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*¢ Introduction
v" Chiral Magnetic Effect (CME)
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» Magnetic field acts on the chiral fermions
with uz # 0 leading to an electric current
along the magnetic field which leads to a

charge separation
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*¢ Introduction
» Chiral Magnetic Effect (CME)

Strength : eB ~(mnr)2~10'8 Gauss

CME-driven charge separation leads to a dipole
term in the azimuthal distribution of the
produced charged hadrons:

dNCh

z
Reaction /
plane

() \L

A2ZIRYY "'

x 1 +2a"sin(¢) + -
dd) aih o8 ‘Ll5§

IST-€€1 (#102) SL "SAYJ TonN 1Med 301

X (defines W)

Can we 1dentify & characterize this dipole moment?

» What a good correlator should establish?

v' Leverage Small systems v' Leverage W5 measurements
— el
p+A - % X/
X = v,
O<Wo<2n J\

» plane
B and W, ~ uncorrelated B and W5 ~ uncorrelated

v Excellent benchmark
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“* Ry, (AS) Correlator

N. Magdy, et al.
PRC 97, 061901 (2018)

» The correlator 1s constructed for a given event plane W, via a
ratio of two correlation functions

Cy,(AS) quantifies charge Co. (AS)
i } R AS) =—]"— ,m =2 and 3
separation along the B-field wm (AS) c lJ}-'m @9 an
B
Reaction ﬁ )
Plane ‘Pn\ «fan\ =7

—

= =4 Z Cg,(AS) quantifies charge
yT | Rt separation perpendicular to the
) —— B-field (only background)

The Ry, (AS) correlator measures the magnitude of charge separation
parallel to the B-field, relative to that for charge separation
perpendicular to the B-field

Note that both Cy, (AS) and C$3 (AS) are insensitive to the CME-driven
charge separation (only background)




“* Ry, (AS) Correlator

N. Magdy, et al. Cynm (AS)
PRC 97, 061901 (2018) Rym(85) = -1y
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“* Ry, (AS) Correlator

» Charge separation magnitude is reflected in the width of
the Ry, (AS) distribution which is affected by:

v Number fluctuations v Empirical EP-resolution
2
AS' = AS/0 s AS” = AST /e<(1—\/<C05(2Aq’2)>))
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> We can account for both number fluctuations and EP-resolution effect
on the width of the Ry, (AS)



“* Ry, (AS) Correlator
» Ry, (AS) response in background models

Ry (AS)
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correlator shape

v' The Ry, and Ry, give similar response




“* Ry, (AS) Correlator

» Ry, (AS) response in CME models

» Signal magnitude is reflected in the
widths of the distributions
v" Smaller widths for larger input signal

» Validation of the expected concave-shaped
response of Ry, (AS) to the CME-driven

charge separation input in CME-events

Concaved-shape distribution
for input charge separation
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Chiral kinetic approach
Ru+Ru @ 200 GeV, b=7 fm, |n|<1
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% Ay vs Ry, (AS)

Chiral kinetic approach
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» a1~0 for g < 0.6 fm/c

v Ay shows non-zero value
v" Ry, (AS) shows a flat shape
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¢ Data Analysis
The STAR Detector at RHIC

» The TPC detector is used in the current EEmMC | Magnet | o | semc 1. 1pc Ol tor BBC
analysis

» Charged hadrons with 0.2 < pT <2.0 GeV/c
used to construct ¥~ > & wI<~ %1

» Particles with 0.35 <pT <2.0 GeV/c and

n < 0 analyzed using lIJ;PO'l
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» Particles with 0.35 <pT <2.0 GeV/c and

n > 0 analyzed using ‘P;K_O'l
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¢ Data Analysis
» Event-shape selections (Data)

v" Events are further subdivided into groups with
different g, magnitude:
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» Vv,{2} increases linearly with q,
v’ @, is good event-shape selector 3
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** Results

»  Rypm(AS) measurements at RHIC

v Event plane dependence
v Small systems dependence

» Measurements for Ry,,, show:

v' Different response for Ry, and Rys

v" Different response for small
(p(d)+Au) and large (Au+Au) systems

» Ry, results are consistent with the
expectation for the CME-driven
charge separation.

v" Note that these observations contrast
with those from the y correlator.

[ CMS Collaboration arXiv:1610.00263
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** Results

» Using acceptance correction (w;) the charge dependent detector acceptance.
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<NCh > ~20x2

STAR Preliminary
With acceptance
weighting correction

I Au+Au '-EI-'I
d+Au 4

p+Au e

i

g |

1.1

Au+Au B
~ Au = ]
Nap) =30 Bl
200 GeV \
EE:\Q STAR Preliminary F{J

Without acceptance S
‘0 weighting correction

byt g s

30020 -1 0 1 2 3

!

AS

16



** Results

AAAAAAAAAAAAAAAAAA

=
. o
» Event shape selection 5[ ALICEPo-Pb |5, =276 TeV |
S 01~ 02<p <5.0GeVic <08 Yy
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I ALICE Collaboration
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» Different q, selections (right panel) suggests that Ry, (AS ) 1s not strongly
influenced by the v, background-driven charge separation.
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** Results

> Different collision systems Ry, (AS"") and Ry, (AS™)

Ry, (AS") and Ry, (AS") for 0-20% centrality selection in different

collision systems.

@ U+U '(b)  AutAum=2= | (¢) Cut+Au
: 0-20% m=3 ey With accept ighting
£ L ith acceptance weig
g 1,()5_— STAR Preliminary T II[ Fit(d) = a 805 (g)z 5 4 EI] correction EI] -
& El] 5 EI] I a1 R, A
R— " - -, - - B S SO 5 o ernannmnnnns T — D P .« —
1 {)@W@-Q-%’ﬂ&; ] {) [75s A = - ! ‘iL 5 oEELEART S :{} :
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> The Ry, (AS") correlators for different collision systems is strikingly
different from those for Ry, (AS™) correlators.
> Ry, (AS") decidedly concave-shaped, as would be expected for CME-

driven charge separation with limited influence from background-

driven charge separation.
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* Results

» AutAu collision system Ry, (AS)
Ry, (AS) for different centrality selections in Au+Au at 200 GeV.
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** Results

» U+U collision system Ry, (AS)
Ry, (AS) for different centrality selections in U+U at 200 GeV.
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** Results

» CutAu collision system Ry, (AS)
Ry, (AS) for different centrality selections in Cu+Au at 200 GeV.
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N/

s Conclusions

Charge separation measurements performed with Ry, (for m = 2,3)
correlator, for U+U (193 GeV), p(d)+Au, Au+Au and Cu+Au at
200 GeV collisions with the STAR detector.

» Ry, measurements show:

v" Difference in the response for W, and W5 for different collision systems

v" Difference in the response for small (p(d)+Au) and large systems (Au+Au)

» Ry, width:
v' Is g,-independent (weak sensitivity to background)
v Is centrality-dependent

» Ry, results are consistent with the expectation for CME-
driven charge separation.
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