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to higher beam energies. This may suggest change of paptictkiction mechanism afsyn

= 11.5 GeV. The number-of-constituent quark (NCQ) scalihg-chas been studied at various
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1.80 and 2.3y, respectively. This may indicate that the hadronic intioacplays an important
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1. Introduction

The ¢ vector meson is the lightest bound statesahds quarks. The interaction cross-section
of the ¢ meson with non-strange hadrons is expected to have a small value [1]enetbtie its
production should be less affected by the later stage hadronic interaictitmes evolution of the
system formed in heavy-ion collisions. Tigemeson seems to freeze out early compared to other
light hadrons {1, K and p) [1]. The life time of thegp meson is~ 42 fm/c. Because of longer life
time the@ meson will mostly decay outside the fireball and therefore its daughters wiliawe
much time to re-scatter in the hadronic phase. The elliptic fip) & measure of the anisotropy
in momentum space, fap meson can be used to probe the dynamics of the early stage of heavy-
ion collisions [2]. For thep-mesonvs,, effect of later stage hadronic interaction is small [3, 4].
Therefore, thag meson can be considered as a clean probe to study the QCD phase diatiram
Beam Energy Scan (BES) program at the Relativistic Heavy lon CollREIC) [5].

2. Data sets and methods

The results presented here are based on data collec{gglgt 7.7, 11.5, 19.6, 27, 39, 62.4
and 200 GeV in Au+Au collisions by the STAR detector for a minimum bias triggénenyears
of 2010 and 2011. The Time Projection Chamber (TPC) and Time of FlighF) D®@tectors with
full 271 coverage were used for particle identification in the central pseuddisagn) region
(In] < 1.0). @ mesons are identified using the invariant mass technique from their dekay-o
K~ (branching ratio is 49.04- 0.6 %). Mixed event technique has been used for combinatorial
background estimation [6]. Thg-sub event plane method [7] using TPC tracks has been applied to
measure the elliptic flow. In this method, one defines the event flow vecteafir particle based
on particles measured in the opposite hemisphere in pseudo-rapjjlithl n gap of|n| < 0.05
between positive and negative pseudo-rapidity sub-events has b@eluged to suppress non-flow
effects.

3. Resaults

TheRcp(0-10%/40-60%) ofp mesons at mid-rapidityy| < 0.5) in Au+Au collisions at,/Syn
=7.7 - 39 GeV are presented in the panel (a) of Fig. 1. Rh&0-05%/40-60%) at/syn = 200
GeV are taken from previous STAR measurements [8]. Reis defined as the ratio of the par-
ticles yield in the central to peripheral collisions normalized by number of pic@ltisions (pin).
The value of\yj, is calculated from the Monte Carlo Glauber simulation [9R¢k is equal to one,
then the nucleus nucleus collision is simply superposition of nucleon nuatdigsians. Deviation
of Rcp from the unity would imply contribution from the nuclear medium effects. Beeaf the
energy loss of the partons traversing the high density QCD mediurRgh®f @ mesons goes
below unity at 200 GeV [1]. From the Fig. 1 one can see at the intermegiatecp goes above
unity with decrease in beam energy. This indicates that at lower beamyether parton energy
loss effect could be less important.

The panel (b) of Fig. 1 shows the baryon-to-meson raf, +§+)/2qo, as a function opr
in Au + Au collisions at,/Syn = 11.5 GeV to 200 GeV. The data points for 200 GeV are taken from
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Figure 1. (Color online) Panel (a) : ThBcp as function ofpr at mid-rapidity (y| < 0.5) in the Au+Au
collision at various beam energy. Error bars are only stedilsuncertainties. Panel (b): The baryon-to-
meson ratio, Q@ +§+)/2q0, as a function opr at mid-rapidity (y| < 0.5). Green bands are the systematic
errors and vertical lines are statistical errors.

Ref. [8]. The dashed lines are the results from the recombination mddalatéons with thermal
strange quarks [10]. In Au+Au central collisions,@yn = 200 GeV, the ratios okg ™~ +§+)/2cp in
the intermediatgr range are explained by the recombination model with thermal strange quarks
The ratios Q™ +§+)/2(p for \/Syn > 19.6 GeV show similar trend. But gfsyn = 11.5 GeV,
the ratio at the highest measurpg shows a deviation from the trend of other energies. This may
suggest a change i and/org production mechanism gfsyn = 11.5 GeV.

It has been observed from RHIC measurements that whand correspondingy are scaled
by number of constituent quarks of the hadrons, the measureglues at the intermediafe- are
consistent with expectations from parton coalescence or recombinatioglsri@d, 15]. This is
known as NCQ scaling and considered as a signature of partonic catleciigure 2 showss,
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Figure 2: (Color online) The elliptic flow scaled by number-of-comstint quark i) as a function of
(mr —mg)/nq for selected particles in the Au+Au collision gfSsyn = 7.7, 11.5 and 19.6 GeV for 0-80%
centrality [12, 13]. Error bars are only statistical unaérties.

divided by number of constituent quark as functior(iwf — mp) /ng, wheremy =,/ (p2 +mg) is

the transverse mass ang is the mass of the hadron, g&yn = 7.7, 11.5 and 19.6 GeV. The NCQ
scaling holds fairly well at/syn > 19.6 GeV (results fof/syn > 19.6 GeV are not shown here).
This could be considered as a signature of partonic collectivity. Howeesobserve al/Syn = 7.7

and 11.5 GeV that the-mesonv, deviates from the trend of the other hadrons at highest measured
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pr values by 1.8 and 2.3, respectively. Due to the small hadronic interaction cross-seatjon,

of @ meson mostly reflect collectivity from the partonic phase [3, 4]. So the smahinale of

the g-mesonv; at,/Syn < 11.5 GeV could be the effect for a system, where hadronic interactions
are more important. But more statistics are neededSak = 7.7 and 11.5 GeV fop-mesonv;
measurement to draw a clear conclusion and therefoneasurement would be one of the focuses
in the proposed BES phase Il program.

4. Summary

We report the study ap-meson production and elliptic flow at mid-rapidity in Au + Au colli-
sions at,/syn = 7.7 - 200 GeV recorded by the STAR detector. At the intermegia¢he nuclear
modification factoiRcp of ¢ increases with decreasing beam energies, indicating that the partonic
energy loss effect becomes less important at lower beam energiegafideof Q~ +§+)/2(p
in the intermediatgot range show a different trend at 11.5 GeV compared to those for therhighe
beam energies. This may suggest a change of particle production risabatriower beam en-
ergy. The NCQ scaling holds faysyn > 19.6 GeV. We observe gfsyn = 7.7 and 11.5 GeV
the ¢-mesonv, show deviation from the other hadrons at highest measpredlues by 1.8 and
2.30, respectively. This may indicate that the contribution to the collectivity frortop& phases
decreases at lower beam energies.
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