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OUTLINE

* Physics motivation and observables

 Overview of STAR measurements in Au+Au collisions
Emphasis on recent measurements

 Summary and outlook



CHIRAL MAGNETIC EFFECT (CME)

The strong interaction
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Discovery of the CME would imply: Chiral symmetry restoration (current-quark DOF & deconfinement);
Local P/CP violation that may solve the strong CP problem (matter-antimatter asymmetry) :




THE COMMON Y VARIABLE Voloshin 2004
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THE R VARIABLE

Ajitanand et al., PRC 83 (2011) 011901 Choudhury et al. arXiv:2105.06044 [nucl-ex],
Magdy et al., PRC 97 (2018) 061901(R) CPC in print.
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* Established analytical relationship between Ay and Ry, (AS)
* “Equivalence” verified by MC simulations and the EBE-AVFD model
* Ay and Ry,(AS) have similar sensitivities to CME signal and background
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THE FIRST MEASUREMENT BY STAR, 2009

STAR, PRL 103, 251601 (2009); PRC 81, 054908 (2010)
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* “Qualitatively the results agree with /[CME]”

« “So far... we have not identified effects that
would explain the observed [SS] correlations.
The observed signal cannot be described by the
background models that we have studied
(HIJING, HIJING+v2, URQMD, MEVSIM)...”

« “Improved theoretical calculations of the
expected signal and potential physics
backgrounds... are essential to understand
whether or not the observed signal is due to
[CME]”



W.R.T. SPECTATOR NEUTRONS, 2013

STAR, PRC 88 (2013) 064911
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* Ay w.r.t. ZDC spectator neutron
event plane ¥,

* Ay{ZDC} = Ay{TPC} within large
errors for the ZDC results

e ZDC and TPC results do not have to
be the same
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BES MEASUREMENTS, 2014

STAR, PRL 113 (2014) 052302
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Expect energy dependence in B and CME

K = Ay / (v,A3), where & = <cos(¢,-¢,)> as
background estimator

“indicates a large contribution from the P-
even background...”

This trend may be consistent with the
[CME] because there should be a smaller
probability for the CME at lower

)

energies...’

A more definitive result may be obtained ...
if we can reduce the uncertainty associated
with ... the value of k.



MORE RECENT LOW ENERGY (27 GeV) DATA

Yu Hu (STAR), arXiv:2110.15937, SQM 2021
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* Higher statistics, new detector (EPD) & 65 ©

* New approach: inner EPD -> first-order harmonic plane; Outer EPD -> second-order harmonic plane.
* Current data consistent with background contributions
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SMALL SYSTEM MEASUREMENTS, 2019

CMS, PR
STAR, PL
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* Large Ay observed in small systems,
similar to heavy ions.

 Zero signal is expected b/c random
B and EP orientations

* Physics of background may differ
between small systems (e.g. 3-
particle nonflow) and heavy ions
(flow), but raise warning for pro-
CME interpretation of heavy ion
data
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“ESE” MEASUREMENTS, 2014

STAR, PRC 89 (2014) 044908
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MEASUREMENT IN INVARIANT MASS, 2020

Jie Zhao, Hanlin Li, FW, Eur.Phys.J.C 79 (2019) 168

STAR, arXiv:2006.05035
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* Explicit demonstration of
“resonance” background

e Exploit “ESE” to extract CME,
assuming CME is mass
independent

e Upper limit 15% at 95% CL
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NEW OBSERVALES/APPROACHES

Signed balance function (SBF) CME-helicity correlation
Tang, CPC 44 (2020) 054101 Du, Finch, Sandweiss, PRC 78 (2008)
Yufu Lin (STAR), NPA 1005 (2021) 121828, QM 2019 044908
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without CME. zero within uncertainties
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Sliding Dumbbell
Jagbir Singh (STAR) QM 2019

$=270°

Select CME enriched sample
Perform Ay measurement
with background subtraction
in separate event classes
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W.R.T. SPECTATOR & PARTICIPANT PLANES, 2021

Haojie Xu et al., CPC 42 (2018) 084103, arXiv:1710.07265
S.A. Voloshin, PRC 98 (2018) 054911, arXiv:1805.05300

INTRA-EVENT “CME-v, FILTER”
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Au+Au Collisions at 200 GeV (2.4B MB)

STAR, arXiv:2106.09243
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* Consistent-with-zero signal in peripheral 50-80% collisions with relatively large errors
* Indications of finite signal in mid-central 20-50% collisions, with 1-3c significance
* Possible remaining nonflow effects

Fugiang Wang Chirality Workshop, Nov. 1-5, 2021, SBU 15



REMAINING NONFLOW EFFECTS

Feng et al., arXiv:2106.15595 A_ AQ/{SP}/VZ{SP} - C3{SP}/V22{SP} - l+6‘nf
o Botery Q-1 a AMPPY IV{PPY  CAPPY IVAPPY |, &le

Av{rr}  1/a2 -1
ey NvZ{PP}
o N Nonflow in Ay
C3{sp} =35 vaap{sPhua{sp}, | > negative foe . S S
Va{EP} = \/ V5{EP} +v5 .
* L CQpNQp CBpN‘Sp ’
C3{EP} = e V2 2p{ EP }U2{EP} + oNE
Enf = U%,nf/vg Nonflow in v,
O Nopva 9, _ C'3pN3p, - positive foe
2= ST TN
N9 . €3/€o Lter
f’”(‘N{}>/ ( @ )
. N2p ey : ,
AYpkga = W@OS(@Q + 05 — 202p))V2,2p P ( L+ ent 1)/ (1 + €nf 1)
CME — en /e o 2 -
, : : 1+ —vgz/# a
Cap = (c08(Pa + G5 — 202;)) eater)

N , , [ 1+ Enf 1
Csp = (€o8(Pa + 05 — 20¢))3p - (1 L (rewres/en 1)/ (a*Q - 1)

N’UEQ {EP}

Fugiang Wang Chirality Workshop, Nov. 1-5, 2021, SBU 16



MODEL ESTIMATES OF NONFLOW

Feng et al., arXiv:2106.15595
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Further, additional model
studies



Ay

0.8

0.6

0.4

0.2

Au+Au DATA AND ISOBAR ARE CONSISTENT

Yicheng Feng, Yufu Lin, Jie Zhao, FW, arXiv:2103.10378
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Caveats: Axial charge densities and sphaleron transition probabilities could be
different between Au+Au and isobar, e.g. AVFD-glasma pi./s: isobar/AuAu ~ 1.5
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SUMMARY AND OUTLOOK

CME is very important physics. Significant efforts in theory and experiments.

STAR has pioneered and played significant role in the CME search.
Primary efforts in understanding and removing backgrounds.

The possible CME is a small fraction of the measured Ay signal.
Most recent STAR data indicate a finite CME signal with 1-3c significance;
nonflow effects under investigation.

Current data 2.4B MB Au+Au events. Expect 20B from 2023+25 runs.
And large BES-Il data samples.



