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FIG. 3: Centrality dependence of dN/dy normalized by half participant !Npart "/ 2 for positive particles at mid-rapidity ( |y| < 0.1)
in Au + Au collisions at

#
sNN = 7.7, 27, 200 GeV from the AMPT default (top three rows) and string melting (bottom three

rows) models. Results are presented using the parameter sets A, B and C. Experimental data from the STAR collaboration[18,
36] are shown by solid circles.
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1. Abstract

We study the production of pions, kaons, and (anti -) protons in A Multi PhaseTransport (AMPT) Model in Au+Au collisions at ! "" = 7.7, 27, and 200 GeV. We present the
centrality and energy dependenceof various bulk observablessuch as invariant yields as a function of transverse momentum #$, particle yields %&' &( , average transverse
momentum #$ and various particle ratios, and compare them with experimental data. Both default and string melting (SM) versions of the AMPT model are used with three
different setsof initial conditions. We observethat neither the default nor the SM model could consistently describe the centrality dependenceof all observablesat the above
energieswith any one set of initial conditions. The energy dependencebehavior of the experimental observablesfor 0Ð5% central collisions is in general better describedby the
default AMPT model using the default HIJING parametersfor Lund string fragmentation and 3mb parton scattering cross-section.

c 2. The AMPT model

! A Multi Phase Transport (AMPT) model is a hybrid transport model with four 
main components: 
! Initial conditions
! Partonic interactions

c 3.1 Results: dN/ dy

! Pions: Set C in SM
version describe yield
for ! "" ! 27 GeV. At
200 GeV yield is
constrained between
set A and C at all
' )*+, for both

versionsof AMPT.
! Kaons: Models

underestimate the
yields at 7.7 GeV for
both versions; default
version explains the
kaon yield at 27 GeV
with set C and at 200
GeV with set A; SM
version explains 200
GeVwith set C.

! Protons : Yield at 7.7
GeV is explained by all
sets with both
versions; at 27 GeV by
set A with SM model;
At 200 GeV proton
yield is constrained
between set B and C
with SM version.

! The following parameters are used for this study:

- s: strong coupling constant, " : Debye screening mass in partonic matter;
a and b: LundÕs string fragmentation parameters.
! Around 20k events are generated for each set at all energies using both 

versions of AMPT. pT spectra, dN/ dy, < pT>, and particle ratios are obtained.

In general, set C parameters corresponding to largest a = 2.2 give higher yields 
while set B corresponding to smallest a = 0.5 give smaller yields as expected. 

AMPT-Default

AMPT-SM

2

In the default model, only the minijet partons take
part in the ZPC and the energy stored in the excited
strings is only released after hadrons are formed. For
the default model, after the partons stop interacting,
they combine with their parent strings. Hadronization
of these strings take place using the Lund string frag-
mentation model [29, 30]. The longitudinal momentum
of the hadrons generated is given by the Lund string frag-
mentation function f (z) ! z! 1(1 " z)a exp(" bm2

T /z ), z
being the light-cone momentum fraction of the hadron
of transverse massmT with respect to the fragmenting
string. The average squared transverse momentum#p2

T $
of the produced particles is proportional to the string
tension ! , i.e. the energy stored per unit length of a
string, and depends on the Lund string fragmentation
parameters as

! ! # p2
T $=

1
b(2 + a)

(2)

In the string melting version, hadronization takes place
via a quark coalescence model in which the nearest par-
tons are combined to form mesons and baryons. The
dynamics of the hadronic matter is described by A Rel-
ativistic Transport (ART) model which includes meson-
meson, meson-baryon, baryon-baryon, elastic and inelas-
tic scatterings [31]. The parton density in ZPC for the
SM version is quite dense as all HIJING strings are con-
verted to partons. As a result the SM version was found
to reasonably Þt the elliptic ßow at RHIC [26].

TABLE I: Used values of parameters in Lund string fragmen-
tation and parton scattering cross-sections for the three sets
of AMPT data.

Set Cross-section (! ) a b (GeV! 2) " s µ (fm ! 1)
Set A 3 mb 0.55 0.15 0.33 2.265
Set B 1.5 mb 0.5 0.9 0.33 3.2
Set C 10 mb 2.2 0.5 0.47 1.8

We have chosen the three parameter sets as given in
Table I by taking guidance from earlier studies as detailed
below. The parton scattering cross-section is given as
" % 9#$2

s/ (2µ2). Thus, the value of " depends on a given
combination of $s and µ. It has been observed that the
multiplicity is not much sensitive to the parton scattering
cross-section" [32] but " seems to a! ect the elliptic ßow
such that larger parton scattering cross-section leads to
large elliptic ßows [32].

It has been observed that the default HIJING values
for the Lund string fragmentation parameters (a = 0 .5
and b = 0 .9 GeV! 2) in set B were able to describe the pp
data when used in the AMPT default model but under-
estimated the charged particle yield in central Pb + Pb
collisions at the top SPS energy [33Ð35]. For Pb+Pb col-
lisions at LHC energies, the AMPT SM model with de-
fault HIJING values for the Lund string fragmentation
parameters (a = 0 .5 and b = 0 .9 GeV! 2) in set B was
able to reproduce the yield and elliptic ßow of charged

particles but underestimated the pT spectrum except at
low pT [32, 33].

From Eq.(2) it is clear that parameters a and b de-
termine the pT distribution of the particles. For larger
a and b there will be a smaller average square trans-
verse momentum that will produce a steeperpT spectra
(with large slope), while their smaller values will lead
to a ßatter distribution. It has been reported that the
values of a = 2 .2 and b = 0 .5 GeV! 2 produce larger
multiplicity density as compared to other values of a and
b [32]. Thus, the modiÞed values ofa = 2 .2 and b = 0 .5
GeV! 2 (Set C) were used to Þt the charged particle yield
in Pb+Pb collisions at SPS [33, 35]. For heavy-ion col-
lisions at RHIC energies, the default AMPT model with
these parameters was found to reasonable Þt the rapid-
ity and pseudo-rapidity density and the pT spectra but
underestimate the elliptic ßow [33, 35]. On using the
AMPT SM with same parameters, the elliptic ßow and
two-pion HBT were reproduced but the charged particle
yield was overestimated while the slopes of thepT spectra
were underestimated [26, 33].

In order to simultaneously Þt the rapidity density, pT
spectrum and elliptic ßow of pions and kaons at lowpT
in Au+Au collisions at RHIC energies, the AMPT SM
model was used with modiÞed Lund string fragmentation
parametersa = 0 .55 and b = 0 .15 GeV! 2 in Set A [33].

Thus we observe that each of these sets satisfactorily
describe the heavy-ion data at di! erent energies from
various experiments. The availability of centrality de-
pendent results at the RHIC for a vast range of ener-
gies allows us to test the validity of the said parame-
ters at these conditions. We generated AMPT events for
Au+Au collisions at three energies viz., the lowest RHIC
energy (7.7 GeV), an intermediate energy (27 GeV) and
the top RHIC energy of 200 GeV. The events are gener-
ated using both string melting and default versions of the
AMPT. In each of these versions, we use the three sets
of parameters as listed in table I to generate the events.
About 20k events are used for the analysis at each en-
ergy, for each set and for each of the two versions of the
model. The centrality selection is done in the same way
as in the experimental data [18]. Thus, the AMPT data
are divided into nine centrality classes 0Ð5%, 5Ð10%, 10Ð
20%, 20Ð30%, 30Ð40%, 40Ð50%, 50Ð60%, 60Ð70%, and
70Ð80%.

III. RESULTS

We present the mid-rapidity ( |y| < 0.1) transverse mo-
mentum pT spectra, particle yieldsdN/dy , average trans-
verse momentum#pT $ and ratios of identiÞed particles
#±, K ±, p and øp at

&
sNN = 7.7, 27 and 200 GeV.

The results are obtained for both AMPT SM and de-
fault versions at each energy and using three di! erent
sets of parameters listed in table I. The simulated results
are compared with corresponding results from the STAR
experiment.

! Two versions: 
! Default - only minijet partons take part in ZPC, recombine with parent 

strings and hadronized by Lund string fragmentation. 
! String Melting (SM) - strings are completely converted to partons hence 

parton density is more in ZPC; hadronization by quark coalescence.

! Hadronization
! Hadronic interactions

c 3.2 Results: Energy dependence of particle ratios
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p/ ! + : In the default model, the set A
parameters seemto describe the ratio
better at the three energies. In the
SM model, both setsA and B describe
the data at the three energies.
./ / ! " : Default AMPT set A describes
the ratio at 7.7 and 200 GeV, while
set B and C describe it at 7.7 and 27
GeV. Overall, the set A parametersare
closestto the data. For SM model, the
set C parameters describe the ratio at
7.7 and 200 GeV, while sets B and C
only describethe data at 7.7 GeV.

We observe that the default AMPT
model with set A parameters
works better than SM model.

K+ / ! + : Default AMPT model is
consistent with data for all three
sets at 27 and 200 GeV. At 7.7 GeV,
all the three sets under-predict the
ratio significantly. However, set A
parameters are closest to the data.
Comparing between default and
SM, the default set A describes the
energy dependencebetter.
K" / ! " : At 200 GeV is described by
all three sets of the default and SM
model. At 27 GeV, set A and C are
consistent with the data. At 7.7 GeV,
the ratio is again under-predicted by
both the versions. The default
model is in relatively close
agreement with data at lower
energies.
We observe that the strangeness
(kaon) production at #sNN = 7.7
GeV is not explained by the AMPT
model.

c 4. Summary & Conclusions

! The particle production using AMPT model, both default and string melting, is 
studied at three different RHIC energies and for various centralities with three sets 
of different input conditions to the AMPT.

! Neither the default nor the SM model could consistently describe the centrality 
dependence of the observables studied. 

! Energy dependence of observables in 0-5% central collisions is in general better 
described by the default AMPT model using the default HIJING parameters for 
Lund string fragmentation and 3mb cross-section (Set A). 

! At 7.7 GeV, the strange particle production is not well explained by the AMPT 
model.

! These comparisons will provide help in constraining the models in a better way. 
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