Neural Unfolding of the Chiral Magnetic Effect
in Heavy-Ion Collisions

C.se Physics Letters 42, 110101 (2025) Ny - Y

. ! -
: Shuang Guo s?ﬁg ), Lingxiao Wang(E 5 B) ** Kai Zhou (), *and Guo-Liang Ma (& E3)"2 1 _

1Kﬂoratory of Nuclear Physics and Ion-beam Application (MO

p— Institute of Modern P y, Shanghai 200433, China
2Shanghal Rese Physics,
—
: NSFC and Fudan University, Shanghai 200438, China
' 3RI].nterd1sc1plmary eoretical and Mathematical Sciences (iTHEM B

Salta 51- 019 apan .
g i 4School of Science and eerm e Chl e Univers Jty of Hong Kong,
n),



Neural Unfolding of the Chiral Magnetic Effect

B BACKGROUND in Heavy-lon Collisions

ji [ Initial State Thermalization Hadronization Hadron Gas Freeze Out :
I
' |
= - I
IS g © o 08as I
E 5 I ¢ 5 oY
= l 1 O |
1€ ,\5 000 I
= ' = O
s I o) I
[ I |
I 900 MeV I ) I
I time I

Experimental Facility

| I
: Final :
: hadrons I
: LINAC";*\EBB ,:}RL :..,': P AR - ; = 3'7‘. " o \ Nz R i e — ;, ‘ :
: BOO?{’ER 5 s By - A e e i e N N N 5 % = I
: Initial :
| I
| I
' I




Neural Unfolding of the Chiral Magnetic Effect
¥ MOTIVATION in Heavy-Ion Collisions
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B MOTIVATION in Heavy-Ion Collisions

Local CP symmetry violation in QCD ---> A chiral imbalance in QGP ---> A charge separation along the magnetic field

*

Relativistic Heavy-ion Collision
Probing CP symmetry in strong interactions.
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Chiral magnetic effect in heavy ion collisions: The present and future
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B MOTIVATION in Heavy-Ion Collisions
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® METHOD in Heavy-lon Collisions
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B MODEL: AMPT in Heavy-Ion Collisions

A+B * Include an initial dipole charge separation mechanism
into AMPT model.
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 AMPT can fit experiment data well by setting certain f.



B MODEL: AMPT

Neural Unfolding of the Chiral Magnetic Effect
in Heavy-Ion Collisions
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O CME signal undergoes substantial changes during the dynamical evolution of HICs

O Flow-related backgrounds progressively dominate as the HIC system evolves.
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B METHOD: U-Net in Heavy-Ion Collisions
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| » Encoder captures hierarchical spatial features of the input distribution; ‘.
. » Decoder preserves fine-grained spatial details throughout the reconstruction process; |
. » Time embeddings provide essential temporal context. k
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B RESULTS in Heavy-Ion Collisions
Case Initial CME Condition Input to U-Net
Case 1 Fixed f = 10% pr distribution of partons at QGP freeze-out
Case 2 Fixed f = 10% pr distribution of hadrons at hadron freeze-out
Case 3 Mixed f =1%,2%,3%, ...,10%  pr distribution of hadrons at hadron freeze-out
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B RESULTS in Heavy-lon Collisions
CASE 2 & 3
Input the final hadrons‘ transverse momentum
- | QGP
0.257 : : 1.00t QGP evolution | freeze-out
[ ® Fixed f Prediction | i i E
| & Fixed f Ground i i |
0.20f I Fixed fInput - Hardon freeze-out E |
[ Mixed f Prediction i i § 0.95 i
015 & MixedfGround E i 5 il
8 4 Mixed f Input -- Hardon freezetout i éﬂ%’ E
(@] 1 1 i
© ] i I : i
—~ 1 1 | 1
ke 0.10f o i  QGP | Hadron 0.90 i —4— Case 1 !
-~ QGP evolution i freeze-out: freeze-out | % _#- Case 2 |
oo5f 8 " — § § j ~} Case3 |
: o8 T | pgeRbe oo I
L R T i W 0-85 5 10 15
[ I I Time (fm/c)
0.004 5 10 15

|fprediction - fground truth

Accuracy =1 —
fground truth

B Successfully captures both the trend and magnitude of charge separation throughout the HICs evolution |
B Remains robust with a wide range of initial charge separation strengths :
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B SUMMARY and OUTLOOK in Heavy-Ion Collisions

v" Successfully captures both the trend and magnitude of charge separation throughout the HICs evolution;
v" Remains robust with a wide range of initial charge separation strengths;

v Opens a novel perspective for investigating the fundamental properties of the QGP and other related physics in HICs.
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