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Orbital angular momentum and polarization

B L
A
/ / E A rest frame
N reaction plane o’
Orbital angular momentum
l 1 O Global orbital angular momentum leads to global

Local fluid vorticity 0 = E VXv ' polarization along L though spin-orbit coupling

: : 20 01 -1 Z.-T. Liang and X.-N. Wang, PRL 94, 102301 (2005)
The most vortical fluild ~ 10 —10°"s

(Au+Au@RHIC at b=10 fm)
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polarization measurement

O “Self-analyzing”, parity-violating weak decay channel of hyperons

[0 Daughter baryon is preferentially emitted in the direction of the

A spin
9%
hyperon spin D
dN 1
I An (14 ayPycosf™) A rest frame

A->p+m~

ay - hyperon decay parameter (BR:63.9%,c7~7.9cm )

Py : hyperon polarization
0" : polarization angle
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Global polarization measurement

O “Self-analyzing”, parity-violating weak decay channel of hyperons

[0 Daughter baryon is preferentially emitted in the direction of the

hyperon spin

0 Measured via the distribution of the azimuthal angle of the A rest frame

hyperon decay baryon (in the hyperon rest frame) with respect A—>p+m

: BR:63.9%,ct~7.9
to the reaction plane. ( 0,cT~7.9cm )

oo 8 1 (sin(¥; — ¢;))
A map Ay  Res(¥;)

Beam-beam
counter J

Beam-beam
counter

ap = —az = 0.732 £ 0.014

Ay Acceptance correction factor
Y, : First-order event plane angle
Res(¥;) : Event plane resolution

STAR, PRC76, 024915 (2007)

Quark-gluon
plasma

Forward-going
beam fragment
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Observation of A global polarization

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

5t ALICE PRC101.044611 (2020)
+ A=A Pb+Pb 15%—50%
HADES PLB835.137506 (2022)
éo A Au+Au 20%—40%
. A Ag+Ag 20% —40%
e L R E R & ---

e A 0 A Nature548.62 (2017)
e A 0o A PRC76.024915 (2007)
e A 0 A PRC98.014910 (2018)
A PRC104.L061901 (2021)

ﬁ STAR Au+Au 20%—50%

apr = —apj =0.732
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[ AMPT, A
I Primary Primary +feed-down
UrQMD+vHLLE, A
[ Primary --- Primary-+feed-down
16t 102 103

SNN/GGV

O STAR, first measurement in AuAu 200 GeV
PRC 76, 024915 (2007)

O STAR, first observation in BES-I
Nature 548, 62 (2017)

O STAR, high precision Py at 200 GeV
PRC 90, 014910 (2018)

O ALICE, LHC energy region
PRC 101, 044611 (2020)

O STAR, Py at 3 GeV
PRC 104, L061901 (2021)

OO0 HADES energy region, consistent with STAR
PLB 835,137506(2022)

O STAR, high precision Py at BES-1I(7.7-27 GeV)
PRC108,014910(2023), preliminary results(2024)

O ALICE, high precision Py in Pb+Pb 5.02 TeV
Preliminary results, SPIN2025



Observation of A global polarization

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

_ STAR Au+Au 20%—50% O Significant collision energy dependence, described well
S:Ak G b hNRfRES1S:62 (2014 by various theoretical models
e A 0 A PRC76.024915 (2007)
e A 0A PRC98.014910 (2018) + Liang and Wang, PRL 94,102301(2005),
] A PRC104.1,061901 (2021) * Gao, Chen, Deng, Liang, Wang, Wang, PRC 77, 044902(2008)
SF ||®
ALICE PROTULRZ0N R020) +  Fang, Pang, Q. Wang, X. Wang, PRC 94, 024904(2016)

’ + A=A Pb+Pb 15%—50%

. .. ) N
HADES PLBS35.137506 (2022) I. Karpenko and F. Becattini, EPJC(2017)77:213, UrQMD+vHLLE

XX A Au+Au 20% —40%  H.Lietal., PRC 96, 054908 (2017), AMPT
B
& A Ag+Ag 20%—40% «  Becattini, Lisa, Ann. Rev. Nucl. Part. Sci. 70, 395 (2020).
* Huang, Liao, Wang, Xia, Lect. Notes Phys. 987, 281 (2021).
obccccee e R e ___ - e Becattini, Rept. Prog. Phys. 85, No.12, 122301 (2022)

*  Wang, Liang, Ma, ActaPhys. Sin. 72, No. 7 & 11 (2023)
apr = —apj =0.732

AMPT, A * Lv, Yu, Liang, Wang, Wang, PRD 109 (2024) 11, 114003
I Primary Primary +feed-down .
UrQMD+vHLLE, A e Zhang, Lv, Yu, Liang, PRD 110 (2024) 7, 074019
[ Primary --- Primary+feed-down * Palermo, et al. EPJC 84 9, 920 (2024)
10! 102 103 * Yi, Wu, Zhu, Pu, Qin, PRC 111 4, 044901 (2025)
Snn/GeV e Sun,etal., PRL 134 (2025) 2, 022301

* Anum Arslan et al. PRC 111, 044911(2025)
* Fang, K. Fukushima, Pu, Wang, PRL.136(2026) 18, 182301
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Global polarization : energy dependence

1OIIII T T IIIIII| T

STAR Au+Au collisions

i o) 20-50% Centrality ]
- Nature548.62(2017) e A o A A
B PRC108.014910(2023) + A & A |
PRC 98.014910(2018) 4 A a2 A |

BES-II STAR Preliminary

0A

primary primary+feed-down
- UrQMD+VvHLLE, .

| — primary - - - primary+feed-down i

10 10
Energy [GeV]

S o © ™ A o
D D D103 o % v N o oy w0 o o 4o
& ° & 2N WX o NN © © v o ey oy ey szN (GeV)

104% . 3
P Bees- BBES- [FxT ]
= 10°F %—
C 10°E SR ¥ 4%?
Moo . 1

= n S E
. 0.7
. (GeV)

O Greatly improved precision from Beam Energy Scan
phase-Il at 7.7, 9.2, 11.5, 14.6, 17.3 GeV

O New STAR preliminary results at \/syy = 7.7-17.3 GeV from BES-II

O Significant improvement in precision was achieved, collision energy dependence consistent with BES-I

e Py =1.17 + 0.40(stat) + 0.27(syst) |[BES-I] mm=) 1.19 + 0.04(stat) £+ 0.05(syst) [BES-II] at 14.6 GeV

Nature 548.62(2017)
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Global polarization : system size dependence

STAR, PLB 870, 139891(2025)

1 .5 i T | T | T | T | T | T | T | T | 1 |
[ STAR {5, = 200 GeV _ ]
L1t ' ' ] A+ A i

T O-S#M { eRu+Ru&zrezr | |
= i 8 . oAu+Au + .

0.5< p;< 6.0 GeV/c Inl<1]

5 AMPT+MUSIC

- Ru&Zr Au+Au -+ B
== — A equilibrium 1 |

L == -- s-quark memory 4 ,

_05 | | | | | | | | | | | | | | | |
0O 10 20 30 40 50 60 70 80 20-50

Centrality [%]

O Significant global polarization observed in isobar collisions, increase with centrality

O No significant difference between Ru+Ru, Zr+Zr and Au+Au collisions
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Global polarization : splitting of A and A

STAR, PLB 870, 139891(2025
6 T T OI | T T T T T T 1T | T 2 T | T | T | T | T | T | T | T ( )
| STAR Au+Au collisions ] [ STAR
I 20-50% Centrality " RutRu&Zr+Zr s, =200 GeV T 20-50%
4l = A-ABES-IISTAR Prellm/nary - A T
] +  R-APRC 108.014910 (2023) | e
T i o A -A Nature 548.62 (2017) | 1 " T u
°_< I A A-APRC98.014910(2018) | <
. O - o H, H
<
o “« & '}-]-

- | j 3

g bR |
TR B AR RR R

L 05< p; < 6.0 GeV/c Inl <1

a, =-a-=0.732+0.014
i _ I T I N IR BT NI B | | |
S e ' 0 10 20 30 40 50 60 70 80 Ru&zr Ru Zr
10 107 Centrality [%]
Energy [GeV]

O No obvious splitting between A and A global polarization with high precision

O Upper limit on late-stage magnetic field B L Pz || B
fe®
e B <10 T (95% confidence level)  STAR, PRC 108,014910(2023) -@. x
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=~ 4+ ET global polarization measurement

O Possible larger = global polarization than A due to earlier production, vorticity evolution or spin quantum number

* Measured via daughter A angle distribution in Z rest frame

* Or via daughter A polarization with spin transfer factor(Cz-_, = 0.944, Cq-_, = 1.0 is assumed)

| lomrssan | TR AN *
T 3 oi of -=— 1+ ayPycosO™)
B PRC76.024915 (2007) dﬂ T
AA AA
B PRC98.014910 (2018) p
21— =Ao|n ay : hyperon decay parameter
B ALICE Pb+Pb 15-50% S
B PrCo] Gl ooty A rest frame P H * hyp@I'OIl pOl&I’lZ&thl’l
I~ + L . .
- ﬁ I 1 0* : polarization angle
11— STAR Au+Au 20%-80%
- ; *x E + :+ (via daughter A P)
B ¢ = :
- Jfl 4 @ T viadaugrier A Py Hyperon Deacy mode _ Spm
], B A SR S S
i AMPT PRC99, 014905 (2019) * ?A: 8;22 gglg ' A(udS) A - p T 0.732
L By &F “ olzur=-0401.0010 £~ (dss) E- > A+7 -0.401 1/2
_1 1111 I | 1 L1 1 111 | | - | 1 QI L 111 | 1 1 L1 1
2 3 - - - -
10 10 10" 5 [GeV] Q™ (sss) Q A+ K 0.0157 372
STAR, PRL126, 162301 (2021) PDG2021
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=~ 4+ =71 olobal polarization measurement sTAR
T

O Possible larger = global polarization than A due to earlier production, vorticity evolution or spin quantum number

* Measured via daughter A angle distribution in Z rest frame

* Or via daughter A polarization with spin transfer factor(Cz-_, = 0.944, Cq-_, = 1.0 is assumed)

| lomrssan | TR v _ 1 *
T 3 oi of -=— 1+ ayPycosO™)
B PRC76.024915 (2007) A dﬂ. 41
B AA ANX
B PRC98.014910 (2018)
21— Q =AomA ay : hyperon decay parameter
B C -50% —— . .
i & ALF>IRACI:E1§1P;%F:1%1115(25(?2é) =~ rest frame Py : hyperon polarization
= 1 L] L] . .
- ﬁ &] A ! 0* : polarization angle
1= STAR Au+Au 20%-80%
= ; * Z +ZE (viadaughter A Py
- ¢ E'_+§_+Jr _
OZ n-“; e O Collision energy, centrality, pr, n dependence?
R I e
a, = 0.732 + 0.014 ° p— ° ° °
N ot =-0758 0012 O Possible A, =, Q global polarization difference?
B %Q CJ . ol =-a_ =-0.401+0.010
L g B, =1 . 5
1 1'0 S '-'-1'(')2 A 1(')3 L P, = P,, assuming that P, ;~P, s} P;~P,, Po~ 7Py
Sy [GeV] Z-T. Li d X.-N. Wang, PRL 94, 102301 (2005
STAR, PRL126, 162301 (2021) -T. Liang and X.-N. Wang, ’ (2005)

Hui Li et al., PLB 827, 136971(2022)
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=~ 4+ E* global polarization

T T T T | T T T T T T T T | T T
L I Au+Au collisions at BES-II -
3 20-50% Centrality —
B Inl<1.5,05< p, < 6 [GeV/c] 7]
n [ « E 4+ PRL126, 162301(2021) _
- 5 % E—A + 5 —>A PRL126, 162301(2021)
2 — N —_ =t ]
3 - u .:_ + = - —
o B e E—A+E—A -
Dit : o A+A :
1 - 1
i & |
OF— - mmmm + ______ |
- AMPT: —E -—A STAR Preliminary -
1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1

10 10?
\'syn [GeV]

O =~ + Z* global polarization are consistent between direct and indirect measurement methods

O No significant difference between A + A and =~ + =% global polarization within uncertainties

Model calculation:
H. Li, X. Xia et al Phys. Lett. B 827, 136971 (2022)
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O~ + Q*global polarization

- STAR Preliminary -

10— Au+Au collisions at BES-II —
- 20-50% Centrality -

Efi B © o o * 7
T Ol R T ——— — _
o 0
i Ml <1.5,05<p_<6[GeVic] ]
i e QA +Q —A i
B X Q'—>A+§+ex PRL126, 162301(2021)
- o A+A =
-10 — AMPT: —-Q =-A —
B | | .I | | | | | | | 1 1 | | | ]
10 10°

\Sn [GeV]
O Global polarization of O~ + Q*seems to decrease with increase in collision energy

O A hint of larger O~ + Q% polarization than A + A and £~ + Z% in lower energies

Model calculation:
H. Li, X. Xia et al Phys. Lett. B 827, 136971 (2022)
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O~ + Q*global polarization

STAR Preliminary -

Au+Au collisions at BES-II —
20-50% Centrality -

Inl<1.5,0.5< p.< 6 [GeV/c]
e Q>A+0 —A
x Q—A+ §+—>K PRL126, 162301(2021)
oA+A _
AMPT: -Q -=-A —

10—
D_I 0_ ..............
-10 —
[ oL |
10

10
\Sn [GeV]

* No quark spin correlation

P —SP
Q=35

* Include quark spin correlation

Py ~ 2Py + 20
@737 T ¢,

o) . .
C—Q : ss quark spin correlation
Q

J. P. Lv, et al Phys. Rev. D 109, 114003(2024)

O Global polarization of O~ + Q*seems to decrease with increase in collision energy

O A hint of larger O~ + Q% polarization than A + A and £~ + Z% in lower energies

2026/5/13

Model calculation:
H. Li, X. Xia et al Phys. Lett. B 827, 136971 (2022)
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Spin spin correlation

O Spin alignment Hao-Lei Chen, et. al, PRL 135. 032302 (2025)
STAR, Nature 614 (2023) 7947 = correlation without fluctuation
% 0(yl<1.0and 1.2 < p; < 5.4 GeV c) T 2.5{ =/=—— p—re
[ o K (y|<1.0and 1.0 <p; <5.0 GeV o) o | Tt : e T=84MeV
o — a'=4sz073ms o il - e ToPENEY SFF : local strong force field
n 5 15 Mo %A . T=86MeV
Q_ '.,_\.\\\
& 1.0 o
I & . Xin-Li Sheng, et. al, PRL. 136 (2026) 8, 082301
----- - correlation with fluctuation x10~
m [ T ]
| 2.51 — T=83MeV
2 504 ::_‘_.;-._— T 4- /\/\W/ SFF -
— = —. T=85MeV I N
’Ig_ 1.5' o . T=86MeV Y2 mmEEmE /\/\ W/ SFF ]
& 10 21 AR w/ SFF
[ o% STAR (Au+Au and 20-60% centrality) Q , . : , . I - w. .
025~ 4 ALICE (Pb+Pb and 10-50% centrality) =~ 310 315 320 325 330 'S |
L o >
e e ulMeV] L 0"""'"""'""'"""'"'"';'_"_':'_'.'.'.':'-'-'-'-'
Syn (GeV) e
1 i — pis quark chemical potential, p =pg/3 ~ } _.-7
Poo — = ~10° 2> Pq?( 10 4) N gy (PqPq>C : spin correlation with critical fluctuation _2 It =T e AN\ w/o SFF ]
3 L (Pq Pq)o . spin correlation without critical fluctuation ~ f--=""" Au+Au @ 27 GeV, 20-50% |

8-

(P,P,)#<P)(P,)

0.0 0.5 1.0 1.5 2.0 25 3.0
60 = |p1-¢o|

O The hyperon spin correlation is sensitive to the CEP in the QCD phase diagram
O Different spin correlation behaviors of AA and AA pairs are predicted by the theoretical model
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Spin spin correlation

Poo

0.40

0.35

0.30

0.25

O Spin alignment

STAR, Nature 614 (2023) 7947
* ¢0(yl<1.0and 1.2 <p; <54 GeVc™)

© K?(y]<1.0and 1.0 <p; < 5.0 GeV c™)
—GY=464+073m!

LI L S L B I

LI L S S B B B N

o % STAR (Au+Au and 20-60% centrality)
O ¥¢ ALICE (Pb+Pb and 10-50% centrality)

Ll 1 Lol

L
10!

102 108
Syn (GeV)

1

poo — o ’\’1072 >> P(12(10*4)

3

8-

(P,P,)#<P)(P,)
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STAR event display
ptp V5 =200 GeV

O Spin correlations in pp measurement

Ayl < 0.5, : STAR 0.5<lAyl <2.0, :
A0l < /3 [:: p+p Vs =200 GeV or 1A¢l > n/3 Dl]
K(S)Kg = | o= Iyl <1 ~ el
\ (p,,)=135GeVic |
| |
— N DCA, <1cm G
AN ——————— A - ——
I l
AAl- J}—o— - ﬁ&L
: : -o-Data
L ul . B D
AA ! | =PYTHIA 8.3
a) | b) :
1l [ | | ‘ | | l I | | | | ‘ | | | I | ‘ 111 | | I ' | I | | I | 11
-02 -01 0 01 02 03 -0.2 -0.1 0 0.1
AA, PA'AQ

O Spin correlation Py 4, can be determined as follow,

1 dN *
N deostr, ~ 2Lt T “a2Pan, 05O,

61 »is the angle between the momentum of the protons,
each boosted to the rest frame of their parent particle

O A nonzero spin correlation is observed in AA pairs

STAR, Nature 650 (2026) 8100, 65-71
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Spin spin correlation

O CMS results
https://agenda.infn.it/event/47074/contributions/289117/

O STAR Spin correlations in pp measurement
STAR, Nature 650 (2026) 8100, 65-71

STAR
pp 28.6 pb'1 (13 TeV) + pPb 186 nb’! (8.16 TeV) C p+‘p s _ 200 éeV ' ! ! T I ' . Dlata ' I ]
T T T T T I T - PH ]
L AA CMS Preliminary 03 AR Iyl <1 W SU(8) quark model i
In1<24,08<p <6GeV C (PT.A> =1.35GeV/c W\ Burkardt-Jaffe model 7]
+ ppi13TeV 02 L _
0.2 B pPb8.16 TeV N + 2 + ]
STAR C ]
F IyI<1.0,O.5<pT<SGeV 5] - _
I< B pp200GeV Qs 01
o i O pp 200 GeV short range -
L 0 pp200 GeV long range i : \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
O e
I' w C
cMs cMs STAR 01 — x \
Al L
L Py, =1.33GeV, (pT>pFin =172GeV, (p)),," = 1.3|5 GeV | C ‘ . ‘ . | ‘ . ‘ . | . | . ‘ 7
0 2 7 0 1 2 3

_ 2 2
All AR AR = JAY“+AG

AR=\An2(Ay?)+A¢?

pp 28.6 pt}" (13 TeV) + pPb 186 nb” (8.16 TeV) pp 28.6 pb™ (13 TeV) + pPb 186 nb”' (8.16 TeV)
TrJrrrrJjrrrrJrrrroroyJ1rrrtrT |||I|||||||||||||||

O CMS experiment also observed spin spin
correlation in pp and pPb collisions

0.1~ CMS Preliminary 1 0.1~ CMS Preliminary 7
[ AA ] [ AA ]

I Inl<24,08<p_<6GeV [ Inl<24,08<p_<6GeV

PA/\

e .

& + PP
i = pPb
-0.1F -
[ 0 PPb (q_>0.4)
A o EPOS pPb
P PN IR TS N R S S RNHN T S A
0 1 2 3 4
AR=\ An2+A¢? All AR

2026/5/13

4

bbb

+ pp

m pPb
¢ PPD (g >0.4) ]
o EPOS pPb

0

1 2 3 4

AR:VAn2+A¢2

All AR

O STAR experiment :

Au+tAu collisions(7.7-200 GeV),

Rut+Ru&Zr+Zr collisions(200 GeV),

FXT energis(3.0-7.2 GeV)
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Spin spin correlation measurement

x10°

O Fit the A; A, pair invariant mass distribution in cos 8, , bin o Same event >
* Signal (2D Gaussian) + background (2nd order polynomial) § e
= I —
~
O Signal = Total counts — Fit background counts s | Y
=
..G —
O Mecasured dN"W /dcos(0") distributions

1 dN 1 %
N d cos 01, 2 [+ arazFh,4, cOS O]

STAR, Nature 650 (2026) 8100, 65-71
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Spin spin correlation measurement

x10°

O Fit the Ay A, pair invariant mass distribution in cos 67 , bin . - Mixed-event
* Signal (2D Gaussian) + background (2nd order polynomial) if; e
) L
) ——
O Signal = Total counts — Fit background counts S .
= L
O Mecasured dN"W /dcos(0") distributions

rd
3]
-

O Mixed-event hyperon pairs use to correct the detector effects :
Same event / Mixed event

A
y

A1 AZ A1 AZ

Same-event A A, Mixed-event A A,

Mixed single A, from different event

2026/5/13 19



Spin spin correlation measurement

O Fit the A; A, pair invariant mass distribution in cos 8, , bin ~r
) —
* Signal (2D Gaussian) + background (2nd order polynomial) 2 Same event
L) —
,U ——
O Signal = Total counts — Fit background counts §\ - ——
2 —
.. . = e
O Mecasured dN"W /dcos(0") distributions R
O Mixed-event hyperon pairs use to correct the detector effects : cosbj, ,
Same event / Mixed event e .
O Correlation signal is extracted by fitting dN /dcos(6™) ~ I , ——
C e ) : 5 L Mixed-event
distribution after Mixed-event correction =2 L
S L
’U —
~
2 e
i) I e

2026/5/13 20



AA and AA spin correlation statistical projection

STAR, Nature 650 (2026) 8100, 65-71

<j [~ p— a1 T T T T T T T STAR
CL< - AT AutAu,/syy = 19.6 GeV _ = p+p 152200 Gev \ \ " o I
12 |:| o 03 [~ AR, lyl <1 W SU(6) quark model ]
B I:I AA 5 - (P T.A> =1.35GeVic W\ Burkardt-Jaffe model 7
i ] ot 01p .
S : :
i i o [ e S T___—
B 7] 01— x -~ AR pairs —|
-0.005 | - - | | e
i 1 0 1 2 3
i STAR Precision Projection | AR = | Ay2+A¢?
i 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l ]

O Measurement precision in Au+Au collisions is better than in pp collisions

O Stay tuned for the results

* AutAu collisions at BES-II energies, isobar collisions at 200 GeV, and more
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Summary

O Global polarization
v More measurements with high precision BES II data, no splitting between P, and P3
v" Significant global polarization observed in isobar collisions, no system size dependence
v' Significant 2~ + Z* global polarization observed (~ 5 o), seems to decrease with collision energy, with a hint of
larger O~ + Q% polarization
O Spin spin correlation

v" Detector acceptance corrected using mixed-event method. Further checks are on-going.

P e ‘ — ‘ —— "
. b s AutAu+/Syy = 19.6 GeV
| i > = VSN
I STAR Au+Au collisions STAR Preliminary . o A 1
I 20-50% Centrality ] 10 Jo colisions atBESHL - L I Aa 1
i = X-ABES-ISTAR Preliminary | i <15.0 §n<r§ b Gevic] | 0.0081~ B
4 + A-APRC108.014910 (2023) T 7 L i
— - o X - A Nature 548.62 (2017) - ®x Q—=A+Q —A PRL126, 162301(2021) | | B
5 | A : | - ToA+E A : - - B
E +  X-APRC 98.014910(2018) é * _ + ==A PRL126, 162301(2021) ; 1 § 3 2 z |
= ~ 5 e QA+T —A — . §Ff § % | d
. o1 — o e Z—>A+E A h 4
< x 4 i
ol | OA+A | A
" % | ~0.005{~ .
O~ + —+— S L PO «%» - % ————————————— - —— 0 ] i STAR Precision Projection
I - i | L L L1
- ‘ L Ll 0 1 2 3 4
Ll L | L 10 02 X \ \ \ -~ AR
10 0? Vsan [GeV]

1
Energy [GeV]
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Bacx Up
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Why C.Q_—>A = 1.0 *,ﬁ““\f

K. B. Luk et al. Phys. Rev. D 38, 19 (1988)
The weak decay 1~ — A + K~ proceeds to the final states of orbital angular momentum L= 1,2 through the amplitudes A4; .
The asymmetry parameters in the decay process can be written as:

2Re(At 4,) 2Im(AT A,) |y [P | Al |2
a= 2 28 P= 2 o V= 2 22
| A |*+ | 4, | | A, | "+ | 4, ] | A |°4+ | 4, |

a2+,32+7/2=1 .

When the joint probability distribution for the decay chain is integrated over the A angular distribution, the angular distribution
of the daughter proton is given by:

dn 1 A dN 1 ap » 1
_ 1 ; _ A 3| . P, = [1+(2 +1)yq]Pg .
d, ~ar' TERAP) . Gom=ar Mg M@ HUralRaB AT+ D) alto
; 3
Using | = >
p Po if yo=1,
A= _0.61)0 if o= —1 T.D. Lee and C.N. Yang, Phys. Rev.108.1645 (1957)
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Global polarization collision energy dependence

35T T T T T 12

1 0.6 |- B 0.6 -
1 0.4] E 04l

1
05[
o

= = 4 — 1.8 i T 1 L L B
& | STAR AutAu, \/any = 19.6 GeV ] X {scaled using ay=0.732 ] X | = ] S T |
= 3 pr > 0.5 GeV/e, Jy| <1 j = 0l A A b - 161 AA - \; 1.6 B
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O Significant global polarization centrality dependence observed PRC108,014910(2023)

O Lambda and AntiLambda global polarization are consistent
O No observed dependence of global polarization on pp
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Spin Correlation Measurement

O “Self-analyzing”, parity-violating weak decay channel of hyperons

* Daughter baryon is preferentially emitted in the direction of the

p
hyperon spin
A rest frame _
: : S : A->p+m
O The spin correlations C 1,4, ¢an be determined as follow, (BR:63.9%,ct~7.9cm )

STAR event display
dN p+p N5 =200 GeV

1
— = —[1+ aya,Cx_ A, cos O
N d cos 0;’2 2 | 14204 A, 1.2]

STAR, Nature 650 (2026) 8100, 65-71
07 , : the angle between the momentum of the protons, each
boosted to the rest frame of their parent particle

ay : hyperon decay parameter

Ch,a, ¢ Spin correlation of A; A, pair
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The STAR detector

 magnet | mTD | BEmc | TOF J TPC ] iTPC | EPD

2026/5/13

O Event Plane Detector
* Event plane reconstruction
e 2.1<n<5.1

O Zero Degree Calorimeters
* Event plane reconstruction
* 63<|n

O Time Projection Chamber
e Upgrade with inner TPC
* Better track quality
» Larger acceptance
* M<1.0—=n <15

O Time Of Flight
* PID via particle velocity
* n<09
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Event plane reconstruction

O Event Plane Detector
* Event plane reconstruction
e 2.1<n<5.1

O Zero Degree Calorimeters
* Event plane reconstruction
* 63<|n

Event plane resolution

1 I Tttt I_
Au+Au
0.8 i . : . g
—_ - ? : o % e
£ 0.6 T & & 5 " i
- - 1 ¢ * o
%:’ -8 : o H
e 0-4__7 e 7.7 GeV : B
| e 9.2 GeV
L * 11.5 GeV oy 4
. ol o 14.6 GeV il
O First-order event plane reconstructed by EPD, ZDC ! 17.3 GoV -
- e 19.6 Ge
oL~ .1 T PeV, o]

0 10 20 30 40 50 60 70 80
1 0,
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Hyperons reconstruction

O Time Projection Chamber
e Upgrade with inner TPC
* Better track quality
» Larger acceptance
* M<1.0—=n <15

O Time Of Flight
* PID via particle velocity
* In[<0.9

Proton
Track

Proton to
*------- Pion DCA

O Hyperons reconstructed using KF Particle package * A->p+m
e T -oA+m, A-p+m”
e O >A+K, A-»p+m~
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Global polarization : splitting of A and A from BES-II

6 1T 6T | T T T T L | T
L STAR Au+Au collisions lw upB
B L I 20-50% Centrality ] Py ~ 2T + T
4l = A-ABES-IISTAR Preliminary |
I + A-APRC 108.014910 (2023) | lw upB
< I o A -A Nature 548.62 (2017) ] Pz = ET - T
= »  A-APRC98.014910(2018)
o _ . ~ 2|[1A|B
- APy = PR — Ppl = —
<L |
P; || B P,||-B i % | T =150 MeV, pup = ~1.93x107* MeV//T
Y ol ++§t ;+ _________________________________ —
A A ! ‘ ‘
| | | | | | | | | | |

2

10 1
Energy [GeV]

O No obvious splitting between A and A global polarization with high precision
O Upper limit on late-stage magnetic field

e B <1013 T (95% confidence level)  STAR, PRC 108,014910(2023)
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Global polarization : system size dependence

S. Alzhrani et al., PRC 106.014905 S.Z, Shi, K.L. Li, J.F. Liao, PLB 788 (2019) 409-413
1,0 T T T I T T T I T T T T T T C T T T | I T T | T T T T I I ]
- AutAu ] i ]
- aTfe+P)=008 il 4 20-50 % .
0.8 | e = 0.5 GeV/fm? Ru+Ru ] I == Cu-Cu
T w=08fm E— 0+0 | . O
_ Thermal vorticity - sk O === Cu-Au
<06 AutAu /sny = 200 GeV P <
= | 05<pr<3GeV Py 4 il e [
AL — < ] a2 |
L 04 — i
02 - s R
00 T o ) I | | ; P SR |
"0 20 40 60 80 10 20 50 100 200
Centrality (%) \, S\ (GeV)

O Smaller polarization predicted for larger system due to longer lifetime

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

Loy < <r0 <
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Hyperons reconstruction

O Time Projection Chamber
e Upgrade with inner TPC
* Better track quality
» Larger acceptance
* M<1.0—=n <15

O Time Of Flight
* PID via particle velocity

* |77| < 09 Proton

Track
x10° x10°
L L | T T T T T T T
Au+Au _ ] Au+Au _ | Au+Au _ ] Primary
20~50% Centrality VS =11.5 GeV L 20~50% Centrality VSuy=11.5GeV | 1000l 20~50% Centrality (B = 115GV | Vertex Proton to
4000 — A . 100 —= 000~ __o O = = m = m == Pion DCA
—x = L |
P P 2 ] A DCA
c c c -
3 3 3 - Pion DCA
Q o 1 O « » ion
2000 R 50| | 500 A “track
j ' s A->p+m~
0 ot—== A ] PR S ] TR, ¢ ‘:‘__)A-l_n:_’ A_)p-l_ﬂ_
1.10 1.1 1.12 1.13 1.31 1.32 1.33 1.66 1.67 1.68 _ _ _
Z/Z" Invariant Mass [GeV/c?] Q/Q" Invariant Mass [GeV/c?] e " >A+K, A»p+m
32

A/A Invariant Mass [GeV/c?]
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A Hyperon Reconstruction

O Particle identification by TPC and TOF

O Hyperons reconstructed using KF Particle package

Proton
Track

Efrimary Proton to
ertex.____---:_-' Pion DCA
]
- -"
A “tl‘aCk” PiOn DCA

i i I e e |

s A->p+m~
e Aop+mnt
5103 x10°
300~ soof—
250~ 2503—
200~ 200
150; 1503—
1005— 1003—
505— 50—
:1—1-| 1 i ey [T U T s ey W W A B q:* I
q.1 1.105 1.1 1.115 1.12 1.125 1.13 A 1.105
A4 Mass
2026/5/13

1 1 | 1 1
1.1 1.115 1.12 1.125 1.13

A, Mass
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Mixed-event method -- Closure test with simulation

x1 OQ MC_Lambda_Lambda_cos.
1457~ 0.7 X2/ ndf 6.742/8
B E - Prob 0.5648
B st Dev 0.68— 0 0.6288 + 0.0008
i O - p
« Input s > Output M oonse s oces
p B ~ o E
L * ~
D B ) D o 064—
— 135|— a” — X C
« B W\ & 062
=) B © 2 C
Q B O . o6
= 130 =S c
~ * >~ £ oss
3 . .
1251 S D 06
- rﬁf qé 054:—
120:hﬁj”fj 5 o052
:J :l I I I IIIIIII!IIIIIII'IIIIIII
X 03

11 11 1 111 111 1
-08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

l\‘l\l\\\Jl\ll‘\ll‘ll\‘lll‘\\l\Jl‘Jl
08 -06 -04 02 0 02 04 06 08 1
*
cos 07 , cos 61

O Pure simulation with embedding data in Au+Au collisions at 14.6 GeV
O Input spin correlation = 0.1000

[0 Fit function: dN/dcos(6%) = po[1 + picos(6*)] Do 1s normalization, p; = a;a,C ;191 A,

O Spin correlation: Cj ,, = == =0.0942+0.0023

a1y

O Input and Output are consistent within ~2.5 o
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KPK? spin correlation

O The K. reconstructed by 7~, 7" decay channel using TPC and TOF

O Spin correlation signal is extracted by fitting dN /dcos(6™)

distribution after Mixed-event correction

O Spin correlation of KQK? pair is consistent with zero 50000

within uncertainty. 400004~
30000

g 098

0.5
5 052 0.54

46 0
0.44 0.46 048
0.42 .42 0.44 0 MaSS

Ks

2026/5/13 35



