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Baryon rapidity distribution in nucleus-nucleus collisions at ultrarelativistic energies
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The baryon rapidityor pseudorapiditydistributions in nucleus-nucleus collisions in the SPS energy region
have been described by the thermalized cylinder picture. The calculated results are in agreement with the
experimental data of the reactiofS+S at 200\ GeV, %0+Au, Ag, Cu at 60 and 208 GeV bombarding
energy. The limiting fragmentation of the target spectator is achieved for a given projectile in the concerned
energy region[S0556-28189)01502-3

PACS numbgs): 25.75—q, 24.10.Pa, 13.60.Rj

The knowledge of baryon rapiditfy) or pseudorapidity distribution length of substrings will define the distribution
(#) distributions in high-energy nucleus-nucleus collisions iswidth of pseudorapidity. According to the fireball model, the
of great importancgl]. The plastic ball of the WA80 experi- incident nucleon penetrates through the target nucleon, then
ment identifies protons around target rapid@}. The NA34  a fire streak is formed along the direction of incident beam.
Collaboration measures protons in a small portion of phasd@he length of fire streak will define the width of pseudora-
space by covering 0597=2.0 with a slit spectrometdB].  pidity distribution. In high-energy nucleus-nucleus colli-
The NA35 Collaboration measures an excess of positive ove#ions, many strings or fire streaks are formed along the inci-
negative tracks € — procedurg for y<y.,, which is, for ~ dent direction. Finally, a thermalized cylinder is formed
symmetric collisions, attributed to protons, whetg, is the ~ because of these strings or fire streaks mix in the transverse
c.m. rapidity of the participant systefd]. The EMUO1 Col-  direction.
laboration measures gray tracks in emulsion and the angular In the laboratory reference frame, we assume that the
distributions have been obtaingfl. It was shown that the thermalized cylinder formed in high-energy nucleus-nucleus
angular distributions of gray tracks are similar for differentcollisions is in the rapidity rangymin, Ymad. The emission
incident energies and impact parameters in the SPS energpints with the same rapidity, in the thermalized cylinder
region. None of the CERN experiments is really capable oform a cross sectiofemission plangin the rapidity space.
measuring the baryon distribution with complete coverageFor the thermalized cylinder, the initial extension of the nu-
The experimental data are, on the other hand, described Ifei is not important because of Lorentz contraction.

VENUS[6], RQMD [7], and MCFM[8] models. A full cas- Under the assumption that the particles are emitted isotro-
cade of secondary particles in the target spectator matter h@ically in the rest frame of the emission plane, we know that
to be considered. the pseudorapidity distribution of the particles produced in

Based on the one-dimensional string mof@l and the the emission plane with rapidity, in the laboratory refer-
fireball model[10], we have developed the thermalized cyl- ence frame is
inder picturg[11] and described the rapiditpr pseudorapid-
ity) distributions of relativistic singly charged particlgE2]
in the incident energy range from 27GeV up to (Y=
100A TeV. In the thermalized cylinder picture, the contri-
butions of the projectile and target participants and spectaf y —y . ory,=y.,, Eq.(1) will describe the pseudora-

tors have been considered. pidity distributions of leading target or projectile nucleons.

For the purely baryon rapidity or pseudorapidity distribu-" | final state, the pseudorapidity distribution can be writ-
tions, can the thermalized cylinder picture describe the exten as

perimental data? We shall answer this question in this paper.

2 cosB(np—y,) @)

First of all, let us consider the simplest pictures of the 1-Kt—Kp [VYmax
one-dimensional string modgd] and the fireball moddl.0]. f(n)= fj HE/AN)
In high-energy nucleon-nucleon collisions, a string is formed Ymax™Yrmin JYrin
consisting of two end points acting as energy reservoirs and + K+ (5,Ymin) + Kpf(7,Ymad » 2)

the interior with constant energy per length. Because of the
asymmetry of the mechanism, the string will break intowhere K; and Ky denote the contributions of the leading
many substrings along the direction of incident beam. Theaarget and projectile nucleons, respectively. The contribution
of the thermalized cylinder is1K;—Kp.
If we consider the contributions of the participants and
*Electronic address: liu@sunhe.jinr.ru; liufh@dns.sjstc.edu.cnspectators, respectively, as well as the two-source emission
Now at the Laboratory of High Energies, JINR, Dubna, Moscow of the nuclear light fragmen{d 3], a more complex structure
Region 141980, Russia. of pseudorapidity distribution in the target and projectile
"Electronic address: panebrat@sunhe.jinr.ru fragmentation regions can be given by the thermalized cyl-
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FIG. 1. Rapidity distribution of protons obtained by— proce- 10 —? Ll 10 ??{? Lol L
dure for the reactiond?S+S at 208\ GeV bombarding energy]. -1.5-1-05 0 05 I -15 -1 -05 0 05 1
The black circles are experimental data of the NA35 Collaboration, n n
the white circles are obtained from reflection symmetry af [4]. 102 102

The solid and dotted histograms are results of VEN®$ and § 60A GeV 0+Cu 200A GeV "0+Cu
RQMD [7] models, respectiveljl]. The solid curve is our calcu- %
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inder picture. In Eq(2), replacingn by y due ton~y, the
rapidity distribution can be obtained.

The experimental data give usually a part of rapidity
pseudorapidity distributions described by the thermalized
cylinder picture. For central or nearly central nucleus- FiG. 2. The baryon pseudorapidity distributions of the reactions
nucleus collisions, at least one of the contributions of targetéo+Au, Ag, Cu at 60 and 208 GeV bombarding energy. The
and projectile spectators can be neglected. In the present agrosses are the experimental data of the WA80 Collabordflpn
celerator energy region, we do not need to consider the corfhe black and white circles show a calculation within Ranft's
tribution of leading target nucleons in the case of studyingCFM [8], assuming a formation zone parametgr of 5 and
the rapidity (or pseudorapidity distributions of relativistic 10 fm/c, respectively. The solid curves are our calculated results
singly charged particles due to the nonrelativity of targetby the thermalized cylinder picture.
nucleons. If we study the baryon rapidiiyr pseudorapidity
distributions in the target or projectile fragmentation regions MCFM [8], assuming a formation zone parametgrof 5
the contributions of the projectile or target nucleons can beand 10 fmg, respectively [2], where 7o denotes the
neglected. formation-time of a particle. Ifry is very small, the particle

Figure 1 shows the result of the — procedure for the may be formed close to the interacting point.7lf is very
reactions®’S+S at 200\ GeV bombarding energy. The ex- great, the particle may be formed outside the nucleus. The
perimental proton rapidity foy<y.. is given by black calculated results by the thermalized cylinder picture are
circles. The white circles foy>y., are from reflection given by the solid curves. Only the contribution of leading
symmetry. Both black and white circles are quoted from Reftarget nucleons is considered, i.&;=1, Kp=0, and 1
[4]. The solid and dotted histograms are results of VENUS-K;—Kp=0 in Eq.(2), thenf()=f(7%,Ym). For all six
[6] and RQMD [7] models, respectively1]. If we take kinds of collisions, there is only one parameygs, in our
Ymin=0.8, Ymax=5.2, andK+=Kp=0.25, the calculated re- calculation of the thermalized cylinder picture. According to
sult by the thermalized cylinder picture is given by solid our previous worK11], the energy loss of leading projectile
curve, where the values of these parameters can be regardedcleon in the target giveg,,=0.8~1.5 in the SPS energy
as a result by fitting the result of the — procedure for the region. In our calculation in this paper, we takg,=0.8 for
reaction®’S+S at 200\ GeV. The yield of protons is given different bombarding energies and target sizes. The yield of
by the normalized condition in the concerned rapidity regionbaryons is given by the normalized condition in the experi-
The value ofy?/Npg is 0.024. mental pseudorapidity region. The values pf/Npg for

One can see that the calculated result by the thermalize@0A GeV %0+Au, Ag, and Cu are 0.434, 0.126, and 0.059,
cylinder is in good agreement with the experimental data otind for 208\ GeV %0+Au, Ag, and Cu are 0.417, 0.171,
the + — procedure. The calculated results by VENU&E  and 0.057, respectively.
and RQMD[7] models are partly in agreement with the ex- As can be seen, the calculated result by the thermalized
perimental data. cylinder picture is in good agreement with the experimental

Figure 2 presents the baryon pseudorapidity distributionslata. In the region of;>0.5, the distribution trend is given
in the target fragmentation region for the reactidf®+Au, by our model. For two kinds of bombarding energies and
Ag, Cu at 60 and 208 GeV bombarding energy. The three kinds of heavy targets, the valuesygf, in the ther-
crosses are the experimental data quoted from [R&fand  malized cylinder picture are the same. This indicates that
the black and white circles show a calculation within Ranft'slimiting fragmentation [14] of the target spectator is
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achieved in the concerned interacting system and energy re-good description of the baryon rapidiiyr pseudorapidity
gion. distributions in the midrapidity region and target fragmenta-
The number of baryons in the target pseudorapidity regioriion region. The thermalized cylinder picture is very simple
is not sufficiently accounted for in a leading-order cascade ofind useful in analyses of rapiditpr pseudorapidity distri-
secondary particles in the target spectator matter in thEutions in high-energy nucleus-nucleus collisions. The limit-
MCFM [8]. In particular, at backward angles;€0) the ing fragmentation of the target spectator is achieved for a
discrepancy is large. Even for the very small formation-timediven projectile in the concerned energy region.

parameterr,=5 fm/c the yield of baryons is not described  The authors would like to thank M. V. Tokarev for his
by the MCFM. If we normalize the MCFM's results to the uyseful discussions. One of the authdfsH.L.) gratefully
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secondary particles in the target spectator matter, is reportdibn Department Foundation for Returned Overseas Scholars,
to reproduce the backward baryon yield satifactofily. Shanxi Provincial Foundation for Returned Overseas Schol-
Similarly, the VENUS[6] and RQMD[7] do reproduce the ars(Main Projec}, Shanxi Provincial Foundation for Lead-
baryon yield with a full cascade. ing Specialists in Science, and Shanxi Provincial Science
As a conclusion, the thermalized cylinder picture can giveFoundation for Young Specialists.
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