence, Xy~ % is just the velocity difference (from the beam velocity).
It is a measure of the intrinsic velocity when the nucleus is at rest

and is therefore a good scaling variable for fragmentation,

IV. PARAMETRIZATION OF THE STRUCTURE FUNCTION

We shall consider first the structure function Ga/A(x,kT) and
examine the limiting case of x approaching unity for which simple vertex
functions have been written down.2 For a renormalizable interaction
between the constitutents, including vector exchange, the falloff of the
vertex function arises solely.from the constituent propagators., One

finds?
—ZT(N -N >+1
2 ~(x-a2 ) \A e : (4.1)

where ay is a function of the masses of the exchanged mesons and
constitutent form factors and is chosen to be a constant for simplicity.
The quantity T depends on the interaction® and is about three. The
members NA and Na are the nucleon numbers of nucleus A and a,
respectively. From Eqs. (4.1) and (2.18), the structure function can
be written in the form

> X 1
Ga/A(X’kT) o 1-x =2 27 g+l > (4.2)

where the counting index appearing in the counting rules is given by

2T(NA—Na) -1 (4.3)

0o
1t

and

p? - <af - E2>/m§ : (4.4)
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In Eq. (4.2), kz is a function of x and kT as given by Eq. (2.11):

-

K = [x(_l—x)mi - xmi - k%]/(l—x) (2.11)

which has an extremum at
X =ma/mA (4.5)

and

ft

0

kp

The quantity?2 in Eq. (4.2) is the value of k2 at the extremum.

It is given by the constant

—2 2 2 2
kT = m, (l—ma/mA) ~m . (4.7)

Around the extremum, we can expand k2 in the form
2 =2 ‘2 2 2
kKW = k" - (mA/ma).,[mA(x—xo) + kT] . (4.8)

Therefore, the square-bracketed factor in the denominator of

Eq. (4.2) near the extremum is given by

_ N 2 2/2 ] g+l
k2__k2 g+l B mA (x XO) + kT/%A,
1 +=—7" =|1+(= (4.9)
Dm ) Py D2
(Pmy
As mA/ma is not far from unity, the parameter D is a good measure of
the width of the fall-off, in units of x and in the direction of x
and kT'

Near the region of x ~ 1, the denominator in Eq. (4.2) controls the

behavior of G and we have

lim G(x,ﬁi) ~ (l--x)g . (4.10)

x>1
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while its large kT behavior is
- , > 2\-g-1
m 6(kp) ~ (1(']3) : : (4.11)
T
These are the desired properties of the structure function as discussed
previously.?

Since the experimental data cover a large region of x values, we
are interested in the structure function not only in the region of large
momentum X ~ 1 but also in the region of zero intrinsic momentum Xg-

In order to avoid the introduction of additional parameters?,8 so that
the structure function peaks at the desired location of Xgs We find it
more convenient to work with the form (4.2) instead of extracting a
factor of (1--x)g explicitly as was done previously.z’8 We note that
the extremum of the probability distribution lw]z (=(1-—x)G(x,kT)/x) is
located at the same point as the extremum of kz; that is, at XO==ma/mA
and kT= 0.

The structure function given in Eq. (4.2) with a relatively large
width parameter D (of the order of 0.5) is the structure function for
the high-momentum tail. It corresponds to the component of the structure
function resulting from the correlation of all of the comstituent
nucleons. The large value of D also implies a large mass parameter or
equivalently a small correlation length. Although the structure function
so obtained shows a peak at the point x ~ Xy it cannot represent well
the structure function near that region of small intrinsic momentum.

We know as a matter of fact that near the region of small intrinsic
momentum the nucleon motion is governed by independent particle model

where the nucleons are completely uncorrelated and the length parameter
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is about the size of the nucleus. There is an additional component of
"the strlcture function which arises from the single-particle motion of
nucleons. We can parametrize this component with a different index p and
a small width parameter § where § << D. The total structure function is

then the sum of these two components which we write in the form

81 82 1
Ga/A(x’ﬁT> 1 }—( p < EZ _ k2 P * 72_1 2 )P EZ _ k2 g-pt+l
1+ DRV 1+ 2 1+ -
(6my) (DmA) (Omy )

(4.12)

where the first term inside the square bracket represents the single-
particle contribution while the second term the multiparticle correlation.
Since there is a range of values of p and § which fits the data, we choose
P to have the value six (corresponding to the counting index for the
constituent in a two-body system). The parameters 81> gz;.é and D are
then determined by comparing with experiment. Of course, more complicated
wave functions based on the above type of reasoning can be written down
and more accurate data may require their use.

The above discussion deals with the structure function Ga/A(X’Ei)
which appears in the six-fold relativistic hard-scattering integral.
The structure function ~;/A(X’Ef) which enters in the direct fragmentation
process is in principle different from Ga/A(X’E&)' We have chosen to
define E;/A(x,g ) (see Appendix II) in such a way that EA/A-and Ga/A
differ only by the vertex function ¢. In fact, the vertex function
$a(;A) forlaé/A(x,ET) and ¢A(3A) have the same structure but differ only
in the on-shell or off-shell properties of the external connecting lines.

To the extent that it does not matter which external line is off-shell

(this is rigorously correct in the nonrelativistic limit), the vertex
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functions ¢ and ¢ can be set (approximately) equal. Hence the structure

function«G and G can be taken to be the same.

V. ANALYSIS OF THE o + 12C - p + X data

Combining both the direct fragmentation and the hard scattering
contributions, we can write down the total invariant cross section for

the inclusive A + B »+ C + X process as

3 d30

Ec 737 XDGC/N(XD’ET) +wE, —3 s (5.1)
dc dC” | grgs

where the subscript N in the structure function stands for the beam
nucleus B in the case of projectile fragmentation and nucleus A in the
case of target fragmentation. The quantity Ecd3o/d3c RHS is the
relativistic hard scattering cross section given by Eq. (2.17). As our
theory cannot (yet) predict absolute cross sections, the constant w is
introduced to adjust the relative importance of the two different
processes. It will be determined by comparing with experimental data at
different P values.

To apply the present model to a concrete example, we focus our
attention on the projectile fragmentation data of Anderson et al.,12
for the reaction a + 12C + p + X. Since the direct fragmentation term
dominates for Pp ~ 0, one can attempt to fit the data at pr=0 with just
the first term and obtain an approximate structure function. Final
adjustments of the parameters are then made by comparing the experimental

data and Eq. (5.1) after evaluating the relativistic hard-scattering

integral of Eq. (2.17). We find the following final best set of
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parameters for the structure function Gp/a(x’CT):

-

g = 0.288 % 106 (mb c3/sr (GeV)z)
g, = 0.23x 10" (mb >/sr (cev)?)
‘D = 0.38
and § = 0.062 . (5.2)

Here, to make the analysis of the experimental data simple, we shall
not attempt to normalize the structure function but shall let it be
calibrated with the experimental cross sections so that the structure
function gives directly the invariant cross section. Hence, the
coefficients 81 and gz acquires the units as given above. As G is
undetermined up to a constant, future use of our structure function
should take into account other possible ways of nbrmaliziﬁg.

We note in passing that the tail of the structure function
Gp/a(xD’pT) at x, ~ 0.3 to 0.4 can be approximated by a function of the
form (1—-xD)26, The index of 26 is greater than the value of g=6%x4-7
= 17 predicted by the counting rule. This is as it should be, because
we are quite far from the asymptotic region of xﬁi{;f Nevertheless,
the counting rule index g gives an order of magnitude guide to the
falloff power index of the structure function, when the proper variable
Xy is used instead of Xp- In this intermediate x region, onée achieves
very good fits by changing the parameter from the value T=3 in Ref. 2
to the value T =~ 4,

12C

We need also the structure function of a proton out of the
nucleus, in order to evaluate the hard-scattering integral (2.17). For

this purpose, we examine the projectile fragmentation data of Papp et al.}9
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1
in the reaction 2C + 120 % p + X and the target fragmentation data of

‘Geaga et~ al.,l® in the reaction o (projectile)+—120 (target) -~ p + X.
To make the comparison quantitative, we need to convert the data of

12 12, . 12 . .

C + "7C into an approximate set of data for C (projectile) +

a (target). This conversion can be done by noting that as a function of
target mass AT’ proton inclusive cross section for x ~ Xq is approximately

proportional10 to A1/3. We therefore multiply the 120 + 12C Ccross

sections of Papp et al., by a factor of (4/12)1/3

so that we can treat
them as the cross section for the 12C + o system. The data of Papp et al.,
is given for a laboratory angle of 2.50, while the data of Geaga et al.,15
is given for a laboratory angle of 180°. For these angles, the hard-
scattering contribution to the cross section is negligibly small

compared to the direct fragmentation process. These data can be analyzed
using only the first direct fragmentation term in Eq. (S.i). After
properly transforming the relevant momentum variables into the

scaling variable Xp taking special care that the transformation for
projectile fragmentation is different from target fragmentation (Egs.
(3.2) and (3.5)), we can represent the different sets of experimental

data in terms of a single structure function. We find the following

set of parameters for the structure function which give a good fit to

the 2.5° data of Papp et al.,!® and the 180° data of Geaga et al.:18

g; = 0.50x 107 (mb 3/sr (GeV)z)

gy = 0.12x 10° (mb c3/sr (GeV)Z)

D = 0.30

§ = 0.024 5.3)
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In this case, the tail of the structure function can be represented by
: (L-XD)lO7. This index of 107 is greater than the counting index of
g=6%x12-7 = 65 from the counting rule with T= 3, indicating that we are
still quite far from the asymptotic region of x ~ 1. The value T=4~5
yields a better value for the index in this region.

Finally, to evaluate the hard-scattering integral, we need the
basic cross section for the process p + p + p + X. We note that the

elastic cross section can adequately represent this cross section.

We therefore parametrize the basic cross section as??

3 1
Eg Q—% (op > pp) = Se°- 6[ka4—b-—C)2 - dz] (5.4)
dac

where B is the slope parameter, S is a constant and t' is the Mandelstam

variable in the basic system

£ = -0 . (5.5)
In terms of the other Mandelstam variable for the basic system
' 2
s' = (a+b) s (5.6)

we parametrized slope parameter B for pp elastic cross section in the
following form

(1) B=0 for s' =4 (GeV/c)2 s

(2) B =5(s'-4) + 0.36(s-4)° (Gev/e) 2 .
(5.7)

for 4(GeV/c)? < s' < 5.45(GeV/c)?

and 3) B = 8(GeV/c)_2 for 5.45(GeV/c)2 <st .

The above parametrization is based on the tabulation of the slope

parameter of Benary et al. 20
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The magnitude of the coefficient w which determines the relative
imbortaﬁbe of the direct fragmentation term and the hard-scattering term
is obtained by fitting the experimental data at pal.74 GeV/c for
Pr= 0.3 GeV/c. There, as the two different terms become dominant at
different regions of xp, the shape of the total contribution depends

sensitively on this coefficient. The best value of the product Sw is
Sw = 0.318x 1071 (mb c3/sr (GeV)Z) atev/e)™ . (5.8)

Figure 3 gives the comparison of the experimental data with the
theoretical results for the reaction a (projectile) + 12C (target) =
p + X at a projectile momentum of 1.74 GeV/c per projectile nucleon.
This momentum corresponds to a kinetic energy of 1.04 GeV per nucleon.
The dinvariant cross section is plotted as a function of Xp for various
values of the transverse momenta of the detected proton pf. Figure 3(a)
shows the results for pT==0 and Fig. 3(b) for Pp= 0.3 GeV/c. As one can
see, the data points for Xy 2 0.20 can be well fitted by the theoretical
calculations. To study the results in more detail, we can decompose the
sum of the theoretical cross sections in terms of the direct fragmentation
component and the hard-scattering component. We consider first the case
of Py = 0 at 8=0". We find that the direct fragmentation dominates for
Xp 2 0.25 but the hard-scattering cross section becomes greater than the
direct fragmentation cross section for x; < 0.18. It is worth noting that
the tail of the hard-scattering component is similar in shape to that of
the structure function represented by the direct fragmentation component,
as pointed out previously in Ref. 2. In the region of small Xpy» the sum

of the direct fragmentation and hard-scattering cross section is still
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substantially lower than the experimental cross section, indicating

that otHer processes need to be further included to provide a good fit
for this region. We note that the hard-scattering cross section

includes a sum over all channels. What we have taken into account so

far is only the elastic p,p channel. This is good enough in the region
of Xy 2 0.20. However, for the production of lower energy protons, the
inelastic channels need to be included. Indeed, it is observed that when
the inelastic p,p cross section is taken into account, the hard-scattering
cross section for small Xp values is enhanced substantially.® It is
expected that the hard-scattering process (including both elastic and
inelastic pp reactions) dominates over the direct fragmentation process
for small values of Xp-

The separation of the forward proton spectrum into a direct
fragmentation region (xD > 0.20) and a hard scattering region (xD < 0.20)
is consistent with other pieces of experimental data. It is known
that the cross section in the region Xy 2 0.2 increases with the target
mass as AT1/3’ indicating a peripheral nature of the encounter, as would
be expected of a direct fragmentation process. On the other hand, the
cross section in the region of Xp ~ 0.10 increases with the target mass
as AT2/3’ indicating a geometrically more central nature of the encounter,
as would be expected of a hard-scattering process. Also, in a hard-
scattering event, since the angular distribution of the basic process
becomes more and more isotropic as energy decreases, it is easier for
slow protons to come out in the forward direction, even though the

constituent particles a and b may not be initially aligned in that

direction. Therefore, the hard-scattering cross section for small values
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of Xp should increase with decreasing energy. Experimentally, the cross
section~for xp ~ 0.10 indeed increases when the bombarding energy decreases.

We examine now the forward proton inclusive spectrum for the reaction
of o + 12C + p + X at the same projectile momentum (1.74 GeV/c/N) and a
transverse momentum of 0.3 GeV/c for the detected proton. Figure 3(b)
shows that the experimental data points can be well fitted by the
theoretical calculations. We can study the two different components in
some detail. One finds that the direct fragmentation dominates when
Xy 2 0.32 whereas hard-scattering dominates for %y < 0.28. It is clear
from the shape of the experimental spectra that a combination of the two
processes is necessary to explain the experimental data.

We note that in the case of p;=0.3 GeV/c, the peak of the cross
section is given mainly by the hard-scattering process. Ibis is in
contrast to the pT==O case where the peak of the cross section is given
mainly by the direct fragmentation process. Such a change in roles may
not be surprising because the direct fragmentation peak has a momentum
width.oP of the order of 0.10 GeV/c.! So, at pp=3 op the direct
fragmentation peak drops down much below the hard-scattering peak.

The increasing importance of the hard-scattering component also explains
the peculiar phenomenon10 that the observed momentum width is different
in the transverse and in the longitudinal direction. 1In the transverse
direction, the additional contribution and later the dominance of the
hard-scattering process give a larger width to the transverse momentum
distribution, as compared to the width of the longitudinal momentum

distribution at Pp= 0.
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The interplay between the direct fragmentation and hard-scattering
processes can be further displayed by considering the proton transverse
momentum distribution for a fixed value of momentum 1.75 GeV/c in the
bombardment of 12C with alpha particles at pa= 1.74 GeV/c per nucleon.
The experimental data and the theoretical results are shown in Fig. 4.
As on
can further compare the contributions from the direct fragmentation
process and the hard-scattering process. For this momentum, the direct
fragmentation process dominates the cross section at Pp= 0 whereas
the hard-scattering process dominates thg cross section at Pp >> 0.1 GeV/c.
The cross over of the two processes occurs at Pp ~ 0.2 GeV/e. It is clear
that the direct fragmentation process by itself or the hard-scattering
process by itself cannot explain the data. A combination of these two
different processes is necessary.

Figure 5 gives the cdmparison of the experimental data with

. 1
theoretical results for the reaction of o + 2

C > p+ X at a momentum
of 2.88 GeV/c/N per projectile nucleon. This momentum corresponds to a
kinetic energy of 2.09 GeV per nucleon. Figure 5(a) shows the results
for P = 0 and Fig. 5(b) for Py = 0.3 GeV/c. Again, the experimental
data points, with the exception of the low momentum region Xy 2 0.20,
can be well accounted for. The region of small X, as we mentioned
before, may involve more complex processes and is not expectéd to be
given just by the direct fragmentation process and a hard-scattering
process involving only the elastic pp channel. The decomposition of
the theoretical cross section into the two underlying components gives

features which are the same as in the case of 1.74 GeV/c. They need not

be discussed again.
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It is worth noting that the theoretical hard-scattering cross
. gseetion~at 2.88 GeV/c is smaller than that at 1.74 GeV/c for small values
of Xp. As we explained previously, this is due to the fact that the
basic p,p cross section becomes more forward peak as energy increases.
So, in order to come out in the forward direction, the colliding
constituent nucleons need to align well in the forward direction and
hence only a more restricted region of phase space leads to a slow
proton in the forward direction as compared to the case of a lower energy
collision. This decrease of cross section in this region of small xp
with increasing emergy cannot go on without limit. We know that the
slope parameter for the basic cross section, which determines the angular
anisotropy of the basic reaction, becomes a constant when s' exceeds
about 5.5 (GeV/c)z. One therefore expects that as a function of
bombarding energy of the heavy ion, the hard-scattering cross section
due to the p,p elastic channel in the region of small xp reaches an
approximately constant value when the bombarding energy goes beyond
3 to 4 GeV/nucleon.

Figure 5(b) shows the inclusive proton spectra for P" 2.88 Gev/c/N
and Pr = 0.3 GeV/c. As one can see, the theoretical results agree well
with experiment for Xy 2 0.2. Again, the region of small values of xj
may have contributions from other processes and has therefore a larger
cross section than the calculated results. The peak cross séction is
due to the hard-scattering process. The cross section at large values
of Xy comes mainly from the direct fragmentation process, the hard-
scattering process nevertheless gives a substantial contribution to the

sum.
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In Figure 6, we show the transverse momentum distribution for the

case oﬁ\pa= 2.88 GeV/c/N for a proton momentum of 2.88 GeV/c. The

direct fragmentation component again dominates at Pp= 0 while the

hard-scattering process dominates at Prp >> 0.1 GeV/e.

VI. NUCLEAR MOMENTUM DISTRIBUTION

In the model we have presented, the nuclear structure function
enters in a very important way. It arises in the direct fragmentation
term and also in the hard-scatteing term. The structure function
obtained thereby may have already been subject to distortion due to

additional final state interactions. It may also need other corrections

because of the various approximations introduced to lead to the simplified

result of Eq. (5.1). Nevertheless, an analysis of the experimental
data in terms of these structure functions is in essence ; semiempirical
determination of the structure function as defined in the present model.
A comparison of the semiempirical and theoretical results will reveal
much information about the underlying physics of the structure function
and/or final state interactions.

Rather than comparing the structure function, it is more convenient
to compare the momentum distribution Pa/A(X’Ei) which is related to

Ga/A(X’Ef) by

Pa/A(X’ET) - Tzc—_}? Ga/A<X’6T) . (6.1)

. . 4
Recently, momentum distribution for the ground state of He has been

calculated using various two-body interactions. It was pointed out that
a measurement of the momentum distribution, particularly the region at

high momentum, will be of great value in understanding the correlation
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of nucledtns in nuclei. This is in line with the suggestion of Ref. 2 that
experimental data of large values of x reveals the degree of many-particle
c;rrelations of a composite system. The momentum distribution has been
calculated by Zabolitzky and Ey!3 in a non-relativistic coupled-duster

form of the many-body theory. To make the comparison possible, we go

to the projectile frame in which the center of mass of the projectile is

at rest. This is achieved by transforming Xp to péP) in the projectile
frame by
m m
p{P) - my <XD - ~§£> <1 + ii > 2 , (6.2)
z ' mB mpXn
where

2 2)
me, = (mC + CT . (6.3)

When the momentum distribution of a nucleon in 4He obtained in the
present model is compared directly with theoretical calculations of
Zabolitzky et al., one observes that the semiempirical distribution
obtained is too narrow compared with the theoretical momentum distribution.
The general shape is however similar. In particular, there is a discontinu-
ity in slope at P, ~ 1 (T¥fm_l) which mimics the change in slope at
p~2 (T1fm—l) in the theoretical calculation. The theoretical calculation
demonstrates that the abrupt change in the slope of the momentum distribu-
tion originates from the presence of correlations between nucleons. Final
state interactions may distort the momentum distribution but are not
expected to introduce such abrupt slope changes. Thus, the observed dis-
continuity in slope may be tentatively taken as a possible evidence for the
presence of nuclear correlation of nucleons in the ground state of 4He.
More definite conclusions must await further studies of the effects of

final state interactions.
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VII. CONCLUSIONS AND DISCUSSIONS

WiEﬂ the introduction of the direct fragmentation process to
supplement the hard-scattering process, the experimental data of
Anderson et al.,lo can be well explained. We find that direct
fragmentation dominates the cross section at 6 = 0° and 180° and also
the production of very energetic protons for 9 # 0. On the other hand,
the hard-scattering process dominates near the quasi-elastic peak when
Py >> 0.1 GeV/e.

Our model leads naturally to a new scaling variable X which
measures the fractional momentum of the detected fragment relative to
the parent nucleus. When plotted in terms of this scaling variable,
the invariant cross sections show little energy dependence, except
for region of small Xp- Such a scaling behavior can be understood
within the context of our present model. 1In the region where direct
fragmentation dominates, only one structure function is necessary to
describe the behavior of the cross section at all energies when the
energy is high enough. As the structure function depends only on X,
and ET’ we have scaling in terms of Xp for different values of E&.

In the quasi-elastic peak when Pr # 0, the hard-scattering model has
a scaling variable which is approximately equal to x, even for moderate
values of PT'12

The analysis of this experimental data provides us with some insight
into the momentum distribution of a nucleon in a nucleus. Heavy-ion
reactions thus may be a unique tool in probing the high momentum tail

of the nuclear momentum distribution. This is possible because a single

nucleon can be emitted in a cooperative manner with a large fraction of
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the total momentum of the nucleus. Our analysis indicates the possible
présencéhof nuclear correlations in 4He and/or final state interactions.
Similar conclusion was also reached by Geaga et al.,?! from their work in
backward proton productions.

Since knowledge of the nuclear momentum distribution can be very
useful in nuclear structure and nuclear reaction studies, it is important
to develop further both theoretical and also experimental tools for its
exploitation. As far as experimental investigations are concerned,
what is desirable is a systematic inclusive proton and composite parti-
cle production for various nuclei at 0° and 180° where only the direct
fragmentation is important. The 0° data give the structure function
close to the region of zero intrinsic momentum while the 180° data give
the structure function in the region of large intrinsic momentum. To
allow the two structure functions to join on smoothly, one wishes to
push the 0° measurement to as large a momentum as possible and to push
the 180° measurement to as low a momentum as possible. To subtract away
the contributions due to the hard-scattering process, it is desirable
to have measurements around PT # 0 so that the hard-scattering contribu-
tions can be well identified. Furthermore, it is desirable to perform
experiments at different energies to check whether or not scaling is
achieved. Once scaling is achieyed, the use of different projectile
and target nuclei will aid in determining the counting rules for the
dependence of the cross section on the constituent numbers. These scal-
ing laws are the minimal systematics against which new degrees of free-

dom may appear as peculiar deviatioms.
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Theoretically, much more work remains to be done to examine the
‘corrections to the presence model and the energy dependence of the
neglected factor in the direct fragmentation term. Future work should
also be directed towards a more careful examination of the structure
function and its momentum dependence. It is particularly important to
study the effects of final state interactions.?? By improving both
the theoretical and experimental tools we can expect to enlarge our
knowledge of some basic and important properties of the nucleus which

up to now is still very rudimentary.
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APPENDIX I

- EVALUATION OF THE HARD-SCATTERING INTEGRAL

We present here the detail steps and relativistic kinematics which
allows one to evaluate the hard-scattering integral. For a given
projectile kinetic energy per nucleon € we have the invariant scaler
variable s= (A + B)2 given by

_ a2 2
s=A“+B +2mA(NBe+mB,) . (1.1)

The maximum value of |3| can be determined by assuming a minimum missing

mass D .
min

' 2
Coe = ;\(s,c ,Dmin,)/z/'s? ) (1.2)
where

2 2., 2,2
A (XI’XZ’XS) = x; + X, + x3 - 2(x1x2 + XyXq + x3 1) . (1.3)

The knowledge of CmaX allows one to convert the proton momentum into
Feynman’s scaling variable and vice versa. In terms of the momentum
CO and CZ of the detected proton in the center-of-mass frame, the other

2
invariant variables t= (B- C)2 and u= (A-C)~ are

_ 2 2 i 2 2
t = -2 _CO(P2+B /4P2)- Cy(P,-B /4R,) | +mg+my (I.4)
and
[ 2, 2, N1 . .2, 2 :
u=-2|cy(p+a 142,) - ¢, (P -A /4191) Fuy +mg (1.5)

where P1 and P, are given by Eq. (2.3) and (2.4).

Our task is to evaluate the six-dimensional integral for a given

>
set of values of s, t and u. The integration variables are X, ¥, kT

->
and QT’ but they are restricted in the elastic channel by the' delta
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. 2 2
function 6[(a +b+C) -d ]. We can convert this energy conservation

condition

(a

Here the

'Al
Ay
Ay
and
X
where
5 =
and
mz
al
Therefore,
8 [(a +b

into an equation for y:

+b-C)? - a= (A1y2 + A,y +'A3)/(1 -y) =

coefficients Al’ A2 and A3 are

- [x'é - z(co— CZ)PZ] ,
2 2

-Al + mp - mB - mg [mﬁl/xg - VZ(CO+ CZ)/4P2] -X ’

(02 - n2 - 22) [, - 2ot )] - ex

-2(C0+ CZ)Plx - Z(CO+ Cz>m§l/4P1x + 1%+ c? - mﬁ

—zﬁT-'C*T+2?{T-3T+2KT-ET ,

—;—[S—AZ—BZ+>\(SA B)] ,

=+ il
the delta function in the basic cross section becomes
l -y - Yy
2 21 _ 71
-0?-a} | - - $(5-3) +———2— 8(y=7,)
A7) 1l gt

(1.

(1.

(1

(1.

(1

(1.

.6)

7)

8)

.9)

10)

A1)

12)

(1.13)

where ¥y and y, are the two solutions of y for Eq. (I.6). An integration

over y reduces the six-fold integral into a five-fold integral, In each

of the five-dimensional points, there are two contributions from two

values of

¥. Because of the rapid fall-off of the structure function
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the point closest to y0==mb/mB gives the greatest contribution to the
- integrad.

The knowledge of x, vy, KT and E& now allow us to evaluate the
Mandelstam variables s' = (a + b)z, t'= (b-—C)z, u' = (a - C)2 in the

basic system. They are given by

- 2 2 - > > 2 2
s' = =xys + malmbl/kys - 2kT- Lo+ KT+ 2 s (1.
t' = -2(C ~C\P,y - 2(CotC\mZ [4P.y + 2%+ G + 22 + C° (1
(Co=Cz)Py (%o 2P,/ 4BoY T T ’ .
and
u' = -2(C . +C,\P,x - 2{C,-C m2 /ZP x + 2+ . G + k2 + C2 (I
(0 Z)l ‘(0 Z)al 1 kp* Cp ’ y
where
2 2 2
m, = AT+ e (1.

The function A(s,s',x,y) and do/dt'(pp) which are given in terms of s'
and t', can now be determined. With the structure functions already
given in the variables of x, vy, i& and Z&, the complete integrand can
now be evaluated. The hard scattering integral can be evaluated by a
Monte Carlo sampling of the five dimensional integration points in x,
ﬁi and i&, with convenient changes of variables to put more weights to

the regions of large contributions.

14)

15)

16)

17)
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APPENDIX II

- DIRECT FRAGMENTATION CROSS SECTION

Following Ref. 3, we write down the differential cross section

for the process AB » CiX' depicted in Fig. 1(a) as

do(ABSCIX') = 1 2 ‘MA N P (11.1)
2E,2E_|v, -V i BC1X
A B| A B
with the assumed decomposition
-2
2 ‘g 2
s | = 2 P —_
(pe"ms>
and
dtc (B2 2 d‘*l ROTZ:
dp = —= ¢ (c —mc> ( ) . (I1.3)
(2m) (27r)

Here, the function $B is the covariant vertex function for the particle

C on-shell and B off-shell. We have therefore

-2
oo (Pg) 3,
dc B "8 1 2 d i
E (AB+CiX') = l l
€ ac3 (2 2>2 28,28, |v, - vy parix'| By, . (LA

We assume that the off-shell continuation of the matrix element

is smooth so that we can identify

a3 :
=g, <2 (ga»ix') (I1.5)
i di3

(1 - x)2E,28g |v, - vy | [Maarsx:|

where x is the fractional momentum of C out of B. The inclusive cross

3.
section for AB-»CX is obtained from (II.4) by integrating over (d"i/E,):
2

3 95 (p )
E. 4o (AB>CX) = (1l -x) —— f e - E (BA+1X Y . (IL.6)
dc3 ( 2 )
Pg~ Mg
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Noting that the baryon propagations of b and 8 (when they are off-shell)

are related by

P2 .2
g 2 1 f x ’ (IL.7)
Pg =~ Mg
we can rewrite the following factor in (II.6) as
-2 -2
¢ o (py) 5 (py)
(1-x) B 78 _ . x B g . (IL.8)

2

-x 2
Gt )

The result of (I.8) suggests the usefulness of introducing
-2
_x ¢ (Pg)
1 ~-x 2
22
(Pb"“’b)

which differs with GC/B(X’Ef) only in the vertex functioni the vertex

EE/B(X’Ef) , (11.9)

function is evaluated when the particle C is on-shell for GC/B(X’Ef)
and is evaluated when C is off-shell for GC/B(X,E ). In terms of G,

the invariant cross section for AB-+CX is

3

3 3

do _ = d’i d”g ‘it

B, 3 = xGC/B(x,cT) E: f 3 By —3 (BA>iX') . (11.10)
dcC i i di
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FIGURE CAPTIONS

(a) Diagrams for the direct fragmentation process
leading to A+ B » C + X.
(b) Diagrams for the hard-scattering process leading

to A+ B> C + X.

Experimeﬁtal invariant cross section of Anderson gg_gl.,lo

for the o + 120 + p + X reaction plotted as a function of the
scaling variable Xp Different types of data points are used
for different projectile momentum per nucleon, as indicated.
Figure 2(a) is for a proton transverse momentum Dy = 0, 2(b) is

for pT==O.15 GeV/c, and 2(c) is for Pr = 0.3 GeV/c.

Comparison of experimental data of Anderson gg_gl,,lo with the
theoretical results for the reaction a +-12C +p+ X at a
projectile momentum of 1.74 GeV/c per nucleon. Figure 3(a) is

for proton transverse momentum pT==O and 3(b) is for pT==O.3 GeV/e.
The solid curve is the theoretical cross section which is the sum
of the direct fragmentation component represented by the dashed
curve, and the hard-scattering component represented by the

dashed-dot curve.

Comparison of the transverse momentum distribution of Anderson

1ZC.—»p + X at

et al.,10 with the theoretical results for o +
a projectile momentum of 1.74 GeV/c per nucleon and the detected
proton at a momentum of 1.75 GeV/c. The solid curve is the
theoretical cross section which is the sum of the direct

fragmentation cross section (the dashed curve) and the hard-

scattering cross section (the dashed-dot curve).
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Comparison of experimental data of Anderson gg_gl.,lo with the

. 1 . .
= theoretical results for a + 2C + p + X at a projectile momentum

Fig. 6.

Fig. 7.

of 2.88 GeV/c per nucleon. Figure 5(a) is for Pp = 0, and 5(b)
is for Pp = 0.3 GeV/c. The solid curve is the theoretical
cross section which is the sum of the direct fragmentation
component (the dashed curve) and the hard scattering component

(the dashed-dot curve).
Same as in Fig. 4, but for a projectile momentum of 2.88 GeV/c/N.

The semi-emperical momentum distribution of a nucleon in the
4He nucleus as determined by the present analysis (solid curve)
is compared with theoretical distributions (labeled curves)
calculated by Zabolitzky and Ey.13 The labeled curves are the
theoretical momentum distributions obtained by using different
interactions: SSCB for de Tourreil-Sprung super soft core
potential, RSC for Reid soft core potential, and HJ for
Hamada-Johnston potential. All are obtained by including
nucleon correlations. The uncorrelated result is given by the

curve labeled UNC.
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