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Physics context

n—n' mass Uy(1) explain | strong CP
difference problem problem

high energy scale: # — constant
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Commonly-used observable: azimuthal correlator A~y

d]Vi + o + + Reacti .
d¢ﬁ x 14 2a3 Sln(¢ — \I/np) + 221)71 cos n(¢ — \Ilm,) pleaa:eﬁ‘r;p LorB 6

n

N )
CME term af ;;@L/;\,/

B~1014~15T

bZ
/'Z eB ~m2

® in the same event a1 = af = —aj .

® fluctuation randomly from event to event — (a1) vanishes

two particles «, 8 in the same event

B2, Yo = <COS(¢a + ¢ — Q‘I/m’)>7
Opposite-sign (OS) charged pair os;
Same-sign (SS) 7yss; their difference Uyp reaction plane (RP)
— s, direction
Ay = Yos — Yss- vy, flow coefficient

charge-independent backgrounds canceled
° (like momentum conservation)
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Signal and background in A~y

Signal

CME

®

— >,

Backgrounds

| ®

4

resonance decays jets, di-jets

® 2-particle background like resonance decay (e.g., p — 77~ ), which is coupled with vs.

® In data analysis, RP is unknown, so the reconstructed event plane (EP) is used as a proxy.

EP + 2 POlIs — correlated triplets (jets, di-jets, ...) — background
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Early experimental approaches
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The first measurements on A~y
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® vos > 0,75 < 0 — Ay > 0, qualitatively consistent with CME signal (?)

® background contribution not understood

® Follow-up calculations and simulations indicate that the backgrounds could be very significant
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Small system measurements

PbPb centrality(%)
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® Small system (p/d+Au/Pb, ...) — random B and EP orientations — zero signal expected

® Similar results between small systems and A+A — large background
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Recent experimental approaches
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Correlation between CME and A polarizatio

-+ helicity
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® STAR measurements consistent to
0 within uncertainties
3p0° : 5p0° (Run18 Au+4Au /sy = 27 GeV)
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Event shape method

Event Shape Engineering (ESE):
g2 (event shape): different 1 range

from observables A~, v
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Event Shape Selection (ESS):
g2,pair (event shape): same 7 range
as observables A~y, ve

(305 2¢pir) 2+ (3 sin 2¢055ir) 2

3 pair =
2,pair Npair 1+ Npair (v2))
o 0.04 e
= n STAR Au+Au (20%-50%) # '
< [ meson-meson: 0.2 <p,, p<1.4 GeVic, <1 ¢ avle g
Pl AR L.
Zﬁ F (] A aH{c, =2 5§
0.02/— .|
0.011- .
£ ¢ 4 f,‘ & B
I i bbby} ®-
ik} % ‘ ]
~o2f E
als [ ¥4 +(' ]
SaEF 1 + .
B 1 ]
<~ [®) { 1
Zo2F- B
REISRCSEE >
sy (GeV)

General idea:

e categorize events by event
shape g2 (g2,pair) ranges

e in each category, calculate
observables A~, v

e linear fit Ay-vo

— intercept at va = 0

'
2108

2
finat stato

@

/ 4
h V2 4 V2
finat state finalstato

® Event shape method — intercept at v = 0 — reduce flow background

® Underlying complication — needs further understanding
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Isobar experime

e Initial expectation: J5Ru, 35Zr: same A, different Z — same background, different signal
® Ru+Ru: proton number (Z) T — magnetic field + — CME signal T — A~vy/v2 T — Ru/Zr > 1

1.02 STAR Isobar post-blind analysis, Vsyy = 200 GeV, Ru+Ru/Zr+Zr, 20-50%
[M. Abdallah et al. (STAR), Phys. Rev. C 10!

Isobar
1
—— this study: baseline estimate
e OO

B collisions B
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® STAR blind analysis — Ru/Zr < 1 < multiplicity difference <— nuclear structure

® nonflow background baseline — CME upper limit 10% (95% CL)
. flow background 1 nonflow in vo measurement 1 3p nonflow |
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SP /PP comparison method and nonflow estimate
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Spectator plane (SP), participant plane (PP) comparison — fous

—~ 0
u STAR Au+Au |5, = 200 GeV
/\sp ‘\_’5 o e o 20-50% A~ “signal fraction”
/\‘ i -5 50-80% obs A/YCMH{pp}
0.1 " i i CME A~{prpr}
1 i (Av/va)s
- 0_7%,,,,:,,,§7777§, _ (Ay/va)er
- 2 - = B
] — H 21 (@ S -
: az(cosZ(y/,.,,—y/Q,.» 2 3 = = 2t
& @ EO.?_Z 5021 Etlr;;-o 5417:0
A=Aysey/ Aywey, a=vyisey/ v, ey Ggy, Gey, .1 .3 ) )
2R " % SP/PP projection coeff.
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fee =

® Participant plane (PP) <« collided nucleons — collective flow — flow background
® Spectator plane (SP) <« spectator protons — magnetic field — CME signal
® Signal and flow background respond two planes differently — comparing SP and PP — remove

flow background

residue background: nonflow



Decomposition of nonflow backgrounds

direct measurement

(A~ /v2)zpc _
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Nonflow in V2 measurement (2p nonflow)

x107°

T T T
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V,(An)

T T T

2 o v3{2(an)  —fit-- fit extrapolation ]
« v3{ZDCYAn) —fit—flow component |
L L L
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An

e 2p correlation for TPC flow
Va = (cos 2(¢a — ¢p)) = v2{2}
e nonflow fraction in Vo measure

snf
€nf — v2

I+er — V2

e v2{zDC}(n) measurement — Vo{zDC}(An) — fit flow shape
event plane decorrelation 1 — 2F5,An

flow fluctuations, assumed independent from 7

double Gaussian fits to nonflow

o fit V2(An) to separate flow and nonflow
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fit results in each centrality bin nonflow fraction in V4
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flow

e correlated triplets (jets, di-jets)

e models (no flow) — 3p/2p nonflow ratio £ = C3,/ V5, stable
HIJING, HIJING w/o jet quenching, HIJING w/ blast wave boost along pr, along 77, Pythia 8

e assume data also follow model £ — estimate 3p nonflow in data

><% '] STAR fitted nonflow £ " "HIJING quen. on >§.‘ [ T HIJING BWB-r, '~ HIJING quen. on

—-HIJING quen. on (6) = HIJING quen. off Z 14p HIJING BWB-p_ —-HIJING quen. off

1 - HIJING quen. off 1 - Pythia RHIC tune a T - Pythia RHIC tune
. - Pythia RHIC tune = Um [ =+ 3 model ave tsyst.

T

—HIJING BWB-r;
[+ HUING BWB-p_

~HIJING BWB-r;
[+ HUING BWB-p_ .

107

0 20 60 80 0 20 40 50 80 085 20 20 50 80
centrality (%) centrality (%) centrality (%)
2p nonflow V2, 3p nonflow C5, stable ratio £ = C’3p/V2P
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four after subtracting estimated nonflow

— r T T T T ] w ] T T T T w T
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v | . . :
(A;{/vz).ﬁz — 1 and bkg estimate four after correction four centrality averages

® fous becomes larger after correction

® systematic uncertainty includes different variations: data cuts, fit function, model dependence

19/24



HIJING simulation to test this method

T
L HIJING

T T T - T T T w T
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before correction f3%, < 0 — negative bkg

after correction feys ~ 0 — method valid
® No CME signal in model

PP fluctuates around RP event by event, simulated using Gaussian distribution

® re-weight each track by elliptic flow v = 0.05pr (pr < 2 GeV/c), v2 = 0.1 (pr > 2 GeV/c)

default HIJING (no flow) — estimate nonflow
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Outlook
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AR high-statistics new data

minimum bias
yeat [x10° events]
2014 9
2016
2023
2025 20

® STAR: collected 10x more
statistics in 2023-2025 for

Au-+Au 200 GeV

=
Y [staR AutAu {Som = 200 GeV. ] STAR Event Plane Detector //7%,,:’
| — /1%
w2041 centrality 20-50% m s 1 I
0.2 ]
ST
F PRL (2022) 4
O 128092301 =
[ - run 11+14+16
L __new data ]
=02 onflow bkg. basaline proj ]
before correction after correction
— big reduce in statistical ® new detectors improve
Uncertainty acceptance, event plane

resolution
(e.g, EPD, iTPC, ...)
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Summary
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® Background contamination is the major challenge in experimental
searches for CME.

Many methods have been tried to mitigate background.

. . w
® OQur recent study looked into backgrounds in Au+Au /s, = 200 2 0.4 STAR AU*AU Sy, = 200 GeV
B = """ centrality 20-50%
GeV [ m ?
. D-Zf [{] N STAR
® flow background < SP/PP comparison method A preliminary
[ PRL (2022)
® 2p nonflow <« fit An dependence, separate flow and O 128,092301 o run 11+14+16 4
i L o New data ]
nonflow in v2 measurement 0| E— iAol
® 3p nonflow < assumed proportional to 2p nonflow—weak - .
before correction after correction

dependence on models, radial flow, and centrality

® STAR new data: Au+Au /5, = 200 GeV — X 10 statistics;
new detectors EPD, iTPC — larger acceptance, resolution
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