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High baryon density QCD phase structure @HIAF

LHC SPS AGS SIS CSR
| . | . | . | . | .
J RHIC " RHICFXT ' "HIAF
—~ L s
% _ TNICA Quark-Gluon Plasma |
=
p —
- 160
()
-
- |
e
]
o)
O 80
-
()
-
0

0 500 1000 1500
Baryonic Chemical Potential ug (MeV

CEP 152k



Why there must be CEP at high baryon density

Q/GeV* ,

CEP is the end point of 1st 1.5x106} = BB/ RS
order phase transition. 72 M2 CEPHI L E
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. . . I 0-6 i
potential barrier is needed for a il

1st-order phase transition.

Baryon chemical potential, an
effective repulsive vector
interaction, develops a
potential barrier at high

ba ryon density Consider a graph of Potential Energy which adds

the strong nuclear and electromagnetic forces.
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It is a function of the center-to-center
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CEP & : IHiPs
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Locating the QCD critical end point through peaked baryon number
susceptibilities along the freeze-out line
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Waiting for results around 5GeV (NICA FAIR,HIAF) "

30 | . L LOL I I' | I’ LN I B | Hﬁﬁ
s {RG (CE, Set |)
e o 25| i === fRG (CE, Set II) .
- o8 " " e | i =mm= fRG (CE, Set lll)
’r‘ —_ - f1 5‘: \\ ‘ { >0l il #  STAR collider (0-5%) |
30 : |- - 2 5f ‘:‘\ : I‘ #  STAR fixed-target (0-5%)
s i
Y — -3 2 Iﬁ. {i ma 151 il -
o o\ 1 >l g R
S 20F - 11 . 10 L - freezeout: Andronic et al, 4
< [ \ 0 ' 0 :
I 5 10 50 100 !
) .
10F | \ / :
[ / \ "
L ‘t’-'~.%~. *
0 '_{,L-’ ’ — }:'-'-"" pm—. = L. [ T ool ]
5 10 50 100 ™ Ny c‘,’-’s’,"-’ é" N U?E\,‘-’ ,§
\/ SNN (GeV) vV SNN [(JOV
4 2.QCD: Zhibin Li, Yidian Chen, M.H. e-Print: 1706.02238, fRG: Weijie Fu (f1457%) , Luo, Pawlowski, Rennecke, Yin,
Chin.Phys.C 42 (2018) 1, 013103 arXiv: 2308.15508 , Phys.Rev.D 111 (2025) 3, L031502



CEP (B : L4 HR

T T T 1T 17T TT | T T T T LI | T
| Au+Au Collisions at RHIC Centrality: Refmult3
Net-proton, lyl < 0.5 O BES-I: 0-5%
04<p_<2.0GeVic
S 3+ T - 0 BES-:70-80%
< @ BES-II: 0-5%
< - -
O STAR O BES-II: 70-80%
®)
5 20 ~
T | 9 % l
s T
> > T
= RO @ 0 ?0
S i E @ g O i
O ] %
O_ _________________________________________________ —
_I | | | 1 11 | | | | | | I I | | | ]
3 10 30 100
CPOD2024 Collision Energy s, (GeV)
Berkeley, CA . _
May 20 - 24, 2024 Ashish Pandav for STAR Collaboration

Lawrence Berkeley National Laboratory
May 21, 2024

STAR: Phys. Rev. Lett. 135, 142301(2025)

RIHEREET. 7GeVI A E AR ZCEP(E S !

SR HikaERABINER A

By 4F BT A/L@H | AF !

10



e.g., jet quenching? Dilepton, photon production?
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Is there any signals from jet quenching around 5 GeV ?
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https://arxiv.org/abs/2504.04147

Searching for imprints of QCD epoch in the early universe

Our universe is composed of 5% visible matter, 99% mass of visible matter is obtained
‘ from chiral symmetry breaking of QCD.
At around 107 °s, the early universe experiences QCD phase transition.
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~NANOGrav
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Dynamical 1%-order phase transition: false vacuum decay rate
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KEDREDT: YRS HET

T=10 MeV at different chemical potentials
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Thanks for your attention!



