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The STAR Experiment

Large acceptance, excellent PID capability BEMC TOF EEMC
E|’S|MD Inl<1  11<n<20 FTS: FST, sTGC
<1
d TPC +iTPC ,n _ S : 2.5<n<4.0
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- - 3%
o 2018+: 1.6 <N < -11 /-‘/ 2.5<n<4.0
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e elOF In|> 6.3 [ —— ) K- "".‘ ‘ 2.5<n<4.0
o 2022+:
MTD
* FTS Inl< 0.5
* FCS

Magnet

e DAQrate: 10s Hz -> 5 kHz

EPD
21<|n|< 54

s2<l<s1 NuXu:Let STAR shine FOREVER!!!

Decomissioned in 2026
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2000 - 2026

RHIC energies, species combinations and luminosities (Run-1 to 25)
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* Various collision species at top energy

A Y * Wide energy range of Au+Au collisions
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Evolution of Heavy lon Collision

time hadronic phase
> QGP and and freeze-out

hydrodynamic expansion

initial state

pre-equilibrium : 0(10 fm/c) hadronization

Chemical freezeout
Kinetic freezeout

What we can control | ==3 | What we want to study | €| \\/hat we can measure
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Quarkonium in QGP

/
a Development of
Xb Xb Start of collision quark-gluon plasma Hadronization
Y(3S) Y(2S)
Y(1S)
Low
(RHIC)
energy
Thp
S. Digal, P. Petreczky, H. Satz, PLB514, 57 (2001)
High
. CLEHE)
Hot medium effects: e

* Melting in QGP

* Regeneration

e Jet quenching? P. Braun-Munzinger, J. Stachel, Nature 448, 302 (2007)
A. Andronic et. al., Nature 561, 321 (2018)
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= Measuremets from two decay channels are
1.8-STAR Inclusive J/y R : . :
- PAU x Jy—e'e lyl<i consistent in overlapping p; range
1.6— + J/y—-utu lyl<0.5
1.4 + + Significant suppression at low py
1.2 P s o I : : : :

- S el bl i s il ol ' Consistent with no suppression at high p-
08¢ 4 - Theoretical calculations incorporating nPDF
0.6 . .

- Lansberg: nCTEQ15 B CGC+ICEM
ab EICEMANCO EPsos I TAMY and/or k; broadening describe data
- -- Eloss+Broadening — Comover . ]
02 Comover model overestimates suppression
T T S A R at high p, due to lack of p; dependence
pT(GeV/c)
STAR, arXiv: 2604.22184 (2026)
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1.8-STAR Inclusive J/y R x p+Au Jnyete lyl<t
160 + p+Au JAy—utu lyl<0.5
E ® Au+Au J/y—utu lyl<0.5
1.4 Jr
1.2
o -
3 1
< L
o —
C 0.8
0.63T
0.4::$_ y
0.2—
- .(a.) L | Ll L | |
0 2 4 6 8 10

12 14
pT(GeV/c)

STAR, arXiv: 2604.22184 (2026); PLB797, 134917 (2019)

* Significant suppression observed at high
prin Au+Au collisions

* CNM effects are minimal at high p;
Regeneration is negligible at high p-

=» “Providing strong evidence for the
color-screening in the deconfined medium”

RERIK BEER
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Au+Au @ 200 GeV, Inclusive J/y
Y STAR: Jly—p'y, |y|< 0.5
[ | Systematic uncertainty

1.65 (c) 20-40%
1.4F
1.2 O@ STAR: Jiy—se'e’, |y|<1
0.8
0.6f:5d. . [
0.4-5
0.2

STAR, PLB722, 55 (2013) ; PLB797, 134917 (2019)

ob  PHENIX: Jly—e'e’, |y|<0.35

1.8
1.6

1.4

< 1.2

Jly R

0.8
0.6
0.4
0.2

STAR, Au+Au @ 200 GeV: inclusive, P, > 5 GeVic STAR

*lyl<05  Olyl<1
m CMS, Pb+Pb @ 2.76 TeV: prompt, |y| < 2.4, P, > 6.5 GeVic

Au+Au @ 200 GeV, P, > 5 GeVl/c

:— — TMI: Tsinghua
n B T™M Il: TAMU
;_ N_,, uncertainty
_IIIIIIlIIIIllIIIIIllllllllllllllllllll
0 50 100 150 200 250 300 350
Npart

* Transport models incorporating hot medium and CNM effects describe data within uncer.

* p;dependence of transport models to be examined with precise data
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Isobar, 10-20%, |y <1, (N_ ) = 116

D
ITT | TTT | T I*I T
®)

STAR Preliminary

Au+Au, 20-40%, |y |<0.5, <Npan> =141 sy, = 200 GeV

Isobar, 20-30%, |y |<1,(N_ ) =82

Cu+Cu, 0-20%, |y|<0.35, (N_ ) =86 sy =200 GeV

N

4N e B I
1 y L
0.2;_ L I;.’. L ' ;_ | | L | |

STAR Preliminary

TTT

>
a

- Isobar, 40-50%, |y |<1,(N_ ) =39
E O AutAu, 40-60%, |y [<0.5,(N_ ) = 62

® |[sobar, 30—40%,|y|<1,<Npan)=58 STAR Preliminary

VS = 200 GeV

- ® Isobar, 50-60%, |y |<1, (N_)=252
- ¢ Isobar, 60-80%, |y |<1, (N )=122
—O  Au+Au, 60-80%, |y |<0.5, (N,)=205 \syy = 200 GeV

YL AR

STAR Preliminary

OO

6
P; (GeVlc)

Most precise measurements
to date at RHIC

Significant suppression
observed in (semi-)central
isobar collisions

Consistent with that in
Cu+Cu and Au+Au for
similar system size <N >

Exhibits an increasing p+
dependence

To be compared with
models

RERA BER
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1.8

- @ 0O+0, 0-80%, |y|<1 /S = 200 GeV * Stronge suppression of J/y at mid-
3 rapidity in O+0O collisions at low p;

;:Q @@% %%ﬁ%@@@% % ﬁ:%+ ______ l * The nuclear modification factor in p+Al is

% = : . L
0.8 m —H— consistent with unity in forward and

Global uncertainty larger than unity in backward rapidit
0.6}_E_ ¢ 5 Y PIETY
STAR Preliminary

0.41 - No suppression from CNM effects
0oh O PFAL0-100%, 1.2<y < 2.2, PRC2020
“t 0 p+Al, 0-100%, -2.2 <y < -1.2, PRC2020

% T2 3 a4 5 6

P (GeV/c)

, R

_\

Jy R

Suggestion of QGP formation in O+0 at 200 GeV
Wei Zhang, Hard Probes 2026

* p;dependence may due to different time in the hot medium (leakage effect)
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Jy R

® 0+0,0-80%, ly|<1, (N ) =122
O Ru+Ru & Zr+Zr, 60-80%, yl<1, (N, ) = 12.2
O AutAu, 60-80%, [y|<0.5, (N ) =20.5

uncertainty

Global

Rans R,

<P

STAR Preliminary

g -
pm e ﬁzﬁuﬁ

ISy = 200 GeV

PR I S S T SN NN S ST ST (ST SN S TR S NN TR S SR T '

1 3 4
P, (GeV/c)

* Suppression is similar as in Au+Au and Isobar collisions with similar <N, >

25

1.5

0.5

4R_|ood e

IIIIIIIIIIIIIIIIIII'IIII

0+0, p.>0 GeV/c, |y |<1.0
Cu+Cu, p, > 0 GeV/c, |y |<0.35
Ru+Ru&Zr+Zr, p, > 0.2 GeV/c, |y |<1.0

Au+tAu, p, > 0.15 GeVlc, |y |<0.5

p+Au, p. > 0 GeVlc, |y |<0.5
p+Al, p, > 0 GeV/c, 1.2<y<2.2
p+Al, P, >0 GeVic, -2.2<y<-1.2

STAR Preliminary

10
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J/v Suppression in O+0 at 200 GeV

1.8
- ® 0O+0, 0-80%, |y|<1 ISy = 200 GeV
1.6
14:_ — Total
L Primordial . .
< 1.f .. Regeneration * Transport model describes the data at high p;
o -
P S ———
n;“ QgL mm— il  But underestimates the suppression at low p;
= o.sf_B__H_
0.45 * Sizeable regeneration contribution at low p;?
0.2F ...
N N B
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J/v Suppression

in O+0 at 5.36 TeV

< AL LA AL LR LA B Q E
1.4 — ALICE Preliminary, J/y—u*u - & 1.4 ALICE Preliminary
) r ® OO ys,=5.36TeV, 2.5<y<4,0-100% T Sy = 5:36 TeV, 00, 0-100%
<12F® pO Y5y =962TeV,25<<4, 0-100% - 120 s g -siates <0
e [ 4 Pb-Pb s =5.02 TeV, 2.5<y<4, 0-90%, JHEP 2002 (2020) 041 - . J/“' oty o
L 1__ v = uu,25<y<
| [ o B
0.8F aun + ’ **fmm - Sr
EH@EH}_H_ ; = e
0.6 Hel- =l ] ==
0. Teg T
0.2_— —: 0'2:_ ::\\\
- - '\\ ~—
0 [ PR ST TR [N TR T N AN TN T TR N S TR TR NN TR TR TN AN TN SO SO N N OO 1 2 3 4 5
0 2 4 6 8 10 12
P, (GeV/c)

Liang Dong, Hard Probes 2026

e Significant suppression in O+0 at 5.36 TeV

e Systematically lower than in p+0 at 9.62 TeV

Different p; dependence from Pb+Pb at 5.02 TeV

Transport, Zhuang et al.

ly|<0.9 25<y<4
- Total - Total
= = |nitial = = Initial
- Regeneration - Regeneration
6 Ve 8 9 10
P, (GeV/c)

Described by transport models

CNM effects : EPS09 + Cronin

RERA EER IR R4 TQCDFTE, 2026685 208,
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% E_ IMR LMR _E g x10° STAR Preliminary
§ 350 : g : g:ﬁ Eg:-?l;u/ZHZr) i 30 - — Rapp Model 0.4 <M, <0.75 GeV/c*
300 O W STAR (Au+Au) 3 = s =
- + STAR BES-I n = “F
250 % STAR BES-II & - T =
= (4 NA60 (In+In) . Z 20—
200 - + HADES (Au+Au) - = 15 - m M
- . ) -
150 ‘% i ¥ *+ - @E 105_ B
o STAR Prellmlnary . Z = &
100 |- = 5 5P & —%- STAR 0+0 0-80%
C T.LQCD + 3 ~ - —e— STAR Ru+Ru/Zr+Zr 0-80%
soF = - —+ STAR Au+Au 0-80%
- ©T,,SH T, GCE «T,SCE 3 0 —+— NA60 In+In dN/dn>30
0:,| T T — | —I—HADESAu-IIAu0-40%
-1 2 3 —s5U - L TR R S S L L
10 1 10 10 " (Mel\(’]) 1 IOM(GeV) 102
Temperature extracted from Normalized integrated excess yield of
intermediate-mass dilepton is similar low-mass (p-like) dilepton is smaller
as in Ru+Ru/Zr+Zr and Au+Au collisions than in Ru+Ru/Zr+Zr and Au+Au
=» Similar hot medium initial T =» Shorter system lifetime
Provides additional constraints to the QGP properties Zihan Wang, SQM2026
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1.2 — Transport Model ] NAS0, PLB 477, 28 (2000)
~  —— Total vl Wei Zhang, Hard Probes 2026
1 e Primordial S ] STAR, PLB 722, 55 (2013)
- - Regeneration 0-10% . STAR, PLB 771, 13 (2017)
0.8 - STAR, PLB 877, 140405 (2026)
S L : ALICE, PLB 734, 314 (2014)
n; 06 ‘_ 7 ALICE, PLB 849, 138451 (2024)
S B -
0.4 igp 1 | 20 years efforts at STAR and the LHC
— [0 ]
- “ p—
0.2 [-Po.rp - 2 s ey g
T L 0-20% - — 0'8 ; x STAR (pp,pgf,\u, AuAu) E bl'—g
| e .. _ - 4 UAIL (pp -
L - - STAR Preliminary _ 104:_:'Aﬁc(}'s°p<)pp) T fp
O | 1 Lol 1 PR W T S B O F o ATLAS (pp) ,_%/ %ﬂ 3
100 1000 e E ]
Collision Energy |'s,, (GeV) 1°3§_NL°(MNI?,§5“" ERd
102;_ / / . _;102
SPS >  RHIC =  LHC -
10 E ,’/Q 2 10
Melting Melting + Regeneration : / ]
1 Ll I Ll Lol 1
regeneration domain 10 7 s Geny 10
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J/v Measurements at ALICE

ALICE, PLB 849, 138451 (2024)

" ALICE |
Pb—Pb, s,y = 5.02 TeV
Inclusive J/y
® 0-10%, |y| < 0.9
® 0-20%,25<y<4

> 150

D%/J/

100

ALICE
Pb—Pb, |5y = 5.02 TeV

Inclusive J/y, lyl <0.9, 0.15 < p, < 15 GeV/c
Prompt D°, lyl < 0.5, p,>0

e Data

I @ﬁﬂ e e - - SHMC(A.AIIdIOIIICGt I.)
U _—_ a
o

S 111 RHIC : :
\ Fr! mid-y i ] T
i g S0 ]
0 PR TN TR T N SN SR TN TN NN T SN RN S NN T S S ]
0 5 10 15 20 0-10% 30-50%
P, (GeV/c) Centrality

 Strong prdependence, unlike at RHIC ¢ Increase of J/y yield with respect to

* Clear rapidity dependence at low p; D-meson in central collisions

2.5.1 Study of the charmonium ground state: |evidence Ifor the (re)generation and demonstration of
deconfinement|at LHC energies

ALICE, EPIC 84, 813 (2024)
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| W This analysis: Au+Au, 14.6, 17.3,19.6,27 Gev | —— TM(0-20%)

0-5% —...- CNM 0-5%
1 O Au+Au, 39, 54.4, 62.4, 200 GeV - N
- - -- Primordial

- ) Pb+Pb, 17.3, 2760, 5020 GeV 0-10% - _._. Regeneration S TAR 0-10%

i ./..'\ @
mé | 7 0-20% . i
2 ' -
S o05F B -

-

-7 TM:Tsinghua | —=----%

Ll Lol L1 Ll Lol [ R BN
° 102 10° 10? 10°
Vs (GeV) Vs (GeV)
* Both transport models capture the overall trend
 Describe data above 27 GeV and systematically lower than data at lower energies

* But the relative contribution of primordial and regenerations are quite different

RERK BEFER RRFZFM T QCDHNY SR, 20265F8 H20H, MEAF 17



Transverse Momentum

Dependence

! 1'8: s . 2 = . 2r
16F TM-3LSg§cua f\u:ﬁl; (c);e \</50/o, lyl<1 2 fumuz, 6’:2-4 GeV, ly| <1 T™: st"z%*lza 1.8?— Au;,gg, G()-&\B/O%, lyl<1  STAR preliminary
T T 54.4GeV o = 20-40% C A
14 — 624 Gev ; ngz\év = @ jg';gof’ — 40-60% 1.6F ¢ 27 G;/
12F O 200 GeV, 0-80%, |y|<0.5 S 1aF W 19.6GeV
: i : L f *x 173Gev |
L m Global uncertainty l Global uncertainty M< 1'25_ YR EbICEY m %
N - STAR L o
:ZE % - fRem B : — ] g 0.8F T i\\
M-%K%,Eyﬁﬂ/ﬁ/ﬁ g F /E ,@"@ 0.6] 1 — * -
' =l L e % -
0.2F @ F ﬁ (b) O —
T T e e e el
O....I....I....!....I....I...I...I. P TER O T )
pT (GeV/c) pT (GeVic) 0O 05 1 15 S (égV/ng 35 4 45 5
T
* An clear increasing p; dependence is observed at RHIC BES energies
 Dominantly attribute to CNM effects (absorption) in transport model
FERK BFEK RRFMHTQCDI TS, 20265F8H20H, MMEKRF 18



Sequential Melting of Quarkonium

Plasma thermometer

T/T, 1/{r}
¥(15)
> [ w0

J/yp(15)

#<(1P)

Debye radius is inversely proportional to the temperature of QGP

Different quarkonium states dissociate at different temperatures
- Sequential melting

Sequential melting confirms deconfinement and provides information about Ty

RERIK BEER RERFZ M TQCOWIT R, 202658 H20H, MEKRF 19



STAR, PRL 130, 112301 (2023)

30-60 % 10-30% 0-10% 0-60 %
T T T

1.2F -
| Au+Au 200 GeV, Iyl < l, < pT < 10 GeV/e |
global uncertainty §

| | SRR IR e £ - I |
STAR e Y(l S) 230 _
0.8+ 5 Y@S) _

< [ .
o 0.6} ¥ Y(3S)(95% C.L.) | i

0.4+ ¢] B = -
; >
- = N_,, uncertainty - l 1

0 | 1 | 1
0 50 100 150 200 250 300
N

part

First observation of “sequential melting” at RHIC

RERIK BEER

FRREZMHTQCDHHTS, 20265E8H20H, A K
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om STAR Au+Au 200 GeV, |y <1
00 CMS Pb+Pb 5.02 TeV, Jy| < 2.4

04} E" - N
. SN E} B3
0.2 )
i N,y uncertainty
1.2 Transport Model 200 GeV | 5.02TeV ¢
" 0QS+pNRQCD 200 GeV | 5.02TeV |
| .J CMS Y(28)(95% C.L) ™
i
<081 1\
-
=4 -ﬂ“.! '
7 0.6 ‘j. :
a Ll
- L L ,
04 A

0

50 100 150 200 250 300 350 400

Upsilon(1S):
e Strong suppression, and similar at RHIC and LHC

— Arises mainly from the suppression of excited states feed
down to Upsilon(1S)

- Primordial Upsilon(1S) not significantly suppressed

Upsilon(2S):
e Stronger suppression than 1S state
* Hints of less suppression at RHIC in peripheral collisions

QGP is formed, and its temperature is high enough to melt
excited bottomonium states!!!

STAR, PRL130, 112301 (2023)

RERA BER
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1500 |

1000 |

a [MeV]

500

Of

T/Te 1/{r) [fm1]
M)

Y(15)

I %(1P)
) ‘ Jw(1S) il 7/y(15) Y'(25)

% (2P) Y"(3S)

: ‘ v(25) X(1P)  w(2s)

100

200

300 400
T [MeV]

K. Fu, B. Wu and R. Rapp, arXiv:2603.0467

Suppression of loosely-bounded y(2S) is very sensitive to the space and time

profile of the QGP temperature

Take ratio to J/y can mimic the experimental and theoretical uncertainties

RERIK BEER RERFZ M TQCOWIT R, 202658 H20H, MEKRF 22



Y(3S)

Y(2S)

v %

Y(15)

First measurement of
y(2S) in HIC at RHIC

T
1.2 -
—e— Signal candidates |
—— Mix-Event bkg. _|
— —e— Bkg. Subtracted |
R — Combined fit  _|
% - Iy
S —— Residual bkg.
EB Jhy — e*e, |yl <1
=
2 N iy = 73973 + 625
< ]
'Q'%w
1 1 1 1 1 1 1 |
2.6 2.8 3 3.2 34 3.6 3.8
M..(GeV/c?)
x10°
T T
25 STAR —e— Bkg. Subtracted |
= | Ru+Ru & Zr+Zr 200 Gev =~ —— Combined fit
S | p.>02Gevic v
= T —— Residual bkg.
@ 15 Centrality: 0-80% b
2 i y(28) — e'e Jy| <1
3 10 -
= Nyas =771 +187
g L
= 5 e +_;
Obhrm == ___ _~___+-_______ —
1

1 1 1 1 1 1 1 1
33 34 35 36 37 38 39 4 4.1

M,.(GeV/c?)

8
7
[<P]
&
£ 6
%’5
D o4
7]
5 3
Q
S 2
1
0

150

J/y significance
2

[ STAR

| Ru+Ru & Zr+Zr, \/%:200 GeV .
[ Centrality: 0-80% p _>0.2GeV/c =2

: —&— Measured y(2S) significance

Expected y(2S) significance

2

n
(=}
T

=
T

—&— Measured J/y significance | -

Expected J/y significance

* \Very challenging measurement in heavy ion experiment

* Enabled by ML techniques and high statistics

0.2

0.4 0.6 0.8 1
BDT threshold

Y. Wang et al., NST 37, 145 (2026)
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Sequential Melting in Charm Sector

40-80%  20-40% 0-20% 0-80% : : : : :
1.8F O p+AuU200GeV ® STAR Ru+Ru & Zr+Zr, 200 GeV, lyl < 1 11.8 008 O PHENIX. p+p, 200 GeV. lyl <0.35 STAR |
A& | Interpolated O ALICE Pb+Pb, 5.02 TeV, 2.5 4 - O STAR,p+p, 500 GeV. Iyl <1
L6 e P RS S 11.6 007 2t ALICE, p+p, 13.6 TeV, Iyl <0.9 (Preliminary)
o Ll ¢ PLE”NTQO B & MNASUERSRD, Vioidelp Dty lia 2 | e STAR, Ru+Ru&Zr+Zr, 200 GeV, lyl <1
2 | T R e 200 aRV ' O, 0.061- TM:Tsinghua Ru+Ru & Zr+Zr, 200 GeV, lyl <1 ]|
N | ] ; -
o 12 SHMc 12 & oosk ]
N’ ~
. ; > I ]
< 2 0.04f -
~ st b 041 +10.118 © ¢ O ]
2 - A 0.03 .
6F 10.6 5 I ]
\ba ne I % + % - 0.02} %‘ "%‘ _
& o4t v + 0.4 : %s
S 4 L
~ 02  STAR \ + 0.2 0.01- & o ]
i owmoe om0 s 5 B s om mw E i T | | | | |
0 4 0 0 % 1 2 3 4 5
(N ) P, (GeV/e)
part

STAR, PRL 136, 122302 (2026)

 Clearly stronger suppression for y(2S) than J/y from SPS to LHC

* Consistent with model calculations = Constraints on QGP properties

RERIK BEER RERFZ M TQCOWIT R, 202658 H20H, MEKRF 24



J/vy Polarization in Heavy lon Collisions

e Quarkonium polarization in p+p collisions provides crucial constraints on production
mechanism

* Quarkonium polarization in heavy ion collisions may be subject to hot medium modification
 Regeneration contribution
* Suppression of feeddown contribution
* Magnetic field effect

 Can be measured via decay daughters’ angular distributions

z
quarkonium yi

rest frame

production
. T < '
‘/\¥ >
y )
X 0 1 /

quarkonium

rest
/ frame

W (cos#, ¢)

(1 + Xgcos® 0+ A, sin? @ cos 2¢ + gy, sin 260 cos ).

3+ Ao
FERKX BEFE RALZMH TQCDHIY %, 20265F8 H20H, MWEKRFE 25




STAR

O Jly—se'e, HX, lyl<1.0
1F @ Jy—p*u, HX, lyl<0.5

Q

p+p Vs = 200 GeV (b

{ Jhw—e'e, CS, lyl<1.0
& Jiy—ptu, CS, lyl<0.5

{prompt)

-0.5 - nLonRacDt: [lyl<1.0 Elyl<0.5
lyl<1.0 Ellyl<0.5

NLO NRQCD2:

(direct)
cGC+NRacD: []lyl<1.0

lyl<0.5

0 5
P, (GeV/c)

10 0

5
P, (GeV/c)

STAR, PRD102, 092009 (2020)

10

J/y polarization measured in both Helicity and
Collins-Soper frames

Provides reference for measurements in heavy
ion collisions

Compared to ICEM, NLO NRQCD and
CGC+NRQCD calculations, none of them can be
ruled out definitively

Better precision needed to distinguish models
or constrain LDMEs

V. Cheung and R. Vogt, PRDYS, 114029 (2018)
CGC+NRQCD: Y. Ma et al., JHEP12, 57 (2018)

NROCDI: H.-F. Zhang et al., PRL114, 092006 (2015) 092006
NROCD2: B. Gong et al., PRL110, 042002 (2013)

RERA BER
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STAR

Ru+Ru&Zr+Zr \sy =200 GeV
1

% Helicity

B /

E Jy—ete, ly 1<0.8
- 02<p] ¥ <10 GeV/e

L 1 1 1 1 L

: E_ Collins-Soper
— 1 —|
5 1 E
0.4F ; 0-80%
02f * ' C _m_
F T

?.Data

&
&
|

MG

ey
T ]I|I|III|III|Ill]l-HIIIIIIIlIIIIl”I

. I L I A | R | A
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* J/y polarization measured in both Helicity and
Collins-Soper frames

* Consistent with no polarization in all centralities

STAR, arXiv: 2604.22184 (2026)
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—o.sg— — i
_15_ Centrality: 0-80% _ % and a” pT blns
¥ s el PO L * No difference between p+p and A+A collisions
ook @ % within experimental uncertainties is observed
<e 0;_ | :_‘*3' m | !
o i * Transport model prediction in A+A is different
-osf 3 from various theoretical calculations in p+p,
_0'8:1....|....1....|....1....|....1....|....1....|....1.:|.mI‘...1....I....1....I....l....l....l....l....1.. . .
dominantly due to hot medium effect
&05 g 4 | " H | * Can not be distinguished with current data
o= DL BT I Sl I precision and looking forward high statistics in
:é—:gi:llll||||||||||||||||||||||||||||||||||||||||||||||||§:||||||||||||1|1|1|1|||1|||1|1|||||1|||1|||1|||1|||||| Au+Au taken in 2023-2025
Py’ (GeVie) Py (GeVie) STAR, arXiv: 2604.22184 (2026)

RERIK BEER

RRFZFM T QCDHNY SR, 20265F8 H20H, MEAF 28



Global Spin Polarization in Heavy lon Collisions

* Non-central heavy ion collisions produced huge orbital angular momentum
* Largest vorticity fluid in nature
e (Can transfer to quark spin polarization and thus hadron spin polarization

* ¢ spin alignment significantly larger than expected from A global polarization measurement

— Spin correlation

X-L. Sheng et al.,, PRL 131, 042304 (2023)
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STAR, Nature 548, 62(2017) STAR, Nature 614, 244 (2023)
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ALICE, PRL 131, 042303 (2023) Qian Yang, QPT 2023

* pgo-1/3 for J/y is measured to be negative at RHIC and LHC, opposite to ¢ at RHIC
 Comparable between RHIC and LHC, despite different contribution from coalescence

* Looking forward to RHIC Run 2023-2025 Au+Au and ALICE Run3 Pb+Pb results
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Electromagnetic Field in Heavy lon Collisions

* Fast moving charge generates strong EM filed, especially for heavy ions

1 vZeflr
4 [y?(z — )7 + 12172

 The Lorentz contracted EM field can be expressed in terms of equivalent photon flux
. E. Fermi, Z. Phys. 29, 315 (1924)
E1lB1 Z, E=B C. Weizsacker, ZP88, 612, E. Williams, PR45, 729 (1934)
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Linearly Polarized Photons

STAR, PRL127, 052302 (2021)
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* Photons from the highly Lorentz contracted EM filed are linearly polarized in the
transverse plane

* Polarization vectors coincide with the positions and thus pt

* QED predicts cos4¢ modulation and confirmed by data
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Polarization vector

* Photoproduced vector mesons inherit the polarization of photons, which is
completely determined by the initial collision geometry

* Vector meson is expected to be polarized with respect to reaction plane
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RuRu + ZrZr at VSNN =200GeV
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* Evidence of J/y polarization align with impact parameter

e Accessing impact parameter (reaction plane) with photoproduced vector meson
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Measurement from CMS

0 CMS Preliminary PbPb 1.26 nb™ (5.36 TeV) CMS-PAS-HIN-25-006 0 CMS Preliminary PbPb 1.26 nb™ (5.36 TeV)
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D. Y. Shao et al., PRD 113, 034902 (2026)

e Similar observation at CMS

* Described by VMD+QED calculation, disagrees with dipole model calculation
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STAR, Sci. Adv. 9, eabg3903 (2023)

-0.2 0 0.2

Y. Ma, Nucl. Sci. Tech. 34, 16 (2023) b, (GeVic) G0 o 0qt 02 005

[ GeVic

e The vector meson momentum distribution has destructive interference effect
* Vector meson inherit the polarization of photon

=>» Spin-interference effect, can be accessed via angular distribution of decay daughters
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STAR, Sci. Adv. 9, eabg3903 (2023)
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Significant second order modulation of A¢p observed in A+A but not in p+A

Clear difference between Au+Au and U+U

* Sensitive to nuclear geometry / gluon distribution
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p: STAR, Sci. Adv. 9, eabq3903 (2023)
J/w: STAR, arXiv:2512.02865, accepted by PRL
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« 21 azimuthal angle modulation observed for both p and J/y mesons
» Different sign due to the different spin of the daughters
* Different lifetime results in the amplitudes overlapping before or after the decay
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Summary and Outlook

* High-p;J/y suppression and quarkonium sequential suppression provide strong
evidence of quarkonium melting in QGP - static and dynamic color screening in QGP

* Energy dependence measurements provide strong evidence of deconfinement via
regeneration

* J/y suppression in O+0 suggesting QGP formation in small system
* J/y spin alignment call for precision measurements
* J/y photoproduction provides novel probe of nuclear matter and quantum effects

 Statistics hungry measurements = Stay tuned with high statistics 2023-2025 data

Thanks!
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