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Production of identified hadrons in Au+Au collisions at
Vsnn = 54.4 GeV at RHIC
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Introduction

® At very high temperature/energy density a de-confined phase of quarks and gluons is expected
to form = Quark-Gluon Plasma (QGP)

RHIC BES Program:
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Quark CEE S * To search for the predicted first-order phase transition
e To search for a critical end point

@
‘( =
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Jsnw=7.7,9.2,11.5,14.6,17.3,19.6, 27 and 54.4 GeV
Jsnn=3.0, 3.2,3.5,3.9,45,52,6.2,7.2,7.7,9.2, 11.5
and 13.7 GeV (FXT)

Xin An et al., Nucl. Phys. A 1017, 122343 (2022)
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Introduction
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Kinetic freeze-out

- Central collisions — lower value of Tkin
and larger radial flow velocity <>

- Stronger radial flow velocity at higher
STAR, PRC 79, 034909 (2009) energy, even for peripheral collisions

ALICE, PRC 88, 044910 (2013)

Chemical freeze-out
- Weak centrality dependence of Tch

- Centrality dependence of ug at
lower energies
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STAR Experiment

Time of flight Two main detectors used for particle identification:
TPC (Time Prolectlon Chamber)

Beamline
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e |arge coverage in ¢ (0,2m) and n (-1,1)

e Excellent particle identification at low pt using TPC
and at intermediate pt using TOF

e Uniform acceptance at mid-rapidity 2
Dataset: Au+Au collisions at Vsnn = 54.4 GeV (2017)
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Momentum (GeV/c)
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Particle Identification
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® Particle identification = <dE/dx> information from TPC ¢ m?2information from TOF is used for

® <dE/dx>teory is calculated using Bichsel function identitying pr > 0.8 GeV/c particles

TPC prrange = 7~ and K*: 0.2-0.7 GeV/c ; p: 0.4-0.8 GeV/c TOF pr range — n~ and K™: 0.7-2.0 GeV/c ; p: 0.8-2.0 GeV/c
ly|<0.1, 0.25 < pr(GeV/c) < 0.30 ly|<0.1, 0.8 < pr(GeV/c) < 0.9
OE - Au+Au 54 GeV
- _ 0-5%
5 K
10°* =
[ 2103;_
10° ;—
10 E_
Ll
-0.2 0
~. — In <dE/dx>measured m2
;=
<dE / dx >theory

H. Bichsel Nucl. Instr. Meth. A 562, 154 (2006)
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e Normalized pion and kaon yields increase with centrality and collision energy
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STAR, PRC 79,034909 (2009); STAR, PRC 81, 24911 (2010); STAR, PRC 96, 044904 (2017); STAR, PRC 101, 24905 (2020)
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pr-integrated yield

B S — 4 544Gev () 39 GeV
N O L 27GeV vV 19.6 GeV Au+Au
0.3 L O O | | 015GV O 7.7GeV
- A
N .05 —O— | | ] 8 10 4# S A oS I 2
S O~ LF A -
At‘ — ey L+ - At‘ = —'l't]} ";ElIzi ..iE #I
Zg R Ees 1 Zg - : g - ~O- 2% Y
02 ¢ | | o> | ¥l YA - S e b %
vV B | iy vV _
s — | q | s L ¥ ~- 22 Y
SN S
Z 015 ] Z ol
5"k S 107 ﬂ}ﬁ}ﬁ} g al = S-S -
B /\ 200 GeV op 62.4 GeV -
0.1— P + 544Gev <) 39 Gev —
E Au+Au 2L 27 GeV YV 19.6 GeV : ﬁ)—(%— “CID‘ —CI)— —(I)— O O O O
0.05— [111.5GeV O 7.7 GeV
:l 1 1 1 | 1 1 1 | 1 1 1 | | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | ] 10—3 | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ]
0 50 100 150 200 250 300 350 0) 50 100 150 200 250 300 350
<N__ > <N__ >

part part

e Normalized yield for proton shows a clear centrality dependence, and reaches a minimum around
54.4 GeV due to the interplay of pair production and baryon stopping

e Normalized yield for anti-proton shows a clear energy dependence
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Centrality dependence of particle ratios
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e 7 /x™ ratio is close to unity for all centralities
e K /KTratio does not depend on centrality and is lower than unity = associated production

® Antiproton-to-proton ratio decreases with increasing centrality = baryon stopping
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Centrality dependence of particle ratios
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K~ /7~ and p/n~ ratios
Increase with increasing
energy

K™ /n " ratio is maximal

at 7.7 GeV and decreases
with increasing

energy => associated
production dominant

at lower energies

e p/n™ ratio decreases
with increasing energy
-> more baryon stopping
at lower energies
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Energy dependence of particle ratios
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® Particle ratios for 54.4 GeV follow the collision energy dependence established by measurements
from AGS, SPS, RHIC, and LHC energies

E895, PRL 88, 102301 (2002); NA49, PRC 77, 024903 (2008); STAR, PRC 96, 044904 (2017); STAR, PRC 81, 024911 (2010); STAR, PRC 79, 034909 (2009); ALICE, PRC, 88, 044910 (2013)
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Kinetic freeze-out
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Summary

e [ransverse momentum spectra for identified hadrons (7%, K+, p and p) have been studied in Au+Au
collisions at Vsnn = 54.4 GeV using STAR data

e Pt integrated normalized yields show a clear centrality and energy dependence
e Energy and centrality dependences of particle ratios are consistent with BES-| results

® Kinetic freeze-out temperature and flow velocity show anti-correlation
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Thank you for your attention !!
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