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** Motivation
» Chiral Magnetic Effect (CME)

CME-driven charge separation leads to a dipole term in the

azimuthal distribution of the produced charged hadrons:
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azimuthal distribution of the produced charged hadrons:
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Can we 1dentify & characterize this dipole moment?
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» What a good correlator should establish?
v Leverage Small systems
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** Motivation
» Chiral Magnetic Effect (CME)

Strength : eB ~(mn)2 ~108 Gauss
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Can we 1dentify & characterize this dipole moment?

» What a good correlator should establish?

» Event-shape selections can constrain the v,
M

v Leverage Small systems :
driven background
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» The correlator 1s constructed for a given event plane W, via a
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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
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» The correlator 1s constructed for a given event plane W, via a
ratio of two correlation functions

N. Magdy, et al.
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. . m=223 Piotr Bozek
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{ N I' >
v ‘ / Cg,(AS) quantifies charge separation
\ perpendicular to the B-field (only
X 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 qujg (AS) are insensitive to the
CME-driven charge separation (only background)




“* Ry, (AS) Correlator

Capr (AS
N. Magdy, et al. Ry, (AS) = C‘f EAS%
PRC 97, 061901 (2018) I Ym
[ \
_ N(as ) L _ N(ASY)
Com(89) = Vs ) Ap =¢ =¥ Com(8) = st
N(AS) N(AS J‘)
: Sensitive to charge separation p m
1 A 8¢ 5¢P Y1 W, cos(= Ag)
(Shm) = 21 %y s;n( 2 ) (CME and Background) (SHm)t = ! pzp 2
21 Wy 1 Wp
'fwnsin(%l Ap) w;: charge dependent e cos (% Ap)
(Sgm) = > detector acceptance. (Som)t = ST
1 Wn 1 Wn
1 _ + \l — \l
AS = (SHm) — (Sgm) AS™ = (Sgm)™ — (Sem)

Shuffling of charges within an
event breaks the charge
N(ASsp) separation sensitivity

ASgp = <S‘-I}-’m>5h — (Sem)sn

N(ASsh)

ASsh = (SGm)sh — (Sem)sh

» We account for both number fluctuations and EP-resolution
effect on the width of the Ry, (AS)
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» Ry, (AS) response in AVFD 30-40 %
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» The magnitudes of the Ry, distributions:

v" Sensitive to backgrounds
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» Ry, (AS) response in AVFD 30-40 %

LCC = 0.0% ng/s = 0.0 LCC =33% ng/s =0.0 LCC =33% ng/s =0.1
115 115 115
- Hydro + URQMD  Hydro + URQMD + - Hydro + URQMD +
L 1 I 1 i 1
M ~= 0.0689 +0.006 =3 == 0.0966 + 0.007 T - =0.167 +0.003
I ! ! 0)
1-05:“ X\ 2 1-05:— 1.05:—
f(x) = a 3_0'5 (3) @ @ _
1 1+ 1+
0'95;II|lIllIllllIllllIllllllII 0'95.-l_ll|lllllllllllllllllllllll 0'95:_IIIIlllIllll[llllIllllIlll
2 -1 0 1 2 =2 -1 0 : 1 2 =2 1 0 1 2
AS AS AS

» The magnitudes of the Ry, distributions:
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“* Ry, 3(AS) correlator response
» Ry3(AS) response in AVFD 30-40 %
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» Ry3(AS) response in AVFD 30-40 %
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» The magnitudes of the Ry3 distributions:
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Ry, 3(AS) correlator response
» Ry3(AS) response in AVFD 30-40 %

LCC = 0.0% ng/s = 0.0
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» The magnitudes of the Ry3 distributions:
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v' Sensitive to backgrounds

v' Insensitive to CME-driven signal
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“* Ry, 3(AS) correlator response
» Ry, (AS) in isobaric collisions

v If Isobars have same background?
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Niseem Magdy, et al.
PRC 98 (2018) 6, 061902
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“* Ry, 3(AS) correlator response Niseem Magdy, et al.
’ PRC 98 (2018) 6, 061902

» Ry, (AS) in isobaric collisions

v If Isobars have same background? ,
Shuzhe Shi, et al.

PRL 125, 242301 (2020)
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Predefined CME signature:
1/oR, (Ru+ Ru) > 1/oR,, (Zr + Zr)



“* Ry, (AS) Correlator

» Ry, (AS) response in isobaric collisions

v' Isobaric background are not the same: STAR Collaboration
arxiv:2109.00131
0.08 : — : : —
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» Observed differences in multiplicity and v, for same centrality
v" Background differences for the two isobars are more complicated than
previously thought
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» Ry, (AS) response in isobaric collisions
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previously thought
v' The predefined CME signature could be invalid
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» Analysis and results from the isobar data
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¢ Data Analysis
The STAR Detector at RHIC

» The TPC detector is used in the current EEmMC | Magnet | o | semc I 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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The STAR Detector at RHIC

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

» Charged hadrons with 0.2 < pT <2.0 GeV/c
used to construct ¥~ > & wI<~ %1
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» Particles with 0.35 <pT <2.0 GeV/c and

n > 0 analyzed using ‘P;K_O'l

» Ry, (AS) measurements made as a function of:
v' Centrality
v" Event shape selection at a given centrality
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s+ Results

v' Event-shape selections arx1v:2109.00131
STAR Isobar blind analysrs \/sNN 200 GeV
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» The q,-selected results indicate that Ry, (AS ) is not strongly influenced by the
v, background-driven charge separation for up to ~30% change in v,.



“* Results
Predefined CME signature:

» Ry, (AS) measurements 1/oR,, (Ru+ Ru) > 1/og,_(Zr + Zr)

v Centrality selections
STAR Isobar blind analysis, Vsyy = 200 GeV
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» For the same centrality, the
Ry, (AS™) correlators for
the two 1sobars are similar.
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s+ Results

» Ry, (AS) measurements

v Centrality selections
STAR Isobar blind analysis, Vsyy = 200 GeV
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» For the same centrality, the
Ry, (AS™) correlators for

the two 1sobars are similar.

)

1
(6) Rle

Ratio (op

The predefined CME signature is not observed
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s+ Results

» Ry, (AS) measurements
Predefined CME signature:

1/ogr,, (Ru+ Ru) > 1/og,, (Zr + Zr)

1.02 STAR Isobar blind analysis, Vsyny = 200 GeV, Ru+Ru/Zr+Zr, 20-50%s * -
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The predefined CME signature 1s not observed
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¢ Ongoing work

» The use of Ry5(AS) to constrain the background

difference for the two isobars
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¢ Ongoing work

» The use of Ry5(AS) to constrain the background
difference for the two 1sobars
» Detailed studies of possible nuclear structure effects

on the background differences for the 1sobars
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¢ Ongoing work

» The use of Ry3(AS) to constrain the background
difference for the two 1sobars

» Detailed studies of possible nuclear structure effects
on the background differences for the 1sobars

» Detailed data-model comparisons for isobars
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Conclusions

Charge separation calculations with AVFD used to validate the
response of the Ry, 3 correlators:

v Ry, is sensitive to backgrounds and signal magnitude
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s Conclusions

Charge separation calculations with AVFD used to validate the
response of the Ry, 3 correlators:

v Ry, is sensitive to backgrounds and signal magnitude
v Ry is sensitive to backgrounds only

Charge separation measurements performed with Ry, correlator,
for 1sobaric collisions at 200 GeV:

v Ry, shows concave-shaped distributions compatible with BKG
or BKG + CME
v Ry, shows weak g2 dependence for up to ~30% change in v2

v Ry, distributions are similar for the two isobars

The predefined CME signature 1s not observed
v" Not an indication for the absence of the CME in the individual signal
* Ongoing work to characterize the effects of backgrounds

THANK YOU
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