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Motivation
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sphaleron (NCS =i )

Spin: —» Momentum: —» ALICE
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=~ QCD vacuum: degenerate Chiral Magnetic Effect (CME): j,=

Ce

27’

= Generates chirality imbalance: . N.e
— Chiral Separation Effect (CSE): /A= 5 2 u, B

Chiral Magnetic Wave: CME + CSE

=" Axial and vector currents
=" |nduces parity odd domains

[1] Phys.Rev.Lett. 81 (1998) 512-515
[2] Phys.Rev.D. 101 (2020) 096014
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Heavy-ion collisions

ALICE

Reaction

=~ Chiral symmetry restoration plane

Y (defines ¥y)

Phys.Rev.Lett. 81 (1998) 512-
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Heavy-ion collisions

= Chiral symmetry restoration

" Deconfinement

Y (defines ¥y)

Phys.Rev.Lett. 81 (1998) 512-
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Heavy-ion collisions

Reaction
= Chiral symmetry restoration

" Deconfinement

= QCD vacuum transitions

Y (defines ¥y)

Phys.Rev.Lett. 81 (1998) 512-
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Heavy-ion collisions

ALICE

Reaction
= Chiral symmetry restoration

" Deconfinement
=~ QCD vacuum transitions

=" Extremely strong magnetic
field (~10'°T)

Y (defines ¥y)

Phys.Rev.Lett. 81 (1998) 512-
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Heavy-ion collisions

ALICE

_ Reaction
= Chiral symmetry restoration plane

l}f )
= Deconfinement i \

= QCD vacuum transitions

=" Extremely strong magnetic
field (~10'°T)

Y (defines ¥y)

AII the necessary conditions are possible
to be achieved in heavy-ion collisions

Phys.Rev.Lett. 81 (1998) 512-
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Anisotropic flow

ALICE

@ (b) (c)

Py

Collective interaction . \
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= pressure #
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. Coordinate space: Momentum space:
T N initial asymmetry final asymmetry

= Spatial anisotropy —® momentum anisotropy

Phys.Rev.D 48 (1993) 1132-1139
P.Das - CMW LXXI ICN - 2021 8



Anisotropic flow

ALICE
(@ (b) (c)
/
: Py
" Collective interaction ~ 54 /
pressure #
Sl 3
~ o -
\ £ g
e
Coordinate space: Momentum space:
initial asymmetry final asymmetry

= Spatial anisotropy —® momentum anisotropy

=~ Characterised by:

Phys.Rev.D 48 (1993) 1132-1139
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Observables

=" Charge dependent elliptic flow

h* _ Ach _N+_N-
Ve SV Fr—= A4T; NN
Av
d(—)
*> CMW observable: Norm_ (vy)
AV2 dACh

Normalised slope, »

* vV, +V
Avaviov (=t

=" Possible background:

Local charge conservation (LCC)
* Probe the background:

Similar measurement with v,

= Signal:

Norm
° rAv2 >0

Norm Norm
>r

° rsz Av,
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[1] Phys.Rev.Lett. 107 (2011) 052303
[2] Phys.Rev.C 100 (2019) 6, 064908
[3] Phys. Rev. C 103 (2021) 034906
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Observables

=" Charge dependent eIIiptic flow

o A N —N
Ve SV Fr—= MM NN

d Av,
=~ CMW observable: Norm_ <Vz>
sz dAC

Normallsed slope , h-+vh+
sz—vz v2 <V2>—

)

=" Possible background:

Local charge conservation (LCC)
* Probe the background:

Similar measurement with v,

= Signal:

Norm
° rAv2 >0

Norm Norm
>r

° rsz Av,
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Observables

------------------------------------------ ALICE
. For illustration purpose
= Charge dependent elllptlc flow RO PIPO2ES
vi=y ?Lr—ACh A[ NN A
2 - V2 2 4]_ N +N
( Av, ) ~
-
=~ CMW observable: Norm_ vy’ <
AV2 dA
ch | M e ________
Normallsed slope , h-+vh+
sz—vz v2 (vy)=— - >
. Ach
=" Possible background:
Local charge conservation (LCC) — Linear fit
* Probe the background: Slope = 700"
Similar measurement with v, -~ Case with no CMW
= Signal: \
L A0
. Tav, ZTay, [2] Phys.Rev.C 100 (2019) 6, 064908
[3] Phys. Rev. C 103 (2021) 034906
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ALICE detectors

Creator:cairo 1.14.6 (http://cairographi ﬂ L IC E
CreationDate:Mon Mar 6 15:35:55 2017

CreationDate:Mon Mar 6 15:35:55 2017

Languagel evel:3

: Time Projection Chamber (TPC): i
. (Inl < 0.9) i VO: VOA (2.8<n<5.1) &
i i . VOC (-3.7<n<-1.7)
. = Primary vertex and tracking :
' . = Trigger, centrality

5 " Momentum measurement

lS”PID through dE/dx
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ALICE

Analysis details

No. of events ~45x106°

Kinematic range In|<0.8

0.2<p_<0.5 GeV/c (pions)
0.2<p_<1.0 GeV/c (hadrons)

Non flow suppression |An| > 0.4 between subevents

Charge asymmetry (A ) 0.2<p_<10 GeV/c, |n|<0.8,
10 uniform bins (-0.1 to 0.1)

Centrality (%) 0-80
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Elliptic flow (v,) vs charge asymmetry (A )
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Triangular flow (v,) vs charge asymmetry (A )

ALICE
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Comparison of rNorm

-------------------------------

............................ 4

Nucl.Phys.A 1005 (2021) 121770

AV

] in ALICE to STAR and CMS

Phys. Rev. C 100 (2019) 064908

ALICE

| | | | | | | I | | | | | |
ALICE Preliminary

EIPb-Pb, \syy/=5-02 TeV

h, |An| ) 0.4,0.2¢ p_(1.0 GeV/c
®CMS, Pb-Pb, \ s, = 5.02 TeV

h,|An|)2.4,0.3(p_(3.0GeV/c
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Centrality (%)
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Comparison of ™ in ALICE to STAR and CMS

Av3
STAR = i L
Nucu'EH'y'é'X%'6615"('2"6'2'{5'1zmo Phys. Rov. G 100 (2018)
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| %STAR Preliminary 3 mCMS, Pb-Pb, | 5, = 5.02 TeV
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« No observed discrepancies in rNO”“ between ALICE, STAR and CMS,
but uncertainties are large
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Centrality dependence of rNem

| I I I I I I [ I [ I
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< 4 |- ALICE Preliminary

h, Pb—Pb | s, = 5.02 TeV

AN >0.4,0.2( p_{1.0 GeV/c

Av,

--Pol0 fit v, = 0.2713 + 0.0259
--Pol0 fit v, = 0.4128 + 0.1804

I
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Norm
s I Av,
Norm
o r Av,

=" Background dominates the signal
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has large uncertainties
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Comparison of rNorm ® with AMPT model
ALICE
§>N 1_' ] ! | | | | | | | I | | | | E
e ALICE Preliminary _
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= AMPT: No CMW and violation of charge conservation -> Slope
consistent with zero
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Summary

= First measurement of normalised Av_and Av, slope of charged hadrons anoﬂLICE

pions in Pb-Pb collisions in ALICE.

Norm Norm

o T, 20 but compatible with' &¥ indicates that background dominates the
signal
Norm
« " has large uncertainties
Norm rNorm
Av, Av,
e (ALICE) = (CMS)
Norm Norm
Av, rsz
o Norm (ALICE) < Norm (STAR) Norm
Av, rAv3 rAv3
5 Norm (ALICE) = (CMS) = (STAR)
Av,
5 2nt with zero from Al\ﬁat%ogﬁl

=" Analysis ongoing in high statistics data taken in 2018
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ALICE

THANK YOU
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