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粒子物理团队基本情况
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Outline

1) Introduction

2) Selected Results
➢ Criticality from Beam Energy Scan(BES-II)

➢ Directed Flow Splitting Between Λ0and Λ0

➢ Chiral Magnetic Effects(CME) 

3) Summary and Outlook
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Relativistic Heavy Ion Collider

RHIC
BRAHMSPHOBOS

PHENIX
STAR

AGS

TANDEMS

1 km

v = 0.99995c = 186,000 miles/sec

➢ The physics of star

The primary physics task of 

STAR is to study the formation 

and characteristics of the quark-

gluon plasma (QGP), a state of 

matter believed to exist at 

sufficiently high energy 

densities. 



MTD Mag.EMCEEMC

The Solenoidal Tracker at RHIC
TOFTPC

- Large, uniform acceptance at mid-

rapidity (2π azimuthal, |η|<1) 

- Excellent PID & uniform efficiency

EPDiTPCeTOF



Major Upgrades for BES-II

iTPC:
➢ Improves dE/dx

➢ Extends 𝜂 coverage from 1.0 to 1.6

➢ Lowers pT cut-in from 125 to 60 MeV/c

➢ Ready in 2019

EPD:
➢ Improves trigger

➢ Better centrality & event plane 

measurements 

➢ Ready in 2018

eTOF:
➢ Forward rapidity coverage

➢ PID at 𝜂 = 0.9 to 1.6

➢ Borrowed from CBM-FAIR

➢ Ready in 2019

1) Enlarge rapidity acceptance 

2) Improve particle identification 

3) Enhance centrality/event plane resolution

iTPC: https://drupal.star.bnl.gov/STAR/starnotes/public/sn0619

eTOF: STAR and CBM eTOF group, arXiv: 1609.05102

EPD: J. Adams, et al. NIM A968, 163970 (2020)
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Nuclear Collisions and QCD Phase Diagram

RHIC BES: → search for 1st-order phase transition and QCD critical point

Early 
Universe

CEP from different theoretical calculations

By courtesy of Xiaofeng Luo
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STAR BES Data Sets
Au+Au Collisions at RHIC

Collider Runs Fixed-Target Runs

𝐬𝐍𝐍 
(GeV)

#Events 𝜇𝐵 𝑦𝑏𝑒𝑎𝑚 run 𝐬𝐍𝐍 
(GeV)

#Events 𝜇𝐵 𝑦𝑏𝑒𝑎𝑚 run

1 200 380 M 25 MeV 5.3 Run-10, 19 1 13.7 (100) 50 M 280 MeV -2.69 Run-21

2 62.4 46 M 75 MeV Run-10 2 11.5 (70) 50 M 320 MeV -2.51 Run-21

3 54.4 1200 M 85 MeV Run-17 3 9.2 (44.5) 50 M 370 MeV -2.28 Run-21

4 39 86 M 112 MeV Run-10 4 7.7 (31.2) 260 M 420 MeV -2.1 Run-18, 19, 20

5 27 585 M / 220 156 MeV 3.36 Run-11, 18 5 7.2 (26.5) 470 M 440 MeV -2.02 Run-18, 20

6 19.6 595 M/ 270 M 206 MeV 3.1 Run-11, 19 6 6.2 (19.5) 120 M 490 MeV 1.87 Run-20

7 17.3 256 M / 116 M 230 MeV Run-21 7 5.2 (13.5) 100 M 540 MeV -1.68 Run-20

8 14.6 340 M/ 145 M 262 MeV Run-14, 19 8 4.5 (9.8) 110 M 590 MeV -1.52 Run-20

9 11.5 257 M/ 110 M 316 MeV Run-10, 20 9 3.9 (7.3) 120 M 633 MeV -1.37 Run-20

10 9.2 160 M/ 78 M 372 MeV Run-10, 20 10 3.5 (5.75) 120 M 670 MeV -1.2 Run-20

11 7.7 104 M / 45 M 420 MeV Run-21 11 3.2 (4.59) 200 M 699 MeV -1.13 Run-19

12 3.0 (3.85) 260 + 2000 M 760 MeV -1.05 Run-18, 21

Most precise data to map the QCD phase diagram

3 < 𝒔𝑵𝑵 < 𝟐𝟎𝟎 𝐆𝐞𝐕;  𝟕𝟔𝟎 >  𝝁𝑩 > 𝟐𝟓 𝐌𝐞𝐕



 

         

 

Search for QCD Critical Point

Measurements of (Net-)Proton Number 

Fluctuations in Au+Au Collisions at RHIC 

(STAR Collaboration) 

Signal for Critical Point: 

   Non-monotonical energy

   dependence
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Conserved Quantities (B, Q, S)
1) In strong interactions, baryons (B), charges (Q) and strangeness (S) are conserved;
2) Higher order moments/cumulants describe the shape of distributions and quantify

fluctuations. They are sensitive to the correlation length ξ, phase structure; 
3) Direct connection to theoretical calculations of susceptibilities.

Measured multiplicity N,       𝜹𝑵 = 𝐍 − 𝑵
mean:        M = N   = C1

variance: σ2 = δN 2  = C2

skewness:   S   = δN 3 / σ3        = C3/C2
3/2

kurtosis:     κ = δN 4 / σ3 − 3 = C4/C2
2

Moments, cumulants and susceptibilities:

  2nd  order:  σ2/M ≡ C2/ C1  = 𝝌𝟐/𝝌𝟏

  3rd  order:   Sσ ≡  C3/ C2  = 𝝌𝟑/𝝌𝟐

  4th  order:  κσ2  ≡  C4/ C2  = 𝛘𝟒/𝛘𝟐
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Cumulants of Net-p from BES-II

✓ In 0-5% central Au+Au collisions, net-proton C4 /C2 shows 
deviation from non-critical references at around 20 GeV.

STAR, PRL 135.142301(2025)
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✓ 𝐶4/𝐶2 seems to follow the 

decreasing trend from high 

energy

Cumulants of Net-p from FXT

The analysis of 3.0 to 5.2 GeV 

data are still Ongoing. 



 

         

 

Search for QCD Critical Point

Energy dependence of intermittency for charged 

hadrons in Au+Au collisions at RHIC

(STAR Collaboration) 

Signal for Critical Point: 

Density fluctuations and long 

range correlations near the QCD 

critical point.

第八届粒子物理天问论坛
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Intermittency for Charged Particle
Probing the density fluctuations and long range correlations 

near the QCD critical point via intermittency analysis in 

transverse momentum plane.

STAR, Physics Letters B 845 (2023) 138165

➢ Scaling exponent exhibits a non-monotonic 
energy dependence in central collisions with 

a minimum around 𝑺NN = 27 GeV.
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Self-affine analysis for anisotropy phase space

NA22 Collaboration

Yuanfang Wu, Lianshou Liu., Phy. Rev. Lett. 70,3197 (1993) 
EHS/NA22 Collaboration, Phy. Lett. B 382,305-311 (1996)

✓ Self-affine anlysis to taken into account 

the anisotropy of the nature.

❑ Intermittency( self-similar) analysis ignore the 

anisotropy phase space in HIC evolution.   

➢ Power-law scaling is more 

clearly and consistently realized 

in self-affine analysis than in 

self-similar analysis.
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Self-affine Vs self-sinilar
A Critical Monte-Carlo (CMC) with anisotropy: Phy. Rev. Lett. 97,032002 (2006)

Physics Letters B 801 (2020) 135186

( )
( )






 −−

−
= 1

maxmin

min

/1
p

pp

p
p Levy random walk method for local density fluctuations. 

Pure CMC signal

➢ The original CMC signal can be produced when taken into account 

the anisotropy with self-affine analysis  

➢ Compared with self-similar analysis, self-affine analysis is less 

affected by CMC signals.

Hydro-UrQMD+CMC

Original

Self-similar

Self-aff ine

The methodology paper 

and data analysis are 

currently in progress. 

Stay tune!



 

         

 

Search for Electromagnetic(EM) 

Effects in HIC
Between 𝝠0 and 𝝠0-bar

(STAR Collaboration) 

Signal for EM filed:

Directed Flow Splitting.

第八届粒子物理天问论坛
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Directed Flow Splitting Between Λ0and Λ0

• Electromagnetic(EM) field effects can act on quarks before 

hadronization

• ∆d𝑣1/𝑑𝑦 of quark can impact to hardon through coalescence：

∆
𝑑𝑣1

𝑑𝑦
Λ0 𝑢𝑑𝑠 −Λ0 𝑢𝑑𝑠

~ ∆
𝑑𝑣1

𝑑𝑦
𝑝 𝑢𝑢𝑑 − ҧ𝑝 𝑢𝑢𝑑

− ∆
𝑑𝑣1

𝑑𝑦
K+ 𝑢 ҧ𝑠 −𝐾− ഥ𝑢s

𝑣1 ෍
𝑞𝑢𝑎𝑟𝑘

𝑞𝑖 = ෍
𝑞𝑢𝑎𝑟𝑘

𝑣1 𝑞𝑖

第八届粒子物理天问论坛

STAR, Phys. Rev. X 14, 011028(2024)
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➢ Lambda ∆𝑑𝑣1/𝑑𝑦 consistent with difference between proton 
and kaon, agreeing with coalescence expectation.

Directed Flow Splitting Between Λ0and Λ0



 

         

 

Search for Chiral Magnetic 

Effect in isobar collisions

(STAR Collaboration) 

Signal for CME: charge 

separation of positively 

and negatively

第八届粒子物理天问论坛
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CP violation and CME

• The chiral magnetic effect (CME) is predicted to occur as a 

consequence of a local violation of P and CP symmetries of 

the strong interaction amidst a strong electromagnetic field.
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Isobaric Collision and Blind-analysis at STAR

Establish all procedures

STAR, NUCL SCI TECH 32, 48 (2021)

Mock data
challenge

Test data 
Structure

(27 GeV files)

Isobar-Mixed
Analysis

QA, physics & code
freezing

(One run is Ru+Zr)

Isobar-Blind
Analysis

Run-by-run QA, 
Full analysis

(One run is Ru/Zr)

Isobar-Unblind
Analysis

Full analysis
(Ru and Zr 
Separated)

Phase-I Blinding Phase-II Blinding

• The STAR Collaboration has implemented a blind-analysis recipe to eliminate 

unintentional biases in data analyses, and currently all the analysis codes have 
been frozen as part of the blinding procedure. (Five institutional groups 
participated with various observables)

• Desirable to study the connection and difference between various
observables, and their sensitivities to the CME signals.

✓ The two isobaric systems: Difference in the CME signal 
but same flow backgrounds.

✓ Expectations for CME signal:

𝑶𝒃𝒔𝒆𝒓𝒗𝒂𝒃𝒍𝒆 𝑹𝒖 + 𝑹𝒖

𝑶𝒃𝒔𝒆𝒓𝒗𝒂𝒃𝒍𝒆 𝒁𝒓 + 𝒁𝒓
> 𝟏

Act "blindly” on all procedures
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EBE-AVFD Beta1.0 with Isobars
EBE-AVFD: event-by-event anomalous-viscous fluid dynamics 

Y. Jiang, S. Shi, Y. Yin and J. Liao, Chin. Phys. C 42 No. 1 011001 (2018)

S. Shi, Y. Jiang, E. Lilleskov and J. Liao. Annals of Physics 394 50-72 (2018) 
S. Shi, H. Zhang, D. Hou, and J. Liao. Phys. Rev. Lett. 125, 242301 (2020)

✓  a1 (Ru) > a1 (Zr) ✓ The major background 
(v2) is identical.
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Significance Study for Isobaric Collision with AVFD 

The ORP: True RP and same kinematic cuts.

➢ The ratios of two isobars, ∆𝛄 and rlab show compatible 
and decent sensitivity.

With frozen code.
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The best paper award
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Blind-analysis at STAR
STAR Isobar blind analysis, PRC 105, 014901 (2022) 

❖ Pre-defined signature (𝑅𝑎𝑡𝑖𝑜 > 1) of CME is not observed.
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Blind-analysis at STAR

❖ Differences in the multiplicity and 𝑣2 is observed 
between the two species.

STAR Isobar blind analysis, PRC 105, 014901 (2022) ✓ The BKG difference 
should be deal with.

✓    Forced match!
Keep the Zr+Zr original and 
then match the Ru+Ru 
Distribution to Zr+Zr.

𝑓𝑤,𝑏𝑖𝑛 = 𝑁𝑏𝑖𝑛 𝑍𝑟 ∕ 𝑁𝑏𝑖𝑛 𝑅𝑢
S𝑂 += 𝑂𝑏𝑖𝑛 𝑅𝑢 ∙ 𝑁𝑏𝑖𝑛 𝑅𝑢 ∙ 𝑓𝑤,𝑏𝑖𝑛

S𝑤 += 𝑁𝑏𝑖𝑛 𝑅𝑢 ∙ 𝑓𝑤,𝑏𝑖𝑛

O𝑹𝒖 𝒎𝒂𝒕𝒄𝒉𝒆𝒅 = 𝑺𝑶 ∕ 𝑺𝒘
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Isobar collision with forced match
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➢ The different backgrounds have been removed with forced match.
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Isobar collision with forced match

➢ No obvious CME signal has been observed in Isobar collisions.
    Either with SBF method or 𝛾 correlator method, when the differences of the multiplicity 
    and 𝑣2 have been removed with forced match.

Full-event Sub-event

STAR Isobar,
[M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901]

```ÖsNN = 200 GeV,   Ru+Ru / Zr+Zr,   20-50% STAR Preliminary  
Forced match

 DATA Å HIJING background estimate
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Event Shape Selection for CME
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New measurements for CME?
• Shear-induced anomalous transport and charge asymmetry of triangular flow in heavy-ion 

collisions, Matteo Buzzegoli, Dmitri E. Kharzeev, Yu-Chen Liu, Shuzhe Shi, Sergei A. Voloshin, 

Ho-Ung Yee, Physical Review C 106, L051902 (2022)

• Detecting anomalous CP violation in heavy-ion collisions through baryon-electric charge 

correlations, David Frenklakh, Dmitri E. Kharzeev  and Andrea Palermo, PHYSICAL REVIEW D 

110, 114007 (2024)

• New method to clarify the contribution of the chiral magnetic effect in small collision systems 

𝑝↑+𝐴 involving a transversely polarized proton. Gui-Zhen Wu (吴桂珍), Zong-Wei Zhang (张宗
炜), Chen Gao (高晨), Yi Xu (许易) and Wei-Tian Deng (邓维天)， PHYSICAL REVIEW C 110, 

L061901 (2024)

• Studying Effects of Evolution on Charge Separation in Small Collision System with A MultiPhase 

Transport model， Yi Xu, Chen Gao, Shi-Xue Zhang, Wei-Tian Deng，arXiv:2502.17232

• Event-by-event analysis of chiral charge separation in p↑+Au collisions within an improved 

AMPT model Chen Gao, Gui-Zhen Wu, Yi Xu, Wei-Tian Deng, arXiv:2608.10496
• AI 
• Search for CME with Transformers, Aihong Tang, Chirality workshop 2025
• Optimal observables for the chiral magnetic effect from machine learning,  Yuji Hirono, 

Kazuki Ikeda, Dmitri E. Kharzeev, Ziyi Liu, Shuzhe Shi,  Phys.Rev.C 112 (2025) 5, L051904
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Summary and outlook

•   Search for QCD critical point:
➢ Known model calculations Do Not reproduce the energy 

dependence ( sNN = 7.7 – 200 GeV)

➢ The observed non-monotonic behavior of 𝜈 in central collisions 

needs to be understood with more theoretical inputs.

•  No CME signal has been observed in Isobar 

collision.

 Outlook:
❑ Complete FXT data analysis at sNN = 3 – 3.9 GeV

❑ Self-affine analysis in BES-II data

❑ New measurements for CME study
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谢谢大家的聆听！
STAR shut down on Feb.6, 2026

The Final STAR Collision
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