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Hyperon polarization in heavy 1on collisions

LB

PROJECTILE
SPECTATORS

A rest frame

o 1
SPECTATORS dQ* = 47_[ (1 -+ aAPACOSH*)

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

spectators L Leads to global polarization

Z.-T. Liang and X.-N. Wang, ay = —ay = 0.732+ 0.014
PRL 94, 102301 (2005) Ay Acceptance correction factor
Y, : First-order event plane angle

Res(¥;) : Event plane resolution

participants
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Hyperon polarization in heavy 1on collisions

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401

BES-1(2010-2017) and BES-I1I (2018-2021) statistics
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| UrQMD+VHLLE, A O Global polarization collision system size dependence
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O Local polarization in isobar collisions
A
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Hyperon polarization in heavy 1on collisions

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401 S. Alzhrani et al., S.Z, Shi, K.L. Li, J.F. Liao,
PRC 106.014905
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A
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Hyperon polarization in heavy 1on collisions

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401
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STAR Au+Au 20%—50%
Nature548.62 (2017)
PRC76.024915 (2007)
PRC98.014910 (2018)
PRC104.1.061901 (2021)

ALICE PRC101.044611 (2020)
+ AaA Pbi+Pb 15%—50%

HADES PLB835.137506 (2022)
¢ A Au+Au 20% —40%
¥ A Ag+Ag 20%—40%

Ll

Py/%

O A / A global polarization splitting with BES-II data?

[ AMPT, A
- Primary Primary +feed-down
UrQMD+vHLLE, A

Prlmary -—- Prlmary—l—feed down

102

\]S_NN/GeV

Pill B
X

O Global polarization collision system size dependence

1gt

197Au > 28Ru, 357Zr > $3Cu > 150

h PR < PR ~

O Local polarization in isobar collisions

"< P{M < PY

7\
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STAR detector

nner upgrade

O Event plane reconstruction: O A/A reconstruction:
Time Projection Chamber Time Projection Chamber
Event Plane Detector Time Of Flight

Zero Degree Calorimeters
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Global polarization in Au+Au with BES-II data (19.6, 27 GeV)
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B i B i 81 1
2| kK 1 2 ] : i |
B I i - ] - 2 I
B ] - 1 6 R 1
L ] L : af 1 | % 1]
i _—'%-_— —=s8— | i 1 i i
0.5] _1#___‘*“ 1 0.5| ;*,ﬁ | | QJF 05| ]
B ’ - - i t | | i
oL § 0l # ] 7 &ﬂ& RRETY: 27 ]
: | —os| E 0 = o
_05j ‘ ‘ ‘ ‘ ‘ N : L. | | | | | | | | | | | | | | | | | | | | | | ] L1 Lol ! Lol ! Lol ! L1111
| | | | | | | | | | | | | | | | | | | 1 2 3 4
0 20 10 60 30 0 20 40 60 | 80 10 10 10 10
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STAR, PRC 108, 014910 (2023)

0 About 10 times increase in statistics than BES-I

O Significant global polarization centrality dependence observed, results consistent with BES-I
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Global polarization in Au+Au with BES-II data (19.6, 27 GeV)
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Global polarization in Au+Au with BES-II data (19.6, 27 GeV)
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O No splitting of A / A observed

19.6 GeV 27 GeV

b p —0.018 0.109
A A +0.127(stat.)  £0.118(stat.)
(%) +0.024(sys.)  +0.022(sys.)

Ts|PR—PA|
2|pal

T, =150 MeV : the temperature of the emitting source
ty = —1.93x107* MeV/T : the magnetic moment of the A hyperon

O B| = , using hydrodynamics

O Upper limit on late stage magnetic field
*  95% confidence level

e B <94x10'% T at 19.6 GeV
e B <14x1013 T at27 GeV

STAR, PRC 108, 014910 (2023)
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Global polarization in Ru+Ru and Zr+Zr at 200 GeV
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" ® Ru+Ru |sy, =200 GeV

® Zr+Zr VSNN =200 GeV
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I | 20-50% _|

. Centrality |

-0.5—

0

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

10 20 30 40 50 60 70 80

Centrality [%]

O Global polarization of A + A are consistent between Ru+Ru and Zr+Zr collisions
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Global polarization in Ru+Ru, Zr+Zr and Au+Au at 200 GeV

L L L L L L B B L L L L B B B B
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® Ru+Ru T ’ " ®m Ru+Ru ’ ’
+ Zr+Zr T T T+ Zr+Zr T T
1~ 0O Au+Au - m 1~ 0O Au+Au W m
| Centrality | | Centrality _|
d 20-50% | 20-50% |
F -
- AMPT+MUSIC T 1 - AMPT+MUSIC T 7
- =Ahyperon - S-quark - . - =Ahyperon - S-quark H T .
- o o ey | —1 [ IR I N TN SR R |
0O 10 20 30 40 50 60 70 80 0O 10 20 30 40 50 60 70 80
Centrality [°/o] Centrality [%] Model results from

arX1v:2201.12970v1

O Global polarization of A and A are consistent in isobar and Au+Au collision systems
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Local polarization in heavy 1on collisions

sgn(ey,) (cos(8_*)™

0.001
- STAR  Au+Au \/s, =200 GeV ©:
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- x4
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0.001F %A b | | O Collision system size and energy dependence
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. dN o . into polarization phenomena
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Local polarization in heavy 1on collisions

sgn(ey,) (cos(8_*)™
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2023/12/8

Baochi Fu etal., PRL 127, 142301 (2021)

®: P, (1/1000) shear
A hyperon
10+ yp .
0 e s 2 »
-10+ -
----- vorticity = = T- radient.
_20 <Y | .ty. il g PR |
0 1 2 3
0, [rad]

O Collision system size and energy dependence

O Measurements in smaller systems and relative to
higher harmonic event planes provide new insights

into polarization phenomena
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Local polarization in heavy 1on collisions

sgn(ey,) (cos(8 )™

0.001
- STAR  Au+Au \[s =200 GeV ©:
i 20%-60% '
0.0005~
of-
—0.0005 fit: p_+2p sin(2¢-2% )
. %A p =0.0160.003 [%]
_ . =0.015+0.003 [%)] . .
0.001F ’IQVA P, | | o O Collision system size and energy dependence
0 1 2 3

O Measurements in smaller systems and relative to
higher harmonic event planes provide new insights
into polarization phenomena

STAR, PRL 123, 132301 (2019) (1)-11‘2 [rad]
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Local polarization in Ru+Ru&Zr+Zr at 200 GeV

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

fit: p_+2p_sin(20 - 2% )
*A  p, =0.020+0.002 [%]
¥R P, =0.021+0.002 [%] STAR

b PRI 131, 202301 (2023)
2(0 - lPz) [rad]

T | 1T T 1 | 1T T T

-0.001

O Significant local polarization w.r.t second-order event plane observed in isobar collisions
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Local polarization in Ru+Ru&Zr+Zr at 200 GeV

-0.001
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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 local polarization

T _ O Local polarization w.r.t second-order event plane
o L Ru+Ru&Zr+Zr, A+A
= i = increases with centrality
B“ = ¢ N= 3 T
& Hydro Ru+Ru, 7 T/(e+P)=0.08 O Significant local polarization w.r.t third-order
= [ EWn-2(o,+SIPy) -
'© 05— B n-2(0,+SIPg,)ideal hydro i event plane
» | ---n=2(w,+SIP,) @
g_/N | En-3(0,+SIPgg) O Comparable local polarization w.r.t second and
I & % Eﬁ l. third order event plane
s O Hydrodynamic models with shear term reasonably
| STAR [Sgy-200GeV T TTTTm e e enmmaeett H describe the data for central collisions, but not for
: GeVic, = -0= 0.732+0.014" :
! .0 STprs | : . i .ly |.<1 Ial\. a—“ g .+ A peripheral
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S. Alzhrani et al., PRC 106.014905
STAR, PRL 131,202301 (2023)  Centrality [%]
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Local polarization in different collisions

— 1 =
X, | STAR(s,, =200 GeV _ . . .
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pr dependence of local polarization

1= O Local polarization p; dependence is observed
STAR |5, = 200 GeV

| 20-60% centrality, A+A |y |<1

<
=
= o Au+Au, n=2 o ot
& | : O Observed p dependence similar to that of elliptic
E ® Ru+Ru&Zr+Zr,n=2 m
e - .0 BuRRuterEdsl=a (v,) and triangular (v3) flow
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~ | B n-=3Ru+Ru e ' ) )
0 Results are consistent between isobar and Au+Au
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Summary

[Global polarization]

O No splitting observed between A and A global polarization in Au+Au collisions at 19.6, 27 GeV
and 29RU + 29Ru, 25Zr + 25Zr collisions at 200 GeV

O No collision system size dependence between Ru+Ru, Zr+Zr and Au+Au collisions at 200 GeV

[Local polarization

O First observation of local polarization w.r.t third-order event plane in isobar collisions at 200 GeV
O Hint of collision system size dependence of local polarization when comparing between isobar and Au+Au
O Local polarization py dependence is observed, trend are similar to that of elliptic (v,) and triangular (v3)

flow
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Outlook — Local polarization in Au+Au at BES-II

BES-1(2010-2017) and BES-11 (2018-2021) statistics

\5, (GEV)

Model predictions from Baochi Fu et al., arXiv:2201.12970v1

1'5: STAR preliminary Model predictions
1 & Au+Au P,-P- P¢-P
B — with SHE =~ with SHE
- 0.5 -~ wlo SHE  ---- wlo SHE
gy OC
c o _
o B
-0.5
- ly|<1.0
1 Centrality:20~50%
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10 10?
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O Hyperon local polarization collision energy dependence in BES-II?

O First study of baryonic spin Hall effect by measuring net local polarization
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Global polarization collision energy dependence
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[ Significant global polarization centrality dependence observed
O Lambda and antiLambda global polarization are consistent
[0 No observed dependence of global polarization on pt
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STAR detector and A/A reconstruction

Event plane resolution A/A reconstructed with TPC tracks

6
| T | T | T T | T | T | |— 20 2<I IOI T I UL | L L | T 17T | T 1T 174
® Ru+Ru s.. =200 GeV - - Ru+Ru & Zr+Zr _ -
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] e . 2
Event plane reconstruction: Centrality [%] A/A Invariant Mass [GeV/c?]
Time Projection Chamber proton
. rac
Zero Degree Calorimeters Proton c Aop+m-
A Primary A Declay Proton to c A—- ﬁ + T[+
: o Vertex Length - . .
A/A reconstruction: G- PonDCA o Backeround fraction < 3%
Time Projection Chamber A DCA -
. . -
Time Of Flight O Pion DCA
2023/12/8 Xingrui Gou @ QM2023 25



