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One of the main goals of heavy-ion collision experiment®oistudy the structure of the QCD
phase diagram. The QCD phase diagram is typically plottetbmperatureT) vs. baryon
chemical potential fg). The statistical thermal model THERMUS compared to experntal
data provides chemical freeze-out parameters such astetape baryon chemical potential and
strangeness saturation factgy) ( However, the values of these parameters depend on matdkls a
their underlying assumptions, such as the nature of then@nsaised, particle ratios vs. particle
yields, and the treatment of feed-down contributions tdiglaryields. In these proceedings, we
report on a systematic study of chemical freeze-out parimiasing THERMUS, as a function of
collision centrality and collision energieg/Sun = 7.7 — 200 GeV). These studies are performed
with the string melting version of A Multi-Phase Transpo®MPT) model. A comparison is
presented of freeze-out parameters between grand-cahesistrangeness canonical ensembles,
particle yields vs. ratios, with and without feed-down gdnitions to the particle yields. The
main aim is to evaluate the sensitivity of the thermal modsltfh various model assumptions.
This is an important study for understanding correspondipgerimental results from the beam
energy scan program at RHIC.
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1. Introduction

One of the goals of heavy-ion collision experiments is tagtine QCD phase diagram. The
QCD phase diagram is generally represented by temperatliree(sus baryon chemical potential
(ug). Study of hadron production plays an important role in ustmding the dynamics of rel-
ativistic collisions. The statistical thermal model hagmextremely successful in describing the
hadron multiplicities observed in these relativistic mtins. The statistical model or THERMUS
uses experimental yields (or ratios) as input and providescorresponding chemical freeze-out
temperature and baryon chemical potential [1].

Recently, the STAR experiment has presented the centdajpgndence of the freeze-out pa-
rameters using the Beam Energy Scan (BES) data. It is olubthaeat lower energieg/(Sun ~7.7
and 11.5 GeV), th& andpg vary with centrality [2]. Interestingly, for Grand-Cancal Ensemble
(GCE), the temperature seems to decrease while going frotratéo peripheral collisions. On the
other hand, the temperature increases while going fronraletot peripheral collisions when the
Strangeness-Canonical Ensemble (SCE) is used. The bamgomaal potential decreases towards
peripheral for both GCE and SCE.

In view of these observations, it is of interest to study thet@lity and energy dependence of
freeze-out parameters using transport models such as A-Rhdise Transport (AMPT) model [3].
For this study, the string-melting version of AMPT is usecheTparticle yieldsdN/dy) at mid-
rapidity (y| <0.5) are obtained fort®,K=*, p(ﬁ),A(ﬂ),Kg, and=(Z) particles at,/Sy\w = 7.7,
11.5, 39, and 200 GeV. The errors on yields are assumed to the afrder of 10% for realistic
comparison with experimental results. The centralitysgasused for this study are 0-5%, 5-10%,
10-20%, 20-30%, 30-40%, 40-50%, 50—60%, 60—70%, and 70-88&THERMUS model is
used for extracting chemical freeze-out parameters usitly Brand-Canonical and Strangeness-
Canonical ensembles. The freeze-out parameters are textriag using particle ratios as well as
yields as input to the THERMUS model.

2. Resultsand Discussions

Figure 1 shows the variation of chemical freeze-out tentpegaand baryon chemical potential
for different energies from 7.7 to 200 GeV and different calittes. Top panels represent results
obtained by using patrticle ratios from AMPT as inputs to tHEERMUS model for GCE (left) and
SCE (right) while bottom panels represent results obtalmedsing particle yields from AMPT
as input to THERMUS. BotT and ug show similar behavior as a function of centralities at all
energies. Both decrease from central to peripheral cmtissifor all the cases studied. This is
opposite to what was observed in the RHIC BES data, wheretfan§eness-Canonical Ensemble,
the temperature increases from central to peripherakamiis.

The comparison of freeze-out parameters obtained by usffegeht inputs such as particle
ratios and patrticle yield to THERMUS suggests that the teatpee values are similar and lie
within 5% for these cases. Howeverg values could differ by a maximum of 20% between the
two cases for SCE. When different ensembles (GCE vs. SCH)sm@, the temperature values
again lie within 5% whereagg differ by ~20% between GCE and SCE if yields are used as input
to THERMUS.
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Figure1: Top panels: Temperature vs. baryon chemical potentiagysanticle ratios from AMPT as inputs
to THERMUS model for GCE (left) and SCE (right). Bottom paneSimilar plots but obtained using
particle yields from AMPT as inputs to THERMUS. Results dnewsn for beam energies from 7.7 to 200
GeV and for different centralities.

3. Feed-down Effect

In THERMUS, there is an option to switch OFF or ON the decaynadless. This option can
be used to test the effect of feed-down contribution on theaeted freeze-out parameters. We
consider the weak-decay feed-down contribution frA(vK) to p(p). For this purpose, Au+Au
200 GeV from AMPT string melting is used. Theand A are decayed respectively mand p.
The Grand-Canonical approach is used in THERMUS with inguha following particle ratios:
/T, K~ /KT, p/p, and p/mr. The feed-down contribution from to proton andA to pin
THERMUS with default settings for Au+Au 200 GeV are of the erdf 24%. From AMPT, feed-
down fromA to proton is ~13% while that fromA to pis ~22%. We study three cases: case 1
(No feed-down contribution from\(A ) to p(p) in both AMPT and THERMUS), case 2 ( included
feed-down contribution from\(A) to p(p) both in AMPT and THERMUS), and case 3 (feed-down
contribution is included in both AMPT and THERMUS but the tridsutions in THERMUS are
modified so that both AMPT and THERMUS have similar feed-daentributions from/\(K) to
p(p)). Figure 2 shows the results for the three cases for temperahd baryon chemical potential
vS. Npart. Both T and pig show closer agreement for case 1 and case 3.uEh&lues show large
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Figure 2: Top panels: Temperature (left) and baryon chemical pak(tight) vs. Npar for three dif-
ferent cases in Au+Au 200 GeV using AMPT string melting. Boitpanels: Ratios of casel/case2 and
casel/case3. See text for details.

difference if the feed-down is not taken care of properly HERMUS (such as in case 2).

4. Summary

We have presented the energy and centrality dependenceeziefiout parameters from the
AMPT model with a string melting scenario. Freeze-out pai@mms are extracted using THER-
MUS and compared for different ensembles (GCE vs. SCE) akasdlor different inputs to
THERMUS (particle yields vs. particle ratios). Theand g decrease from central to peripheral
collisions for all these cases in contrast to what has beservbd in STAR data, whefleincreases
from central to peripheral collisions in SCE. For both GCE 8€E and particle yields vs. ratios
inputs, T values lie within 5% whileug may differ by a maximum of 20%. The effect of weak
decay feed-down (froM\(K) to p(p)) on the extracted freeze-out parameters is also presented.
THERMUS can be tuned to adjust the feed-down contributiare®m@ing to data (AMPT in this
case). The difference in feed-down contribution betweaa (RMPT in this case) and THERMUS
is reflected in the extractgas values.
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