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Pseudorapidity distribution of shower particles in heavy ion induced interactions
in nuclear emulsion at high energy
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The pseudorapidity distribution of shower particles produced in nuclear emulsions in heavy ion induced
interactions have been studied at high energies. The thermalized cylinder picture is successful in the descrip-
tion of the pseudorapidity distribution of shower particles in the accelerator energy regions available at present.
The calculated results are in agreement with the experimental data Af13.%A, 60A, and 20& GeV
O-AgBr, 14.6A GeV Si-AgBr, 20\ GeV S-AgBr, and 108 GeV Au-Em (emulsion interactions.
[S0556-281®9)05102-X]

PACS numbd(s): 25.75.Dw, 24.10.Pa

The study of heavy ion interactions at high energies is an Let us consider the simplest pictures of the one-
important field of modern particle and nuclear physics. Ondimensional string mod¢lL2] and the fireball moddI13]. In
the one hand, the quark-gluon plasrftuark matter pre-  a high energy nucleon-nucleon collision, a string is formed
dicted by various theories has been searched for in high erconsisting of two endpoints acting as energy reservoirs and
ergy heavy ion interactions. On the other hand, some propthe interior with constant energy per length. Because of the
erties obtained from nuclear reactions have been explaineasymmetry of the mechanism, the string will break into
by the current knowledge of physics. many substrings along the direction of the incident beam.

Under present experimental conditions, high energyThe distribution length of substrings will define the width of
heavy ion interactions are achieved via fixed target experithe pseudorapidity distribution. According to the fireball
ments. Hopes for improved experimental conditions are seamnodel, the incident nucleon penetrates through the target
on relativistic heavy ion colliders to be completed in the neamucleon, then a firestreak is formed along the direction of the
future. Presently, however, by serving as a fixed target anihcident beam. The length of the firestreak will define the
detector, nuclear emulsions can capture an interaction evewidth of pseudorapidity distribution. In high energy nucleus-
in its entirety and with a high resolution of particle tracks. nucleus collisions, many strings or firestreaks are formed

In nuclear emulsion experimentsl—5] the emission along the incident direction. Finally, a thermalized cylinder
angles,f, of shower particlegrelativistic singly charged par- [14] is formed because of these strings or firestreaks mix in
ticles can be measured with great precision, and usuallghe transverse direction.
they are presented in terms of the pseudorapidity variable In the laboratory reference frame, we assume that the
7= —Intan(#/2). The resulting distribution can often be de- thermalized cylinder formed in nucleus-nucleus collisions is
scribed by a single Gaussian distributif+10. Recently, in the rapidity rangd Ymin,Ymaxd- The emission points with
however, the pseudorapidity distribution of shower particleshe same rapidityy,, in the thermalized cylinder form a
produced in interactions of gold ions in nuclear emulsions atross sectiorfemission plangin the rapidity space. For the
10.6A GeV was found not to be described by a singlethermalized cylinder, the initial extension of the nuclei is not
Gaussian distribution. A long tail in the high region con-  important because of Lorentz contraction.
tributed by projectile spectator protons has to be considered Under the assumption that the particles are emitted isotro-
[7,11]. Especially for peripheral collisions, a two-peak struc-pically in the rest frame of the emission plane, we know that
ture is observed11]. The EMUO1 Collaboration used two the pseudorapidity distribution of the particles produced in

Gaussian distributions, one for charged mesons and one f@fie emission plane with rapidity, in the laboratory refer-
projectile spectator protons, to describe the pseudorapiditynce frame is

distribution of shower particles produced in 18.65eV
Au-Em (emulsion interactions.

In this paper, we shall study the pseudorapidity distribu-
tion of shower particles within the thermalized cylinder pic- f(ny)=——"—.
ture. A simple formula can give a good description of the 2 cost(p—yy)
pseudorapidity distribution in both cases of one and two
Gaussians.

@

The pseudorapidity distribution measured in final state is
contributed by the whole thermalized cylinder and the pro-
*Now at Laboratory of High Energies, JINR, Dubna, Moscow jectile and target spectators. We can consider both the inte-
Region 141980, Russia. Electronic address: liu@sunhe.jinr.rugral of Eq.(1) and the contributions of the leading projectile
liuth@dns.sjstc.edu.cn; liuth@dns.sxtu.edu.cn and target protons in participants and spectators and obtain
"Electronic address: panebrat@sunhe.jinr.ru the pseudorapidity density distribution

0556-2813/99/5)/17984)/$15.00 PRC 59 1798 ©1999 The American Physical Society



PRC 59 BRIEF REPORTS 1799

5 5
~ (a) > o5 (b)
z 3.7AGev | Z 14.6A GeV
3 O+AgBr 3 g O+AgBr
Z Central Z 20 - 3 Central
- T sk
10
5 —
L o Lo |
6 8 -2 4] 2 4 6 8
n n
IS & 50
N (c) 2 (d)
% 30— 60A GeV % 200A GeV
3 0+AgBr 3 40 — 0+AgBr
z Central z Central
Z Z 30

N
=1
T

FIG. 1. Pseudorapidity distributions of shower particles for central interactiof&ofvith AgBr at 3.7 (a), 14.6A (b), 60A (c), and
200A (d) GeV. The histograms are experimental data of RE]. The dotted and solid curves are results of the Gaussian distribution and
thermalized cylinder picture, respectively.

(N)—aNpp—Npg (Ymax peaks are observed &, and Y. We can say that the
p(n)= Ya— Yorin fymin f(7,y)dyx projectile participant protons have a probabilityappearing
as leading protons at,., and a probability + « appearing

+aNppf(7,Yma) + Npsf(7,Yps), (20 as nonleading protons in the range from, t0 Yiax. The

target participant protons have also a probabiitgppearing

where (N) denotes the mean number of shower particlesas leading protons at,, and a probability + « appearing
Npp and Npg denote the proton numbers of projectile par-as nonleading protons in the range frgm, 10 Ymax- AS a
ticipant and spectator, respectively,is the probability of raw estimate, we takee=0.5 in the analyses of emulsion
projectile participant proton appearing as a leading particledata in this paper.
andypg is the mean rapidity of projectile spectator protons. In the case of relative large projectile comparing with
The contributions of leading target participant and spectatotarget, we need all three terms in E@) to describe the
are not included in Eq2) due to the nonrelativity of leading pseudorapidity distribution of shower patrticles. In the case of
target protons in fixed target emulsion experiments in theelative small projectile comparing with target, we need only
accelerator energy region at present. While, the contributionthe first and the second terms to describe the pseudorapidity
of nonleading projectile and target participant protons aredistribution due toNpg being zero or small value. In very
included in{N) in the first term of Eq(2). peripheral collisions of relative small projectile and relative

The string picture which we invoke to justify the model large target, maybe we need all three terms in &j.to
would imply thatyin~Yiargett AY and Yma™=Yprojeciie ™ AYs describe the pseudorapidity distribution.
Whereyiagen Yprojeciile @NAAY denote the target rapidity, the ~ The EMUO1 Collaboration has measured systematically
projectile rapidity and the average rapidity shift suffered in athe pseudorapidity distributions of shower particles produced
collision, respectively. For the purpose of convenience, wen interactions of*0, 28Si, and *2S with AgBr at high ener-
shall obtainy i, andy ., by fitting experimental data in this gies [10], where AgBr are two of main components in
paper. nuclear emulsion. Figure 1 presents the pseudorapidity dis-

The parameter in Eq. (2) is introduced to describe the tributions of shower particles produced in central interactions
probability of projectile participant proton appearing as aof 10 with AgBr at 3.7 (a), 14.6A (b), 60A (c), and 20@\
leading particle. Then, 1 « denotes the probability of pro- (d) GeV. The histograms are experimental results of the
jectile participant proton appearing as a nonleading particl&EMUO1 Collaboration10]. For the purpose of comparison,
in the same thermalized cylinder as pions. The nonleadinthe results of one Gaussian distributid®] are given in the
protons and the pions distribute in the cylinder frgg, to  figure by dotted curves. The solid curves in Fig. 1 are results
Ymax @and are subjected to the same flow velocity. The NA350f Eq. (2) with only the first and the second terms. We obtain
Collaboration has measured the rapidity distribution of prothe values ofy, andy,ax by fitting the experimental data,
tons in central®’sS-S collisions at 208 GeV by “+—" and obtain the values ¢N) by normalization condition. In
method[15]. It is shown that the protons distribute in a wide central collisionsNpp is the proton number of projectile in
rapidity range fromyi, 10 Ymax- At the same time, two the case of relative small projectile comparing with target. In
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TABLE I. Values of various parameters used in E2).
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we obtainy min, Ymax: Yes, Npp, andNpg by fitting the experi-
mental data. The values ¢N) in Eq. (2) are obtained by

Figure Ymin Ymax Yps (N)® @ Npp Nps x*/DOF normalization condition. In the fit, the nonempty bins of the
1(a 1.05 1.45 265 05 8.0 0.207 experimental data in the pseudorapidity regier2<< <8

1b) 1.05 2.40 615 05 8.0 0.494 were used. The parameter values used in Fig. 3 and the val-
1(c) 1.05 3.55 101.2 05 8.0 0.441 ues of y’/DOF are given in Table I. In the case of relative
1(d) 1.05 4.80 1759 05 8.0 0.347 large projectile comparing with target, both the two-
2(d 1.05 2.40 89.2 05 14.0 0.673 Gaussian distribution and thermalized cylinder picture give a
2(b) 1.05 4.80 3394 05 16.0 0.795 good description of the experimental data.

3@ 125 295 46 101 05 16 62 0.041 From Figs. 1 and 2, in the case of relative small projectile
3(b) 125 295 46 284 05 80 155 0.086 and a given collision centrality and target, one can see that
3(c) 125 295 46 1148 05 500 250 0.280 the.valges ofy,in do not depgnd on the '|nc!dent energy gnd
3d) 125 295 46 3347 05 700 90 0751 Projectile. The values ofy,,increase with increasing inci-

8From the normalization condition.

dent energy and do not depend on the projectile. From Fig. 3,
in the case of a given incident energy and interacting system,
one can see that the valuesygf,, andy,.« do not depend on

the fit by Eq.(2), nonempty bins of the experimental data in collision centrality. There is a decrease in the contribution of
the pseudorapidity regior 2< 7<8 were used. The values Pprojectile participant protons when passing from central to
of all parameters in thermalized cylinder picture are given inperipheral interactions.

Table I. Both the Gaussian distribution and thermalized cyl-

In Table I, we have chosen the samg,, for the first six

inder picture give a good description of the experimentalcases due to the same targagBr) for these cases. At the

data.

same time, we have chosen the sapg and the samg .,

Figures 2a) and 2b) present the pseudorapidity distribu- for the last four cases due to the same tafget) and the
tions of shower particles produced in central interactions osame incident energy and projectile (18.6&eV Au) for

285 with AgBr at 14.8\ GeV and 2S with AgBr at 20\

these cases. We have chosen differgp, for the first four

GeV, respectively. The histograms are experimental resultéases due to the different incident energies. We would like to

of the EMUO1 Collaboration10]. The dotted and solid
curves are results of one Gaussian distribufibd] and Eq.
(2) with only the first two terms, respectively. Excefitl)
andNpp, other parameter values for Figgaand Zb) are
the same as those for Figs(bl and Xd), respectively. In
central collisionsNpp is the proton number of projectile in

say that these parameter values are good choices according
to the values 02/ DOF. Maybe, these parameter values are
not the best choice. In fact, we can also get a good result if
we changeyin and y,ax by £0.05. We have not found
obvious difference irymi, (Or yma for different centralities.

The value ofa is not sensitive to the pseudorapidity distri-

the case of relative small projectile comparing with target.bution of shower particles. The contribution of the second

The parameter values used in Fig. 2 and the values

derm in Eq.(2) is much smaller than that of the first one.

X?/DOF are given in Table |. We notice that both the Gauss- We have studied the pseudorapidity distribution of
ian distribution and thermalized cylinder picture give a goodshower particles in 114 GeV/c Au-Ag interactions by the

description of the experimental data.

thermalized cylinder picturg¢16]. For the peripheral ex-

Figure 3 presents the pseudorapidity distributions ofample, yn,in=1.3, ymax—=3.0. For the central example,
shower particles produced in interactions of gold ions inymin=1.2ymax=2.9. We notice that the values pf,;, for the

nuclear emulsion at 106GeV for four kinds of centralities:
very peripherala), peripheral(b), semicentralc), and very

two examples approximate equal and the valueg.gf, for
the two examples approximate equal, too. We have also stud-

central (d). The circles are experimental results of theied the pseudorapidity distribution of shower particles in
EMUO1 Collaborationf11]. The dotted and solid curves are 158A GeV/c Pb-Pb interactions by the thermalized cylinder

results of two Gaussian distributiof4l] and Eq.(2), re-

picture[17]. For high multiplicity (central and semicentpal

spectively. In the calculation of thermalized cylinder picture,events, Yin=0.8, Yna=5.0. For the highest multiplicity
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FIG. 2. Pseudorapidity distributions of shower particles for central interactio”®Sofvith AgBr at 14.6\ GeV (a) and °S with AgBr
at 20A GeV (b). The histograms are experimental data of R&f]. The dotted and solid curves are results of the Gaussian distribution and

thermalized cylinder picture, respectively.
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FIG. 3. Pseudorapidity distributions of shower particles in interactions of gold ions in nuclear emulsionfaGE)/&or four kinds of
centralities: very peripherdd), peripheralb), semicentralc), and very centrald). The circles are experimental data of RéfL]. The dotted
and solid curves are results of the two-Gaussian distribution and thermalized cylinder picture, respectively.

(very central event, y¥,in=0.9,Yma=4.9. We see nearly Our calculated results are in agreement with the experimental
equaly i, and nearly equay,ax for the two examples. data in the present accelerator energy region. We shall be
In conclusion, the thermalized cylinder picture is successinterested to test the thermalized cylinder picture by the
ful in the description of the pseudorapidity distribution of pseudorapidity distribution of shower particlélativistic
shower particles in the accelerator energy region at presergingly charged particlegproduced in heavy ion interactions
A simple formula can give a good description of the pseu-at the Relativistic Heavy lon CollidgRHIC) and the Large
dorapidity distribution in both cases of one and two GaussHadron Collider(LHC) in the near future.
ians. In the case of relative small projectile and a given col-
lision centrality and target, the endpoint,, of the One of the author¢F.H.L.) gratefully acknowledges the
thermalized cylinder does not depend on the incident energgupport of the Laboratory of High Energies at the Joint In-
and projectile, but the endpoiwt,,, of the thermalized cyl- stitute for Nuclear Research, Dubna, Russia. His work was
inder increases with the incident energy and does not deperalso supported by the China State Education Department
on the projectile. In the case of a given incident energy androundation for Returned Overseas Scholars, Shanxi Provin-
interacting system, the endpoints,i, and y.x of the ther-  cial Foundation for Returned Overseas Scholéain
malized cylinder do not depend on collision centrality, butProjec}, Shanxi Provincial Foundation for Leading Special-
there is a decrease in the contribution of projectile participanists in Science, and Shanxi Provincial Science Foundation
protons when passing from central to peripheral interactiondor Young Specialists.
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