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Baryon Distribution in Relativistic Heavy-Ion Collisions™

Cheuk-Yin Wong
Oak Ridge National Laboratory, Ozk Ridge, TN 37831

Recently there is considerable interest in highly relativistic heavy~ion
collisions! which was suggested as a way to produce a phase transition from the
ordinary confined matter to the unconfined quark-gluon plasma. As the fraction
of baryons in the early universe was small,Z? it seems desirable to design a
heavy-ion collider such that when the energy density in the central rapidity is
high enough for a phase transition, there is no net baryon density there.

Recent investigations reveal that the average downward shift of the projec-
tile baryon rapidity is quite large.3 The formation of a pure quark-gluon
plasma depends on the shape of the baryon momentum distributions. It is of
interest to estimate the baryon momentum distribution.

We shall study the baryon distribution using the Glauber-type multiple
collision model.* In this model, a nucleon in one nucleus makes many inelastic
collisions with nucleons in the other nucleus, the probability being given by
the thickness function and the total nucleon-nucleon inelastic cross section.
Each baryon-baryon collision results in a degradation of their energies and
momenta in accordance with experimental nucleon-nucleon inelastic differential
cross section data. This model is an extension of the model of Blankenbecler et
31,5 to include the effect of energy degradation. We shail focus our attentin
on the longitudinal momentum distribution in terms of the Feynman scaling

variable x.

We examine first the case of nucleon-nucleus collisions. The momentum
distribution of the incident nucleon after n ineTa?tif collisions D\NJ(xp) is
related to that after (n-1) inelastic collisions D{N=1)(x. ;) by

D(n)(xn) = [ dx, 4 D(n-l)(xn_l) w(xn_l,xn), (1)

where the function w(xp-1,%xp) is the probability for finding a "leading" baryon
with x, after a baryon-baryon inelastic collision if the initial Feynman scaling
variable is xp.1. Experimental pp+pX data at high energies show a nearly flat®
and energy-independent? differential cross section do/dx as a function of x.
Thus, the normalized probability distribution w(xp-1.xp) can be approximated by

w(xn-l’xn) = e(xn-l - xn) e(xn - xL)./(xn-l - XL)’ (2)

where x| is the lower 1imit of x in accordance with energy-momentum conservation.
It is approximately the value of x corresponding to the projectile Laryon being
stopped in the target frame or the rapidity variable y being equal to the target
rapidity. Initially, the momentum distribution is p{®)(x) = 8(x-1). The momen-
tum distribution of the baryon after n inelastic collisions is therefore



D(")( ) = Tl_—'T_}ITT' 2 s 8{1-x) o ) (3)
X) = -X n- T -kn ‘r—_xL -X X'XL 3

which is normalized according to [ D(n)(x)dx=1.

In the reaction pA+bX where A is the target nucleus with mass number A and
b is a baryon, the inelastic cross section doPA/dx is

= [ db z (A) ™ (x) [15(b)s; 1"[1-T,(b)o, 1A, )

where
TA(bA) =/ dZA PA(bA,zA) 1000 E i : -~i— ;f' E
and 500 » p+A--p+X E

> ps £ 0.3 GeV/c
f pA(r‘)d? = 1. i

200
To calculate dopA/dx for the reac-

tion pA+bX, we take a Fermi-type nuclear
density distribution with a radius 100

parameter ro = 1.25 fm and a diffuseness 5 -

= 0.523 fm. To compare with the ex- X N
perimental cross sections, we shall as- 3 sof-
sume that in the range of interest, 0.3 < -
< x.< 1, the longitudinal and transverse £ _
degrees of freedom are factorizable. ao
The theoretical results thus obtained T 20
g1ve good agreement with experimental 2 .

w
data® (Fig. 1). ol ¥/Ar/1r _
We genera]ize the above results to ” - .

the collision of a target nucleus A with - v Pb .
and a projectile nucleus witt a mass T » v Ag =
number B. We neglect the coilisions be- o, acu 7
tween projectiie nucleons and the shift oC

0 p (100 GeV/c)

of the rapidities of the target nucle- > DRI Gl

N

ons. MWithin this approximation, all the wp (70 Gev/c)
projectile nucleons are alike and de-

grade in energy in the same manner. The 1 I | l |
projectile baryon distribution after the o 02 04 06 08 1.0

coliision is therefore x

Figure 1



A
S (x) = B [ dByTy(B;) n=Xo (:) D(n)(x)[TA(E+gB)°in]n[1 - TA(E’**f’*s)"m]A-n'
(5)

We calculate the_part of projectile baryons which suffer at least one in-

elastic collision, dNjN/dy, for the collisions of equal nuclei at two different
bombarding energies. After taking into account the Fermi motion, the "resuits

are shown in Fig. 2 where we plot the quantity (dN%N/dy)/nRE as a function cf
y-yg with Ry the radius of the target nucleus and yg the beam rapidity. Figure
2(a) is for a bombarding energy of ¥s/A = 30 GeV per nucleon and Fig. 2(b) is
for Ys/A = 100 GeV per nucleon. This quantity gives the proper baryon density
in the central rapidity region_at the proper time t, of 1 fm/c when the produced
mesons and other particles bedin to emerge.l As the mass of the colliding
nuclei increases, the peak of the projectile baryon distribution becomes wider
and moves to a lower rapidity. The distribution is not symmetrical about the

peak. It extends well into the target rapidity region.

Of particular interest is 0.30 7 1T T 1 T 1T T 1T T° 1
the baryon spatial density in
the central rapidity region. 024 |~ . —
It has contributions from both i
the projectile nucleus and the
target nucleus. For vs/A = 30 048 [~ —
GeV per nucleon, the mid-
rapidity point is at y-yg = 042 — —_

-4.16. The total baryon den-

sity there at ty = 1 fm/c is

0.04 baryon/fm3 for C+0, 0.14 -

baryon/fm3 for Cu+Cu, and 0.28 ‘g

baryon/fm3 for Pb+Pb. For the = 5

higher energy v¥s/A = 100 GeV N‘f 030 !
N

per nucleon, the mid-rapidity
point is at y-yg = -5.36, The >
total baryon density there at 1z:; 0.24 —
tg = 1 fm/c is 0.02 baryon/fm3
for 0+0, 0.08 baryon/fm3 for
Cu+Cu, and 0.21 baryon/fm3 for
Pb+Pb. One can compare these
densities with the energy den-
sities of the produced mesons
in this mid-rapidity region.®
One finds that the baryon
energy density is about 6% of
the total energy density for
vs/A = 30 GeV per nucleon, and
is about 2 to 3% for Vs/A =
100 GeV per nucleon.

Figure 2



Our result indicates that in the encrgy range of VS/A ~ 10-100 GeV, it is
difficult to form a pure quark-gluon plasma in the mid-rapidity region without a
baryon impurity of a few percent (in erergy density). Increasing the collider
energy brings some improvement to the degree of baryon impurity. However, by
nature of the skew distributions due to multiple inelastic collisions, some
baryon impurity remains.
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