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GREY PARTICLE DISTRIBUTIONS IN HIGH ENERGY
NUCLEUS-NUCLEUS COLLISIONS

M.K.Hegab*, M.M.Sherif*, S.A.Krasnov, S.Vokal

We propose a simple analytic model for the description of grey partic-
le production (mostly recoil target protons in the energy range of 26<E<
<400 MeV) in high energy nucleus-nucleus collisions. The model is para-
meter-free and its input information is the distribution of grey particles
produced in proton-induced reactions. We obtained good agreement
with experimental multiplicity distributions and mean values of grey par-
ticles produced in heavy ion Dubna emulsion experiments.

The investigation has been performed at the Laboratory of High
Energies, JINR.

Pacnipenenenns cepnIx vactun
B BBICOKO9HEPreTHYeCKHX ALPO-AepPHbIX
CTOJIKHOBEHHAX

M.K.Xera6 u ap.

Ipensioxkena nmpocras aHaMTHYECKast MOMENb IS OIACAHMA Hcyc-
KaHHA g-YaCTHL (B OCHOBHOM HPOTOHOB, BbLIGHTBIX M3 MHILEHH C 3IHep-
ruamMu 26 <E <400 M3B) =B BBICOKOIHEPTETHYECKHX ANPO-ANEPHBIX CO-
ynapenuax. 3to GecnapaMeTpuueckas MOJENb, 2 B KaUeCTBe HCXOOHOM
HHOPMaUMH HCIIONB3YeTCA pacTpenencHue g-YacTHil, BO3HHKI0LIHX
B peaKiMsX, BbI3BaHHBIX MPOTOHaMH. MbI NONywWwIn Xopolliee Corfacue
C  IKCHePHMEHTAIPHBIMH  Daclpelie/ieHHAMH 10 MHOXECTBEHHOCTH
H CPeNHMMM MHOXECTBEHHOCTAMH §-4aCTHII, BOHHKAIOUMX B IMYJIb-
CHOHHBIX 3KCMEPUMEHTAX C TSDKEIBIMH HOHAMH, IPOBE/IEHHbIX B [ly6He.

PaGora sbmonHeHa B JlaGopaTopuu BBICOKHX sHepruit  OUAHN.

1. Introduction

A lot of experimental results on high-energy heavy-ion (AA) reac-
tions have been recently accumulated. The main emphasis has been put
on multiparticle production mechanisms, i.e. only the multiplicities ng
and rapidities of shower particles are considered. To achieve complete
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understanding of reaction mechanisms in AA collisions, the target frag-
mentation region should also be investigated. Target associated partic-
les are usually classified, in emulsion experiments, into two categories:

i) Grey or g-particles (N), which are singly charged particles with
velocity in the range 0.23 < 8=V/c < 0.71. They are mostly recoil target
protons with energy in the range of 26 <E <400 MeV.

ii) Black or b-particles (Np). These are charged particles with
B8<0.23. They are mainly evaporation products from the target remnant.

Both g- and b-particles are called heavily ionizing particles and their
combined multiplicity is denoted by N, =N g * Np

The study of g-particle production in hadron-induced (hA) reac-
tions proved to be of utmost importance”’ !/ . The importance lies in that
the number of g-particles N; on a given event is strongly correlated
to the number of unobserved collisions » that occurred in the event.
This number of collisions v is a crucial parameter in all theoretical mo-
dels on multiparticle production in hA interactions’?:3/ . These studies
on g-particles have revealed that N, is a more precise measure on »
than the over-all average number
w>=Aq, /crhA,
where A is the target mass number and o, A Or oyy  aretheinelas-
tic hadron-nucleus and hadron-nucleon cross sections, respectively. In ad-
dition, g-particles have extended the range of measurement of v up to
~ 2<v> instead of the maximum value <v> .. 4 which is only achie-
ved in p-Pb interactions. ‘

Proceeding to a higher level of complication, we consider high-
energy AA collisions. Experimental results in these interactions have
shown that nuclear geometry is the dominant ingredient in the produc-
tion mechanism’4’ . In other words, the number of participants is the
decisive parameter in the shower particle production. But the number
of these participants fluctuates in a wide range. Guided by the success-
ful achievements in hA interactions, it is worth knowing whether g-par-
ticles measurement in AA collisions could narrow these fluctuations or
not, ie. is the number N, in a given event, a precise measure of the
number of participants in that event?

Very recently, the EMUO1 collaboration has studied the target asso-
ciated particles in the framework of two Monte Carlo simulation codes,
namely, the multichain model by Ranft and the Lund model
FRITIOF '%7/, The two models were essentially constructed for, and
are indeed successful, describing the general trends of multiparticle pro-
duction in both high-energy hA and AA interactions. In the FRITIOF-
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code the target cascade is totally neglected and the only contribution to
the target particles comes from the low-energetic particles emerging from
the fragmenting strings. In the Ranft-code the cascade is’ partly accoun-
ted for via a free parameter which is related to the formation time. The
FRITIOF-code fails to reproduce both the N g- and Ny-distributions
whereas Ranft-code, with a suitable choice of its free parameter, could
reproduce only the Ng-distribution. Even for this choice of parameter
the Ng-distribution in pA interactions is not reproduced. They conclu-
ded that, although the cascade plays an important role in the target
break-up, it is less developed in nuclear collisions as compared to PA col-
lisions, )

In the present work we propose a simple analytic model for the des-
cription of the g-particle production in high-energy AA collisions. The
cascade is accounted for in the model via its input information which
is the g-particle distribution from pA interactions. The latter is either cal-
culated from any one the well-known models on g-particles’8’ | or di-
rectly taken from pA experiments. In the following section the model
is described. Results of calculations are presented in section 3. Conclu-
ding remarks are given in section 4.

2. Model Description and Formulation

It has recently been shown that, at least for inclusive nuclear col-
lisions, the distributions for shower particles can be well reproduced
when AA collisions are viewed as a superposition of independent NA col-
lisions. On the average

<>, 4w <Np><no 1)
where <Bg>p, (<ng>y,) is the mean shower particles multipli-
cities in AA(NA) interactions at a given incident energy per nucleon and
‘<Np > is the mean number of participating projectile nucleons. If that
is the case in g-particle production, then one should obtain

<NB>AA ~ < Np> <Ng>NA . (2)
Considering for example the case of 1%c.cNO interactions in emulsion,
we have <Ng>peno~ 1.377% and <Np>¢.cno ~ 4.271% 50 that
(2) gives <N, > cno~ 6. This is equal to the maximum number of
target fragments (N, = 6) that is expected from the interaction with the
light component (CNO) of the emulsion. Thus (2) overestimates, to a lar-
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ge extent, the number of g-particles. produced in AA collisions so that
no other target particles will be left to account for other phenomenon,
e.g. evaporated particles Ny. The reason for this overestimation comes
from the fact that the dominant contribution to g-particle production
in pA interaction results from the intranuclear cascade and not only
from the participants (i.e. v) as in the case of shower particle production.

Hence, if we want to preserve the picture of independent NA colli-
sions, then we should expect that not every participating projectile nuc-
leon will produce, independently, the same g-particle distribution as in
pA collisions. In other words, <N;> in (2) should be modified to ac-
count correctly for <Nj>,, .

In the present model we assume that the projectile participants in-
cident with the same impact parameter, i.e., those lying in one row, will
produce only one g-particle distribution as in pA interactions (Fig.1a).
This assumption, though plausible, can only be tested by comparison
with experiment. Denoting the number of rows by M, then the mean
number of interacting projectile rows, at a given impact parameter B, will
be given by

j— o —]

Fig.1. a) Main assumption of model; b) Intersection area in

impact parameter plane.
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M(B) = %Q) . (3)
NN

where A(B) is the overlap (interaction) area, in the impact parameter pla-

ne, between the interacting nuclei (Fig.1b) and oyn is the total NN

cross section. The maximum number of interacting projectile YOWS,

which is achieved in central collisions, is thus

R
M -Llmin 4)

where Ry, is the smaller of the target (R¢) and projectile (R p) huc-
lear radii. Of course, My is approximated to the nearest integer.

The distribution of _s;he number of interacting projectile rows, at a
given impact parameter b, is simply given by the binomial distribution

- MO > M - MO_M ‘
W(M.b)=(M ) [p(B)] [ -p(b)] , (%)
where
.. H(B) A(b
p(b) = ( )= (2) (6)
0 "Rmin

is the probability for the interaction of one row at this value of b. The
distribution (5) is then averaged over all impact parameter to give

W(M) = L a2 w(M, b)
- ' b), )
Taa
where 04 s s the total inelastic AA cross section.
Assuming the projectile rows to interact independently with the tar-
get, the g-particle multiplicity distribution in AA collisions will be folded
according to

FuaNp = 2 W(W) PCLN), (8)

where P(M,N,) is the multiplicity distribution of g-particles resulting
from the interaction of exactly M projectile rows. According to our as-
sumption, each interacting projectile row will produce an N _-distribution
equivalent to that obtained in pA interactions. Thus, P(M,Ng) can, in
turn, be calculated by folding M of the pA N g -distributions
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M M M
PMN)= 2T B, (N)SN_- 3 N). (®)
N, }i=1 i=1

The Ng-distribution in pA collisions, P (N ) , can be either calculated
from one of the pA models for g-partlcles or directly taken from pA ex-
periments.

The mean g-particle multiplicity in AA collisions is readily calcula-
ted from (8) to give '

<KN.> =<M><N > . (10)
g AA g pA

This differs considerably from (2) in that it contains the factor <M>,°

which is the mean number of interacting projectile rows, in place of the

mean number <N > of interacting projectile nucleons.

3. Results and Discussion

We now proceed to test the model by experiment. The experimen- ‘
tal data used here for comparison are taken from Dubna . emulsion ex-
periments with a, C, Ne and Si nuclei as projectiles incident at an energy
of 3.7 A GeV. The emulsion, which is a heterogeneous target, is conside-
red to be mainly composed of these components: hydrogen H, the light
(CNO) component and the heavy (AgBr) component. The reaction per+
centage of each component depends on its abundance in emulsion as well '
as its reaction cross section with the respective projectile. These percen:-
tages (cf. Table 1) can be easily calculated or directly taken from Ref.” 11/,

Two parameters enter in the calculation of the distribution W(M),
namely

1) The nuclear radii, which are simply taken to be R=1.2 A3 fm,~x

Table 1. The reaction percentages Y, [%]

wﬂe P a c Ne si
Target

H 3 6 10 13 14
CNO 25 29 32 33 33
AgBr 72 65 58 b4 53
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2) The total NN cross section which is o= 42.7 mb at this in-
cident energy.

It is left to calculate the distributions P(M,N g). The required input
information for these distributions is the N ,-distribution P, (N g) in
pA interactions. For the latter distribution we applied each one of the
following choices:

i) Ppa(Ng) calculated from the Lund model %/, _

ii) Ppp(Ng) calculated from the intranuclear cascade model
by Hegab and Hiifner /%’

iii) Experimental Ng-distribution from pEm interactions 79/,

The final Ng-distribution for A-Em interactions is added up in the

following way .

Fea®™e =% tan, s (N o (11)

where A stands for the projectile nucleus, A =H, A, =CNO, A 4= AgBr
and a,,, are the respective reaction pecentages listed in Table 1.

Figures (2a-d) show a comparison between experimental and calcu-
lated Ng-distributions. The above-mentioned three choices for Pp A(N g)
give nearly coinciding distributions and therefore we present them only
in Figure (1b). The third choice, (iii), differs only at N g=0. This is attri-
buted to the experimental difficulty in disintangling the N g-distributions
for the three emulsion components in p-Em interactions and to the expe-
rimental difficulty in observing these events. It is noticed also from the
figures that the experimental values at high N g values posses large error
bars due to the low statistics at these high multiplicities. This can, in ge-
neral, be remedied by combining these events into larger intervals of Ng.
Nevertheless we wanted to make the comparison with the rest form of
the data.

Table 2 summarizes all the results of the present work. The values
for the hydrogen component are not included in the table since they
are obviously known to be <M>=1 and <Ng> = 0.5. From the table
we see that the calculated <N_>,, values are in good agreement
with the experimental values. There are still, however, some differences,
e.g., in the case of Si interactions. The sources of these differences may
be one of the following:

1) The assumption of clean-cut geometry which is used in the calcu-
lation of W(M), i.e., the interacting nuclei are considered uniform and
not diffused spheres.

2) The division of the emulsion into only three main groups of nuc-
lei and not taking the interactions with each of the exact constituents of
the emulsion.
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Fig.2(a — d). The experimental (full circles) and calculated (solid line) N g-dist-
ributions.

Nevertheless, we see that the model, in this simple form, reproduced
fairly well both the experimental distributions and mean values of g-par-
ticles.



Table 2. The mean number of interacting projectile rows <M>
and the mean number of g-particles < Ng >

CNO AgBr Em Exp.
<M> 1 1 1
p <Ng> 1.37 3.40 2.81 2.81+0.06
2 <M> 1.09 1.65 1.45
<N 1.50 5.63 4.13 4.380.20
<M> 1.58 - 265 2.14
C <Ng> 2.16 9.01 5.96 5.90% 0.30
<M> 2.09 3.06 2.47
Ne <Ng> _ 2.86 10.40 6.62 6.320.04
<M> 2.35 3.59 2.82
Si <Ng> 3.22 12.21 7.60 6.60+0.30

4. Conclusions

From the above discussion of the results of the proposed model,
we arrive to the following conclusions:

1) The nuclear geometry is still the dominant ingredient in high
energy nuclear collisions.

2) The interacting projectile rows, and not the interacting projectile
nucleons, are responsible for g-particle production in AA collisions.

3) Exclusive or semi-inclusive events could be selected according
to certain values of N 4. For instance, in central collisions, where we have
total overlap of the two nuclei, i.e., 0 <b <| Ryp-Rgl, the N values
produced will be only those decided by the dlstnbutlon P(Mg, N g) and
its dispersion. This is an investigation to be done in the near future
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