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Chiral Magnetic Effect (CME) 
Kharzeev, Pisarski, Tytgat, PRL 81 (1998) 512; Kharzeev, et al. NPA 803 (2008) 227 
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Non-conservation of axial currents  
• Quark degree of freedom, 

Approx. chiral sym. restoration 
• QCD vacuum fluctuations, 

Topological gluon field, Qw≠0. 
• Local P, CP violations 
• Strong magnetic field 

B ~ 1015 T 
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The g Correlator & Background 
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Signal is ambiguous 

Fuqiang Wang 
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2, /v NBackground: nonflow coupled with flow 

Voloshin 2004, FW 2009, Bzdak, Koch, Liao 2010, Pratt, Schlichting 2010, …… 
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Voloshin, PRC 70 (2004) 057901 
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Background estimate 

Claimed resonance background is negligible. 
Wrong claim – Wrong by a factor of v2! 

Voloshin 

0.17/100*0.65 ~ 10-3 

Bzdak,Koch,Liao 2010; Pratt,Schlichting 2011; Petersen 2011; Ma,Zhang 2011; Bzdak 2012; Toneev 2012;  … 

Consensus now: major background in experimental measurements! 

~100% background level !!! 
FW, Jie Zhao, PRC95 (2017) 051901(R) 
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Background 

Fuqiang Wang 
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Make v2 zero… 

Quan Wang, Purdue University, Ph.D. thesis, 2012 
STAR 
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Make v2 “zero” 

Fuqiang Wang 

STAR PRC 89, 044908 (2014) 

 

Event-by-event v2 technique 
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Event-shape engineering 

ALICE PLB777(2018)151 

CMS   PRC97(2018)044912 

Event-shape engineering 

Quark Matter 2018, Venice, 14-19 May 2018 6 

Still has residual background,  
because background ~ v2, not v2,p  

FW, Jie Zhao, PRC95(2017)051901(R), arXiv:1608.06610 



Background 

Fuqiang Wang 

Get rid of resonances, or utilize them… 
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arXiv:1705.05410 

Identify the backgrounds by invariant mass 
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Fuqiang Wang 

Check with AMPT 

High mass g 
consistent with 0 

as it should be Resonance structure in 
g as function of minv 

 

Jie Zhao, Hanlin Li, FW, arXiv:1705.05410 

• Resonance background should be nearly zero at high mass 
• CME at large mass may also be zero… 

All are backgrounds 
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Can CME survive to high mass? 

• minv > 2 GeV/c2 contains appreciable low pT pions 

• CME signal may not be limited only to low pT  

• High mass should still contain CME 

Fuqiang Wang 

Shi et al., 1711.02496, 
Ann.Phys.394(2018)50 

Kinematics 
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Fuqiang Wang 

Can we access CME at low pT? 

peaked smooth 

KS  

r(minv) * ( P0 + P1*minv )     +     P2 

g = (24.5 ± 0.1) × 105 

Input CME: a1 = 0.008 
CME frac: 2a1

2 (Nprim/Np)2 = 4.6 × 105  (20%) 

g (minv>2 GeV/c2) = (4.5 ± 0.8) × 105 

Fit result: P2 = (3.9 ± 0.2) × 105 

Low mass region 

Two component model: Resonances + CME: Jie Zhao, Hanlin Li, FW, arXiv:1705.05410 
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Fuqiang Wang 

ESE to constrain Bkg shape 
• ESE q2 selects different v2, but does not 

bias spectators or magnetic field 
• gAgB represents background shape 
• Fit g = k*(Bkg shape) + CME 
• Fit does not assume g ∝ v2, but only 

dependent of v2 

• Fit assumes constant CME. Fit c2/ndf 
tells whether it’s a good assumption 
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STAR Preliminary 
STAR Preliminary 
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STAR Preliminary 
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Current STAR Data 

Fuqiang Wang 

Zhenyu Ye, STAR Highlights, QM18 
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Still has residual background,  
because background ~ v2, not v2,p  

FW, Jie Zhao, PRC95(2017)051901(R), arXiv:1608.06610 



Summary Remarks 

• CME is important physics in QCD 
– Extraordinary claims require extraordinary proofs. 

 

• Major v2-induced background in the CME observable 
– No way around but to reduce/eliminate backgrounds. Data-based techniques 

strongly preferred. Have to base our conclusions on and only on DATA.  

– If null signal, all we can say is “CME is not observed.” != “No CME.” 

– Only when there’s unambiguous/overwhelming evidence of a positive signal 
(5s), can one claim the important physics of CME. 

 

• Novel methods to reduce/eliminate background 
– Event-shape engineering 

– Invariant mass (arXiv:1705.05410, this talk) 

– Intra-event “CME-v2 Filter” (arXiv:1710.07265. Haojie Xu talk Wed.) 

– It is hopeful to eventually measure the CME (Jie Zhao, STAR talk Wed.) 

Fuqiang Wang Quark Matter 2018, Venice, 14-19 May 2018 15 



gOS and gSS correlators 
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Resonances decay toy simulation 

Mix , in one event with  from 
another event, plot signal vs E-by-E final-
state particle v2, weighted with 
Prob(EbyE v2). 

2, /v N

Toy model 
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FW, Jie Zhao, PRC95 (2017) 051901(R), arXiv:1608.06610 

Does not subtract background completely, 
because background  


