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ﬁk Important features in non-central heavy-ion collisions

Strong magnetic field

B~ 10" T
(eB ~ MeV* (1 =0.2 fm))

D. Kharzeey, L. MclLerran, and H. Warringa,
Nucl.Phys.A803, 227 (2008)
MclLerran and Skokov, Nucl. Phys. A929, 184 (2014)

—Chiral magnetic effect
Chiral magnetic wave
particle polarization
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reaction plane

spectators

Orbital angular momentum

L ~ 10°k

Z.-T. Liang and X.-N. Wang, PRL94, 102301 (2005)

participants

— Chiral vortical effect
particle polarization



ste Global polarization

- Z.-T. Liang and X.-N. Wang, PRL94, 102301 (2005)
- S. Voloshin, nucl-th/0410089 (2004)

aNon-zero angular momentum transfers
to the spin degrees of freedom
(polarization)

antiparticle

particle

L |

Reaction Plane oParticles’ and anti-particles’ spins are aligned

with angular momentum, L

aMagnetic field align particle’s spin

o Particles’ and antiparticles’ spins are aligned
oppositely along B due to the opposite sign of
magnetic moment
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stie HOW 1O measure the g

lobal polarization?

Parity-violating decay of hyperons Projection onto the transverse plane

Angular momentum direction can be determined by

spectator deflection (spectators deflect outwards)
- S. Voloshin and TN, PRC94.021901(R)(2016)

L

Daughter baryon is preferentially emitted in the direction
of hyperon’s spin (opposite for anti-particle)

dN 1
A 4r

>k
(1 + OéHPH - pp)
PH: /\ pO|al‘izati0n .................
Pp . proton momentum in the A rest frame

aH. /\ decay parameter

= _a = 0.642+0.013 ~%p
(an=—an ) s beam direction (z)

X
A—=p+m 5’&& y  Pg= 8 Gsin(¥h = 6,))
(BR: 63.9%. c T~7.9 cm) N mag  Res(¥)

Wi1: azimuthal angle of b

C. Patrignani et al. (PDG), Chin. Phys. C 40, 100001 (2016) dp: ¢ of daughter proton in A rest frame
STAR, PRC76, 024915 (2007)
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STAR Nature 548, 62 (2017)

Py i o | R | |
§ Au+Au 20-50%
~ 8 D ¥ A this study
= | @ A this study |
S ¢ A PRC76 024915 (2007)
6 O A PRC76 024915 (2007)
4 |
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O il
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stz FIrst observation of fluid vortices in HIC

BEST NEW IDEAS & INSIGHTS |
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Positive polarization sig
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P e
Cosmnc Smashup ”
r Debate l.’

The Fastest Fluid

by Sylvia Morrow

Superhot material spins
at an incredible rate.

e

nal at lower energies!
crease In lower energies

- anti-A\ looks larger tha

Becattini, Karpenko, Lisa, Upsal, and Voloshin,

PRC95.054902 (2017)
F Il

Py o~ 1l w, ' up b
|2T' T
1 W upaB
Py ~
2Tl 1

N /\, possible etfect of B-tield”?

ua: A magnetic moment
T: temperature at thermal equilibrium

w = (Py + Px)kgT/h
~ 0.02-0.09 fm !
~ 0.6-2.7 x 10%%s~1

(T=160 MeV)

The most vortical fluid ever observed!



‘= Positive signal at Vsyn = 2

00 GeV

STAR, PRC98, 014910 (2018)
o 93
= Nature548.62 (2017) Average Py for 20-50%:
o oo 071 0.039
: | SRG76.024515 (2007 PH(/_\) %] = 0.277 + 0.040(stat) £, 04 (Sys)
A SR Pr(A) [%] = 0.240 4 0.045(stat) +005 (sys)
this analysis
* A WA
aving new results for 200 GeV, Py decreases in higher energy
NN| - partly due to stronger shear flow structure in lower +/snn
\_Fii& because of baryon transparency
 UrQMD+VHLLE, A~ T | | - Both hydrodynamic and AMPT models describe the data
i JP?TW o primanyreed-donT - 15%-20% smearing effect in the data due to feed-down
: Prmany primary+feed-down ! F. Becattini, I. Karpenko, M. Lisa, I. Upsal, and S. Voloshin,
R B I PRC95.054902 (2017)

Vs [GeV]

UrQMD+vHLLE: |. Karpenko and F. Becattini, EPJC(2017)77:213
AMPT: H. Li et al., Phys. Rev. C 96, 054908 (2017)
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stir AziImuthal angle dependence of P

N | | | | | | | | | | | | | | |
2 - .
~ STAR preliminar Au+Au 200GeV
o) = OOr P y 4 Py (=P,), rest frame
out-ot-plane i 20-50% 8 out-of-plane 0.012
i 3 0.009
4 — . 2 0.006
0.4r1 E = A and A combined 1 0.003
<PH> : — — — . e O OOOO
0.2 -0.003
. -0.006
: i _0009
O b | 4 -0.012
u -4-3-2-10 1 2 3 4
I p. [GeV]
- in-plane <4+—P out-of-plane -
—0.20 — 0'5 ! ; L 1'5 |. Karpenko and F. Becattini, EPJC(2017)77:213

¢ — ¥y [rad]
+ Larger polarization in in-plane than in out-of-plane

4+ Opposite to the hydrodynamic expectation (larger in out-of-plane)
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stie A polarization vs. charge asymmetry

Chiral Separation Effect

B — Bl STAR, PRC98, 014910 (2018)
Sa AﬁS_l Aﬁ 44D — = —
D |doD 2D b 2 | STAR Au+Au |s,, = 200 GeV 20%-60%
%47 B T ml<1, 0.5<p.<6 GeVi/c _
L ()] > E‘Eﬁ) J5 X MVB O - , pT *A WA
SY P | B
) u 7= 0 - _
0.5
B-field + massless quarks + non-zero py — axial current Js I
<N_|_ _ N_> B-field P spin Jg i
T = A h A A
T Tru 1 : -
O_ __________________________________________________________________________
>0 lLH T
i slope =+ stat.uncert. + syst.uncert.
o Slopes of A and anti-A seem to be different (~2 o level) I A: 0.097 = 0.041 = 0.043 [%]
| o o | - A: -0.112 = 0.045 + 0.102 [%)]
a Possible contribution to the polarization from the axial TR AU R RN R SR SR

_2 ~1 0 1 2
observed Ach/ O

current Js induced by B-field (Chiral Separation Effect)

S. Shlichting and S. Voloshin Ach

1. Niida, Chirality Workshop 2019 3



Local vorticity

Yo

vortex induced by |et local vorticity induced by collective flow

: flow velocity e (GeV/fm?)

0.45
0.4
0.35
0.3
0.25
Y. Tachibana and T. Hirano, L.-G. Pang, H. Peterson, Q. Wang, and X.-N. Wang F. Becattini and |. Karpenko, PRL120.012302 (2018)
NPA904-905 (2013) 1023 PRL117, 192301 (2016) S. Voloshin, EPJ Web Conf.171, 07002 (2018)

Vorticity (polarization) along the beam direction due to the elliptic tlow
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stir Polarization along the beam direction

S. Voloshin, SQM2017
F. Becattini and I. Karpenko, PRL120.012302 (2018)

L iN 1
— — (1 4+ agPu - p;
d)* 47’('( HEH pp)
8 ‘: IN
(cos ) = / —r 008 0,d<Y”
— = ay P, ((cos (9;;)2>
beam direction (z) (cos %)
- P = p
X ° ap((cos6)?)
h & 3(cos O
b QQ’O y = < P / (if perfect detector)
& o
aH. hyperon decay parameter
6. 6 of daughter proton in A rest frame
Stronger flow in in-plane than in out-of-plane Longitudinal component, P,, can be expressed with <cos 6 p™>.
could make local polarization along beam axis! <(cos B ")2> accounts for an acceptance effect
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stir Polarization along the beam direction

Hydro calculation of P:
F. Becattini and |. Karpenko,

S. Voloshin, SQM2017 PRL.120.012302 (2018)

P 0.001 P*, /53N =200 GeV RHIC
- Au+Au \s, = 200 GeV

0.012
0.008
0.004 OUt-of-plane

0.000
—0.004 ‘ _
—0.008 ln—plane

—0.012
—0.016

10%-60%

||||||||||O|||||||||
*

—0.0005~ *A o Sine structure as expected from the elliptic flow!
™ STAR Prelimi . . -
A amnany o Opposite sign to the hydrodynamic model and
-0.001 '(')' —— 1' — 2' — é — transport model (AMPT)

- Hydro model: F. Becattini and |. Karpenko, PRL.120.012302 (2018)
¢-‘I’2 [rad] - AMPT model: X. Xia, H. Li, Z. Tang, Q. Wang, arXiv:1803.0086

- Effect of W2 resolution is not corrected here
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stir Centrality dependence of P> modulation

3 |
3>~ i _ | |
= | AurAuYsy, =200 GeV : nStrong centrality dependence as in vz
E*N STAR preliminary o _ | |
N i oSimilar magnitude to the global polarization
_e_ -
= o5 H 0~5 times smaller magnitude than the hydro
u — ] *A *K UAL i . = .
N i i and AMPT with the opposite sign!
0 |
i * - 1 F. Becattini and |. Karpenko, PRL.120.012302 (2018)
- i 0.030 [ | | | |
_ o ¥ voosll — rascevmic | 20-50%
ﬁﬂ’ Jﬂﬁ = 200 GeV RHIC
Ol ] J R §: 0020L] -+ 2760 GeV LHC _
| | | | | | | | | | | | | | | | /Z\ 0.015 - // _|
0 20 40 60 80 N
: = voro ~(). 8% AT _
Centrality [%] Lk LT
<pt> of A ~1.4 GeV/c 0.005 ' _
(0.5<p1<6 GeV/c) |

0'00%. 2.5 3.0
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7STAR

Sign problem in P:

Opposite sign to hydrodynamic model and AMPT model

- F. Becattini and [. Karpenko, PRL.120.0

3D viscous hydrodynamic model with L
assuming a local thermal equilibrium

2302 (2018)
rQMD initial condition

- AMPT: X. Xia, H. Li, Z. Tang, Q. Wang, PRC98.024905 (2018)

Same sign as chiral kinetic approach

- Y. Sun and C.-M. Ko, PRC99, 01 1903(R) (2019)
- Assuming non-equilibrium of spin degree of freedom

- Smaller quark scattering cross section

changes the sign

Suggest incomplete thermal equilibrium of spin degree of freedom
as it may develop later in time unlike the global polarization?
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Hydrodynamic model

Pz, /syy =200 GeV RHIC

A
o

1 2 3

0.016
0.012
0.008
0.004

40.000

o
| I

—0.004
—0.008
—0.012
—0.016

out-of-plane

L,

IN-plane

AMPT, Au+Au 200 GeV 20-50%

N

(P)

| |
0 /2

| |
3r/2 21

n
dp
chiral kinetic approach 200 gev, 30-40%
eyt
8- X o |y|<2 . |
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“~N | T ¢ od
Q'/ 4! L LT "ty |
¢bo ¢
8 o=10mb |
0 2 (I)p 4 6 13



stie Contributions to Pz in hydro

|. Karpenko, QM2018

1 1
SH o< eMPOT @, 5 pr = EMPOT (D, By ) pr = E*POT p10), (-) U + Tz (0" (u-p)—uH(@-p)] + €*P°prAsu,

Longitudinal quadrupole f>:

2(P*() - sin(26,))

g

2.0

1.5

1.0

0.5

Oﬁ&

1e-2

N —— ——

temperature gradient

total
grad T

- acceleration

vorticity

Vv sy = 200 GeV
20-50% AuAu

\ﬂ
\ﬂ
\(
l'
r\‘"
|”‘

ﬂﬂﬂﬂﬂ
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I ———

acceleration

%/_/
“NR vorticity”

kinematic vorticity

ocradTl
relativistic term

P, dominated by temperature gradient and relativistic term,
out not by kinematic vorticity based on the hydro model.

Can we get such a small kinetic vorticity in the blast-wave
model?

14
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stie Kinematic vorticity in the blast-wave model

S. Voloshin, SQM2017
EPJ Web Conf. 171, 07002 (2018)

Fmax = R[1 — aCOS(2¢S)]7

pt — pt,max[r/rmax(¢s)][1 + b COS(2¢S)] ~ pt,max(r/R)[l + (Cl + b) COS(2¢S)]'

Approximation of the kinetic vorticity in the blast-wave model:

W; = I/Z(V X V)Z ~ (pt,nmax/R) Sln(n¢s)[bn — a,].

an: spatial anisotropy  R: reference source radius
bn: flow anisotropy ot. transverse flow velocity

Quadrupole or sine structure of w:zis expected with the factor [bn-an].
The sign could be negative depending on the relation of flow and spatial anisotropy.
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e Blast-wave model parameterization

 Hydro-inspired model parameterized with freeze-out condition
assuming the longitudinal boost invariance

- Freeze-out temperature Ts

- Radial flow rapidity po and its modulation p2
- Source size Rx and Ry

F. Retiere and M. Lisa, PRC70.044907 (2004)

O,
p(r, &s) = Tpo + p2 cos(2¢y)] /F
. . 7 o, [ event
7 (r, ps) = \/(7“ cos ¢, )*/ Rz + (rsin ¢5)?/ R2 < > plane
» (Calculate vorticity at the freeze-out using the parameters
extracted from spectra, vo, and HBT fit
. FIG. 2. Schematic illus.tration of an elliptical subsh.ell of the
(. sin(2g)) = 490 T 2 (0e) K1 (5w sin(2¢) e e st i Song st o e o
f d¢3 f rdr I() (Oét)Kl (Bt) boost. In this example, p, >0 [see Eq. (4)].
1 (Ou, Ouy ds: azimuthal angle of the source element
2\ Ox Oy )’ bp: boost angle perpendicular to the elliptical
subshell

u: local flow velocity, In, Kn: modified Bessel functions
1. Niida, Chirality Workshop 2019 16



st Wz and Pz from the BW model

e.g. Blast-wave fit to spectra and vo

3

o 10 E o
> F 0-10% > 03r =)
10 g_\.\‘e " q\g 0.005 — pT=1 GeV/c
105— e\‘ 8N
i,
I:
| \\‘\3\\\ ) |
107 /\/\/
- @ 0
10° B
- O _
3| o v
10 E
=009 N - 0-10%
10 1 2 3 0 1 2 3
p. [GeV/c] p. [GeVi/c] -0.005—
| | |
Data: 0 2 4 6
PHENIX, PRC69.034909 (2004) <I>p [rad]

PHENIX, PRC93.051902(R) (2016)

Calculated vorticity wz shows the sine modulation. Assuming a local thermal equilibrium,
Zz-component of polarization is estimated as follows: P, ~ wz/(QT)
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stir P> modulation from the BW model

g i—  Au+Au\s,, =200 GeV o AMPT model
~ . STAR Prelimi L . . .
;N Ay R e Opposite sign and 5 times larger in magnitude
N XA KA X. Xia, H. Li, Z. Tang, Q. Wang, PRC98.024905 (2018)
N - AMPT (x 0.2)
c — BW (spectra+v ) ) H
® O3 __ BW (spectra+v_+HBT) ‘L% i o Blast-wave model

- w
T I " | W e simple estimate for kinematic vorticity

i * similar magnitude to the data

* Inclusion of HBT in the fit affects the sign in
ST peripheral collisions

T. Niida, S. Voloshin, A. Dobrin, and R. Bertens,

I T R R T R R T S R S B R N preparation
0 20 40 60 80

Centrality [%]
BW parameters obtained with HBT: STAR, PRC71.044906 (2005)
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Summary

o Observation of A global polarization at vsnn= 7.7-200 GeV
o Polarization decreases at higher energies, qualitatively consistent with the models
— Quantitatively consistent with hydrodynamic and AMPT models

o Larger signal in in-plane than in out-of-plane, opposite to the hydrodynamic model
—+ Disagree with hydrodynamic model

o Charge-asymmetry dependence with different slopes between A and anti-A (~2 o level)
— A possible relation to the axial current induced by B-field?

o First study of A polarization along the beam direction at vsnn = 200 GeV

o Quadrupole structure of the polarization relative to the 2nd-order event plane

— Qualitatively consistent with a picture of the elliptic flow but agree/disagree
among the data and theoretical calculations in the sign

o Strong centrality dependence as in the elliptic flow

o Sign problem among different models and data, but the blast-wave model predicts the
same sign and similar magnitude to the data
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Outlook

Isobar collision data (Ru+Ru, Zr+Zr) already taken in 2018! N

o Same mass number but different number of protons %R ythenium 96 7irconium :
—10% difference in the magnetic field %
—More Pn splitting between A and anti-A in Ru?

J

11~ W.-T. Deng, X.-G. Huang,|
. G.-L. Ma, & G. Wang,

PRC2016 |
10 20 30 40 50 60 70

Centrality (%)

'New 27 GeV data taken in 2018! (x10 events with ~1.5 better EP resolution)
o Possible probe of the magnetic field from A vs anti-A global polarization

O

D.-X. Wel et al., arXiv:1810.00151

'Beam Energy Scan Il (2019+) with STAR detector upgrade of  Ausmuz0son

IY|<1 —E—A&A
] .

o x10 events for Vsnn= 7.7-19.6 GeV (collider mode) + Vsnn= 3-7.7 GeV (Fixed target) :\;4- +a

o | T
a ,

o How about at forward/backward rapidity”? How about for multi-strangeness? B

Obccccoae e B__ .

O
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Vorticity in HIC

impact parameter

Becattini et al.,
PRC77, 024906 (2008)

.

.w . " "
= beam direction

. Z /\0_2:

o UrQMD

In non-central collisions,
the initial collective longitudinal flow velocity depends on x.

1 Owv,
2 Ox

1
wy:§(V><v)yz
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s STAR Detectors

. . TPC dE
Time-Of-Flight detector a0l

(In1<0.9) s

30

Time Projection Chamber
(Ini<1)

25

Beam-Beam Counter

20

15

<dE/dx>(GeV/cm)

p/q(GeV/c)

TOF 1/B8 vs momentum/charge

2.0m T \
| ;‘ | "
1 1

1.6

um——_%

\

\\\\\\\\\

- Full azimuth , e rapic Y N —- N
" | | ti atic / \ RS p/q(GeV/c)

- ExceHeQR’

by Maria & Alex Schmah
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ste Slgnal extraction with A hyperons

10° «10° STAR, PRC98, 014910 (2018)
: A STAR 10%-80% 405_ K Au+Au 200 GeV
40__ —real 30:‘
| _BG (fit :
| - BG (mix) 20:-
ook [real-BG (fit) :
: 10;— (b)
- I 44----""'_IJ iLL"‘-L-.\L . : 4 J—___-_--—-"'; -LL"‘--.\L !
11 111 112 11 111 112
M_ [GeV/c?] M. [GeV/c?]
;c: 0001 A I A iZBeC;OofBS+BM
2_‘/ | - nv
s | + 1k
0 L L _:L ________ i S
................. _ _ neqative for anti-A
0001 STAR 10%-80% () T (b) O? o~
] R B I T e I I T R I T E H — H
o 2 2
beam direction (z) . * M [GEV/CT] M, [GEV/CT]
8 (sin(V; — ¢
X Py = b - ¥\ 0b B - S
P TOH Res \Ijl (sin(W; — ¢p)>0 Y= (1 = fPE(Miny))(sin(W; — ¢,))°F
& y
X

=+ fBg(MianSin(\Ijl — qb;x;))Bg,
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stir Feed-down effect

o Only ~25% of measured A and anti-/A are primary, while ~60% are feed-down
from 2*=>Am, 20=>ANy, Z=—Amn

o Polarization of parent particle R Is transferred to i1ts daughter A

x k S(S+1) L CAaR : coefficient of spin transfer from parent R to A
SA - CSR (Sy) 3 (w + §B) Sr : parent particle’s spin
far : fraction of A originating from parent R
Becattini, Karpenko, Lisa, Upsal, and Voloshin, PRC95.054902 (2017) UR : magnetic moment of particle R
_ _—1
[ we \ : % (farCAr — 35fs0r Csor) Sr(SR+1) 2 %: (fARCar — 5 fxor Csor) (Sr+1) g [ PRe
\ B./T 52 (5rCxr — 307 C0r) Se(Sr+1) 32 (fxrCrr — 3/507Cxor) S+ Dig \ PEess )
o/ L R R -
Decay C
Parity conserving: /2t — 127 0~ —1/3
Parity conserving: /2= — 127 0~ 1 _ _ _ . .
party conmerving: 127~ 20 s 15%-20% dilution of primary A polarization
20 > A+ 7Y 0.900
SOWE ryse (model-dependent)
05 A4y —1/3
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stie Possible probe of magnetic field

QM17, I. Upsal (STAR)

— 15 McLerran and Skokov, Nucl. Phys. A929, 184 (2014)
2 | iy
L K this study Becattini, Karpenko, Lisa, Upsal, and Voloshin, E N
" M JA PRC76 024915 (2007) | PRC95.054902 (2017) R
_— | u I I = = =
5 0 Au+Au 20-50% 1w upB : o
£ | PA ~ > Tl | 7 . 0.01
]
0 ' 0.001
5 — lw, upDb
@¥ Ewy P]\ ~ . I 0.0001
I A 2 % 21, A : o5
1 # ua: /A magnetic moment 107°
I- -@- B . I-I -I Iq Il B I- | I- -I -I -I I-I-Il- Il N : 10_7_1
: =~ | PR o this siuc I b = (PA — P/‘\)kBT/MN t/Ray
— is study I NPT YT
ol S oo ||~ 50107 [Tesa conduciiiy ncieases ifeime
[1
S M _
- 5 STAR preliminary : nuclear magneton pn = -0.613pa B 103 T
: B
r i : (eB ~ MeV? (1 = 0.2 fm))
i L # | | |
| o) E— ® T o) #m ---------------- BL : Extracted B-field is close to our expectation.
: | A : Need more data with better precision
] : ..
: 10 10° : —BES-II and Isobaric collisions
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st Centrality dependence of

PH

@ STAR, PRC98, 014910 (2018)
AMPT model,
1=  STAR Au+Au |s, = 200 GeV

2
oeripheral Y. Jiang et al., PRC94, 044910 (2016) T i
0.12 . . Inl<1, O.5<pT<6 GeV/c
0.10 I
— : * A
1 *
'— 0.08 *
é i A - i
— 0.06 0.5|—
>
S i | i N e
— 004 | < (l
0.024 - (i I bt
0 2 4 6 8 i
central Time (fm/c) OO ________________________________ ' ______ 1.
QO —
O | | | | | | | | | | | | |
20 40 60 80

Centrality [%]

In most central collision = no Initial angular momentum
As expected, the polarization decreases iIn more central collisions
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st 1) dependence of Py

VEny =624 GeV, 20-50% central Au-Au, averaged IC
|

o . o0 =
°r B | — ZOOGeV ] —
. ] 12 008 Au+tAu /| \ - 546GeV - D_I
L IR TE 006 [0=04fm [ e 900GeV

go_ 1 -§0ﬂ4

i Nl N 5 "//j \ |

T i | 0.00 based on|energy flow T

T I § 2 1 0 1 2
n

- Shear flow structure/initial flow velocity would be stronger
in forward/backward region
- Expect rapidity dependence of the polarization

|. Karpenko and F. Becattini, EPJC(2017)77:213

0.5

STAR, PRC98, 014910 (2018)

STAR Au+Au \/SNN =200 GeV
20%-60%, O.5<pT<6 GeV/c

* A

1
N

W.-T. Deng and X-G. Huang, arXiv:1609.01801 0 [he data do not show significant n dependence

o Maybe due to baryon transparency at higher energy

a Also due to event-by-event C.M. fluctuations

1. Niida, Chirality Workshop 2019
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STAR, PRC98, 014910 (2018)

P, [%]

STAR Au+Au |s,,, = 200 GeV
1 20%-60%, |T]|<1

hydro, primary A

- XA — UrQMD IC
i * A - - -Glauber+tilt IC
0.5/— ) i
O _"'"'"""""'""""':'-"_'E""'-""-"—'_"_"_'_"_' ::: ‘E' """"""""
B | | | | | | | | | | | | | | | |
0 2 3 4
P_ [GeV/c]
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st P dependence of Py

oNo significant pt dependence, as expected from
the Initial angular momentum of the system

oHydrodynamic model underestimates the data.
nitial conditions affect the magnitude and

dependence on pT

3D viscous

conditions (
- UrQMD IC

nydrodynamic model with two initial

Cs)

- Glauber with source tilt IC
F. Becattini and |. Karpenko, PRL120.012302, 2018
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e Systematic uncertainties

Case of 200 GeV as an example

a Event plane determination: ~22%

o Methods to extract the polarization signal: ~21%

a Possible contribution from the background: ~13%

o Topological cuts: <3%

a Uncertainties of the decay parameter: ~2% for A, ~9.6% for anti-A

o Extraction of A yield (BG estimate): <1%

Also, the following studies were done to check If there is no experimental effect:
a Two different polarities of the magnetic field for TPC

a Acceptance effect

a Different time period during the data taking

o Efficiency effect

1. Niida, Chirality Workshop 2019
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