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Relativistic Heavy lon Collider (RHIC)

O To explore some of Nature's most basic -- and intriguing -- ingredients and phenomena
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Experimental Probes for Deconfinement

Heavy quarks mainly produced
from initial hard partonic
scattering, m,> Aqcp

Heavy-flavour Experience the entire evolution of the
as probes of QPG, loss energy through Gluon
the QGP radiation or Collisional energy loss

The QQ pair bound state can be
—— dissociated or regenerated in the
QGP
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Quarkonia production at RHIC



Collision energy dependence of QGP property
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J/Y suppression measured at different energies
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O No significant energy dependence of nuclear
madification factor within uncertainties at

Snn < 200 GeV
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J/Y suppression measured at different systems

» The size of hot and dense medium — the corresponding J/y suppression
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O Inisobaric collisions, highest precision measurement at RHIC to date

O No significant collision system dependence of J/3 suppression at similar (Ny,,) range
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J/Y v, at RHIC top energy

» Charm quark thermalization level at RHIC
Isobar \s,,, = 200 GeV
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O Smaller regeneration effect at RHIC compared to that at LHC ?
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J/Y yield vs event multiplicity in p+p

» Sensitive to underlying event activities, MPI
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Charmonium sequential suppression

» The suppression level related to the binding energy of charmonium
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O Aclear iy (2s) signal is observed in isobaric collisions

O First observation of charmonium sequential suppression in heavy ion collisions at RHIC (3.50)
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Y (2s) over J/y ratio vs centrality and p
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O Centrality dependence trend at RHIC seems more similar to that at SPS than at LHC

O Significantly lower than that in p+p and p+A collisions at pt <2 GeV/c
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Y (2s) over J/ ratio in p+A collisions at RHIC
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O Final stat effect is significant, and larger in the backward rapidity where multiplicity is higher

O Similar suppression pattern, weak energy dependence
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Y suppression at different systems
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O Consistent suppression is observed

between isobar and Au+Au collisions in

similar (Npart) range

O Hint of sequential suppression in isobaric

collisions
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J/Y polarization in isobaric collisions

» ]/y polarization — the production mechanism
» Possible difference between heavy ion collisions and p+p collisions
> The J/i decayed leptons: w(cos8, ¢) < 1 + Agcos*0 + Apsin“Ocos2¢ + Aggsin26cose

03F
0.2.

e +

{ﬁ?ﬂﬁﬂ% O Ay and Ay are consistent with zero within

—0.2,—
uncertainties, indicate that no polarization

Ru+Ru&Zr+Zr \s . = 200 GeV
Helicity Collms Soper

0-80%

03*J/w—>ee ly|<1
~0.4F 0.2< <p, <10. GeV/e
i \ 1

1# O ﬁ% Ld | i is observed within current uncertainties
> o T A S {%
Eil '#H% et
R O No significant centrality dependence is
0,65— ' 3 :
i observed
0% 3 [
< 0“‘1"‘—$—"+‘_$—+— 3 35 !
o ”*“‘*‘ g T o
:g:g% STAR Preliminary 3 :
45 20 20 50 a'o 620 40 80 80
Centrality [26] Centrality [26]

11 June 2025 Kaifeng Shen@CIPANP 2025 16



J/1 global spin alignment in isobaric collisions

» Respect to the Event Plane: axis orthogonal to reaction plane
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O The pyy at RHIC is lower than 1/3 (3.50), and comparable to LHC results
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Energy correlator with Quarkonia
tagged at RHIC



J/Y energy correlator

| # O J/y as a tagged meson, sensitive to
ﬁé@g; hadronization of c¢ — ] /Y +X

M | 2% O y is measured in the J /1 rest frame:

» Perturbative processes contribution
dominate at cos(y) <0

L,
Z(cosy) = / dUZMlS(COS)( —cos6;), » Non-perturbative processes contribution
dominate at cos(y) = 0
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J/Y energy correlator measured at RHIC-STAR
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O The J/y energy correlator has been
measured firstly at STAR in p+p collisions
at+/s =500 GeV

O No significant cos(y) dependence of the ] /y
energy correlator at cos(y) > 0, while the

measurement is different compared to that
in Pythia8 (~70)
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Summary

O Quarkonia at RHIC:

>

Collision energy and system dependence: no significant dependence has been
observed; first measured charmonium sequential suppression in heavy ion
collisions at RHIC

Polarization and spin alignment in heavy-ion collisions: J/i polarization
around zero, py, at RHIC is lower than 1/3 (3.50)

Hadronization process: first measured J/i energy correlator in p+p collisions

Photo-nuclear production: coherent J/iy strongly suppressed; evidence of
decay anisotropy



Outlook: STAR experiment

O Run23-25: large samples of p+p, (p+Au), and Au+Au collisions

O STAR forward upgrade(2.5<|n|<4): Forward Tracking System & Forward Calorimeter System

25<n<4
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Outlook: sPHENIX experiment

sPHENIX Run 2024 pp V/s=200 GeV
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O During Run24, 107 pb!
photon/Jet calorimeter data,
13.28 pb~! photon/Jet full
detector data, as well as 2.9

Calorimeter Data (crossing 0.0 & 1.5 mrad, all z-vertices)
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Outlook: Quarkonia at sPHENIX

O Quarkonia physics at sSPHENIX:

» Probing transport coefficients

HO.?_
> H k t t I g N SPHENIX BUP2024 Projection
eavy-quark potentia %0.6:— O 2.4 nb” recorded Au+Au
q e 7nb’'recorded Au+Au
[ >_ -
» (p)NRQCD formalism 0% o 13pbsampled p+p 1(25)
> 04 - e 26pb’sampled p+p
> . ' =
0.3
025_ ¢ G » e | Y(1S)
of % % H | o0
0:11 I]llJlJllJllJllJIl]llJlllIIJTllH{I

0 1 2 3 4 5 6

Parton energﬁiloss

11 June 2025 Kaifeng Shen@CIPANP 2025 24



lic Heavy lon _(‘:olllder by Brookhaven National Laboratory fl ic k r

PO -
- R4

e
X —
_}",, -

4

-

e
S A AANANAY
AL ST

T e,

)% Maven National T3k S ke “
et P bl . AT



11 June 2025

Back up

Kaifeng Shen@CIPANP 2025

26



b/c — e: energy loss in QGP

— : — —
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b/c — e: collectivity in QGP
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@ 200 GeV |y|<0.7

® 54.4GeV |y|<0.8

B 27 GeV |y|<0.8
non-flow
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® STARdata
nonflow
....... NCQ scaling (c—e)

PHSD
7 TAMU @ 62 GeV

O The e"F have non-zero and comparable v, in
Au+Au collisions at 54.4 and 200 GeV -
iIndicates that charm quarks interact strongly
with the QGP medium

O The e v, at 27 GeV Au+Au collisions are
consistent with zero

O The e!f'F v, at 54.4 GeV Au+Au collisions are
Consistent with model calculations, which
assume that elastic collision scattering
dominated
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