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Why quarkonia ?

m Heavy-flavor quarks (c,b) produced dominantly in initial hard scatterings

A+A collisions
= QQbar potential and spectral function modified in the QCD medium w.r.t. vacuum
= Hot nuclear matter effects:

> Dissociation due to color screening and regeneration

= Sequential quarkonium suppression due to different
binding energies 02, 04T, 11T 23T
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= Cold nuclear matter effects:

2> Modification of PDFs, nuclear absorption, coherent energy
loss, co-mover absorption, ... - study in p+A collisions

= Production mechanism - study in p+p collisions

QGP melting

Quarkonium R, ,

Energy Densit§'
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STAR detector at RHIC
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Mid-rapidity sub-detectors

TPC
= momentum and PID (dE/dx).

TOF
= time-of-flight and PID (1/B).

BEMC

= trigger on and identify high p,
electrons.

MTD
= trigger on and identify muons.
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J/w production with jet activity in p+p

®m Constraining J/y production mechanism: color singlet vs color octet state

Lansberg, Physics Reports, 889, 1 (2020)

o =reatl= |'
E, | STAR Preliminar  s=2 V [ _

- 10°E Y PP, Ve =200GeV § > Dependence of J/y production cross
z F X inelusive J/y = wu section on jet activity for R = 0.4 jets
Q} - pi"*‘ <10 GeVic, |y "' < 0.4
g ok Charged jet, R = 0.4 > For the measured kinematics, Pythia8

E p¥ >3 GeVic, ly"| <1-R predicts larger fraction of J/y
- produced in association with jets
i R — than that observed in data
1=—J Ldt=76.0pb"
- ¥ Data 2 Theoretical model calculations needed
i |:|8ystematic uncertainty 1'1
B PYTHIA8, STAR HF tune|( x1.97)
10 = 8% uncc—lzrtainty of luminosity r:ot included | et
— e
@ 7on Jet >
T 3
S 2
o — Jet
E ! "~ * Jiy with one jet
(DU 0 6 v Jet.

« I/y with two jets.

Jet Activity

20 June 23 4 STAR Quarkonia | B.Trzeciak | IS 2023



J/w production within jets in p+p

= |/p production in parton shower ?

®m Constraints on Long Distance Matrix Elements in NRQCD “-T‘_;m"" J;"’]"
Z. Kang et .al, PRL 119, 032001 (2017) E
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CNM effects on }J/p production

> Low p_ : significant CNM effects. Consistent with different models.

> High p, (> 3 GeV/c): R ,, consistent with unity » suppression in AA due to QGP effects
1 dN3a/(dprdy)

Rix = X
Ncoll ngp/(dedy)
2 2
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CNM effects on T production

> Improved precision in p+Au over previous d+Au results
2 Indication of CNM effects for T production at RHIC
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Energy dependence of J/y suppression in Au+Au 3%

® |mproved precision with 54.4 GeV data compared to previous STAR measurements

> R, increases with p_ below 3 GeV/c at 39 - 62.4 GeV, less p, dependence at 200 GeV

> No significant collision energy dependence of the J/y suppression between
39-200 GeV - interplay of dissociation and regeneration effects
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ALICE, Nucl. Phys. A 1005 (2021) 121769

ALICE, Phys. Lett. B 734 (2014) 314
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Isobar collisions at 200 GeV

96 96 96 967,
wuRu+ Ruand Zr+  Zr

< -

= Moderate size collision system, between Au+Au
and CU+CU 60-80% 0-20%

® | arge sample: ~ 4 billion minimum bias events E * * * * Au+Au
and high-tower trigger events

m Event Plane Detector (EPD): reduction of non-

flow effects in v, analysis 102|-00-80% 0-10%
e = = = = = = Z7ryZr & Ru+Ru
= Study dependence of hot nuclear medium I
effects on medium size and energy density £ A A 4 Cu+Cu
40-60% 0-20%
I L 1 1 | 1 1 L1 I
10 10°

(N2
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J/p suppression and v, in isobar collisions

m Dissociation vs regeneration effects: system size and geometry dependence

> No significant collision system and energy dependence of the J/y suppression at

similar NIoart

> Elliptic flow (v,) consistent with zero for p. < 4 GeV/c at Vs, = 200 GeV -
small regeneration
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Suppression of T states in Au+Au

m T states as QGP thermometer
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STAR, Phys.Rev.Lett. 130 (2023) 112301 Npart
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Suppression of T states in Isobar

m T states as QGP thermometer.
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OQS+pNRQCD, JHEP 05 (2021) 136, JHEP 08 (2022) 303

Transport Model, Phys. Rev. C 96 (2017) 054901

20 June 2:
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> T(15): similar magnitude of
suppression at RHIC and LHC

> T(29): hint of less suppression at RHIC
in peripheral A+A collisions

> Different model calculations describe T(1S)
and T(2S) suppression within uncertainties

2> T(1S) STAR data systematically below the
model calculations

STAR, Phys.Rev.Lett. 130 (2023) 112301
CMS, Phys. Lett. B790 (2019) 270-93
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System size dependence of quarkonia Raa

> No significant collision species dependence of the suppression at similar
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Outlook - 2023 and 25
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Summary of quarkonia at STAR

1 J/w production in jets and vs jet activity: discrepancy N I
between data and Pythia8 F el I mmemnmenes
E ¢ Au+Au@200 GeV, p_>0.15 GeV/c, w, |y [<0.5, PLB2019 E
2 CNM effects for low-pr quarkonia NEE EiiiiiiéilZXEZﬁ?:é’;iiL“Ti’lio‘?fﬁc?i?:;‘m i
- E Global uncenalnty
, L L H 3 T Il
3 J/y suppression: no significant collision system and - i
energy dependence Zj E@a@ H R .
= |nterplay of dissociation and regeneration effects. 02f E
F STAR Prellmlnary ]
4 J/LIJ V2 consistent With ZeI'O 0 0 50 100 150 200 250 300 350 40(2Npa:;50
= |ndication of small regeneration effects 30-60% 10-30% 0-10%
1.2+ ' ' T
. . | AutAu 200 GeV, |y|<1,0<pT<10 GeV/c
5 Sequential T suppression at RHIC L e Aty
. . . - STA °
= Thermodynamic properties of the medium sl TR o
6 Quarkonium suppression driven by Npart o 06 EE— v TES) O5% CL) L -
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Outlook - 2023 and 25

® High luminosity Au+Au runs at 200 GeV

2> Projected kinematic coverage of the heavy-flavor program.
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