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Chirality in QCD
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Chiral Magnetic Effect
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Chiral Magnetic Effect
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Chiral Magnetic Effect 2

For right-handed particles w/ positive charge:
oS — —
T.pll S| 4

2. Enerey=—-p3-Bx—p-B

= lower energy if moving along B field direction

— —

J=o,u, B




measuring CME in isobar

expectation before the isobar collisions:

Correlator[Ru] > Correlator[Zy] e CME
Correlator[Ru] = Correlator[Zr] === no CME

1
Different __  Different
Proton # CME Signal
Same Same

Baryon # — Background




measuring CME in isobar

expectation before the isobar collisions:
Correlator[Ru] > Correlator[Zy] e CME

Correlator|Ru] = Correlator[Zy] == o CME

measurement: Correlator|Ru] < Correlator|Zr]
1.02  STAR Isobarpost-blind analysis, Vsyy = 200 GeV, Ru+Ru/ Zr+Zr, 20-50% :
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measuring CME in isobar

expectation before the isobar collisions:
Correlator[Ru] > Correlator[Zy] e CME

Correlator[Ru] = Correlator[Zr] == no CME
measurement: Correlator|Ru] < Correlator|/Zr]

1.02  STAR Isobarpost-blind analysis, Vsyy = 200 GeV, Ru+Ru/ Zr+Zr, 20-50%
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measuring CME in isobar

expectation before the isobar collisions:
Correlator[Ru] > Correlator[Zy] e CME

Correlator|Ru] = Correlator[Zy] == o CME

measurement: Correlator|Ru] < Correlator|Zr]
1.02 |  STAR Isobarpost-blind analysis, \syy = 200 GeV, Ru+Ru/Zr+Zr, 20-50%
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possible CME signal in isobar?

fo = 6.8% £2.6%

RuRu Background Signal [g

X(.85

VAV Background -

overall ratio
R ~0.9641

N—l magnetic field
ch (simulation)

Dmitri Kharzeey, Jinfeng Liao, SS, PhyRevC.106..051903




possible CME signal in isobar?

updates in experiment: controlling background Tang, QM2023

EPJ Web of Conferences 296, 01024 (2024)
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challenges in accurate, first-principle calculation

|—> axial charge
J =0y 1y If

magnetic field: life time ~ R/y, ..., + medium feedback

e — T
evoltuion

: e_by_e : (VISH2+1) —l—

D+n
profile *
chiral
|—> EM field transport

MC-Glauber I.C.

AVFD model: Jinfeng Liao, SS + Hou, Jiang, Lilleskov, Yin, Zhang,
ChinPhysC.42.011001, Annals Phys.394.50, PhysRevlLett.125.242301




challenges in accurate, first-principle calculation

|—> axial charge
J =0y 1y If

magnetic field: life time ~ R/y,..., + medium feedback

Maxwell equation / Magnetohydrodynamics
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Huang, She, SS, Huang, Liao,

Benoit et al, PhysRevC.112.024911

iebe-Relativistic Resistive MagnetoHydrodynamics

We present the first model of: Decay Direct photons
1) iebe 2) RRMHD

[ v W N ) Benoit, et al., Phys. Rev. C 112,
024911, arXiv:2502.04611 [nuc-th]

With this model we can study

* Do thermal photons carry a local snapshot
of the EM fields (magnetometer)? D

EM FP—ANANAN SEP—NAAN
dz;}_g‘ O(/d4X e'j‘_v i

1) Fluctuating EM-
fields + MC-Glauber

Eg
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PhysRevC.107.034901 Kushwah et al, PhysRevD.113.036021



challenges in accurate, first-principle calculation 6

axial charge
- —

J = UAﬂAlf

magnetic field: life time ~ R/y,..., + medium feedback

Maxwell equation / Magnetohydrodynamics

Benoit et al, PhysRevC.112.024911
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stive MagnetoHydrodynamics
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lower beam energy — long lifetime /

112 (132)
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lower beam energy — long lifetime

background subtraction methods in experiment: shape engineering

Event shape variable Elliptic flow variable
(a)
(1) single g2 (POI)= —____ —° single vz (POI)
pair g2(PPOI) -~ = ~ - aa pair vz (PPOI)

(b)

(1) Event Plane vs Spectator Plane comparison

Test background in no-CME experiments? e.q. 5.02 TeV PbPb




lower beam energy — long lifetime

A machine-learning extraction — .
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Alex Akridge, Yu Guo, J. Liao, SS, Hongxi Xing, Hui Zhang, in prep.




lower beam energy — long lifetime

A machine-learning extraction
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more opportunities from machine learning

signal extraction w/ Transformer

Input Data: :er:zr:li'de e et Training &
: mbeddin .
Simulated Events with shared Mgulti- QIENS Sy 2B Validation
Layer Perceptron Encoder)
Event
Particle-level MLP 2
inputs — J e
©
YN 2 .
q =2 Y
m’ I \ Event- attn E *
E2 Convert each particle to *
level | sY o

p2 a 256-dim embedding )
- Inputs
h Automatically extract

higher-level particle ¢, True a,

cl features
sl 256-d
c2 Regression Head Training is repeated for

(pooled particle summary many epochs
Attention-weighted + evt-level embedding)
particle representations

Compare predicted a,;
to true value,

Learn nonlinear

combinations and Learn correlations .
i Predict a . .
Events labeled with interactions of the raw between particles ! Update training
CME strength (a,) inputs for one particle parameters

Aihong Tang @ SQM2026



more opportunities from machine learning

signal extraction w/ Transformer

Training Result
Input Data
Simulated Eve

Particl - < /
articie p ’
inpu 9 0.08 L } »
e -
q
o O 4 v
20O 0.06- e
P q) o
Pt
N / * a
cl Q 7 4
s1 ___ 0.04- o $
2 L t ¢
22 q) p ) or
©O ) $
O o002 - ; ¢
Events label E ® .7 /‘
CME strength (a, B g
0.00 0.02 0.04 0.06 0.08 0.10

iInput

Aihong Tang @ SQM2026



more opportunities from machine learning 8

Events label

signal extraction w/ Transformer “optimal” obs. trained w/ exp.
Training Result l harmonic coefficients
: . param. to be trained
-
; : Opb+pb@5.02ev — U

0.04 3 ¢ . .
. = maximize ORuRu _ OZrZr
| 1

0.00 0.62 0.b4 0.66 0.68 0.10 CheCk: ORuRu fr:// 1.2 OZrZr?

iInput

| Hirono, lkeda, Kharzeeyv, Ziyi Liu, SS,
Aihong Tang @ SQM2026 PhyRevC.112.L051904+in progress



outlooks

- non-equilibrium magnetohydrodynamics

- background models of CME can/shall be tested

- correlation between and helicity? (611+ X Us)



