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Chiral Magnetic Effect (CME)

How do we study CME quantitatively < Anomalous-

Viscous Fluid Dynamics

Event-by-Event Simulations of Au-Au Collisions

Prediction for IsoBaric Collisions
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Chiral magnetic effect (CME) is the generation of electric current ¢

along an external magnetic field induced by chirality imbalance. <
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https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Chirality

Chiral Magnetic Effect In Heavy lon Collision

» Bfield ® ys = current = dipole (charge separation)
dNi/dgb oc1+2 a1isin(q5— l/)RP) + ...

» charge separation = two particle correlation

y = {(cos(api+a¢;) ) = (cosap; cosap; | — (sinag;sinag;>

0 = (cos(a¢i—a¢;)) = (cosa; c0&7jf + (sin4¢; sinag;»

CME: (a1+)?



Chiral Magnetic Effect In Heavy lon Collision

» Bfield ® ys = current = dipole (charge separation)
dNi/dgb oc1+2 a1isin(q5— l/)RP) + ...

» charge separation = two particle correlation

y = {(cos(api+a¢;)) = (cosap;cosap;) — (sinag;sinag;>
6 = (cos(api—a¢pj) ) = (cosagicosagy) + (sinaghisinagy;)

y=kv2F-H F: Bulk Background
d=F+H H: Possible Pure CME Signal = (a1,cme)?
K=1~2

k=1.2 From AMPT Simulation



Chiral Magnetic Effect In He

» Bfield ® ys = current
dNi/d¢ oC 1 + 2 a']i

» charge separation = t
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How Can We Calculate CME Quantitatively?

| Anomalous
axial (& vector) Viscous
charge density Fluid

- - D '
Initial condition ynamies

BT T
\'Snw (GeV)

final particle
distribution

dynamical
evolution

I
driving force
M.Hongo, Y.Hirono, T.Hirano, 2013;

B field H.-U.Yee, Y.Yin, 2014

Y.Hirono, T.Hirano, D.Kharzeev, 2014;

Y.Yin, J.Liao, 2016;



Anomalous-Viscous Fluid Dynamics
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Contribution of Decay from Resonances

da/(2rt prdprdy)
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Dependence on the Magnetic Field
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CME in Au-Au Collisions

Bo
= =0.61
B 1+ (/2a)? 8 =0.6 tTm/c

4
Qs (T[ ,thube TO) Nc:oII
1/ n2 ~
< 5> 1 67T2 onerlap

Good agreement for

magnitude & centrality trend

Centrality

Y.Jiang, SS, Y.Yin & J.Liao, arXiv:1611.04586
SS, Y.Jiang, E.Lilleskov, & J.Liao, in final preparation



Relaxation Effect on CME Current?

Jr/tt = ngy Ut + v M %
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CME from Event-by-Event Simulation

» Fluctuations! Fluctuations! Fluctuations!

» Initial Conditions
» Statistic @ Freeze-out

» Hadron Cascade




Au-Au @ 200GeV
Event-by-Event: Correlators 50-60%




Event-by-Event: v, Dependence
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Au-Au @ 200GeV
Event-by-Event: v, Dependence 50 60%
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Test of CME — Isobaric Collisions @ RHIC

2sRuthenium 7oZirconium

Same Baryon# —— Similar Bulk Background
Different Proton# —» Different CME!



Test of CME — Isobaric Collisions @ RHIC
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Estimation Of Bulk Background

)/=ICV2F—H

- Fitting Formular:
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CME for Isobaric Collisions
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Smooth AVFD + Best estimated na & 73 = good

agreement with experiment of Au-Au Collisions.

Event-by-Event AVFD = intercept of y-correlator versus v»

tells CME signal from background.

Transverse Momentum Conservation, Local Charge
Conservation ... in EbE simulation



Qutlook - Fluctuating B-Field & n,
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Qutlook - Fluctuating B-Field & n, AUAU @ 200GeV

€o (o
0.2 0.4 0.6 0.8 50-60%
L L L
14- (e°B%) (m) - .
12_ T T T tereeT 14 (e°B?cos(2Awpg)) (M%) -
i | 12| -
10 PR T N TR SR T AN T TN SR NN SR S T i ++++++

10 t¢ ]

0.8 + ¢ - - -
4 - o 1 :
0-6__ _+_ (cos(2AygR)) _ A B R B

04 | | | | 0.2 0.4 0.6 0.8

A¥g =Yg — Wicpp — /2



THANK YOU!



BACKUP — Pre-Thermal Anomalous Dipole/Current?
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BACKUP — pT-Differential Correlation from Smooth CME
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Au-Au @ 200GeV

E.-b-E. vs Smooth Hydro 50-60%
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Au-Au @ 200GeV
O-Correlator Event-by-Event simulation 50-60%
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