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Abstract: In order to study the QCD phase structure, Relativistic Heavy lon Collider (RHIC) has conducted the beam energy scan program since 2010. In this presentation, we report our
analysis on the energy dependence of ¢—meson and proton v, from minimum bias (MB) Au+Au collisions at Vs, =7.7 GeV - 200 GeV. The p; integrated v, (<v,>) values for both ¢ meson and
proton are found to be proportional to the collision energy and at Vs, < 19.6 GeV, the ¢ meson <v,> values become less than that of protons. Since ¢-mesons do not participate in the
hadronic re-scatterings, this observation indicates that the hadronic interactions become dominant at the lower energy collisions. In addition, comparing the p; dependent of v, for ¢ meson
and proton, from MB 200GeV Au+Au collisions, we have shown the effect of the later stage hadronic re-scatterings on protons v,(p;) distribution. Transport model such as AMPT provides

consistent predictions.

Introduction

‘The Phases of QCD.

The Quantum Chromodynamcis (QCD) predicts:

> At low temperature and low density, quarks and

gluons are confined within the hadrons.
Transition

L Jp

» However at very high temperature and/or at very
high energy density the quarks and gluons will be no
longer confined within the hadrons.

Such de-confined states is known as Quark-Gluon-

Plasma (QGP)

AutAu @ Vs, =200 GeV:

o Clear signature for de-confinement and
partonic collectivity was observed.

Motivation:

1 What will happen if we decrease the centre-
of-mass energy ?

Probe for QGP

A measure of momentum anisotropy
in particle production and is
defined as

Elliptic Flow (v,):

v 4 Overfapped region
Interactons
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—Sensitive to early times in the
evolution of the system

—Sensitive to the equation of
state
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¢ meson: A clean probe for early dynamics
o1
© Low hadronic interaction cross-section o1 S % 0(sss)

o Early freeze-out compared to other hadrons (1,K,p)
0 T, T ~T, (Lattice QCD)

Temperature T,, (GeV/c?)

AutAu (2-0)
Hence less affected by late-stage hadronic interactions. o1 0z 03 o4
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Models Used
AMPT:
v’ A multi phase transport model which use the same initial conditions as in HUING.
v AMPT with string melting (AMPT-SM) scenario (ver.1.21) which includes partonic effects and quark
coalescence as a mechanism of hadronization.
v AMPT with default settings (ver.1.11) is a model based on HIJING with initial and final state rescattering
effects. Hadrc is via string fragr i

UrQMD:
v' Atransport model which includes hadronic interactions only.
version: 2.3

Summary
Partonic Collectivity:

< At high collision energy (Vsy 2 27 GeV), we observed similar magnitude of <v,> for both
¢ meson and proton.

< At lower energy (Vsyy < 19.6 GeV), the magnitude of ¢-meson <v,> is much smaller than
proton, indicating that the hadronic interaction become dominant in the low energy region.

<> AMPT model with string melting scenario quantitively explains the data at Vs, > 19.6
GeV by varying the parton-parton interaction cross-section from 3mb to 10 mb. For lower
beam energies data is below calculations from AMPT-default model. Indicates collectivity for
¢ is difficult to generate without partonic interactions.

Method
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Integrated <v,> is defined as
, i.e it folds the measured v,(p;) with the p; distribution.
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Step 1: Fit the v, vs p; with function: f,,(p;) = m

—dn and/or 3 order polynomial
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dN. X (n=1(n-2)
dy ~ 2anTnT +m(n—2)]

Step 2: Fit dN/dp; vs p; with Levy function: f...,(p;) = x(I+

Step 3: Fit the error on v,(p;) with polynomial function
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Effect of Hadronic Re-scattering = | STAR preliminary data: v,(¢)/v,(p) > 1.0 at low p;

Transport Model
0 V,(9)/v,(p) increases with increases in hadron
cascade time in AMPT model.

Hydro Model
o Hydro + Cascade model qualitatively

explain the data.
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Proton v,: Affected by hadronic re-scattering.
(-meson v,: Not affected by hadronic re-scattering due to small hadronic interaction cross section.
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AMPT-SM, Hadron Cascade Time
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Violation of mass odering
between ¢ and proton v, in data,
could be the effect of hadronic
re-scatterings on proton v,
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Energy dependence of p; Integrated <v,>

= <v,> () for Vsyy 2 19.6 GeV can be described by AMPT-SM by varying parton-parton cross
section from 3 mb to 10 mb. 7

Au+Au, 0-80% J
= AMPT default (hadronic model)

over-predict data at Vs, = 11.5 GeV AMPT, ¢
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= Vsyy > 19.6 GeV : <v,()> ~ <v,(p)>

= Vsyy S 19.6 GeV : <v,()> << <v,(p)>

= Difference between <v,(¢)> and <v,(p)> is
~1.50 at 11.5 GeV

p2

Y
1000

Fit Function: f =
= In addition, difference in v, between particle f=p,+p(1+

and anti-particle was observed at low beam energy.
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Contribution to the collectivity from partonic
phase decreases with decreasing beam energy.

Hadronic Re-scattering :

<> STAR preliminary data shows v,(¢)/v,(p) > 1.0 at low p; . Both Hydro+Cascade and AMPT
model qualitatively explains the data by considering effect late stage hadronic interaction on
proton v,

Partonic interactions dominant for Vs, = 19.6 GeV (4g <210 MeV)
Hadronic interactions dominant for sy, < 11.5 GeV (g =315 MeV)




