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Year 2018 Run of RHIC : dedicated to search for chiral & vortical effects:
Isobar Ru+Ru/Zr+Zr@200 GeV

Au+Au @ 27 GeV

This talk: High statistics 27 GeV data
with Event Plane Detector provides new
capabilities for CME search at lower
energy in STAR
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The Chiral Magnetlc Effect (CME)
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Observability of CME in heavy-ion collisions

#1: Non-conservation of chirality: Collisions
generate fluctuating parallel chromo E & B fields

= E| B 2 dQs/dt <« E-B

#2:. A deconfined medium of massless
fermions (chiral symmetry restoration)

Temperature (T)

(Theme of this workshop)

Baryon chemical potential ()

#3: Creation of strong magnetic field ~1d 8Guauss

All three conditions are strongly Vs-dependent
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Observables for CME search : y-correlator

o Charge separation across reaction plane
o y“’ﬁ = <cos (qbg + qbf — 2L|JRP)>
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STAR capability to measure CME using y-correlator:

Charged tracks from TPC (-1<n<1)
Proxy for reaction planes: event-planes from ZDC-SMD, TPC & BBC



Motivation: Vs dependence & BES-I data

Charge separation vanishes towards lower energy
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(cos(p1 + ¢pa — 2W5)) x 10
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Why does charge separation disappear at lower /s ?
Is this because signal vanishes or background vanishes?

Many new insights since 2014 on how to handle background
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New developments: CME search at high Vs



CME search at top energy from STAR@QM 2019
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Use Signed Balance
Function & compensate
for boosted charge pairs:
rest(lab) & Re >1 : small
possible signal in data
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CME search at top energy from STAR@QM 2019

Exploit system dependence
(U+U /Au+Au) & correlation of
B-field with participants vs
spectator planes :

Small CME fraction &
dominance of background
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CME search at top energy from STAR@QM 2019

ALICE results on Pb+Pb and Xe+Xe also indicate small CME at LHC
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New theory guidance : Complexity of a real event

Magnetic field map ,'::1‘“1'725@“2,;,7‘)2:5‘2 Axial charge profile

Pb+Pb 2.76 TeV, b=11.4 fm, B-field (T) Protons © Pb+Pb 2.76 TeV, b=11.4 fm, dNg/dxy [a.u.]
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Going beyond cartoon picture: 1) Fluctuations dominate e-by-e
physics, 2) B-field & domain size of axial-charge change with Vs

Time to revisit CME search at low /s
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New developments: CME search at low Vs
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STAR capability for CME search at low energy

Beam Beam Counter
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Beam Beam Counter (3.3<n<5.1)
(East) (O<p<2m)
(-5.1<n<-3.3)
(O<p<2n)
Time
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(O<d <21)
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STAR capability for CME search at low energy

ﬁm S Event Plane Detector
e —e———— (West)
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Event Plane Detector : A major upgrade for BES-II, 0.3;*++++ -
fully installed in 2018 02 .
A factor of two increase in event-plane resolution sttt oot
. centrality (%)



STAR capability for CME search at low energy

STAR P Event Plane Detector

(West)
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We measure charge-dependent azimuthal correlators using TPC and EPD
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Details of our analysis

STAR 15 02:01:1 D . Event Plane Detector
P Wos Observables:
Event Plane Detector ‘,4."5,:,‘ — W), 1) . (2.1<n<5.1)
(East) e = = S (0<d <2m)
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Projection .. .
> Chamber Elliptic anisotropy
(-1<n<1)
(0<¢ <2m) vy = (cos(2¢ — 2WURp))
zq;Rp)) We use scalar
product method

Analysis detalils:
¢a & Pp all charge tracks from TPC: 0.2 < pr <2 GeV, Inl< 0.8
Centrality : TPC uncorrected tracks Inl< 0.5 Ygp: EPD with 2.1<Inl< 5.1

Systematics uncertainty: Variations in event & track selection criteria,
tracking efficiency, acceptance, luminosity, run, and trigger conditions.
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Unique advantage of EPD at 27 GeV

STAR Event Plane detector acceptance: 2.1<Inl<5.1
Beam rapidity for Au+Au 27 GeV, Ypeam =3.4 Spectator flow

EPD detects both participants & spectators _
Sign change of vi@ Ype

0.15

PHOBOS
Au+Au 0-40%
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A . -@~ 62.4 GeV
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N = Ybeam

We use two planes from EPD as proxy for Wgp Participants flow

Wi (n > Yveam): 18t-order plane, rich with spectator protons
Ws (N < Yveam): 2Md-order plane of forward produced particle

First ever measurement of CME using spectator proton plane
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Model expectations : a tale of two planes

Au+Au 27 GeV, b=9.04164 fm, N, =78, B-field (T)  Protons © Wy - Ty W
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W, (proton) is more correlated to Ws than W (participants)
We want to see if there is any difference in charge separation
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First step : Measurement of

Elliptic anisotropy

We take tracks from TPC & measure os

o STAR Preliminary
o ® Au+Au 27 GeV

@ Vo 11 (M>Ypem)
- - V2 (|n|<Ybeam)

@ In|>Ybeam/m|<Ybeam

. ° ° ¢ ° +

anisotropy w.r.t two planes .
Elliptic anisotropy w.r.t the plane of 2 o4
the produced particles Inl<Ypeam > ol m
Va2 = <COS (qu — 2¢|n|<ybeam)> 0 e
1
o _ g 0.9
Elliptic anisotropy w.r.to the plane
of the spectator protons InI>Y,, . "o

V2,1,1 = <COS(2¢ . L|J;l>Ybeam . L|JI11<_Ybeam)>

¢
l5'o

Npart

Elliptic anisotropy drops by 20% w.r.t spectator proton plane due to
decorrelation and difference in flow fluctuations w.r.t two planes

WSTAR *
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Model expectations : a tale of two planes

0a® & O W (participants)

So which plane shows more charge separation?
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Second step: Measurement of charge separation
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No significant difference in the charge separation w.r.t spectator
proton & produced particle event planes
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Measurement of charge separation
Charge separation normalized by v2 for planes at Inl<Ypeam & INI>Ypeam

1

STAR Preliminary
0.8 | [® Au+Au 27 GeV

0.6 || $‘ 8 = é

o
AN

02 ¥

% @ Avq1,11/V2,11 (IM>Ypeam)

okl @ AyqqoVo (INI<Ypeam)

14T & I>Y, oo /MI<Ypeam
o 1.2 + + |
ETr et ¢

0.8 ® T

0.6 | | | | | i -

0 50 100 150 200 250 300 350 400
I\Ipart

No significant difference in the scaled charge separation
w.r.t spectator proton & produced particle event planes.
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Summary

What did we try: STAR EPD@ 27 GeV
< We utilized the unique STAR capability . . .. ... NN
at Au+Au 27 GeV with the newly - oo

PROTONS

installed Event Plane Detector to study
charge separation w.r.t spectator proton
plane and event plane at forward — %
rapidity using the same detector.

FORWARD
PARTICIPANTS

What did we find:

J We found no significant difference of
charge separation between the two
scenarios

< Our results will provide valuables g i ons
constraints on the observability of CME R - /G &
search at low energies o a4
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Thank You
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