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O Summary and outlook
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Orbital angular momentum/magnetic field in heavy ion collisions

LB

Orbital angular momentum

Z.-T. Liang and X.-N. Wang, PRL 94, 102301 (2005)

Ab+/s
) L~T\/—~1O6h

EXxpected to have strong magnetic field

reaction plane eBNVaEMé ~1018G - 1014T
spectators o
participants

(RHIC Au+Au200 GeV, b=10 fm)
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\orticity and polarization

PROJECTILE
SPECTATORS

A rest frame

Orbital angular momentum

v o

L ocal fluid vorticity w = =V X v — Leads to global polarization along L though
v 2 spin-orbit coupling

The most vortical fluid ~ 10%° — 10%1s7?

Z.-T. Liang and X.-N. Wang, PRL 94, 102301 (2005)
(AutAu@RHIC at b=10 fm)
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Global polarization measurement

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

O Daughter baryon is preferentially emitted in the direction of the

hyperon spin

dN 1 .
0~ am (1 + ayPycos8™)

ay . hyperon decay parameter
Py; : hyperon polarization
6" : polarization angle

_

A(uds) A->p+n~ 0.732
E~(dss) BNV -0.401 1/2
O~ (sss) Q" > A+K™ 0.0157 3/2
PDG2021
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A rest frame

A->p+m~
(BR:63.9%,cTt~7.9cm )




Global polarization measurement

O “Self-analyzing”, parity-violating weak decay channel of hyperons
O Daughter baryon is preferentially emitted in the direction of the

hyperon spin

O Measured via the distribution of the azimuthal angle of the

A rest frame

hyperon decay baryon (in the hyperon rest frame) with respect to Aop+m

) BR:63.9%,ct~7.9cm
the reaction plane. ( b )

8 1 (sin(¥; — ¢3))
map Ay  Res(¥;)

Beam-beam
counter

JS S *
\ y // e ¢ pP 9* P\
/
y >/N Beam-beam
- v A counter

Quark-gluon
plasma

PA:

ap = —azx = 0.732 £ 0.014

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

STAR, PRC76, 024915 (2007)

Forward-going
beam fragment
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Observation of A global polarization

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

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)
A Au+Au 20% —40%
A Ag+Ag 20% —40%

ﬁ STAR Au+Au 20% —50%

e o 0
© OO
===

e

Py /%

oy = —opy = 0.732

[ AMPT, A
- Primary Primary + feed-down
UrQMD+vHLLE, A
[ Primary --- Primary+feed-down
101! 102 103
SNN/GGV

O STAR, first measurement in AuAu 200 GeV, Py<2%

PRC 76, 024915 (2007)
O STAR, first observation in BES-I
Nature 548, 62 (2017)
O STAR, high precise 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)
O HADES energy region, consistent with STAR
PLB 835,137506(2022)
O STAR, Py at 19.6 and 27 GeV BES-II
PRC108,014910(2023)
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Energy dependence of A global polarization

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

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

5t ALICE PRC101.044611 (2020)
+ A& A Pb+Pb 15%—50%

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

ﬁ STAR Au+Au 20% —50%

Pu/%

or = L . -4
I AMPT. A oy = —opy = 0.732
- Primary Primary + feed-down
UrQMD+vHLLE, A
[ Primary --- Primary+feed-down
101! 102 103
A SNN/GGV

O Significant collision energy dependence, described
well by various theoretical models
« Liang and Wang, PRL 94,102301(2005),
* Gao, Chen, Deng, Liang, QW, Wang, PRC 77, 044902(2008)
* |. Karpenko and F. Becattini, EPJC(2017)77:213, UrQMD+vHLLE
 H.Lietal, PRC 96, 054908 (2017), AMPT
» Huang, Liao, QW, Xia, Lect. Notes Phys. 987, 281 (2021).
» Becattini, Rept. Prog. Phys. 85, No.12, 122301 (2022)
*  QW, Liang, Ma (editors), ActaPhys. Sin. 72, No. 7 & 11 (2023)
« See also: Sun-Ko etal 2019; Xie-Wang-Csernai etal 2018-2021;
Ivanov etal 2017-2019; Liao etal 2018- 2021; Deng-Huang-Ma 2021;
Fu etal 2021; Pu etal 2022; -------
O Possible difference between A and A

—_—

P; || B P,||-B

i, <é§>/1
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Energy dependence of A global polarization

Acta Phys. Sin. Vol. 72, No. 7(2023) 072401 BES-1(2010-2017) and BES-1I (2018-2021) statistics
_ STAR Au+Au 20%—50% s T & FER T & 2 &2 EIS oGV
e A 0 A Nature548.62 (2017) 10" E = i
e A 0 A PRC76.024915 (2007) _ ‘lBES-' fBEs- FFxT
e A 0A PRC98.014910 (2018) S 03k -
A PRC104.1061901 (2021) il - i
51 ALICE PRC101.044611 (2020) *UE) il . - 5
. 3 S I R N
# A&7 PbiPb 15%—50% 0 TF ; B IRt
HADES PLB835.137506 (2022) w0 g ‘BN ER 1
2 A Au-+Au 20% —40% f« ANERl
o . 0.1 02 03 04 05 06 07
g (GeV)
. *--9 O Greatly improved precision from BES-I|
e ay = —ox = 0.732 « STAR, Py at 19.6 and 27 GeV BES-II, no splitting
- Primary Primary +feed-down PRC108,014910(2023)
UrQMD+vHLLE, A
[ Primary --- Primary+feed-down

- i s O More significant global polarization in lower energies
g « STAR, new-re_cent results
BES-II Preliminary 7.7-17.3GeV
A, 2~ global polarization
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Energy dependence of A global polarization : from BES-II

01—
i STAR Au+Au collisions 1

i e) 20-50% Centrality i

- Nature548.62(2017) e A OA

- PRC108.014910(2023) + A & A
5+ BES-Il STAR Preliminary —

L A =lyy i
ap = —az = 0.732 +0.014 |

primary primary+feed-down i@ 1

- UrQMD+vHLLE, 1
| — primary - - - primary+feed-down ]

10 10
Energy [GeV]

O New STAR preliminary results at v/syy = 7.7-17.3 GeV from BES-I|
O Significant improvement in precision was achieved, collision energy dependence

consistent with BES-I
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Magnetic field effect of global polarization : from BES-I|

6 T T Ol | T T T 177 |
I STAR Au+Au collisions ]
I 20-50% Centrality |
4l = A-A STAR Preliminary |
I + A -APRC108.014910 (2023)_
I o  A-A Nature548.62 (2017) |
D_I 2 - _
O -- ++;i%%% ....... T ] .
: >

(I | | | 1 | I 11 |

10 ?

]
Energy [GeV]
O No splitting between A and A global polarization within uncertainties

O Upper limit on late stage magnetic field « 95% confidence level ~ STAR, PRC 108,014910(2023)

e B<94x10%Tat19.6 GeV
e B<14x1013Tat27 GeV
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System size dependence of A global polarization

S. Alzhrani et al., PRC 106.014905 S.Z, Shi, K.L. Li, J.F. Liao, PLB 788 (2019) 409-413
1-0_"'|"' T ] LT 10 | ' ] ] [
- T/e+P)=008 il s 20-50 % _
| egw = 0.5 GeV/fm? | I - = - 1
0.8 08 fir et 040 o ] Cu-Cu
| Thermal vorticity y s O = === Cu-Au
~0.6 - Au+Au /sy = 200 GeV ,:’./_ ~ I
af’ L 05<pr<3GV "’::"7’— i 3\.</ I
Qr L - P ] a 2 n |
Lo .
o o o | ] 0 [ o5 oo | ; g [ s 45 3] |
"0 20 40 60 80 10 20 50 100 200
Centrality (%) '\’ s\ (GeV)
O Longer system lifetime dilutes the vorticity/polarization 7Au > 3Ru, 3571 > $3Cu > 150
O Collision system size dependence of global polarization? h P < pRY ~ pZT < pL* < P
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System size dependence of A global polarization

1.5— T I T I T I T I T I T ] T | T I——
- STAR Preliminary
[ e Ru+Ru \s,,, = 200 GeV 1
1 ® Zr+Zr ysy, =200 GeV 4 -
S T convay
l< 0.5 s [ - 2050%
27 A 1 !
m | ) ]
_1 - o o
0 ...................................................... —f -
ol L o111l

0 10 20 30 40 50 60 70 80
Centrality [%]

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

2024/8/16 M@ BTN EEEN FYIEFZASI 12




System size dependence of A global polarization

1.5 1 I 1 I T

i I ! I ! I ! ! | ! I-— ] 2 T | T | T ‘ T | T [ T | T ‘ T 2 T I T | T ‘ T | T | T ‘ T |
- STAR Preliminary | STAR Preliminary A | ] | STAR Preliminary A
[ ® Ru+Ru\sy, =200 GeV 1 ] VS = 200 GeV T i [ Sy =200 GeV
1k @ Zzr VSun = 200 GeV 1 | " = Ru+Ru T i | = Ru+Ru
i T+ Zr+Zr T ] I+ Zr+Zr T ]
1 o Au+Au -+ - 1 © AutAu w =
) + 4 - Ill | Centrality | | Centrality
i rh | centrality _ ) | 2050% | | 2050% |
0.5 I 1 20-50% _| Ll I
i | | l l * T ] n_< e il T 7 4 4
- :+: . :z: ::: : T m = — T @ 7 I g
- ® ‘ ® @ l + @& el Ll I I _ - -
e T T o I8l 1 -
1 RIS 1o i %%
[ ] - AMPT+MUSIC T 1 +MUSIC
s - =Ahyperon - S-quark - —Ahyperon - S-quark H T
i I | I | | | | I-- h -1 PR NN AR U N T N T B | -1 TR T A A R A . l
-0.5 0 10 20 30 40 50 60 70 80 0 10 20 30 40. 50 60 70 80
0 10 20 30 40 50 60 70 80 ] Centrality [%]
- Centrality [%] y L7
Centrality [%]

Model results from arXiv:2201.12970v1

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

O Global polarization of A + A are consistent between Ru+Ru, Zr+Zr and Au+Au collisions within
uncertainty

2024/8/16 M@ BTN EEEN FYIEFZASI 13



~ + Z% global polarization measurement

[ Possible larger Xi global polarization than Lambda due to earlier production and vorticity evolution

P, [%]

* Via daughter Lambda angle distribution in Xi rest frame

* Via daughter Lambda polarization with spin transfer factor(Cz-_, = 0.944)

P(7.7)=7.34x3.02 [%]

lllllllllllllllll

B AMPT PRC99, 014905 (2019)
B CIA+A o=
[ Oe

_1 lllll 1

G ¢ 1
+ @ %

STAR Au+Au 20%-50%
Nature548.62 (2017)
eA OA
PRC76.024915 (2007)
AA AKX
PRC98.014910 (2018)
mA OA

ALICE Pb+Pb 15-50%
PRC101.044611 (2020)
+A @A

STAR ﬂJ+Au 20%-80%

E_ + E+ (via daughter A P,)
=4z, _

Q + Q (via daughter A P)

+ a, = 0732 = 0.014 +

(I.T— -0.758 = 0.012
“ o, =-a- =-0.401=0.010
Y, —1

1 llllIllI 1 1 111

10 102

10" 5 [GeV]

STAR, PRL126, 162301 (2021)

2024/8/16

dN
d)*

=1 (1 + ayPycosO™)

ay . hyperon decay parameter
Py : hyperon polarization
6™ : polarization angle

_

A(uds) A->p+n~ 0.732
=~ (dss) ET-oA+TT -0.401

A rest frame

1/2

PDG2021
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=~ + E* global polarization measurement

[ Possible larger Xi global polarization than Lambda due to earlier production and vorticity evolution

* Via daughter Lambda angle distribution in Xi rest frame

* Via daughter Lambda polarization with spin transfer factor(Cz-_, = 0.944)

P, [%]

P(7.7)=7.34+3.02 [%] SL':RUQ: 4;'22 ?gf;f 0% dN .
3 " e of = — (1 + ayPycosO™)
PRC76.024915 (2007) d O* 41
AA AR
PRC98.014910 (2018)
2 =ho|t ay . hyperon decay parameter

ALICE Pb+Pb 15-50% L
PRC101.044611 (2020) Py : hyperon polarization

+A @A . .
ﬁ é | ! 6™ : polarization angle

STAR Au+Au 20%-80%

lllllllllllllllll

; * E + E: (via daughter A P,
¢ Z+Z
! + Q +Q (via daughter A P,)
NS, o A bg Hyperon | Deacy mode _
- oo | noiiEon T A(uds) FR—— 0.732
: DQ (/I. _1(1._ L
= Ll ] ] |||||||2 R AT ] L1 :‘ (dSS) tal —)A-I—T[ —0_401 1/2
10 10 10°
Vs [GeV]
STAR, PRL126, 162301 (2021) N PDG2021

2024/8/16 MO BtNEsEN FYIEZEARASIL 15



Energy dependence of 2~ + % global polarization

3
— ag- = —0.401
[ imi o=+ = 0.401
25 20-50% STAR Prellrru.nary o
— Centrality Au+Au collisions ay = —0.758
— B Czp = 0.944
2 — ay - decay parameter
— Cz, - transfer factor
— Pp = CepPz
- e + il 20-80%
= i $ Centrality
- -
05—
- N E*j
— e —~+ A + A, PRC 98(2018) J
055 —%— A + A, Nature, 2017 *— £+ Z,PRL126(2021) A+ A,BES||
e _ —*— =4+ T (via A daughter), PRL 126(2021)
- AMPT: A + A PRC99, 014905 (2019) .
| —®— = 4+ T, this analysis
-1— AMPT: =° PRC99, 014905 (2019) —e— = > A+ T > X, this analysis
: | | 1 I 1 Il | '[ 1 l 1 | I |

10

102

su (GeV)

O Significant 2~ + =% global polarization observed in Au+Au at 19.6 and 27 GeV

O =~ + =% global polarization measurement at lower BES-I1 energies underway
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Local vorticity and polarization in heavy ion collisions

P, « (cos0;)

F 3 o
@ V4 A = 0.001
: P = " STAR Au+Au \s, . =200 GeV
' | * a i NN
: @ B 20%-60%
L — @ 0.0005
0, S :
p: L -
4 beam direction (2) ;;3: 0 L
2 ~ -
s S S |
\IJ2 B’ @C}Q @ B
& vy —0.0005¢ fit: p +2p sin(2¢-2%)
L kA p, =0.0160.003 [%]
i AN _0.001~ #A P, =0.015:0.003 [%]
: i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
(costy) = jﬁcos%dﬂ* 0 1 2 3
k
B <C059p> ¢-¥_ [rad]

= anP((cos8;)?) 7 T ar{(cost)?)

O Elliptic flow indicates stronger expansion in-plane than out of plane

=) | ead to polarization along the beam direction (P,)
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Azimuthal angle dependence of P,

0.001
- STAR  Au+Au |s,, =200 GeV 3 00T Ru+RUSZr+Zr s, = 200 GeV
- 20%-60% Bms [ Centrality: 20%-60%
0.0005 [ = -
- 8 0.0005_—
i L L o
5 i g i &
O T L
TQ. 0 A g 0_ |
e | L.
1 - > =
3 i @ - 3
—0.0005 [~ _ , ~0.0005(~
i fit: p +2p sin(20-2'¥ ) i fit: p +2p_sin(2¢ - 2% )
- %A p =0.016+0.003 [%] - *A  p, =0.020+0.002 [%]
—0.001 [~ YA P,=0.015:0.003 [%] -0.001~ #A P, =0.021+0.002 [%)]
i ‘ Il Il 1 1 | 1 1 Il Il | Il Il 1 1 | 1 Il | : : t I ! ! ! I ' t : ‘ T
0 1 2 3 ° : ’ ° 0 m/2 g
0-¥_[rad] 2(¢ - ) [rad] ¢ — Upp

O Clear azimuthal angle dependence observed in Au+Au and isobar collisions at 200 GeV

O New developments, Shear Induced Polarization(SIP), can describe trend of data
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System size dependence of P,

STAR, PRL 131, 202301 (2023)

oy =
E‘ i STAR VSNN =200 GeV
= 1
AN |
|
R:e’ 0.5
E 0.5 I
U)N - Op------ % ¥ e § 7
QO o200 400 *
B <Npaft>
I « & & -
= @ ocA=-0LK=O.732iO.O14
o——i —————— - e e
LA * Ru+Ru&Zr+Zr, A+A
o Au+Au, A+A
B 0.5<pT<6 GeV/e, |y |<1 4+ Pb+Pb5.02 TeV, A+A
] | | | | | | | | | | | | | | |
0 20 40 60 80

Centrality [%)]
O P, from isobar collision comparable to Au+Au and Pb+Pb

v No significant system size dependence observed at same energy
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P, relative to third order event plane

(P, sin[n(¢-¥ )] [%]

| Ru+Ru&Zr+Zr, A+A

* N=2

+ n=3

Hydro Ru+Ru, nT/(e+P)=0.08

8 n=2 (o, +SIPyg,)
05— B8 n=2(w,+SIP ;) ideal hydro
-==n=2 (o, +SIP
== n=3 (o, +SIP

TS

[}.5~:pT{E GeVic, |y <1 o, = o= 0.732+£0.014-

O Significant P, w.r.t third-order event plane observed,
Increases with centrality

O Comparable P, w.r.t second and third order event plane,

[@ H Indicating vs-driven polarization

O Hydrodynamic models with shear term reasonably
describe the data for central collisions, but not for
peripheral collisions

S. Alzhrani et al., PRC 106.014905

0 20 40

Centrality [%]

STAR, PRL 131, 202301 (2023)

2024/8/16

60

80
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Energy dependence of P,

'03 0.6 ~ STAR preliminary = AP, AP,
= - — AP ampr — AP ampr
— - Au+Au collisions ’ _

> 0.4 — APysmasu  ~ APrsmasu
<

£ 0.2

c

‘»

x

IIIIIllIIlIIlIIIIIIIIl

-0.2
-0.4
e AAENO Model: X. Wu et al.,
—0.6p | | Centralty:20~80% .| prcios (2022) 064909
5 10 15 20 25 30
\'Snn [GeV]

O P, in Au+Au collisions comparable from 7.7 to 200 GeV, Pb+Pb collision at 5.02 TeV

v" No significant collision energy dependence observed, hints of sign change at 7.7 GeV

e 0.098 4+ 0.014(stat.) 9 o1a(syst.) in Au+Au 200 GeV STAR, PRL 123, 132301 (2019)
« 0.082 4 0.011(stat.) + 0.014(syst.) in Pb+Pb 5.02 TeV ALICE, PRL128, 172005 (2022)
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Summary

[Global polarization]

O Significant improvement in precision was achieved in BES-II

O No splitting observed between A and A global polarization in Au+Au collisions at 7.7 - 27 GeV and 2$Ru +
2°Ru, 287r + 38Zr collisions at 200 GeV

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

O Significant 2~ + Z*global polarization observed at 19.6, 27 GeV, measurements in lower energies underway

[Polarization along beam direction (F,) ]

O First observation of polarization along beam direction (P,) w.r.t third-order event plane
O No significant system size dependence of P, observed at same energy

O No significant collision energy dependence of P, observed

2024/8/16 M@ BTN EEEN FYIEFZASI 22



Summary

Global polarization

O Significant improvement in precision was achieved in BES-II

O No splitting observed between A and A global polarization in Au+Au collisions at 7.7 - 27 GeV and 7$Ru +
2°Ru, 287r + 38Zr collisions at 200 GeV

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

O Significant 2~ + Z*global polarization observed at 19.6, 27 GeV, measurements in lower energies underway

[Polarization along beam direction (F,) ]

O First observation of polarization along beam direction (P,) w.r.t third-order event plane
O No significant system size dependence of P, observed at same energy

O No significant collision energy dependence of P, observed

Thanxs fror your atten f//@m
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Global polarization collision energy dependence

~ 35F T T T T /\12,““””‘ T T Tt P T L B B L B B B L B I B e R
X | STAR Au+Au, V5NN = 19.6 GeV ] X [ 47‘ scaled using ay=0.732 '7: X o _ < A
o 3 pr > 0.5 GeV/e, Jy| < 1 ] = 100 A A B = L6F A A 1 :1.6; 1
T ax = 0.732 1 U * % STAR 20-50% Au+Au, BES-II |/ S * | - & * | -
25| § E : % % STAR 20-50% AutAu, BEST || L4} ] 14} E
I A A ] sl @ O ALICE 15-50% Pb+Pb ] Lok q B ]
) bk | 0 ] of E i %}%’ E
r L ] 10 = = 3
15 6f i I z ‘*‘e% i ; i :
B r %a 1.5} 1 081 - 08F % e
- | A AT R
05) ++ I E 0.5} 1 04] : 04] e
L i 2 r 1 L | r il
[ E— S . ] i + & 0~ o7 ] 0-2¢ STAR Au+Au, \/sxn = 19.6 GeV E 0.2} STAR AutAu, \/snn = 19.6 GeV g
F ] I ﬁéa ] oF 20-50% Centrality, [y| < 1 E § 20-50% Centrality, pr > 0.5 GeV/c
Cost ] o R e oR ; o = 0732 Op an = 0.732
gl e ] e z;@1.8;“‘”“””“”“””“”“HH : L8[
X | STAR AutAu, /snn = 27 GeV X of r EE =16l : S el
& 3F pr > 0.5 GeV/e, Jy| < 1 ] - F 02 1 an r ] &
g ap = 0.732 1 D o1sf 11 1~4§ E L4f
25| ] Sl I 0%} B 2 % T 12
20 . [ [ 11 10 3 b
i ] 05 T I TY osh % J, E g
15 i ] A O s | i : . T
1 LT N T .
Oré m é _0'55 scaled using ay=0.732 ¢ B 0‘45 f 0‘43
” B . g <> STAR 20-50% Au+Au, BES-II g 0.2 % STAR Au+Au, /snn = 27 GeV é 0.2 ; STAR Au+Au, \/snx = 27 GV
07 $ S , -1 g 45 iTLfI\gEQ;J;’g?%Ag;?}; BES-T | 1 0 20-50% (S\Hfgl%v? vl <1 , 0 _20-50% Ccnziliybi} 0.5 GeV/e
_0‘5}\ 1 - - |- - T - - |- - T ! \7 71.5 i Lol Ll I Lol I Lol ‘0"5‘ N ‘:‘l‘ N ‘115‘ N ‘é‘ N ‘2i5‘ N ‘é‘ N ‘315‘ | - ‘_]‘_lf)‘ ‘ ‘_‘1‘ ‘ “_(‘).‘5‘ ‘ ‘(‘)‘ - ‘015‘ o i‘ - ‘1i5‘ -
0 20 40 60 80 10! 102 10 10 pr (GeV/e) Y
Centrality (%) SNN
O Significant global polarization centrality dependence observed
O Lambda and AntiLambda global polarization are consistent
O No observed dependence of global polarization on py
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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

2024/8/16

Event plane resolution

A/A reconstructed with TPC tracks

0.4 | T I T I T | T | T | T | T | T |_
® Ru+Ru m =200 GeV
e Zr+Zr
0.3 —
O
Q ® )
o i s ° o $ c
= 0.2 . . 8
3 I ] &)
o
0.1l o -
0 i 1 | 1 | 1 | 1 | 1 | 1 | | | | |_
0O 10 20 30 40 50 60 70 80
Centrality [%]
Proton
Track
Primary Proton to
VereX 8 i mw - Pion DCA
A DCA
- -"
A “U,ackn Pion DCA
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STAR detector

nner upgrade
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Global polarization in Ru+Ru and Zr+Zr at 200 GeV
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O Significant global polarization observed, P, 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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Local polarization in Ru+Ru&Zr+Zr at 200 GeV

-0.001
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STAR,
PRL 131, 202301 (2023)
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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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pr dependence of local polarization

= O Local polarization p; dependence is observed
STAR s, = 200 GeV
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O Observed pr dependence similar to that of elliptic

(v,) and triangular (v3) flow
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Global polarization in Ru+Ru, Zr+Zr and Au+Au at 200 GeV
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Model results from
arXiv:2201.12970v1

O Global polarization of A and A are consistent in isobar and Au+Au collision systems
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Global polarization in Au+Au with BES-I1 data (19.6, 27 GeV)
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\orticity in heavy ion collisions

X.-G. Deng, X.-G. Huang, et al. PRC 101, 064908
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Local fluid vorticity 0 = EV X v
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Energy dependence of initial vorticity
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