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Chiral Magnetic Effect

1) Chirality imbalance among all light quark flavor from topological fluctuations
of gluon fields (NI{ - N};) = 2Q),, i.e. “Local Parity Violation”

2) Large magnetic field, generated mostly by spectator protons

Combine to give the CME: net electric charge flow along (or opposite to,

depending on sign of Q,, in this event) the magnetic field direction
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CME Sensitive Observables : Ay
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Key backgrounds:
* v,*(clusters, local charge conservation)
* 3-particle correlations
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Experimental Search With Isobar Collisions
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J. Adam et al. (STAR) Nucl. Sci. Tech. 32 (2021) 48

Details of Isobar Blind Analysis

STEP-0
Mock Data

challenge

Test data structure
(Au+Au data)

~2 months ~1 year ~1/2 year ~2-3 months

Connections between the

Blind analyses (5 groups): methods are studied

* Ay, Ad and «

s Ay, A6, Ay(An)

% Ay inPP/SP, Ay(M;,,,)
% Ay inPP/SP

¢ R(AS) Correlator.

Using the frozen code from STEP-1:

¢ Sensitivity of observables tested using
AVFD simulation

+** Similar sensitivities are found in all
observables

A Iarge collective effort S. Choudhury et al. Chin. Phys. C, 46 (2022) 014101
’
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Ratio

M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

Isobars: Multiplicity and v,
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M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

Isobar: Ay Measurement Using Full TPC
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Data not consistent with pre-defined CME criteria




Summary of the Isobar Blind Analys

Ratio

1.02 +  STAR Isobar post-blind analysis, Vsyy = 200 GeV, Ru+Ru/Zr+Zr, 20-50%
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e M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

IS
From the blind analysis

* No pre-defined criterion is satisfied for
the observation of CME

* Precision of 0.4% is reached in the ratio
of observables between the two systems.

* Ay /v, ratios are below unity - mainly
driven by the multiplicity difference
between the two isobars
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Summc:ry of the Isobar Blind Ana|y5|
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If background comes from flowing clusters, we'd expect
Ay /v, to scale as 1/N (with some caveats...)

Important post-
blinding points:

« M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

From the blind analysis

* No pre-defined criterion is satisfied for
the observation of CME

* Precision of 0.4% is reached in the ratio
of observables between the two systems.

* Ay /v, ratios are below unity - mainly
driven by the multiplicity difference
between the two isobars

See STAR poster by Yicheng Feng
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Estimation from HIJING gives

—(0.85+ 0.26+0.44)%

= (0.65+ 0.11 + 0.22)%.
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Preliminary Isobar Background Estimate (Post-Blinding)

1.02 + STAR /sobar, Vsyn = 200 GeV, Ru+Ru/Zr+Zr, 20-50% |
[M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901]
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See STAR poster by Yicheng Feng

Isobar post-blinding: Ay results consistent with preliminary
background estimate within current uncertainty.
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Isobar: Charge Separation Measurement with Ry,

N. Magdy et al. Phys. Rev.
C, 97 (2018) 061901
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No significant difference is observed
between two isobar systems

In studies with frozen code for blind analysis, Ry, and Ay have

similar sensitivities to CME signal and background; 1/JI%IIJ2 ~ NAy

M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901
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M. S. Abdallah et al. (STAR) Phys. Rev. C,

|SObCII‘: Kllz Medsuremenf Wi'l'h FU” TPC 105 (2022) 014901
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Data not compatible with pre-defined CME criterion
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200 GeV Au-Au Data, Using Participant and Spectator Planes

0.3
AY{PP} = Aycme{PP}+ Aypkc{PP} [ STAR Au+Au (s, = 200 GeV

Ay{5P} = AycmetPP}/a+ AygkgiPPla 0 3 —e- 20-50%
' $ -~ 50-80%

a = (cos 2(Wpp — Wsp))
PP

Ay 1 /Eg 0.1F - i
cep _ AY(PP) /a Lo | - %
b= BT A
PP(TPC) : maximum background —0.1 ‘ (a)
H-J. Xy, et al, CPC 42 (2018) 084103; S. A. Voloshin, Phys. Rev. C 98 (2018) 054911
t 4 4 y FEO FEO 854 SEA
GI//C GI//C

* Can we reconcile this fcpe in Au-Au with isobar results? In isobar system, smaller B-field
(~AY3), larger Ay “flowing clusters” background ( ~ 1/A) , would argue for a smaller fcope
in isobar compared to Au-Au.

 STAR 2022 BUR: with 20B events from runs 23 and 25, we can achieve better than 50
significance provided the possible CME signal fraction remains at 8%
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New Work: Measurement with STAR EPD @ 27 GeV

We measure the elliptic flow and the charge separation, using Ay w.r.t. EPD-
inner first harmonic plane and the EPD-outer second harmonic plane.

Ybeam = 3.4

SPECTATOR PROTOR

STAR Preliminary
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b
Zg 06 L m ‘ i % | Quark Matter 2022
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1 - l |
If A)/BG: b v, 08 | + + * + 4 |
- RP. PP, SP... 0 | |
— (A_V ) _{cos(a+ B — 2_‘1”‘7/ 0 50 100 150 200 250 300 350 400

Ratio

Uy (cos(2a — 2'1”)‘)/ e N&% @
Under a ‘pure background’ scenario, all these The ratio of Ay /v, between spectator-proton rich EPD W,
ratios are equal. If different measurements yield plane and participant-dominated W, plane. CME-driven

different ratios, this would indicate a CME signal. correlations will make this ratio >1.
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New Work: Correlations with Other Parity-Odd Signals (A helicity)

Another observable sensitive to Local Parity Violation is
net helicity of As in each event.

In each event, sign of charge separation dipole and net helicity are both determined by same Q,, ! (N}j — Né) = 2Qw

—2In events where positive charges flow in B-field direction, expect NLA — Né\ >0

Q<0 Q,>0

B, B Can look for a correlation between sign of CME in
each event and net handedness of A in that event.
Two parity-odd observables with very different
background sources (can also observe A as further
systematics check and /or to increase statistical power)

Need 15" order
event plane (STAR EPD

or ZDC/SMD)

N2 > N§ Ng > Np

NA > NA NA > NA

Evan Finch



New Work: Correlations with Other Parity-Odd Signals (A helicity)
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DNP 2020

af =(sin(¢p+ — Urp)) AN = N> Np

Ny . N_.  _

Agy = — 2+ b N
NEN TN TN N

In 27GeV Au+Au data, we use EPD for 14

Measure covariance between
af—ay and NP> NG

“positive charge “Excess of left-
flow along B-field” helicity A”

Positive covariance (blue points above zero, 20-
60% centrality) would indicate presence of two
parity-odd effects tied to local parity violation

In 27GeV run 18 data, signal consistent with
zero within uncertainty

2022 STAR BUR: This method will be target for
future high-statistics Au-Au runs.
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Summary: Current Experimental Status of CME in STAR

Ratio

1.02 - STAR Isobar, Vsyy = 200 GeV, Ru+Ru/Zr+Zr, 20-50% i
[M. Abdallah et al. (STAR), Phys. Rev. C 105 (2022) 014901]
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Isobar blind analysis: no method shows
evidence for CME using pre-defined criteria.

Isobar post-blinding: Ay results consistent with
preliminary background estimate within
current uncertainty. We are working to reduce
this uncertainty.

In 200GeV Au+Au datq, spectator versus
participant plane analysis shows signal 1-30
above zero; working to better understand
possible remaining non-flow contributions.

More novel analyses underway, including using
1st-order plane to investigate correlations with
another parity-odd observable (A helicity)

Evan Finch
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M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

Isobar: Extraction of CME fraction: approach |l
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M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

Isobar Extraction of CME fraction: approach |
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Uncertainty dominated, no significant difference is observed e © O
between two isobar systems




M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901
J. Adam et al. (STAR), (2020), arXiv:2006.05035

Isobar: Ay vs. invariant mass

%2 o gt %1 0?3

STAR Isbbar blina analys}'s
| Sy = 200 GeV (20-50%)

B-field
direction
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B ! & 01F pO: -4.154-06 +/- 1.934¢-06 .
Focus on contrasting two isobar systems. Assuming the NE- U
background is proportional to v,, then: © _ #J_*J’_ﬁ__l - Mm L
Ru+Ru I AvyLZY+7Zr Ru+Ru WAL YAY > ' | I
Ay —aly =Aycme  — @ AYCME < + ; + {
=)
o
r — ,Ru+Ru /  Zr+Zr _
Where: a’' =v; /U5 g
Pre-defined CME criterion in the differential measurement: . . . . ,
0.5 1 1.5 2 2.5
Ru+Ru / Zr+Zr 2
Ay —aldy®">0 m,, (GeV/c")

Do not see a significant difference between systems
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M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901

Isobar: Elliptic flow & triangular flow measurements
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Isobar: Multiplicity and Centrality

Ratio (Ngffline)

Glauber
Nucleus R (fm) a (fm) B
zgRu 5.067 0.500 0
2821- 4.965 0.556 0

STAR Isobar bl/nd analysrs \/sNN 200 GeV'

1.1 —Eﬁrmency uncorrected tracks
(In|<0.5) *}
1.05 {N | ;
e ﬂo'*w‘“uﬁ**‘r‘**m r ___________________________________ N
i ’ﬁ
0.95 ,.” Ru+Ru/Zr+Zr
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** Glauber model including larger size of Ru and
smaller size of Zr provides a good fit to the

multiplicity distribution.

M. S. Abdallah et al. (STAR) Phys. Rev. C, 105 (2022) 014901
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New Work: Measurement with EPD @ 27 GeV

We measure the elliptic flow and the charge separation, using Ay w.r.t.

Yap = COS((;b“ + (,bﬁ _ 211;) TPC-EPD.-mner first harmonic planes and the TPC-EPD-outer second
harmonic plane.
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The ratio of Ay /v, between spectator proton rich EPD W, plane and
participant dominated W, plane is presented — CME driven

&y — 4y — 4y =...
L W)= L (W)= L (W)=

Where the ¥, Wg, Y,... are different planes

. . . fess correlations will make this ratio >1.
at same /similar rapidities
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