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I The Chiral Magnetic Effect

For right-handed particles positive charge: *
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I Conventional Observables

a; = (sin(¢“ — Wrp))

Prp

Case 1 us >0 Case2 us; <0
alf ~1,a; -1 af ~—-1,a] = +1
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Conventional Observables
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I The Core Challenge: Background Contamination

Substantial Background Effect
» Local charge conservation (LCC)
» Resonance decay

» Transverse momentum conservation

» Simulate the charge separation signal of CME“*>]

Traditional Methods Failed

» Conventional observables: cannot effectively disentangle CME-induced

charge separation from background®!,
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I Define Physical Parameters

» Harmonic coefficients

m) _ (PT cos(nepy)) ™) (pT sin(n p,))
(PF) P (PF)
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» Separate them into P-odd and P-even observables

{O} = { (agT—)l,c’ Ug?—)l,c) }jEN, 0<j<N/2,

me{0,...,M},
ce{n* "}
le} = {L} U { (ag’ﬁ, Ué?i) }jeN, 0<j<N/2,
Nen ’ ’ me{0,...,M},
ce{nt,m}
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I Construct & Optimize Observables

» Potential CME observable

0= ZX ej+ZX(,)ejejr+ZX$}ojojr

73" 3,3’
» Anomalous Viscous FImd Dynamics(AVFD)!"8l | generate data:

OcL Oc,L, Ogr, Ogr
> Loss function

f oy ((OG,L ~Oca)” | (Oar — OaL)z) - ((OG,L —Oc)’ | (Ocs— Ocr)’ )
AL L+ AL AL+ A% AL L+ A% AL+ AL

Minimize the background Maximize the CME signal.

X](L),Xj(?,),X(?)} using the gradient descent method

and minimize loss function

> lterate the parameters {
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I Background Suppression & Sensitivity
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I Background Suppression & Sensitivity
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Background Suppression & Sensitivity
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> Dramatically Improved Sensitivity.
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> Dramatically Improved Sensitivity.

» Complete Background Suppression.

> Effective Even at Low Complexity.
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Summary

B Novel machine learning method, construct optimized observables for
detecting the CME

> higher sensitivity
» near-zero background

> systematic framework for enhanced signal

19



I Outlook

B Further Improve Performance: incorporate additional parameters

> Rapidity, particle species, centrality ......

m Directly applicable to RHIC/LHC experiments.
» Validate “ldeal O.yg" : use "ultra-high-energy collisions (CME negligible)
+ Ru+Ru vs. Zr+Zr comparisons”

» Standard:

Ru+Ru Zr+Zr
OCME ~ 1-ZOCME
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I AVFD parameters

Anomalous Viscous

Framework Fluid Dynamics CME Parameter 0.05
(AVFD)
Collision System Au+Au Collisions LCC Parameter 0.33
Center-of-Mass _ Magnetic Field
Energy VSnw = 200GeV Lifetime 0.6 fm
Centrality Range 30-40% Scanned Parameters Harmonic order N=1-

4; pr weight M=0-3

Number of Simulated

~ 6
Events 3x10

ba|=

CME— CME—
OC,L = <O>LCC_ODI?: AC,L — (<02)LCC—ODSFl o O%JJ)
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