Bk By REYHERSEY A Vol.26, No.4

200244 A HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Apr.,2002

Radial Flow in Au + Au Central Collisions
at RHIC Energy "
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Abstract Using the dynamical transport approach RQMD, the radial collective expansion in relativistic
heavy-ion collisions is studied at RHIC energy. The prediction of the radial flow is presented by analyzing
the transverse mass spectra for Au + Au central collisions at the center of mass energy v's = 2004GeV.
We conclude that the average radial flow velocity is 0.6¢ and the freeze-out temperature is 160MeV in Au

+ Au reactions.
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Relativistic heavy-ion collisions offer a unique opportunity to study hot and dense matter under
controlled laboratory conditions’"* . In the past years, the transverse mass spectra of single particles
have been measured in heavy-ion collisions from LBL Bevalac energies to BNL AGS and CERN SPS
energies’”* . These experimentally measured distributions are well reproduced by hydrodynamical
and dynamical transport calculations in which the collective degrees of freedom, such as the average
freeze-out temperature and mean transverse velocity are unambiguously identified > . During the
Spring 2001 run, the BNL RHIC delivered Au + Au collisions at its full energy’”™*' , and it is neces-
sary to study the dynamical transport simulations for RHIC'” .

In this letter, we study the radial collective expansion in relativistic heavy-ion collisions. The
predictions for the transverse mass spectra of emitted particles are presented in heavy-ion collisions
and elementary collisions at RHIC energy. For our investigation we employ the Relativistic Quantum
Molecular Dynamics (RQMD) model'™® . The model is well established and has been used success-
fully to describe many observable measured at AGS and SPS energies. Recently, a new version of
RQMD (v2.4) model has been available which can deal with collisions at RHIC energies. In this
study, the simulating events are generated by RQMD (v2.4) for Au + Au and Si + Si as well as p +

p collisions at RHIC energy v's = 200AGeV . With a centrality cut, we choose Au + Au and Si + Si
central events according to the range of impact parameter 0 < b <3 fm and 0 < b < 0.7 fm, respec-
tively .

In symmetric collision system, the fireball expands essentially at rest in the center of mass
frame. The transverse mass spectra of particles resemble the effect of transverse motion in the clean-
est possible way. Fig.1 shows the transverse mass spectra of pions, kaons and protons from Au + Au

and Si + Si central collisions at the center of mass energy v's = 200AGeV. The distributions are
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Fig.1. The transverse mass spectra for pions, kaons
and protons in Au+ Au and Si + 8i central collisions
at's = 200AGeV .
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g here m; is the transverse mass of emitted particles
-3 4 - SiSi and T is the inverse slope parameter, often inter-
@ 02 p+p |  preted as the apparent temperature of the emitting
source . The fitted inverse slope parameters are in-
dicated in Fig.1. From the comparison of the dif-
01 1 ferent reaction systems, it is clear that (a) the
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Fig.2. The inverse slope parameters of pions, kaons
and protons in Au+ Au, Si+ Si and p + p collisions

at s = 2004GeV .

creasing mass of the emitted particles, the spectra
become harder, and (c¢) with increasing system
size, spectra of the particles heavier than pions
become increasingly stiffer. To make this point
clear, we summarize the inverse slope parameters

of pions, kaons and protons from heavy-ion collisions and elementary collisions in Fig.2.

A distinct difference between the results of the elementary p + p collision and heavy-ion colli-

sions can be seen in Fig.2. While the slope parameters of p + p collision remain flat as a function of

the particle mass, these parameters from heavy-ion collisions increase as the mass increases. Fur-

thermore, for a given mass, the heavier the colliding system, the higher the slope parameter. It is

also interesting to observe that all curves converge to a point about T~ 160 £ 10MeV, as indicated

by the shaded bars in Fig.2. In hydrodynamical picture, matter flows developed, i.e., all particles

flow at a same collective velocity. Classically, the collective kinetic energy will then depend on the

particle mass: particles with higher mass will have higher energy. The slope paraneter is a measure

of the particle energy induced by the transverse motion. Roughly speaking, the transverse motion

contains both thermal and collective modes,
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T = T + me(Be)% (2)
here T, is the freeze-out temperature determined by the thermal motion and (B> is the average ra-
dial flow velocity. For the p + p collision, one does not expect any rescattering, and the slope pa-
rameter reflects the true freeze-out temperature. For heavy-ion collisions, rescattering becomes more

important and collective motion gradually develops.

Within the above discussion, once the pa- 0.8
rameters T and (f3,) are fixed, it is possible to 07 ]
study the evolution of the flow velocity with radi- ol
us, i.c. the flow profile. Given the distribution
shown in Fig. 1, one may discuss the physics in
terms of collectivity. To proceed, we evaluate the
average transverse velocities of pions, koans, and

Flow Velocity/c

protons. ‘The collective velocity is defined as {B;
(re)>={(pyery)imy/ry). Here py and ry is

the transverse momentum and radius of a particle,

respectively . And (-*-) means the average for the

particles in a cell located at the same radial pa- 0 5 10 15 20
rameter. Fig.3 shows the transverse flow veloci- re/fm

ties of pions, kaons, and protons from Au + Au

- Fig.3. The transverse flow velocity profiles
central collisions at the center of mass energy ; )
of pions, kaons and protons in Au + Au

Vs =200AGeV . In order to get the velocity pro- central collisions at /s = 200AGeV

file, a parameterized function fits to those simula-

tions,

max

T
Brlro) = 1 +expl-alr - )]’ (3)

max

where the parameters are @ =0.55,b =3.8 and 87" =0.58¢. It is seen from Fig.3 that on the av-
erage particles of different types are moving together with a similar velocity. These results indicate a
certain amount of collectivity in Au + Au central collisions at RHIC energies. Note that RQMD pre-
dicts the average transverse collective velocity of mid-rapidity about 0.6¢ at the RHIC energy while
at the SPS this value is about 0.4—0.45¢. In order to show the flow effect clearly, we can “take
off” the transverse collectivity velocity from the freeze-out phase space using the profile above. The
way is just to take a Lorentz transformation for a particle from the global system to the local rest sys-
tem. The results are that slope parameters of pions, koans and protons decrease and become similar,
indicating to a collective effect on the freeze-out phase space distribution.

In summary, we has studied the transverse mass spectra of Au + Au, Si+ Si and p + p colli-
sions at the center of mass energy v's = 200AGeV with RQMD calculations. The predictions for radi-
al collective expansion in heavy-ion collisions are presented for RHIC energy. The results show that
the strong radial flow are developed in the reaction studied here. We conclude that the freeze-out
temperature is 160MeV and average radial flow velocity is 0.6¢ in Au + Au collisions.

References

1 Harris J. Miller B. Ann. Rev. Nuel. Part. Sci.. 1996,46:71

2 Bass S Aetal. J. Phys., 1999, G25:RI

3  Reisdorf W, Ritter H G. Ann. Rev. Nucl. Part. Sci., 1997, 47:663
4 Herrmann N et al. Ann. Rev. Nucl. Part. Sci., 1999, 49:581



—

(=200 -I- IS - WV )

308 mEWEHS B % HE (HEP & NP) %26 %

Esumi S et al. Phys. Lett., 1997, B403:145
Braun-Munzinger P et al. Phys. Lett., 1996, B36S:1
Adler C et al. Phys. Rev. Lett., 2001, 86:4778
Ackerman K H et al. Phys. Rev. Lett., 2001, 86:402
ZHANG J B et al. Chin. Phys. Lett., 2001, 18:1568
Sorge H. Phys. Rev., 1995, C52:3291

RHIC 86X Au+ Au iR ESE @M
RER EFE OKIT MF4E' N.X

1 (BRETI KEHCYEEME B/ARK  150001)
2 (Nuclear Science Division, LBNL, CA 94720, USA)

RE AAMAXRETFL FohHEHEA RQMD, 3t RHIC # K Vs = 2004GeV
Au+ AuE BB KR EH# T THT, SRS THRARBHTT 247,
FARA, ZRHICHEHNEREFRATHAEABNECRME. XERF#W
REERSY Au+ Au IR R LK h 160MeV, FHB MK LK X 0.6¢.

XA EFTFHN Ao KEE#H

2001 - 11 - 22 e 7l
* A HRBEE S (19875012) FIKS /R B T. db & 488 % 4 (HIT. 2000.08) %5 B
1) E-mail:jingbo@ phys. hit.edu.cn



