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Analysis of high statistics Au+Au

\ collisions 27 GeV collected by STAR in
i year 2018 for the search of the Chiral

e Magnetic Effect

_;{4:!’[/04/ il 7 ‘7

.....

i - !m R SRR

{{; ~—"r

? n & Alex Schmah F o

\ “ VAQ*A&._

; A
Ry N O

STAR YU HU, ECRS 2019, Nov 14, BNL, 2019 2



Strongest B-field in the Universe

Strong magnetic field
Collisions of two

heavy lons create B~1686auss
the strongest

magnetic
. . . D. Kharzeeyv, L. McLerran, and H. Warringa,
flelds In the universe  Nu.rhysasos, 227 (2008

McLerran and Skokov, Nucl. Phys. A929, 184 (2014)
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What i1s Chiral Magnetic Effect?
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Imbalance of left-handed & right-handed quarks + B-field = electric current
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How to detect Chiral Magnetic Effect

Charge separation across reaction plane
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We measure the angular correlations of positive and negative particles
across a plane (reaction plane) that is correlated to B-field directions.
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CME search at lower energies



Motivation: Vs dependence & BES-I data

The STAR collaboration has measured charge separation over a wide
range of collision energies
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Interesting observation: charge separation disappears at lower energies
We revisit the 27 GeV analysis with new capabilities & high statistics data
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STAR capabllity for CME search at low energies
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EPD: new capabllity of CME search at STAR

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

EPD detects both participants & spectators

Sign change of v; @ Ybeam
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We use two planes from EPD as proxy for Wgp Participants flow

W1 (n > Yveam): 15t-order event plane rich with spectator protons
W> (N < Yream): 2"9-order event plane of particles going in forward direction

First ever CME search of spectator proton plane
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Magnetic field map in a single collision
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Magnetic field map in a single collision

Au+Au 27 GeV, b=9.04164 fm, Npart=78, B-field (T) Protons © ¥, --
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Y1 (proton) is more correlated with Ws than W2 (participants)
We want to see if there Is any difference in charge separation
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Measurement of charge separation

Charge separation normalized by vz w.r.t. planes at |n|<Ybeam and |nN|>Ybeam
1

STAR Preliminary
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No significant difference in the scaled charge separation w.r.t.
spectator-proton & produced-particle event planes.
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d We utilized the uniqgue combination of Au+Au 27 GeV data collected
by STAR In the year 2018 of RHIC run and the newly installed Event

Plane Detector to study charge separation w.r.t. spectator-proton &
event planes at forward rapidity using the same detector.

d We see no significant difference of charge separation between the
two scenarios.

 Our results will put strong constraints on CME search.
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Observabllity of CME In heavy-ion collisions

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

=) F || B 2 dQs/dt x E- B

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

Temperature (T)

Baryon chemical potential (pg)

#3: Creation of strong magnetic field ~101&auss

All three conditions are strongly Vs-dependent
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Complexity of a real event

Pb+Pb @ 2.76 TeV

Magnetic field map 211 4 fm. N6 axial charge
Pb+Pb 2.76 TeV, b=11.4 fm, dN/dxy [a.u.]
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Going beyond cartoon picture: fluctuations dominate e-by-e physics
Both B-field & domain size of axial-charge change with Vs
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Why choose 27 GeV?

At low collision energies the magnetic field is smaller than at
high energies, but also has longer lifetime.

d New higher statistics low energies data.

3 CME search at the LHC and top o
RHIC energy indicates the =
dominance of background. What oo
happens at lower energy is of ;o
prime interest where the physics- " o] [
driving signal and background are o = |
different_ 1E4  1E3 001 01 1 10

deltaT (fm/c)

The magnetic decay at different energies by a
multiphase transport (AMPT) model simulation

YU HU, ECRS 2019, Nov 14, BNL, 2019



First step : Measurement of Elliptic anisotropy
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Elliptic anisotropy drops significantly w.r.t. spectator-proton plane due
to decorrelation and difference in flow fluctuations w.r.t. two planes.
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First step: Measurement of charge separation

Charge separation w.r.t. the plane 0.04 | STAR Preliminary |
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No significant difference in the charge separation w.r.t. spectator-proton &
produced-particle event planes.
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