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Experimental study of the QCD phase diagram in relativistic heavy-ion collisions
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Abstract Experimental evidences at the relativistic heavy ion collisions (RHIC) and large hadron collider (LHC)
have demonstrated the formation of quark gluon plasma (QGP) in ultra-relativistic heavy-ion collisions at a small
baryon chemical potential, where the phase transition from hadronic matter to QGP is suggested to be a crossover
from state-of-the-art lattice quantum chromodynamics (QCD) calculations. It has been conjectured that there is a first-
order phase transition and a critical point at a finite x; region in the QCD phase diagram. This study reviewed recent
progress in searching for the QCD critical point from RHIC-STAR experiments.
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Table 1 Data sets of Au+Au collisions from the RHIC Beam Energy Scan

X% 20 Collider runs 5E 4% 3, Fixed-target runs
o hliEREE HjxR  EEH KERE 5 RbEREE S6R B KARI [A]
Index Collision #Events Baryon chemical Collection Index Collision #Events Baryon chemical Collection
energy ./ Sy potential u time Run energy ./ syn potential g time Run
/ GeV / MeV / GeV / MeV
1 200 380 M 25 Run-10,19 1 13.7(100) 50M 280 Run-21
2 62.4 46 M 75 Run-10 2 11.5 (70) 50M 320 Run-21
3 54.4 1200M 85 Run-17 3 92(445) 50M 370 Run-21
4 39 86 M 112 Run-10 4 7.7(31.2)  260M 420 Run-18,19,20
5 27 585M 156 Run-11,18 5 7.2(26.5) 470M 440 Run-18,20
6 19.6 595 M 206 Run-11,19 6 6.2(19.5) 120M 490 Run-20
7 17.3 256 M 230 Run-21 7 52(13.5) 100M 540 Run-20
8 14.6 340 M 262 Run-14,19 8 4.5(9.8) 110M 590 Run-20
9 11.5 57TM 316 Run-10,20 9 3.9(7.3) 120M 633 Run-20
10 9.2 160 M 372 Run-10,20 10 3.5(5.75)  120M 670 Run-20
11 7.7 104 M 420 Run-21 11 32(459) 200M 699 Run-19
12 3.0(3.85) 2300M 750 Run-18,21
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Fig.3 (a) QCD phase diagram as a function of baryon chemical potential and temperature, (b) the fourth-order cumulant ratio of
conserved quantities as a function of collision energy™
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