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Inelasticity distributions in high-energg-nucleus collisions are computed in the framework of the
interacting gluon model, with the impact-parameter fluctuation included. A proper account of the
peripheral events by this fluctuation has shown to be vital for the overall agreement with several
reported data. The energy dependence is found to be weak. [S0031-9007(97)02894-9]
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Inelasticity, i.e., the fraction of the incident enerfly = mentum distribution is more or less uniform. This im-
which is transformed into produced particles, is one ofplies, in turn, that also the inelasticity varies from event
the basic quantities in high-energy hadronic and nucleao event. Such fluctuations have either a quantum me-
collisions. ltis crucial in cosmic-ray data analysis wherechanical or a statistical origin, or even simply associated
the primary mass composition, which is an importantwith the impact parameter. The interacting gluon model
piece of information about the Universe, is deduced byIGM) [7] is a simple QCD-based model, which is es-
using cascade models of the development of the magsecially designed to create the initial conditions for hy-
composition with appropriate inelasticity distributions drodynamic descriptions by incorporating in an intuitive
[1] and cross sections as the inputs. So, it is naturalvay the microscopic fluctuations in the initial stage of
that since early times the study of the inelasticity haghe collision. It is based on the idea [11] that in high-
received special attention by both experimentalists anénergy collisions valence quarks weakly interact so that
theoreticians. More recently, it has also aroused intereshey almost pass through the interaction zone, whereas
in connection with the production of a quark-gluon plasmagluons interact strongly, producing an indefinite number
in heavy-ion collisions [2—7]. Yet, experimental data areof mini-fireballs, which eventually form a unique large
rather scarce and the theoretical understanding of severeéntral fireball (all possibleyg sea quarks are, in this
aspects of the inelasticity, such as its distribution &d model, “converted” to equivalent gluons). This feature
dependence, is far from being satisfactory. The mairof the IGM makes it quite attractive because it allows us
obstacle in accelerator studies, especially with collidingo study not only the leading-particle spectrum [2—6] but
beams, is the increasing difficulty in detecting thosealso other relevant quantities as momentum distributions
particles which carry the main fraction aofy as E, [12], correlations, etc.
increases. As for the models, they are largely in conflict However, the main drawback of the original version of
with each other even in explaining such a simple aspedhe IGM was the neglect of the impact parameter. As is
as theE, dependence of the inelasticity. clearly seen in Ref. [1], it is also the model which predicts

A classical model of multiparticle production, which the most pronounced decrease of the average inelasticity
is still popular, is the hydrodynamic model [8]. In any with E,, in clear conflict with the estimates of this
variant of it, the concept of inelasticity is essential, quantity based on data. In a previous work [12] (hereafter
because it defines one of the ingredients, namely, thealled 1), we have improved the IGM by including
available energy for particle production. To other typesthe impact-parameter fluctuation. Conceptually, this is
of models, it is just one more variable, which can beindeed necessary in any realistic description of hadronic
computed, without playing a vital role. or nuclear collisions, but it also affects the observables

One of the main features of high-energy hadronic oiin a significant way. In |, we studied the effects of
nuclear collisions is the large event-by-event fluctuationthe initial-condition fluctuations in hydrodynamic models
exhibited in several observed quantities. Thus, in a giveand thereby focused our attention mainly on the rapidity
experimental setup and even under the same initial conddistributions in p-p collisions. In the present Letter,
tions for the colliding objects, events with different final- we shall focus upon the inelasticity both ip-p and
state configurations occur. For examplegip collisions  p-nucleus collisions and show that a proper inclusion of
at \/s = 540 GeV [9], the number of charged particles the impact-parameter fluctuation improves considerably
produced in an event varies from 2 to more than 100the agreement with data.

It was also reported [10] that, in the CERN intersecting The impact parametdf defines, in the first place, the
storage ring (ISR), the so-called leading particles, thoserobability density of occurrence of a reactig@part
which carry the largest momentum in the center of mas§rom the normallzatlon)F(b) =1- |S(b)|2 where the
frame in either direction, are uncorrelated and their mo-<eikonal function is written as
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|S(l;)|2 _ ex;{—cf dl;/f dl;”Dp(l;/) w(x,y) = [Ugg(x,y)/xy]ﬂ(xy - Mrznin/s)’ (7)
where Mnin = 2m, and the gluon-gluon cross section

% DA(Z;”)f(E v - Z;//)i| is parametrized as [14{,,(x,y) = a/xys, with a =

21.35, determined by using thgp inelasticity data [15].
— exr[—Ch(l;)], 1) Observe that in (6)) dependence is factorized out. Itis

also presumed thahe same physics describes bgth

with Dp(l;) the gluon thickness function of proton, and pA collisions. _ _
D4(b) the one for the nucleud, and C is an energy- Now, we shall give a brief account of how to obtain the
dependent parameter to be determined by the conditioRfobability densityy (£, P; b) of forming a fireball with
pr,,(l;)dl; — oinel( /) for pp collisions. Notice that, energyE and momentun® at a fixedb. We assume that

i PP i ion i he colliding objects form a fireball, via gluon exchanges
because of this condition, once thpe cross section is ! fiding ob) " »viag € ges,
fixed, thepA cross sectiow ' (5) = [ F,a(b)db may ~depositing in it momentax(b)/s/2 and —y(b)y/s/2,
be calculated by using Eq. (1). We have taken respectively. Letr; be the number of gluon pairs that

o L2 016 carry momenta;/s/2 and —y;/s/2. Thus,
o™ = 56(/s)7 M2 + 18.16(+/s)” (2)

o o , Donxi=x(b) and Yy =y(b). (8

as an input [13]. The functiogi(b) in (1), subject to the i i
constraint/ f(b) db = 1, accounts for the finiteffective  |n what follows, we will omit the explici dependence of
gluon interaction range (with the screening effect taken; andy in order not to overload the notation. The energy
into account). The simplest choice ¢fb) would be @  and momentum of the central fireball in the e.v. frame of
point interactiond(b), but we preferred to parametrize the incident particles are given by
it as a Gaussian with a range0.8 fm, which is more

. . ’ ; . E=(x+ 2, P=(x- 2, (9
consistent with the character of the strong interaction o (x_ M5/ ) ,(x W3/ _( )
and also describes better the data. Bo(b) we take a and its invariant mas&f and rapidityY are, respectively,

Gaussian distribution. So, we have eventudly(b) = M = sxy = ks and Y = (1/2)In(x/y). (10)
f(l;) = (a/m)exp(—ab?), with a = 3/(2R12,), where With these notations, we can follow the prescription
Rp ~ 0.8 fm is the proton radius. Fap,(h), we take given in [7] and write the relative probability of forming
oo ' a fireball with a specific energy and momentum as
D) = [ palh2)ds I(x.y:b) = exf—X"G"'X]/[#VdelG)].  (11)
- p where ) ) ()
0 X — X X X
_ . (3 X — < ) _ 2( y >
| e mat @ y-) ST Ay )
where Ry = roA"3, ry =12fm, d =054 fm, and Withthe notation
pa(7) is normalized td. Thus we get ey = [ dx’f dy' x™y(x' 3 B) (12)

h(b) = a/; db' b'DA(B)Ip(abb e "I (4) In terms ofE andP, ['(E, P; b) reads

wherel, is a modified Bessel function. T(E, Pb) = [2Ja1az/]
Secondly, the impact parameter determities size of x expl—a|[E — (E) — a»,P?}, (13)
the fireball, because a$ increases the average fireball \yhere o, = [s((x2) + (xyN)]7!, @2 = [s((x2) — Gy)] L,
mass becomes smaller. We incorporate this effect bynq(gy = ((x) + (y)/s/2 [do not confuse this notation
writing the gluon momentum distribution functions as with the average valuet is not becausev(x, y: b) is not
G,,(x,E) = D,,(E)/x, GA(y,E) = DA(Z)/y, (5) normalized]. Apparentlyl“(E,P;i;) in (13) is normal-
ized. However, botlE andP are bounded because of the
energy-momentum conservation constraint. It is also con-
strained byM > Mpmin = 2m. So, we put some addi-
tional factor yo(b),

wherex andy are the Feynman variables of gluons in
p andA, respectively, in the equal-velocity (e.v.) frame.
With this notation, the density of gluon pairs that fuse
contributing to the final fireball may be expressed as

) ) A A A X(E,P;b) = yo(b)T'(E,P;b), (14)
wixyiB) = [ b [ dB Gy B)Gu(r B le)  such that
X f(b + b — b")0(xy — M2, /s) fdpf dE x(E,P;b) X
0(\/ E? — P2 — Mmin) = p?n(el) . (15)
with o
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As implied by (5), the gluon momentum distribution T T : T
is independent of the particular type of nucleus, the only 2.0 77N
difference being their density. So, in the integral (12), V4 N\
andy’ vary from some lower limit, defined by'sx’y’ = / \
Muin, Up to 1, corresponding to the complete neglect of / \
any collective effect of the nucleons in a nucleus. On (%) /
the other hand, the integration limits of (15) are chosen 1.0 | \ -
differently. y in (8) may be larger thah, because gluons /
from different nucleons may contribute to give the fireball / \
a momentum transfer that is larger thgla/2, which is ; \
just the incident momentum of a single nucleon in our 4 AN
e.v. frame. We take as the upper limit pfthe overlap 0.0 . ' . LS
h(b), whenever it is larger thah. When h(b) < 1, we 0.0 0.2 0.4 0.6 0.8 1.0
take it = 1, because in such a case the proton interacts K
just with a single nucleon. Itis clear thatremains=< 1. FIG. 1. « distribution for p-p at/s = 16.5 GeV. The data
Once x(E, P; b) is determined, we are ready to com- are from [15]. The solid line is our result, whereas the dashed
pute the inelasticity distribution, which is the main objectone is from [7].
of this work. In I, following Ref. [7], we have defined the
inelasticity as the variable appearing in (10). However,
the usual definition i® = (Ey — E')/E,, whereE' is the
leading (or surviving) particle energy. We shall adopt thisqualitative features of our result agree with this estimate.
terminology here and distinguish it from There is also Some of the origins of the quantitative discrepancy may
some difference betwedndefined in the laboratory frame be the difference betweem-Pb andp-Pb collisions and
and the one given in the e.v. frame. However, since thi¢he possible inclusion of hadron diffractive dissociation in
is quite negligible (except wheh— 1), we will not make their analysis. We show in Fig. 3 the average inelasticity
any distinction in this note. The distribution has been (k) as a function of\/s, for several target nuclei. It still

obtained in | and reads decreases ags increases but, compared with the results
R R of [7], the energy dependence is quite small now and com-
x (k) ]dbdef dP x(E,P;b) patible with the estimates obtained in [1] using cosmic-ray
data. The main origin of this contrast is the factof!
% 5(m — «) which h_as been d_ropped out in (7), because it is not nec-
essary in our version.
X 19(\/E2 — P2 — Mpmin) . (16) A related quantity is the leading-particle spectrum, as

- - shown in Fig. 4 at/s = 14 GeV [18]. Since data opr
Then, by fitting the only existingy(«) data [15] at dependence are scarce, we have assumed an approximate

Js = 16.5 GeV, we fix the parametes of the model. o _
A comparison with the data is shown in Fig. 1, where Wefactorlzatlon ofx(= 2pi/{/s) andpr dependences,

have also put the result of [7]. It is seen that the impact- E(dc/dp’) = fx)h(pr), (18)
parameter fluctuation enhances the smrakkvents and

makes the overall shape flatter, in better agreement with

the data. The enhancement of largesvents is simply

due to the larger value af which is necessary now. 2.0 T ' . T
The computation of the inelasticity distribution(k) is —0» /.
similar. We havek = x, so, by using (9), I 21 ,;;ff/
. . 15 =--cu 4
x(k) = f db [ dE[ dP x(E,P;b) - £
X 8((E + P)/[s — k) X&) 10| ]
X O(WE? — P2 — Muin). a == ==
We show, in Fig. 2, the results for sevegah collisions 05 == |
at\/s = 550 GeV. No accelerator data at such a high en-
ergy exist, but it is seen that(k) is nearlyk independent 0.0 . ) , .
for pp, in agreement with ISR data [10,16]. In a recent ~0.0 0.2 0.4 0.6 0.8 1.0
cosmic-ray experiment [17], hadron-Pb inelasticity distri- k

bution at an average energy@fs ) = 550 GeV has been F|G. 2. Inelasticity distribution fop-A collisions with several
estimated. The resultig(k) = 3.3k>3. We find that the targets at/s = 550 GeV.
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FIG. 3. Energy dependence of the average inelasticity far
collisions.

where
f(p) = ]défdpdeX(E,P;E)
X O(VE?2 — P2 — Muin)

X 6(vs —(E+P)/2—p), (19)
and parametrized(pr) as
h(pr) = (B*/2m)e Prr, (20)

determining the average by using Table Il of [18]. The
curves obtained with thege values (with an interpolation

of the neglect of the peripheral events there. Some
authors [3,5,6] have obtained good fits pd data, but

in those works it is not clear which is the connection to
other relevant quantities such as momentum distributions,
correlations, etc., of the secondary particles. Alsp,is
usually treated as a separate case.

We conclude the present Letter by summarizing that,
except for the diffractive component, the IGM seems to
describe well they-A inelasticity, provided the peripheral
events are correctly treated, by considering the impact-
parameter fluctuation. The average inelasticity decreases
very slowly with the energy, in this description.
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