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Global polarization of hyperons 1n heavy 1on collisions

PROJECTILE
SPECTATORS

Orbital angular momentum

ERECIL0kS participants L Leads to global polarization

Z.-T. Liang and X.-N. Wang,
PRL94, 102301 (2005)
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Global polarization of hyperons 1n heavy 1on collisions

PROJECTILE
SPECTATORS

A rest frame

o 1
SPECTATORS dQ* = 477: (1 -+ aHPHCOSH*)

Orbital angular momentum P — 8 1 (Sin(qjl - ff);))
A mapAg  Res(W;)

spectators L o
& participants Leads to global polarization
Z.-T. Liang and X.-N. Wang, ay = —ay = 0.732+ 0.014
PRL94, 102301 (2005) A,: Acceptance correction factor

Y, : First — order event plane angle
Res(¥;) : Event plane resolution
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Global polarization of hyperons 1n heavy 1on collisions

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401
ﬁ STAR Au4Au 20%—50%

Nature548.62 (2017)
PRC76.024915 (2007)
PR(C98.014910 (2018)
PRC104.1.061901 (2021)

5t ALICE PRC101.044611 (2020)
+ A& A Pb+Pb 15%—50%
HADES PLB835.137506 (2022)
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O OO
a4

5 A Au+Au 20% —40%
= A Ag+Ag 20% —40%
1) PR, i v _ WS PO
I AMPT, A = —ag =102
i Primary Primary +feed-down
UrQMD+vHLLE, A
' Primary --- Primary+ feed-down
101! 102 103

Snn/GeV
O Significant global polarization of A and A observed at RHIC energies and HADES.
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Global polarization system size dependence
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S. Alzhrani et al., Phys. Rev. C 106.014905
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O System size dependence of global polarization?

o 7Au > 8Ru, 38Zr > S3Cu > 150 * P < pRY ~
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S.Z, Shi, K.L. Li, I.F. Liao, PLB 788 (2019) 409-413
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Global polarization magnetic fields effect

S. Alzhrani et al., Phys. Rev. C 106.014905

N T T T T T T T T T T T T T T T ] 10 T T T T T T T T T T T T T T
14 - esw = 0.5 GeV/fm? 7 I Au+Au | D
| ———— esw = 0.35 GeV/fm?3 1 [ T/(e+ P) = 0'038 ————— Ru+Ru - PA | | B
1.2 - — 0.8 - Esw — 0.5 GeV/fm
[ esw = 0.25 GeV /fm? ] L w=0.8"fm S 0+0 ! N
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R nT/(e+ P) =0.08, w = 0.8 fm 2 DS Pr<o e e 4 .
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O System size dependence of global polarization?
* 1934w > 4R, 387r > S3Cu > 50 mmmPmmm) PV < PYU < PYT < PR < PR

O Global polarization difference from different magnetic fields in Zr+Zr and Ru+Ru?
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STAR detector and A/A reconstruction

Event plane reconstruction:
Time Projection Chamber
Zero Degree Calorimeters

A/A reconstruction:
Time Projection Chamber

Time Of Flight

2023/7/18

Event plane resolution
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A/A reconstructed with TPC tracks

x10°
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Global polarization of A and A in isobar collisions
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O Significant global polarization observed, Py and Pz increase with centrality
O No significant difference between P, and Pz in Ru+Ru and Zr+Zr collisions

O Global polarization of A + A are consistent between Ru+Ru and Zr+Zr collisions
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Global polarization of A and A in isobar and Au+Au collisions
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O Global polarization of A and A are consistent between isobar and Au+Au collision systems

O No collision system size dependence is observed
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Local polarization of hyperons in heavy 1on collisions

dN
@ Z A (cosby) = Jmcos%‘dﬂ*

= apP,((cos6;)?)

(COSQS)

a aA<(C059;)2)

»

beam direction (z)

O Polarization along the beam direction expected from the “elliptic flow”

0 STAR has observed the local polarization with second order event plane in Au+Au collisions
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Local polarization of hyperons in heavy 1on collisions

AN P, < {cosOp) AR, PRL123, 132301(2019)
¥ A 4 * * * Q
; (cosHP) = | 5= co0s6,dQ 2 0.001
; a0 = " STAR  Au+Au \/s, = 200 GeV
i = apP,((cos6;)?) @,Q . 20%-60%
' . ® 0.0005
__ {cosbp) 3 i
z — * ~ L
aA<(C059p)2) ~ -
S o
c .
—k c.) |
7)) N
—0.00051 fit: p_+2p sin(2¢-2¥))
e . L XA p,=0.0160.003 [%)]
E beam direction (; -0.001 L YA P, =0.015+0.003 [%]
B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
(I) 1 2 3
¢-‘P2 [rad]

O Local vorticity induced by anisotropic flow results in polarization along the beam direction,
expected from the “elliptic flow”

0 STAR has observed the local polarization with second order event plane in Au+Au collisions
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Local polarization of hyperons in heavy 1on collisions

P, « (cos@, ;
; 0.001 20—
- STAR  Au+Au \s,, =200 GeV P, (1/1000) - shear
: 20%-60% A hyperon
0.0005 10+ l
O—_ - T
: e
—0.00051~ fit: p +2p sin(2¢9-2%) -10} A
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I I B S T o 1 2 3
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0 Models based on thermal vorticity cannot explain the data, but inclusion of a shear term might explain
the P, measurement
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Local polarization of hyperons in heavy 1on collisions

P, < (cos0)
@ z 4 z ( p) STAR, PRL123, 132301 (2019) A ALICE, PRL128, 172005 (2022)
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0 Models based on thermal vorticity cannot explain the data, but inclusion of a shear term might explain
the P, measurement
O Collision system size and energy dependence of local polarization?
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Local polarization of hyperons in heavy 1on collisions

P, < (cosB;
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O Models based on thermal vorticity cannot explain the data, but inclusion of a shear term might
explain the P, measurement

O Collision system size and energy dependence of local polarization?

0 Measurements in smaller systems and relative to higher harmonic event planes provide
new insights into polarization phenomena
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Local polarization in 1sobar collisions

Ru+Ru&Zr+Zr \/SNN =200 GeV
Centrality: 20%-60%

= i
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arXiv:2303.09074
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2 4 6
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o

O Significant local polarization w.r.t second order event plane observed in isobar collisions
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Local polarization in 1sobar collisions

Ru+Ru&Zr+Zr \/SNN =200 GeV
Centrality: 20%-60%
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O Significant local polarization w.r.t second-order event plane observed in isobar collisions

O First observation of local polarization w.r.t the third-order event plane
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Centrality dependence of P, ,,

Pz,n = (PzSin[n(¢ - Lpn)])

T — 0 Second Fourier sine coefficient of the local
By L Ru+Ru&Zr+Zr, A+A
=3  S=e larization i ith centralit
— polarization increases with centrality
=3 =
= T . L .
& Hydro Ru+Ru, 7T/(e+P)=-0.08 O Significant local polarization w.r.t third-order

| B 7 n=2 (mm +SIPBQP)
‘= 05— B8 n-2(o,+SIP,,) ideal hydro
‘» -==n=2 (o, +SIP )

N[ EEn-3(o,+SIP,,)

T

s L
B — L[

| STAR {5y=200GeV ~ """ == mnnmnnnn i describe the data for central collisions, but not for

0.5<p_<6GeV/c, |y [<1 o, =-o_=0.732+0.014! ,
I DR N L R T M S M A A B R perlpheral S. Alzhrani et al., PhYSRCVC106014905
0 20 40 60 80

arXiv:2303.09074 Centrality [%]

event plane

O Comparable second and third order sine

coefficients of P, ;,, consistent with each other

O Hydrodynamic models with shear term reasonably
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P, , 1n different collision systems

Pz,n = (PzSin[n(¢ - Lpn)])

(P, sin[2(¢-% )] [%]

1 =3
STAR |5, = 200 GeV

O AR
B * Ru+Ru&Zr+Zr, A+A
e Au+Au, A+A
B 0-5<PT<6 GeVle, |y |<1 Pb+Pb 5.02 TeV, A+A

0 20 40 60 80
arXiv:2303.09074 Centrality [%]

O P, , from isobar data compared to Aut+Au and

Pb+PDb collisions

O Hint of system size dependence between isobar

and Au+Au collisions

O Energy dependence is not obvious between

200 GeV Au+Au and 5.02 TeV Pb+Pb collisions

Aut+Au: STAR, PRL123, 132301 (2019)
Pb+Pb: ALICE, arXiv:2107.11183
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P, , pr dependence

Pz,n = (PzSin[n(¢ - Lpn)])

L OpP dependence 1s observed
STAR |5, = 200 GeV z,2 Pt 4P
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o Au+Au, n=2
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and Au+Au collisions

O P,, pr dependence of the polarization is indeed
« 0.5 Hydro (o, +SIPg,)

n=2 Ru+Ru similar to that of elliptic (v,) and triangular (v3)
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flow
&Q % é % O The hydrodynamic model calculations exhibit

0 . o A . ______ . stronger pr dependence than that in the data
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Summary

ks

Measurements of A/A polarization in 5Ru + SRu and $5Zr + 29Zr collisions at 1/Syny = 200 GeV

O Global polarization

v' P, and Py are consistent with each other

v P, & P3 are consistent between RutRu, Zr+Zr and Aut+Au collisions, no collision system size dependence is observed

within uncertainties o LI B B B ] L R A A |
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Summary

Measurements of A/A polarization in 5Ru + SRu and $5Zr + 29Zr collisions at 1/Syny = 200 GeV

O Local polarization

v" First observation of local polarization w.r.t third-order event plane

v' Hint of collision system size dependence of P, , when comparing between Isobar and Au+Au
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