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We have given an explanation for the pseudorapidity distribution of charged particles produced ind+Au
collisions atÎsNN=200 GeV[the maximum relativistic heavy ion collider(RHIC) energy]. A simple cylinder
model is used in this paper which contains four components: leading projectile protons, leading target protons,
cascade collisions in the gold spectator, and a cylinder. The model gives a good description for the experi-
mental data obtained with the PHOBOS detector at RHIC. The high stage and high peak in the gold fragmen-
tation region of the pseudorapidity distribution are contributed by the leading gold protons and the cascade
collisions in the gold spectator, respectively.
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The pseudorapidity distributions of charged particles pro-
duced in nucleus-nucleus collisions are important for under-
standing the evolution of the interacting system. In fixed tar-
get nucleus-nucleus collisions experiments[1–5], the
pseudorapidityh is defined ash=−lnftansu /2dg, whereu is
the emission angle of the concerned particle relative to the
beam direction. In collider nucleus-nucleus collisions experi-
ments[6–10], the same pseudorapidity definition is used, but
u is the emission angle relative to the direction of one beam.
It is interesting for us to investigate the shape of the pseudo-
rapidity distribution.

For a fixed target experiment at high energy, for example,
for the nucleus-emulsion collisions at high energy, the pseu-
dorapidity distribution of relativistic singly charged particles
produced in central collisions can be fitted by a Gaussian
distribution [11,12]. In noncentral nucleus-emulsion colli-
sions at high energy, the pseudorapidity distribution of rela-
tivistic singly charged particles has to be fitted by two Gauss-
ian distributions, one for produced particles and the other for
leading protons produced in the projectile[13,14]. If the con-
tribution of leading protons can be neglected, a Gaussian
distribution gives a good fit for the pseudorapidity distribu-
tion.

For a collider experiment, for example for the Au+Au
collisions at the relativistic heavy ion collider(RHIC), the
pseudorapidity distribution of charged particles produced in
central collisions can be fitted by two Gaussian distributions,
one peak is in theh.0 region, and the other is in theh,0
region [8,9]. In noncentral Au+Au collisions at RHIC, the
charged particleh distribution can also be fitted by two
Gaussian distributions in the case of neglecting the contribu-
tion of leading protons.

However, recently, the minimum-bias pseudorapidity dis-
tribution of charged particles produced in collisions of deu-
terons(projectiles) with gold nuclei (targets) at a nucleon-
nucleon center-of-mass energyÎsNN of 200 GeV has to be
fitted by a triple Gaussian distribution[15]. Even if we ne-
glect the contributions of leading protons produced in deu-

terons and gold nuclei, a triple Gaussian fit is also needed.
Some models, for example the microscopic model based on
parton substructure[16], multiphase transport model[17,18],
relativistic quantum molecular dynamics model[19], and
parton saturation models[20] are inconsistent with the data
[15], even if for theh distribution shape.

In order to give a description of theh distribution shape,
we have developed a cylinder model in our previous work
[21,22]. In this work, we shall use the cylinder model and
consider the contribution of cascade collisions to give a de-
scription of theh distribution of charged particles produced
in d+Au collisions atÎsNN=200 GeV[15].

Let us consider the process of high-energy nucleus-
nucleus collisions. It is expected that one nucleus(projectile)
and the other(target) make a cylindrical cut through each
other along the direction of the incident projectile and form a
participant[23]. The residual parts of the two nuclei remain
relatively undisturbed forming spectators[23]. In rapidity
space, in the center-of-mass reference frame or in the labo-
ratory reference frame, the cylinder distributes tofymin,ymaxg,
whereymin andymax are two endpoint rapidities of the cylin-
der. In the cylinder, the points with the same rapidityyx form
a emission plane(emission source). In the rest frame of the
emission source, the particles are emitted isotropically. In the
concerned reference frame, theh distribution of particles
produced in the emission source with rapidityyx will be

fsh,yxd =
1

2 cosh2sh − yxd
, s1d

whereh is treated approximately as rapiditysyd due to that
h<y at high energy. Theh distribution contributed by the
cylinder can be given by

fCshd =
1

ymax− ymin
E

ymin

ymax

fsh,yxddyx. s2d

Let yc denote the rapidity of participant-participant[23]
center-of-mass andDy denote the rapidity shift of two end-
points of the cylinder, we haveymax=yc+Dy and ymin=yc
−Dy. In d+Au collisions, the contribution of intranuclear*Electronic address: liufh@dns.sxtu.edu.cn
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cascade collisions in the Au spectator[23,24] has to be con-
sidered. As the first class approximation, theh distribution of
cascade collisions is taken to be Eq.(2), but the rapidity shift
is assumed to bedy. The contributions of leading protons
produced in the projectilesdd and target(Au) have to be
considered too. The leading protonh distribution is taken to
be Eq.(1) with the rapidity shiftDy.

The contributions of leading projectile protons, leading
target protons, cascade collisions in target spectator[23,24],
and the cylinder are assumed to bekP, kT, kTT, and 1−kP
−kT−kTT, respectively. The normalized finalh distribution
can be given by

fshd = kPfsh,yc + Dyd + kTfsh,yc − Dyd

+
kTT

dy
E

yc−dy

yc

fsh,yxddyx

+
1 − kP − kT − kTT

2Dy
E

yc−Dy

yc+Dy

fsh,yxddyx. s3d

There are seven parametersyc, Dy, dy, Dy, kP, kT, andkTT in
the normalized h distribution. If we consider a non-
normalized distribution, the eighth parameter will be need.
Generally speaking, some of the parameters could be calcu-
lated according to the colliding geometry, stopping power
[25,26], etc. For the purpose of convenience in this work, we
regard all of them free parameters.

Equation(3) contains four components of the model. The
cascade collision part and the cylinder part both have finite
rapidity width from different endpoints, but the leading pro-
jectile and target parts have zero rapidity width from the
endpoint. Considering the finite system and thus the random-
ness of the collisions, the participant protons will come from
a different number of collisions, and each collision may have
different strength(momentum transfer). Among the partici-
pant protons, the leading protons are protons with low mo-
mentum transfer, while the protons with intermediate or high
momentum transfer will appear in the cylinder part as the
nonleading protons. Protons produced in the spectator are
also the leading protons with very low momentum transfer.
We may say that the leading protons have near zero rapidity
width from the endpoints because that all of them have the
low momentum transfer. The zero rapidity width for the lead-
ing protons does not mean that the leading protons have the
same rapidity. In fact, the distribution described by Eq.(1) is
similar to a Gaussian distribution with a width of 0.91[14].

The projectile and target parts in Eq.(3) have the same
rapidity shift Dy (just opposite signs) due to the same low
momentum transfer for the leading protons in the participant-
participant center-of-mass reference frame. We are con-
cerned about the momentum transfer, and for the leading
protons the momentum transfer is low. Protons experience
more collisions and have larger momentum transfer are not
the leading protons, and the contribution of nonleading pro-
tons is considered in the cylinder part. Because both the lead-
ing protons from the deuteron and gold have low momentum
transfer, we take the projectile and target parts in Eq.(3) to
have the same rapidity shift. One may expect that participant
protons from the deuteron tend to experience more collisions

going through the larger gold nucleus, and then the rapidity
distribution range of participant protons in the deuteron frag-
mentation region is wider than that in the gold fragmentation
region.

Figure 1 presents the minimum-biash distribution
dNch/dh of charged particles produced ind+Au collisions at
ÎsNN=200 GeV, where Nch denote the multiplicity of
charged particles. The circles are the experimental data mea-
sured by Backet al. and the emission angle is relative to the
direction of the deuteron beam[15]. The data were obtained
with the PHOBOS detector at RHIC and collected using the
multiplicity array, coveringuhuø5.4 [15,27]. The solid curve
is our result calculated by Eq.(3). In the calculation, we take
yc=−1.05,Dy=4.15,dy=1.85,Dy=5.00,kP=0.02,kT=0.06,
kTT=0.08, and the eighth parameterNch=87.20 with
x2/degrees of freedom of 0.139. The contributions of leading
projectile sdd protons, leading target(Au) protons, cascade
collisions in the target spectator, and the cylinder are given in
the figure by the dotted curves and marked byP, T, TT, and
C, respectively.

From Fig. 1 one can see that Eq.(3) gives a good descrip-
tion for the minimum-biash distribution of charged particles
produced ind+Au collisions atÎsNN=200 GeV. The high
stage in the gold fragmentation region is contributed to by
the leading gold protons, and the high peak in the gold frag-
mentation region is contributed to by the intranuclear cas-
cade collisions in the gold spectator. There are seven param-
eters for the normalizedh distribution, and for the non-
normalized h distribution dNch/dh, eight parameters are
needed. The experimental data presented in Fig. 1 can be
fitted by a triple Gaussian distribution[15] with nine param-
eters, i.e., three peak positions, three widths, two fractions,
and one normalization. Moreover, fitting theh distribution

FIG. 1. (Color online) Pseudorapidity distribution of charged
particles produced ind+Au collisions at ÎsNN=200 Gev. The
circles are the experimental data measured by Backet al. [15], and
the curves are our calculated results.
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by a triple Gaussian distribution does not show a clear pic-
ture for the particle production.

For Au+Au collisions at the RHIC energies, two Gauss-
ian distributions can fit theh distributions[6–10]. We have
used a two-cylinder picture and described theh distribution
in Au+Au collisions in our recent work[28–30]. The con-
tributions of leading protons have been considered, and the
contributions of cascade collisions have not been considered.
In contrast to this work, we have divided the cylinder into
two parts, namely, the target cylinder and the projectile cyl-
inder, in our recent work[28–30]. In this study it is found
that the cascade collisions in the gold spectator are important
for d+Au collisions. It seems that they should be even more
important for Au+Au collisions. However, in Au+Au colli-
sions the cascade collisions can be neglected due to the rela-
tive small spectator in comparison with the participant. From
the consideration of nuclear size and colliding geometry, the
contribution of cascade collisions in the spectator in Au
+Au collisions is estimated to be less than 1%. As for the
cascade collisions in the spectator, there is no obvious incon-
sistency between the treatments ofd+Au and Au+Au colli-
sions from the cylinder model.

In order to exclude the effects of leading protons and
cascade collisions, we suggest the experimental groups at
RHIC to give theh distributions of negatively charged par-
ticles. Excluding the contribution of positive particles, the
model prediction on theh distributiondNneg/dh of negative
hadrons produced ind+Au collisions atÎsNN=200A GeV is
shown in Fig. 2, whereNneg denotes the multiplicity of
neagtive hadrons. In the calculation, we do not need to con-
sider the contributions of leading protons and cascade colli-
sions; and take the values ofyc, Dy, anddy as the same as
those for Fig. 1. The normalized constantNneg is taken to be
s1−kP−kT−kTTdNch/2<36.62, wherekP, kT, kTT, andNch are
the parameters used for Fig. 1. From Fig. 2 we can see that
the model prediction on theh distribution of negative had-
rons ind+Au collisions at the RHIC energy has a wide pla-
teau. This distribution is different from the solid curve in
Fig. 1.

Accurately, the pseudorapidity and rapidity are not equal
to each other for the nonzero mass particle. For particles
emitted from a static isotropic source, theh distribution is
1/s2 cosh2 hd. Equation(1) is, in fact, a result for massless
particles. If we consider the relation betweenh and y for a
particle with given mass[31], the relative fractions of pion,
kaon, and proton, as well as the temperature are needed for
analyzing theh distribution. For the purposes of convenience
and reducing the parameter number, we have not distin-
guishedh and y in the present work. The calculated error
caused byh<y is less than 7% if we regard all charged
particles as pions and take a temperature of 300 MeV. More-
over, an express formula such as Eq.(3) cannot be obtained
in the case of using an accurate relation betweenh and y
[31]. We have to use the Monte Carlo method and statistics

to obtain theh andy distributions in distingushingh andy
[30].

To conclude, we have given an explanation for the pseu-
dorapidity distribution of charged particles produced ind
+Au collisions atÎsNN=200 GeV. A simple cylinder model
has been introduced in this work which contained four com-
ponents: leading projectile protons, leading target protons,
cascade collisions in gold spectator, and cylinder. Compari-
son with Au+Au collisions, the pseudorapidity distribution
in d+Au collisions has a more complex structure. Both the
contributions of leading gold protons and cascade collisions
in gold spectator effect the pseudorapidity distribution. The
high stage and the high peak in the gold fragmentation re-
gion are contributed by the leading gold protons and the
cascade collision in the gold spectator, respectively. In order
to exclude the effects of leading protons and cascade colli-
sions, the negative particle pseudorapidity distributions ind
+Au and Au+Au collisions at the RHIC energies are needed
in the future.
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FIG. 2. (Color online) Model prediction on the pseudorapidity
distribution of negative hadrons produced ind+Au collisions at
ÎsNN=200 GeV.
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