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Heavy Ion Collision (HIC):

Ultra relativistic system+

Strong interactions

Chiral Magnetic Effect (CME) in HIC:

Chiral anomaly:

𝜇5 ≠ 0, topological non-

trivial bubbles

， ，

Center magnetic field

1018~1020 Gauss 

@ collision instant

Largest ever found
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Chiral Magnetic 
Effect (CME)

Chiral anomal

+ external magnetic field

Evolution

Charge Separation (CS)

w.r.t the reaction plane

But there is challenge…

CS observables

• 𝛾, Δ𝛾

• Event-shape-engineering

• Δ𝑆

• Invariant mass

• Spectator event plane

• …

V.S.  background contamination

Transverse momentum conservation

+ Local charge conservation

+ Elliptic flow 𝑣2
+ … 𝛾 contains ~90% 

signal of elliptic flow!

Application of deep learning (DL):
A better, cleaner observable / pattern for CS & CME

Training data (Au+Au): 

• Generated using the AMPT model

• CME added by hand (up to a ratio 𝑓)

• Supervised learning:

• No CS: ‘0’

• CS: ‘1’

• Extracting 𝜋± transverse momentum spectra:

𝜌±(𝑝𝑇 , 𝜙)

More detailed pre-treating to the training data:
• Normalization
• Symmetrization
• Combination of events with same collision condition and dominant chirality

• The recovery of the periodic boundary condition (p.b.c) of 𝜙 is 

done for both the inputs and the 2D-convolutional layers 

Architecture:

CNN

Test results:

• Accuracy

• Robustness

• Correlation of the out put and CS ratio 𝑓

• Comparison to other observables and background

• Transference to other collision systems

NN 0+5% 0+10%

Acc. on f=0+5% test set ~80% --

Acc. on f=0+10% test set -- ~92%
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Interpretation:

DeepDream on the 

trained network

Take a look at the 

learned pattern!

The dipole-mode of CS has 

already shown up in the 

DeepDream visualization.

Lookout: is the 

quadrupole-mode in the

figure a physical result?
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