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Introduction

R — T —— Nf——— e — =

» Quarkonia suppression was proposed as a sensitive probe to QGP properties

* Dominantly produced before QGP formation
» Hot medium effects
* Dissociation (color screening and dynamic interaction)
* Regeneration
» Cold nuclear matter effects
* nPDF
* Nuclear absorption
» Other effects
* Comover interactions Tinel d2 N AA / dyde

R —
* Feed-down contribution Aa <N col l) d?o pp / dy de
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Introduction
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» Quarkonia suppression was proposed as a sensitive probe to QGP properties

* Dominantly produced before QGP formation

>

» Hot medium effects m;g (Re)generation
* Dissociation (color screening and dynamic interaction) =
* Regeneration .g
» Cold nuclear matter effects —;:5 QGP melting
* nPDF ~ Energy Densit§
* Nuclear absorption
» Other effects
* Comover interactions Tinel d2 N AA / dyde
* Feed-down contribution Faa= <N coll) d?o pp / dyde
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STAR Detector

e e e

» Time Projection Chamber
* Tracking
* Momentum and energy loss
* Acceptance: n|<1.5;0<¢<2n

» Time Of Flight Detector
* Time of flight
* Particle identification
* Acceptance: n|<1;0<¢p<2m

2025/10/26 Wei Zhang @ QPT 2025 4



Au+Au Collisions at STAR

— e i

1.21

104 _ P N R SRS A N2 SR SR R I _\s,y (GeV) 1'_ o Au+Au, 39, 62.4, 200 GeV 0-5%

: Oees EBes-ii [FxT E 3 o

3 - l l E’% 7 0.8 ¢ Pb+Pb, 17.3, 2760, 5020 GeV

| 2 :
10°E | SE < [

- 5% <

- g 04 o 0-20%
10°F, ' i A

E % 3 — _ o

= E% . = 3 Total (0-20%)

B E% i 0.4 B @ - -Primordial

10 E%—E T = ~ -- Regeneration
; N 5 - 0.2 T
01 02 03 04 05 06 07 -
| L L |
n (GeV) 0 2 3
B 10 10
V'sny (GeV)
> BES-I N BES-II STAR Collaboration Phys. Lett. B 771 (2017) 13—20

« 10-20 times higher statistics than BES-I > Collision energy dependence of J/y production
* AutAu collisions at v/syy = 14.6, 17.3, 19.6,
27 GeV

| * Smaller regeneration effect 5
2025/10/26 Wei Zhang @ QPT 2025

 Enables differential measurements at

low collision energies



Analysis Procedure

Observable:

e e p—

Oinel d*°Nya/dydpr

R p—
ad (Neoll) dzapp/dyde

J/y template
(Embedding, toymc)

\

Raw signal
extraction

: Corrected
Correction i
yield

<1 suppression

> 1 enhancement

~—

Efficiencies & acceptances
(Data driving, embedding)

2025/10/26

World-wide data
(Interpolations)
pp baseline R, 5 results

/

Systematic uncertainties
(Signal Extraction, eID, etc.)

Wei Zhang @ QPT 2025

= ] no net medium effects



Electron Identification

R — T —— Nf——— e —— — = e e e

» System : Au+Au collisions in RHIC-STAR.

» Particle and decay channel: J/i\y — e +¢*

3

: 10*
10°
102

10
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P(GeV/c)

_ 1 (dE / dx)measured
no, = —I

0
R J (dE/dx)electron
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Raw J/y Signal

A ——— e e T e — e i

Counts / (0.025 GeV/c?)

Counts / (0.025 GeV/c?)

Raa =
<Ncoll> d? Opp/dyde
Centrality: 0-80%, 0 < p <4 GeVfc » The function used to fit UL-Sign (UL) consists of

3005_ AutAu sy =14.6 GeV AutAu \/% =17.3 GeV ?:ZZ
—omrn e $ e Jhy template
200 |x<.fd event Fit —5300 §
“t w 9 ¢ residual background
S Avrdu TGy 0 3> Extracted combinatorial background shape from

I >
6001 o . .

Z 8 mixed-event UL-Sign.
5 » Residual background parameterized using a first-

order polynomial

2025/10/26 Wei Zhang @ QPT 2025 8



Efficiency and Acceptance Corrections

e —

Rus— Tinel / dydpr

<Ncoll> dzapp/dyde

N Jy—ete—
~ Axex Nevent

Au+Au 14.6 GeV

» Estimate the single-electron efficiency using the 04E
R 0-80%
embedding and data-driven method: s e 0'20;
= U2V
_ _ g 0251 20-40%
Eelectron gpositron E1pc X €ep X €TOF g F )
£ o2f —— 40-80%
» The pair efficiency is obtained by folding the single- € o5
electron efficiencies and applying the acceptance cut 3
0.05—
T I B B I B B I
llSlIlg a toy MC: Axg=Ax X Eelectron Epositron oS s 2 s o (@eVic)
9
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Inclusive J/y Invariant Yields

M e R —

_ Oinel / dydpr

Raa =
<Ncoll> d? Opp/dyde

o Au+Au, 0-80%
“>9- Jy —-e"+e
g 10 °F = e 27 GeV

S, ¢ = 19.6 GeV
g | ¥ 17.3 GeV
= - L ¢ 14.6 GeV

e

= 1077 3 *

N -

= [ <]
g | vl ,

O an8L

@ 10 - STAR preliminary [ﬂ

0 | 1 | 2 | 3 | 4
P, (GeVl/c)

Inclusive J/y mvariant yields as a function of p; at mid-rapidity
(ly| < 1) in AutAu collisions at /sy, = 14.6, 17.3, 19.6, 27 GeV.
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p+p Baseline

Raa =

i S

Oinel d°Nya/dydpr

<Ncoll>| dza-pp/dyde |

* For p+p baselines at /s,, =14.6,17.3,19.6, and 27 GeV are extracted from phenomenological

ey
(=]
>

ey
o
w

cross section (nb)

ey
o
[~

ey
o

e
o

—
o
(4]
TTTI

—h
I

interpolations

R | i R N T o E
o>|<>
_ TIT
E e
- |
- = experimental data 3
E E|

10 10? 10° 10*
(s (GeV)

o=a X OCEM
a: scale factor
OcgMm: © from color evaporation model

2025/10/26

T T—T— 7 " T
1.2 S
A, -
0.8 =
0.6 .
: ALICE (s =7 TeV ]
0.4 = PHENIX Vs = 200 GeV .
- . ALICE |s = 2.76 TeV
0.21- ° LHCb {s=7TeV E
0 E . | . N , y | y | ,
-0.5 0 0.5
ylymax
1 do _ E(Y/Ymax)z
— =qe 2 b
od(yY/Ymax) N
S
where V4, = In( )
mj

W. Zha, et al., Phys. Rev. C 93 (2016) 024919.

2 _— —
'32 %'-1 0 ::mocﬂ 2011 é
o v achatryan 2011 3
-~ = Acosta 2005 B
ol 1 g e Adare mid 2012 7§
T8 F o Adare forward 2012
10| Gribushin 2000 |
- o Snyder 1976 E
Branson 1977
2

10° * Badier 1980 E
10° L
10° E

10° ‘
0 2 4 6 8
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p+p Baseline

i S

Oinel d°Nya/dydpr

(Neotr) | d?o,, /dydpr |
%% F b o U
o - &) ° I L E
S b S B S oof- 3 ML
& osf & o7~ sk g r
2 K 2 F 2 08 € 12
> L >, 0.6 T = > C
S04 — 14 6 Sk — 3 0.7 — = F = 2
Hg0F \'s=14.6 GeV dg F s=17. e Eald: s=19.6 GeV EE S = GeV
Olam |05 F el * Ola ¢
g g 051 206 g L
o o~ = o~ F (3] L
o3 0.4 05 o8l
E 0.4F- 0.6/—
02 0.3: g .
F 03
02fF E L iy
0.1F E 02} r
- = = 0.2
B 0'1: 0.1 r
ol PP B B 0: ................... L l A P =P B I B [P P }) EFEFEINE EFEFEE BN B B i
0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 25 3 35 4 0 0.5 1 1.5 2 25 3 3.5 4 0 05 1 1.5 2 25 3 3.5 4
P, (GeVic) P, (GeVic) p, (GeVic) p, (GeVic)

* The pt dependence of deduced J/y differential cross section at midrapidity in p+p collisions

at/Syy = 14.6, 19.6, 27 GeV

* The systematic uncertainty arises

from fitting world-wide data:

2025/10/26

Vs = 14.6 GeV 19.2 %
JVs=17.3 GeV 16.7 %
Vs =19.6 GeV 11.7 %
Vs=27 GeV 6.1 %

Wei Zhang @ QPT 2025
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Systematic Uncertainties

——— e

Source:

» Track quality cuts
* nHitsFit
* nHitsDedx
* Dca (cm)
» Electron Identification cuts
* ngc,_efficiency
* 1/B efficiency
* TOF Matching efficiency
» Signal extraction
* J/hy templates
* Fitting range

* Residual background function form
* Combinatorial background function form

* Bin Width

2025/10/26

Au+Au 14.6 GeV 17.3 GeV 19.6 GeV 27 GeV

signal extraction | 4.5 —-6.0% | 4.1 —-8.8% | 3.2—7.5% 1.8 —3.8%
TPC tracking | 1.7—-6.8% | 4.9—-82% | 44—-78% | 10.2—-10.8%
TOF matching | 0.15 — 2.9% 0.3 -1% 0.7—21% | 0.06 —1.9%
1/3 cut 1.3 —-2.2% 2.3 —2.6% 0.8 —2.0% 2.1 -3.7%

no, cut 1.7—-6.7% | 3.2—-10.7% | 1.4-6.5% 3.2 —8.9%
Total | 12.7 — 14.7% | 8.9 —15.2% | 11.3 — 14.5% | 11.5 — 14.4%

13
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p+ Dependence of Inclusive J/y R, o

——— e

i S

21
18F Au+Au, 0-80%, |y|<1  STAR preliminary
“F A 200 GeV
1.6 o 27GeV
f x 17.3 GeV
<1.2F ¢ 146GeV Il 9
A H \
S | \
S o0s8F PEB i N
0.6F _@ R H o
r o] =l A1
0.4k i Zs e =
#
0.2
O 05 1 15 2 25 3 35 4 45 5
p. (GeV/c)

» Low pt suppression, R, , increases with pt for /sy, = 14.6, 17.3, 19.6 and 27 GeV
» No significance pt dependence at 200 GeV

2025/10/26 Wei Zhang @ QPT 2025 14



Centrality Dependence of Inclusive J/w R, o

——— e

2r
e Au+Au Collisions STAR preliminary
I 4 200 GeV, p_>0.15 (GeVic)
1.6F ¢ 27GeV, p_>0 (GeVlc)
14E m 19.6 GeV, p,>0 (GeV/c)
i x 17.3 GeV, p, > 0 (GeV/c)
$ 1.2 ¢ 146GeV,p >0 (GeV/c) \
R N A — .
> n \
S 08fF % m b
X A Al TR
0.6p @ @ @
0.4F ¥ % 7
e ;_ N, uncertainty
O' .

10?
N

part

» Hint of decreasing trend as a function of centrality

» R, , shows no significant energy dependence at RHIC for similar <N, >
2025/10/26 Wei Zhang @ QPT 2025



Energy Dependence

AA

Jy R

of Inclusive J/y R, o

1.21 » Data at /s, =14.6,17.3, 19.6 and 27 GeV
- ® Thi lysis: . 14.6, 17.3, 19.6,
i is analysis: Au+Au, 14.6, 17.3, 19.6, 27 GeV o5 follow the trend
- o0 Au+Au, 54.4 GeV
- o Au+Au, 39, 62.4, 200 GeV 0-10% H » No significant energy dependence of J/y R, o
0.8 0 Pb+Pb, 17.3, 2760, 5020 GeV in central collisions is observed within
i 0.20% uncertainties up to 200 GeV
: H " —roao20 | » The J/y suppression in the LHC energy region
0.4 B - - Primordial :
| 1s weaker
: ________ o -- Regeneration
0.2 » Regeneration dominates at LHC energies
: STAR preliminary
0 e e » The transport model qualitatively describes the
\Snn (GeV) observed energy dependence
X. Zhao, R. Rapp, Phys. Rev. C 82 (2010) 064905 (private communication,). ALICE Collaboration, Phys. Lett. B 734 (2014) 314

L. Kluberg, Eur. Phys. J. C 43 (2005) 145.
NA50 Collaboration, Phys. Lett. B 477 (2000) 28.

2025/10/26

STAR Collaboration, Phys. Lett. B 771 (2017) 13-20
STAR Collaboration, Phys. Lett. B 797 (2019) 134917
ALICE Collaboration, Nucl. Phys. A 1005 (2021) 121769
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Summary

— e e e Wp— = R ——

» Significant suppression of charmonium in central heavy-ion collisions
» J/y R, , increases with p-, hint of decreasing with centrality

» No significant collision energy dependence of J/y R, , at RHIC

— Interplay of dissociation, regeneration and cold nuclear matter effects

—> Constrain QGP properties

2025/10/26 Wei Zhang @ QPT 2025 17



Outlook

A ——— R e

» Clear J/y signal observed in O+O collisions
» The ongoing R , , analysis will provide new insights into the collision

system-size dependence of J/y suppression at RHIC

CD Au+Au A STAR internal

2/ ndf 27.4/20

x
700 — N 4701+4.2
y - o 1.052 + 0.130
s E 0+0 YS =200 GeV n 5474
7r+7 < “F Ny, =13347 £549 Sy 0.03374 +0.00151
= - L
r+Zr E > E  Centrality: 0-80%,0 < p_ <6 GeV/c bl 3.091+0.002
Q9 ® 500— T p5 0.7493 + 0.0274
Ru+Ru Q o p10 109.9 £ 25.9
0 S 400 pi1 -31.24 £7.77
o I .
gﬂ = - —— UL-Sign
£ o 300 R
O+0O @ € - —— Like-Sign
=2
o Q 200 Mix. UL-Sign
& (&)
c
- 100
L '."T'::.:'-':: T 'I'..I. ::: T 7 =, - e .
® p+p 85 2.9 3 3. 3.2 33 3.4 35

M. (GeV/c?)

2025/10/26 Wei Zhang @ QPT 2025



2025/10/26

e —— e e p— = i S R ——

Thank you

Wei Zhang @ QPT 2025
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Back up

Wei Zhang @ QPT 2025
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Efficiency and Acceptance Corrections

——— e —— e — e — = i S R ——

_ _Tinel dyde

<Ncoll> dzapp/dyde

€

Raa

- N Jw—ete— —
Naa= A xexNevent E=¢&

electron positron

Celectron gpositron — &rpc * EeIp X €1OF

hEff1D_Cen0_80_Clone

r ¥Z 7 ndf 2744716

o Entries 100 / 104 \ p0 0.1647 + 0.004486

B - > c —e— 0-80% p1 0.951+ 0.0009239

- 104F e 0.80% / x*/ndf14.87 /17 1.02f- . P2 —0.267 +0.005339

08§ - 0.20% -~ F 0-20% p3 2.355 +0.1074

w [ 1021~ ° Prob 0.6048 e = a— 20-40% pd 0.8869 + 0.4666
g - . - —e— 20-40% ro . g 0.98 :_ p5 0.05782 +£0.1396
g o g - e 40-60% £ 098 —=— 40-60% p6 0.9107 + 0.006172
5 06 o - . Lum0 = 60-80% p7 0.1931+0.1881
g L —— Centrality: 0-80% £ 098 o 60-80% AutAu Sy =27GeV et R
£ E
& - —=s— (Centrality: 0-20% 3 - 5 0941 =
04— y: © 3 0.96[ 2 OF AutAu Sy, =27GeV
g T +—— Centrality: 20-40% s t @092~

= 0.94— = o

= —— Centrality: 40-60% C 8 09

02— G C r
B —~—— Centrality: 60-80% 0-92: 0.88— I
I 0.95~ 0.86[—
0 IlllllllllllllIllIIIIIIlIlIIlIIII|III1|IIII|III1 lJIllllLI|L\JI\LIIIJIlJIllllLllL\IIlJIIlJIlJIIlII
o0 05 1 15 2 25 3 35 0 05 1 15 =2 25 3 35 4 45 5

45 5
p,(GeVic) p (GeV/c)
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Efficiency and Acceptance Corrections

e e e — e — e S ——

» TOF Matching efficiency has pt 1 ® dependence

Celectron gpositron — &rpc X Eep X 8TOF(3 D)

e/n TOF Matching Efficiency Ratio Centrality: 0-80% Centrality: 0-80%
o 13 E E
A i
12 L
C 0.8 08
- > [ M‘“ > | o P S|
1 e e g [ o g | oF
e Sl o S ¥
5 s | £
L =04l =04l
0.9— SE e T
C Centrality: 0-80% [ [
- Y -0.60 <n< -0.40 -0.60 <n< -0.40
: -1.047 <¢< -0.785 : -0.785 << -0.524
C L L1 [ | [ | [ B | [ R | T T _I_I-I-I_LI_I-LI-I_I-LI_I-I_I-LI_I-I-LI_I_IJ-I_I_I_IJI
Big 5 # 5 ; s 3 % 0.5 1 1.5 2 2.5 3 % 0.5 1 1.5 2 2.5 3
P, (Gevic) p_(GeVic) p_(GeVic)

Electron TOF Matching Efficiency(3D) _  Electron TOF matching efficiency (1D)
Pion TOF Matching Efficiency(3p) Pion TOF matching efficiency (1D)
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pp Inelastic Cross Section

Ty, (Mb)

i S

d2 NAA/dyde

Oinel

0)

0]

Raa = 5 inelastic  Ctotal — © elastic
(Neot) d?opp/dydpr
E | Prob 1]
¢ [ E siss 108 P } 107 -
| /N . o
1t/ \\ P =
PDG w: / \ "
w1 ndi 6419/ 147 PDG _ // ‘ \\ # 7 el 13117109
Prob 0 L "5 E— 7 rob ]
! 10 10° 10° 10* \S(GM Smearlng eaCh pOlIlt 1 10 1? 16° 10° ‘.S(Gemﬁ
Data from PDG (Particle Data Group) :
https://pdg.1bl.gov/2022/hadronic-xsections/
F e VS NN (GeV) Ginelastic (mb) Error(mb)
] o o 200 43.40 0.77
anof ) 27 32.99 0.16
0 27GeV 19.6 32.08 0.14
100? 17.3 31.78 0.13
sl 14.6 31.42 0.13
9,2 R R R R R B B 11.5 30.99 0.12
9.2 30.65 0.13
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Additional Momentum Smearing (27GeV example)

J(@")*P*+b’

promet = Pr True T Aprx p embed( )
pT, Ture

(rcPt-mcPt)/mcPt vs mcPt

10*

e
o]

e
@

(rcPt-mcPt)/mcPt

10°

==="-

102

10

|||||||\\‘\|||||||||||\\‘|||||||||
v 05 1 15 2 25 3 35 4 45 5

Embedding ID:20192501

additional momentum

smearing factor
0.12 x?/ ndf 247.7 /94
- Prob 8.705e-16
0.1 - Sigma PO 0.002978 + 4.535¢-06
1 007193 + 9.6440—
o - Mean p 0.007193 + 9.644e-06
Qo08~ — o ——
2
2106 Single Electron embedding
S
T
e
= 0.04
o
3
$ 0.02
=
m 0 Co0CO0000000CO000000CO00COO000O00C00 00000000 COHDOCOOCH00COO00CA0HCN00COCONNCONOOCO000CO0000Y
O
o
-0.02
_0.04 | | | ! | | | | |
0 05 1 15 25 35 45 5

2 3
electron P, (GeV/c)

G embed — \/aZ PTZ + b2
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Addiction Momentum Smearing (27GeV example)

Centrality: 0-80%, 0 <p_<4 GeV/c

100= _ 2/ ndf 2038 / 20
- . K 025 — Prob 0
90F- Minimum 7?2 at 0.0059 & - N 0.03528 + 0.00058
- ¢ B u 3.069 = 0.001
f"%%% S - © 0.06618 +0.00046
80— S 02— o 1.075 = 0.010
E K C n 1.166 + 0.030
ol The J/y templates from ToyMC - N 0 2508 0030
- . K . . 5 ui 3.097 = 0.000
woF 3 with additional momentum 0151 L 02t om0
- =] o L T U
- ° =} . .
- smearing based on best a. -
— ) o L
501 3 K 0.1F
- % 5 — L
- ) UO -
40 - 000 Doo -
= s, & 0.05 —
30 — OOOO 6’0 -
3 W&P :
- L b b —lglot g il o o
20— 8.8 29 3 341 3.2 3.3 3.4 35
| SR S AN T S NN T SN S HN SN SO T AN SO S NN ST mass (GeV/c 2)
0 0.002 0.004  0.006 0.008 0.01

: , :
) COTIIPATE with data, a ' value with

scan @' wes get J/i) o from ToyMC minimum y 2 is the best a ' value
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pp Inelastic Cross Section

e The parameters:
Grlj . . VS NN (GeV) Ginelastic (mb) Error(mb)
* Glauber model inputs: 00 340 077
* Collision system: Aut+Au > 32:99 0:16
¢ Enel‘gy: 27 GeV 19.6 32.08 0.14
* Radius of Au: R=6.38 fm 17.3 31.78 0.13
* Skln depth d — 0535 fm 14.6 31.42 0.13
* Sigma(NN) =33 mb 115 30.99 0.12
* Separation of two nucleons: ds = 0.9 fm 92 30.65 0.13

The input sets in Glauber model
Mode Au + Au The parameters (Glauber model inputs)

Energy 17.3 GeV Collision system Au + Au
6
Events 10 Energy 14.6 GeV
Radius of Au R =6.38 fm )
Radius of Au R = 6.38 fm
Skin Depth d =0.535 fm .
Skin depth d = 0.535 fm

Inelastic NN cross

section onn = 31.8 mb Sigma(NN) 32 mb
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