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Charged particle production in d+Au collisions at \%:200 GeV
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We have given an explanation for the pseudorapidity distribution of charged particles produtedun
collisions atysyy=200 GeV[the maximum relativistic heavy ion collid¢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 proterons and gold nuclei, a triple Gaussian fit is also needed.
duced in nucleus-nucleus collisions are important for underSome models, for example the microscopic model based on
standing the evolution of the interacting system. In fixed tarparton substructurfl 6], multiphase transport modgl7,1§,
get nucleus-nucleus collisions experimenfd-5], the relativistic quantum molecular dynamics moddl9], and
pseudorapidityy is defined asy=-In[tan(6/2)], where# is  parton saturation mode[20] are inconsistent with the data
the emission angle of the concerned particle relative to the15), even if for thes distribution shape.
beam direction. In collider nucleus-nucleus collisions experi- |n order to give a description of the distribution shape,
ments[6-10, the same pseudorapidity definition is used, butye have developed a cylinder model in our previous work
¢ is the emission angle relative to the direction of one beamp21 27. In this work, we shall use the cylinder model and
It is interesting for us to investigate the shape of the pseudaconsider the contribution of cascade collisions to give a de-
rapidity distribution. scription of the distribution of charged particles produced

For a fixed target experiment at high energy, for examplejn d+Au collisions awngzoo GeV[15].
for the nucleus-emulsion collisions at high energy, the pseu- | et us consider the process of high-energy nucleus-
dorapidity distribution of relativistic singly charged particles nycleus collisions. It is expected that one nucl@rsjectil®
produced in central collisions can be fitted by a Gaussiagng the othertarge) make a cylindrical cut through each
distribution [11,13. In noncentral nucleus-emulsion colli- other along the direction of the incident projectile and form a
sions at high energy, the pseudorapidity distribution of relaparticipant[23]. The residual parts of the two nuclei remain
tivistic singly charged particles has to be fitted by two GaUSSreIativer undisturbed forming spectatof3]. In rapidity
ian distributions, one for produced particles and the other fogpace, in the center-of-mass reference frame or in the labo-
leading protons produced in the projec{il3,14. If the con-  ratory reference frame, the cylinder distribute$ytqi, Vimasd,
tribution of leading protons can be neglected, a Gaussiaherey,, andypay are two endpoint rapidities of the cylin-
distribution gives a good fit for the pseudorapidity distribu-ger, |n'the cylinder, the points with the same rapidigform
tion. . _ a emission plangemission souroe In the rest frame of the

For a collider experiment, for example for the Au+Au emission source, the particles are emitted isotropically. In the
collisions at the relativistic heavy ion collid¢RHIC), the  concemed reference frame, the distribution of particles

pseudorapidity distribution of charged particles produced irbroduced in the emission source with rapidjtywill be
central collisions can be fitted by two Gaussian distributions,

one peak is in the;>0 region, and the other is in the<0
region [8,9]. In noncentral Au+Au collisions at RHIC, the f(n,y,) =
charged particler distribution can also be fitted by two

Gaussian distributions in the case of neglecting the contribuynere 5 is treated approximately as rapidity) due to that

tion of leading protons. , _ . m=y at high energy. They distribution contributed by the
However, recently, the minimum-bias pseudorapidity d's'cylinder can be given by

tribution of charged particles produced in collisions of deu-

2 cosii(n—yy)’ @

terons(projectileg with gold nuclei(target$ at a nucleon- 1 Ymax
nucleon center-of-mass energgyy of 200 GeV has to be fe(n) = ff f(7,y,0dyy. (2
fitted by a triple Gaussian distributigd5]. Even if we ne- Ymax™ Ymin-! ymin

glect the contributions of leading protons produced in deu- et y. denote the rapidity of participant-participaj#3]
center-of-mass andy denote the rapidity shift of two end-

points of the cylinder, we havg,,,=Y.+Ay and Ynyin=VYc
*Electronic address: liufh@dns.sxtu.edu.cn —Ay. In d+Au collisions, the contribution of intranuclear
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cascade collisions in the Au spectaf@B,24 has to be con- ' ' ' ' ' ' ' ' '

sidered. As the first class approximation, thdistribution of “r 4+ AU ot |
cascade collisions is taken to be E2), but the rapidity shift v
is assumed to béy. The contributions of leading protons 12 + Vew = 200 GeV
produced in the projectiléd) and target(Au) have to be
considered too. The leading protgndistribution is taken to 1o b i
be Eq.(1) with the rapidity shiftDy.
The contributions of leading projectile protons, leading (e g
target protons, cascade collisions in target spec{2®24, S 8+t .
and the cylinder are assumed to kg kg, krr, and 1-kp ;
—kr—k:t, respectively. The normalized fina} distribution oL |
can be given by
f(m) = kef(7,Yc + DY) + krf (1,y. = Dy) .l y
krr (e T ;
4+ — f(n,y,)d
sy vy (7, Y0 dyy 5L i ! _‘ ! |
1- kp - kT - kTTch+Ay P
B f(??,y )dy . (3) 0 A T, 1 1 S I LG W I
2Ay ye-Ay o -8 -6 -4 -2 0 2 4 6 8
There are seven parametggsAy, dy, Dy, kp, ky, andksrin n

the nqrmallz_edy C.iIStl’IbutIOI’l.. It we conS|der. a non- FIG. 1. (Color onling Pseudorapidity distribution of charged
normalized distribution, the eighth parameter will be needp(,ﬂrtides produced ind+Au collisions at ysy=200 Gev. The

Generally speaking, some of the parameters could be calcyjies are the experimental data measured by BacH. [15], and
lated according to the colliding geometry, stopping powerine curves are our calculated results.

[25,24, etc. For the purpose of convenience in this work, we

regard all of them free parameters. going through the larger gold nucleus, and then the rapidity

Equation(3) contains four components of the model. The distribution range of participant protons in the deuteron frag-
cascade collision part and the cylinder part both have finitenentation region is wider than that in the gold fragmentation
rapidity width from different endpoints, but the leading pro- region.
jectile and target parts have zero rapidity width from the Figure 1 presents the minimum-biag distribution
endpoint. Considering the finite system and thus the randontN,/d» of charged particles producedd+ Au collisions at
ness of the collisions, the participant protons will come fromysyy=200 GeV, where N, denote the multiplicity of
a different number of collisions, and each collision may havecharged particles. The circles are the experimental data mea-
different strengthmomentum transfer Among the partici- sured by Baclet al. and the emission angle is relative to the
pant protons, the leading protons are protons with low modirection of the deuteron beafti5]. The data were obtained
mentum transfer, while the protons with intermediate or highwith the PHOBOS detector at RHIC and collected using the
momentum transfer will appear in the cylinder part as themultiplicity array, covering »| <5.4[15,27. The solid curve
nonleading protons. Protons produced in the spectator aie our result calculated by E¢B). In the calculation, we take
also the leading protons with very low momentum transfery.=-1.05,Ay=4.15,8y=1.85,Dy=5.00,kp=0.02,k;=0.086,

We may say that the leading protons have near zero rapiditgrt=0.08, and the eighth parametex.,,=87.20 with
width from the endpoints because that all of them have the’?/degrees of freedom of 0.139. The contributions of leading
low momentum transfer. The zero rapidity width for the lead-projectile (d) protons, leading targetAu) protons, cascade
ing protons does not mean that the leading protons have thmllisions in the target spectator, and the cylinder are given in
same rapidity. In fact, the distribution described by BEqg.is  the figure by the dotted curves and marked/yyT, TT, and
similar to a Gaussian distribution with a width of 0.p14]. C, respectively.

The projectile and target parts in E(B) have the same From Fig. 1 one can see that E8) gives a good descrip-
rapidity shift Dy (just opposite signsdue to the same low tion for the minimum-biasy distribution of charged particles
momentum transfer for the leading protons in the participantproduced ind+Au collisions at\s‘%:zoo GeV. The high
participant center-of-mass reference frame. We are corstage in the gold fragmentation region is contributed to by
cerned about the momentum transfer, and for the leadinthe leading gold protons, and the high peak in the gold frag-
protons the momentum transfer is low. Protons experiencenentation region is contributed to by the intranuclear cas-
more collisions and have larger momentum transfer are natade collisions in the gold spectator. There are seven param-
the leading protons, and the contribution of nonleading proeters for the normalized; distribution, and for the non-
tons is considered in the cylinder part. Because both the leaghormalized » distribution dN.,/d#, eight parameters are
ing protons from the deuteron and gold have low momentumnmeeded. The experimental data presented in Fig. 1 can be
transfer, we take the projectile and target parts in Byto  fitted by a triple Gaussian distributigi5] with nine param-
have the same rapidity shift. One may expect that participangters, i.e., three peak positions, three widths, two fractions,
protons from the deuteron tend to experience more collisionand one normalization. Moreover, fitting the distribution
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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- 5 L d <o @t .
ian distributions can fit they distributions[6—10. We have Vsw = 200 GeV
used a two-cylinder picture and described #héistribution negative hadrons
in Au+Au collisions in our recent work28-3Q. The con-
tributions of leading protons have been considered, and the
contributions of cascade collisions have not been considerec
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 work28-3Q. In this study it is found
that the cascade collisions in the gold spectator are importan
for d+Au collisions. It seems that they should be even more 5 L i
important for Au+Au collisions. However, in Au+Au colli-
sions the cascade collisions can be neglected due to the rel:
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 ~ © Y :
sistency between the treatmentsdsfAu and Au+Au colli-
sions from the cylinder model.

In order to exclude the effects of leading protons and G, 2. (Color onling Model prediction on the pseudorapidity
cascade collisions, we suggest the experimental groups gistribution of negative hadrons produced dr-Au collisions at
RHIC to give they distributions of negatively charged par- /s =200 GeV.
ticles. Excluding the contribution of positive particles, the
model prediction on the; distributiondN,eg/d7 Of negative 1, 51yain thes andy distributions in distingushing; andy
hadrons produced id+Au collisions atysyy=200A GeV is [30].
shown in Fig. 2, whereNnq denotes the multiplicity of To conclude, we have given an explanation for the pseu-
neagtive hadrons. In the calculation, we do not need 0 Coy,anidity distribution of charged particles produceddn
sider the contributions of leading protons and cascade coIh;rAu collisions at\;%:zoo GeV. A simple cylinder model
sions; and take the values pf, Ay, anddy as the same as ¢ peen introduced in this work which contained four com-
those for Fig. 1. The normalized constijeg is taken to be o hants: Jeading projectile protons, leading target protons,
(1_kP_kT_kTT)N0h/2z36'6_2' wherec, kT_’ ki, andNep are - caqeade collisions in gold spectator, and cylinder. Compari-
the parameters used for Fig. 1. From Fig. 2 we can see thaj,, ith Au+Au collisions, the pseudorapidity distribution
the model prediction on the distribution of negative had- i, 4+ Ay collisions has a more complex structure. Both the
rons ind+Au collisions at the RHIC energy has a wide pla- contriputions of leading gold protons and cascade collisions
tgau. This distribution is different from the solid curve in j, gold spectator effect the pseudorapidity distribution. The
Fig. 1. . o high stage and the high peak in the gold fragmentation re-

Accurately, the pseudorapidity and rapidity are not equalyion are contributed by the leading gold protons and the
to each other for the nonzero mass particle. For particlegascade collision in the gold spectator, respectively. In order
emitted from a static isotropic source, thedistribution is 4 exclude the effects of leading protons and cascade colli-
1/(2 cost »). Equation(1) is, in fact, a result for massless gjons. the negative particle pseudorapidity distributiond in

particles. If we consider the relation betwegrandy for a 1 Ay and Au+Au collisions at the RHIC energies are needed
particle with given mas§31], the relative fractions of pion, i, the future.

kaon, and proton, as well as the temperature are needed for

analyzing then distribution. For the purposes of convenience  This work was supported by the National Natural Science
and reducing the parameter number, we have not distinFoundation of China(NSFQ Grant No. 10275042, the
guished# andy in the present work. The calculated error Shanxi Scholarship Council of China Grant No.
caused bynp=y is less than 7% if we regard all charged JLGB(20028-20021042, the Shanxi Provincial Foundation
particles as pions and take a temperature of 300 MeV. Morefor Returned Overseas Scholars Grant No. J(ZaB1)15,
over, an express formula such as E8). cannot be obtained the Shanxi Provincial Foundation for Natural Sciences Grant
in the case of using an accurate relation betweeandy = No. 20021006, and the Shanxi Provincial Foundation for
[31]. We have to use the Monte Carlo method and statistic&ey Subjects Grant No. JJ(ZD024.

N
T
1

dNneg/dn
W
T

067901-3



BRIEF REPORTS

[1] M. C. Abreuet al, Phys. Lett. B530, 33 (2002.

[2] G. Singh, K. Sengupta, and P. L. Jain, Phys. Rev. Létt.
1073(1988.

[3] M. I. Adamovichet al, Phys. Rev. Lett62 2801(1989.

[4] R. Albrechtet al, Z. Phys. C55, 539(1992.

[5] P. L. Jain, G. Singh, and K. Sengupta, Phys. Re¥3ZR2027

(1999.

] I. Arseneet al, Phys. Rev. Lett91, 072305(2003.

1 B. B. Backet al, Phys. Rev. Lett.89, 222301(2002.

] 1. G. Bearderet al, Phys. Rev. Lett.88, 202301(2002.

] B. B. Backet al, Phys. Rev. Lett.87, 102303(200D.

[10] H. Ito for the BRAHMS Collaboration, Nucl. Phy#\721, 231
(2003.

[11] M. I. Adamovichet al, Phys. Lett. B201, 397(1988).

[12] M. I. Adamovichet al, Phys. Lett. B227, 285(1989.

[13] J. I. Nystrandet al,, Nucl. Phys.A566, 419c(1994).

[14] M. I. Adamovichet al, Phys. Lett. B352 472(1995.

[15] B. B. Backet al, nucl-ex/0311009.

[16] M. Gyulassy and X. N. Wang, Comput. Phys. Comm@&3,
307 (1994).

[17] Z. W. Lin and C. M. Ko, Phys. Rev. &8, 054904(2003.

[18] Z. W. Lin, S. Pal, C. M. Ko, B. A. Li, and B. Zhang, Nucl.
Phys. A698, 375(2002.

[6
[7
[8
[9
1

PHYSICAL REVIEW G9, 067901(2004)

[19] H. Sorge, Phys. Rev. G2, 3291(1995.

[20] D. Kharzeev, E. Levin, and M. Nardi, Nucl. Phy8.730, 448
(2004).

[21] F. H. Liu and Y. A. Panebratsev, Nucl. Phy#&641, 379
(1998.

[22] F. H. Liu and Y. A. Panebratsev, Phys. Rev. &9, 1798
(1999.

[23] R. J. Glauber, inectures of Theoretical Physicadited by W.
E. Brittin and L. G. DunhaniInterscience, New York, 1959
Vol. 1, p. 315.

[24] J. Hifner, Phys. Repl25 129(1985.

[25] G. E. Cooper for the NA49 Collaboration, Nucl. Phy&s661,
362¢(1999.

[26] H. Weber, E. L. Bratkovskaya, and H. Stdcker, Phys. Rev. C
66, 054903(2002.

[27] B. B. Backet al, Nucl. Instrum. Methods Phys. Res. 499,
603 (2003.

[28] F. H. Liu, Phys. Rev. C66, 047902(2002.

[29] F. H. Liu, D. H. Zhang, and M. Y. Duan, Europhys. Le@1,
736 (2003.

[30] F. H. Liu, Phys. Lett. B583 68 (2004).

[31] C. Y. Wong,Introduction to High-Energy Heavy-lon Collisions
(World Scientific, Singapore, 1994p. 25.

067901-4



