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QCD Phase Diagram
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QCD Phase Diagram
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Recent theoretical predictions converge around high baryon density region, which is
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Observable: Cumulants of Conserved Quantities

At around critical point, correlation length should diverge

Moments of Net-B, Net-Q, Net-S are
sensitive to correlation length
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STAR Detector in BES-II

Improves dE/dx

Extends coverage from
1.0t0 1.5

Lowers py cut-in from 125 to
60 MeV/c

| - Large acceptance :
- Excellent PID with uniform efficiency | & S B Forward rapidity coverage

PIDatn=0.9t0 1.5
Modest rates Provided by FAIR-CBM
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High statistics data from BES-II (2019-2021)

Au+Au Collisions at RHIC

Collider Runs

Fixed-Target Runs

JSnn/ events / ug/ VSN / event / ug!/
GeV million MeV GeV million MeV

1 200 380 25 1 13.7 (100) 50 280
2 62.4 46 75 2 11.5 (70) 50 316
3 54.4 1200 85 3 9.2 (44.5) 50 372
4 39 86 112 4 7.7 (31.2) 260 420
5 5 |7.2(26.5)
6 6 |6.2(19.5)
:
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Analysis in BES-Il collider energies

Collision Centrality

| ' | ! | ! | |
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2102 Data/Glauber/0-5% .
o) /-~  RefMult3 (BES-l) 3
u>_| /- -/  RefMult3 (BES-Il) 1
- m=/- -/  RefMult3X (BES-I) |
s 10°%F =
zZ
o
o]
N
T1074E
£
o i
Z i
| (b)
(O S BT L
0 200 400 600 800

Reference Multiplicity

Charged particle multiplicity fit to MC Glauber to

determine centrality

Better centrality resolution in BES-Il analysis
with extended detector coverage from [n| < 1.0

(BES-I) to || < 1.6 (BES-II)

Proton Identification

Purity:
Proton
Antiproton

Acceptance:
ry>0:V,e
y<0:V,e

48, 50)

cm

E 1 1 1 | 1 1 1

05 0 05
(anti)proton rapidity y

Uniform acceptance for (anti-) protons |y|<0.5
(anti-)protons identified using TPC dE/dx + TOF

Bin-by-bin purity > 99% in the full acceptance
range and all energies

50, -48)
1 I 1 1 1
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Net-proton Cumulant Ratios

Net-proton cumulant ratios from BES-II
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1. Significantly improved precision in BES-Il measurements
2. C,/C,in 0-5% centrality, results are consistent — weak centrality resolution effect
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Net-proton fluctuations from BES-II
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In 0-5% central Au+Au collisions, net-proton C,/C, shows deviation from non-critical references at

around 20 GeV
Net-proton C,/{p + P), C5/C, and proton ,/ ;, 3/ ; also show deviations from non-critical models

too, especially below 11.5 GeV
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Deviations from non-critical baselines

C,/C, shows a minimum at ~20 GeV comparing to non-critical models or 70-80% data
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Maximum deviation: 2 — 50 at 20 GeV (1.3 — 20 at BES-I)
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Analysis at FXT energies: Proton acceptance

1. Combining TPC,
bTOF/eTOF for PID,
centrality, pileup

2. Evolving proton
acceptance in different
collision energies

3. Ongoing analysis at
3.0,3.2,35,3.9,45
and 5.2 GeV'!

4.5 GeV

"1 05 0 05 15 -1 05 0 05 15 -1 05 0
Proton Rapidity (y)
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Analysis at FXT energies: Initial Volume Fluctuation

Experimental data
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1. FXTMult3: All charged hadrons except protons | Centrality bin width correction

within STAR detector

2. Smaller FXTMult3 with decreasing energy —
worse centrality resolution

(CBWC): = ——

FXTMult3

« Better resolution with fine binning on
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Centrality Independent Analysis Method

Z. Wang, X. Luo, PLB 871,139984(2025)

10° © Residual( N, > 18 ) = 9.1324e-10
Edgeworth expansion:

s=1 {ku} m=1

where Chebyshev-Hermite polynomials H, is defined as:

III

lé
dxm

Probability Density

H, (z) = (—1)"ezp(z?/2) exp(—z*/2)

Number of Proton

1. Whenever a centrality observable is used in data analysis, volume fluctuation effect is
involved in measurements

2. Use Edgeworth expansion to reconstruct proton distribution in finer centrality bins

Yu Zhang, 2026/7/15 13



Centrality Independent Analysis Method

; Z. Wang, X. Luo, PLB 871,139984(2025
Proton cumulants in UrQMD g ( )
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DE+MCMC Optimized

1. Model test shows good consistency with results binning on N,

2. Being tested in FXT data to overcome volume fluctuation effect

Yu Zhang, 2026/7/15 14



Proton Cumulants at FXT Energies (CBWC)

Au+Au Collisions at RHIC
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The observed increase in ratios in peripheral collisions with decreasing collision energy suggests a
growing influence of volume fluctuations at lower energies

The 0-5% most central collisions are the least affected by volume fluctuations, while caution is

required when interpretating data
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Energy Dependence of Cumulant Ratios (CBWC)
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1. C,/C, seems to follow the decreasing trend from high energy
2. C,, C;ratios are above unity. Not suppressed by baryon number conservation?
3. Ongoing analysis at 3.0 to 5.2 GeV !
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Summary

0-5% Au+Au Collisions at RHIC

L C/C  sTAR |
Measurements in BES-II collider data (7.7 - 27 GeV): I ez @__@___;‘:-:5:::
'''' ()
0 @% ‘\‘{@\Q‘ |
« 2nd, 3rd order show deviations below 11 GeV LB fommosoes D00
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A maximum deviation of C,/C, at 19.6 GeV from ey | [ QD 0591y, 0
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The analysis at FXT energies (3.0, 3.2, 3.5, 3.9, 4.5 _, T Galatyuk NPA 962:163,2019
and 5.2 GeV) are ongoing ! SEy LT Heavy fon collisions 1
2106% RN
Looking forward to future facilities on the search of g7 o= A=t
QCD critical point at high baryon density region i ;
102; *
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Yu Zhang, 2026/7/15 17



Thank you for your attention !

Many thanks to:

Daniel Cebra, Xin Dong, Shinichi Esumi, Yige Huang,

Xiaofeng Luo, Bedanga Mohanty, Bappaditya Mondal,
Kate Matsubayashi, Toshihiro Nonaka, Ashish Pandav,

Zachary Sweger, Fan Si, Zhaohui Wang, Nu Xu,
Yongcong Xu, Yifei Zhang, Xin Zhang



