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Motivation

Beam Energy Scan (BES) program at RHIC has achieved a magnificent progress in mapping out the
QCD phase diagram by tuning the beam energy to vary ug and T.
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Motivation

Baryon-Strangeness Correlations (Cgs) is proposed to diagnose the change of phases in the matter
created in the heavy-ion collisions, which could be expressed as:
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V. Koch et al., Phys.Rev.Lett.95.182301 (2005)
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Observable

Experimentally, the baryon number (B) and strangeness (S) are defined as:
net-B : p + ON(4+0=") net-S: 6KT — SA(—20=")

where A = A — A is the net number of particles of species A. UrQMD and HRG calculations show
the set p, K+, A\, X0 serves as a good proxy charge for Cgs.
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Calculations without =~ (=) is closer to the one including all . A I
the particles in UrQMD. T dependence at ;1g = 0. A contains the entire X contribution.

R. Bellwied et al., Phys.Rev.D 101, 034506 (2020)
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STAR Experiment Setup

o Full 27 azimuthal coverage

e Upgrade of inner-TPC in BES-II provides
better PID performance at low pr and
wider acceptance (|n| < 1.5)

* Large, uniform acceptance
* Excellent Particle Identification

lr‘/

Hanwen Feng for the STAR Collaboration Baryon-Strangeness Correlations in Au+Au Collisions at RHIC-STAR



Dataset

1 (Mev)
420 315 264 B 156 206 112 73

Events (M)

14.6 19.6 27
Collision Energy (GeV)

@ Seven datasets are analyzed. /syn ranges from 7.7 to 62.4 GeV and ug covers 73-420 MeV.
e Two (14.6 and 19.6 GeV) of them are from BES-II and the others are from BES-I.
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Particle ldentification

Particles are identified with high purity by TPC and TOF.
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Centrality Determination

o The centrality is determined with 7+
(In] < 1) identified by TPC and TOF:
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o 7m* used in centrality determination does not

contain the one used in hyperon reconstruction,
which are Separated by the distance of closest

approach (DCA) of pions to the primary vertex
(PV).
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Hyperon Reconstruction

A(A) and =~ (=) are reconstructed via the decay channels:

AR) = p(p) + 7~ (x") (B =63.9%) == (Z4) 5 AR) + 7~ (x1) (B = 99.9%)
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Correction Methods

Purity Correction Efficiency Correction Centrality Bin Width Correction

A. Bzdak and V. Koch, PRC
91, 027901 (2015)

T. Nonaka, NIM A 1039 X. Luo et al, J. Phys. G: Nucl.
(2022) 167171 X Luo. T. Nonaka . PRC 99 Part. Phys. 40 (2013)

044917 (2019)
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Purity correction

The reconstruction of A(A) and == (=) are troubled by the combinotorial background. The purity
correction is applied to remove the contribution from background.

Methodology

(Ns). = (Nsc), — (Ng,i).

(Ng), = (Néc), — (N3 ;). +2(NscNp). —2(NscNg,). +2(NsiNs).

S: Signal; SC: Signal candidates; B: Background

Multiple cumulants of background need to be calculated.
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Cumulants in different windows

Those invariant mass windows estimating the background are determined such that:
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Efficiency correction

Accptance x Efficiency
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P, (GeVic)

@ The efficiency correction is applied with
average efficiency e:

(N?). = ((N?) 4+ (e = 1) (N),)/€®
(Ny, = (N), /e

@ The average efficiency ep_,p,~ and
€=— _,pn— are scaled by the correspond-
ing branching ratio.
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Centrality Bin Width Correction

Centrality Bin Width Effect (CBWE) arises from the impact parameter (or volume) variations due to
the finite centrality bin, which could be suppressed by the Centrality Bin Width Correction.
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where n, is the number of events in r-th multiplicity
for centrality determination.
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UrQMD can describe the centrality dependence of 7.7 GeV, 11.5 GeV qualitatively and

quantitatively, while it underestimates the higher energy.
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Energy Dependence

T T T T T T T T TT T T T T T T 17T Central CO||iSi0nS:
[ Au+Au, Central Collisions (0-5%) T Au+Au, Peripheral Collisions (70-80%) ]
1 1 @ 39 and 62.4 GeV are con-

2 @ pKA [ uravp, p, K, A, 2° — @ pK.A [ uemp, p, K", A, 5° . . :
--=-1dealQeP (I LQCD, Phys.Rev.D 104.0745127 sistent with functional renor-
I:I FRG, W. Fu et al., in preparation] malization group (FRG) and

] LQCD calculations.

@ The results of 7.7 and 11.5
GeV are consistent  with

0.4< p, < 1.6 (GeVlc), ly| < 0.5

-3BSYS°l]
Ul

[-@-]

r STAR Preliminary

MR RS R |

Il ] UrQMD.

4 Qe T =

o == u".'"i""- -------------- ——‘-Q' ------------------------------------- — @ 14.6, 19.6 and 27 GeV cannot
i I~ 9 ] be reproduced by either
i 8 0 g o ® i UrQMD or FRG.
3 T () 1 . ..

0l5_l 11 l 1 1 1 1 1 11 l__l 11 l 1 1 1 1 1 11 l_ Perlpheral COIlISIonS:
710 20 30 40 60 710 20 30 40 60

@ The energy dependence can

Collision Energy sy (GeV) be well described by UrQMD.
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Deviation from References
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Summary and Outlook

Summary
@ We present the centrality and beam energy dependence of Baryon-Strangeness Correlations (Cgs) from Beam Energy Scan
at STAR in Au+Au collisions from 7.7 to 62.4 GeV.

@ The maximum deviation is found at 19.6 GeV, which is more than 50. The physics reason behind this discrepancy requires
further investigation.
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@ Analysis on more BES-II data (both collider and fixed target energy) are ongoing.

@ Higher order correlations will be studied in the future.
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