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Recent STAR results

● Exclusive J/ψ and ψ(2s) photoproduction and 
Entanglement-Enabled Spin Interference
– Ashik Ikbal Sheikh, QM 2023

● Observation of strong nuclear suppression in exclusive 
J/ψ photoproduction in Au+Au UPCs at RHIC
– Kong Tu, DIS 2023

● Probing nuclear structure with ρ0 mesons
– Au and U: STAR Collaboration, Sci. Adv. 9, eabq3903 (2023)
– Ru and Zr: Jie Zhao, ATHIC 2023 

https://indico.cern.ch/event/1139644/contributions/5541475/
https://indico.cern.ch/event/1199314/contributions/5189833/
https://www.science.org/doi/10.1126/sciadv.abq3903
https://indico.cern.ch/event/1176274/contributions/5323680/


Exclusive J/ψ and ψ(2s) photoproduction in Au+Au 
200 GeV



The STAR detector

Barrel EM Calorimeter Zero Degree Calorimeter

TPC    |y|<1
BEMC |y|<1
ToF     |y|<0.9
ZDC    |η| > 6.6
(±18 m from z = 0)





Motivation

Kong Tu, DIS 2023

https://indico.cern.ch/event/1199314/contributions/5189833/


Motivation

Kong Tu, DIS 2023

Coherent
Probing the nuclear parton 
distribution functions at x ~ 0.01 
– 0.05

Incoherent 
Search for possible sub-
nucleonic density fluctuations 
(“hot spots”)

https://indico.cern.ch/event/1199314/contributions/5189833/


J/ψ and ψ(2s) in 200 GeV Au+Au UPCs

Coherent/incoherent separation:combined template fit (using H1 ep data and STARlight)
Momentum transfer t ≈ pT

2 

Kong Tu, DIS 2023

https://indico.cern.ch/event/1199314/contributions/5189833/


J/ψ and ψ(2s) in 200 GeV Au+Au UPCs

Coherent/incoherent separation:combined template fit (using H1 ep data and STARlight)
Low momentum transfer (pT

2) dominated by coherent photoproduction

Kong Tu, DIS 2023

https://indico.cern.ch/event/1199314/contributions/5189833/


First measurement of J/ψ 
photoproduction vs rapidity 
at RHIC

Incoherent/coherent ratio sensitive 
to nuclear structure and nuclear 
deformation at small x

See W. Zhao, INT 2023

● 0n0n: no neutron on either side
● 0nXn: >=1 neutron on one side
● XnXn: >=1 neutron on both sides K
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https://www.int.washington.edu/sites/default/files/schedule_session_files/Zhao_W.pdf
https://indico.cern.ch/event/1199314/contributions/5189833/


Kong Tu, DIS 2023

Coherent J/ψ 
photoproduction 

Shadowing model with Leading Twist 
Approximation describes the data
very well. 

The suppression factor Data/Impulse 
Approximation (free nucleon)  ~ 60%

Results with resolved two-source 
ambiguity (which Au nucleus
provides the photon)

https://indico.cern.ch/event/1199314/contributions/5189833/


Coherent ψ(2s) vs J/ψ 
photoproduction 

Kong Tu, DIS 2023

Next-to-Leading Order (NLO) pQCD
calculation, constrained by the LHC data do not 
describe the STAR data

EPPS21 + scale at 2.39 GeV.
Only scale uncertainty shown.

Reference to NLO pQCD calculation:
a) arXiv:2210.16048
b) Phys. Rev. C 106 (2022) 3, 035202

https://indico.cern.ch/event/1199314/contributions/5189833/


Kong Tu, DIS 2023

Incoherent J/ψ 
photoproduction 

Compared to the H1 data with free 
proton, the suppression factor ~40%.
Stronger than that for coherent 
production

The H1 data consistent with models with
sub-nucleonic fluctuation
[Phys. Rev. Lett. 117 (2016) 5, 052301]

STAR data shows the bound nucleon 
has a similar shape in pT

2 as the free 
proton →similar sub-nucleonic
fluctuation in heavy nuclei.
[Phys. Rev. D 106 (2022) 7, 074019 ]

https://indico.cern.ch/event/1199314/contributions/5189833/


Coherent vs incoherent photoproduction

Coherent J/  production is𝛙
independent of neutron emissions

Incoherent J/  production𝛙
is highly correlated with neutron 
emissions



Summary
● First J/ψ measurements in heavy-ion UPC at RHIC:

– Strong nuclear suppression seen for both coherent (~ 40%) and 
incoherent (~60%) production

– Bound nucleon and free proton have similar shape up to pT
2 ~2 (GeV/c)2
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Outlook
● Recently completed forward upgrades at STAR: 

– Forward Tracking System
– Forward Colorimeter System (EM and Hadronic
– 2.5 < η < 4

● High-statistics data
– transversly-polarized p+p 500 GeV (run 2022)
– p+p, p↑+Au and Au+Au 200 GeV (2024 and 2025)

(p+p, p+Au → baseline for no saturation)
● Expected physics results

– Low W phase space down to W < 10 GeV
– First-time ϕ meson photoproductio
– High statistics J/ψ at higher pT

– Spin-dependent J/ψ production

STAR
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Backup
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Probing the gluonic structure of the 
deuteron with J/ψ photoproduction 
in d+Au ultra-peripheral collisions
Phys. Rev. Lett. 128, 122303
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STAR Collaboration, Sci. 
Adv. 9, eabq3903 (2023)
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Au and U nuclear structure

STAR Collaboration, Sci. Adv. 9, eabq3903 (2023)

Model I: W. Zha, et al. Phys. Rev. D 103, 033007 
(2021); Phys. Rev. C 99, 061901 (2019)
Model II: H. Xing et al., J. High Energ. Phys. 2020, 
064 (2020). 
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Au and U nuclear structure

STAR Collaboration, Sci. 
Adv. 9, eabq3903 (2023)



29k1, k2 → high energy (k1) and low-energy (k2) photon candidate


