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Outline
• J/ψ production in ultraperipheral collisions
• Vector meson spin interference
• Baryon number carrier and its transport
• EM-jet AN studies at 200 GeV
• Nonlinear gluon effects in QCD
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J/ψ production in ultraperipheral collisions
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fig: Ashik Ikbal, RHIC-AGS 2024
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STAR, PRC 110 (2024) 014911



Grigory Nigmatkulov, INT, Aug. 19-23, 2024, Seattle (WA) 9



Grigory Nigmatkulov, INT, Aug. 19-23, 2024, Seattle (WA) 10



Vector meson spin interference

Grigory Nigmatkulov, INT, Aug. 19-23, 2024, Seattle (WA) 11



Grigory Nigmatkulov, INT, Aug. 19-23, 2024, Seattle (WA) 12



Grigory Nigmatkulov, INT, Aug. 19-23, 2024, Seattle (WA) 13

fig: Ashik Ikbal, RHIC-AGS 2024
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fig: Ashik Ikbal, RHIC-AGS 2024
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Baryon number carrier and its transport
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Non-junction models 
(UrQMD, HERWIG): equal or 
less baryon compared to 
electric charge
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fig: Prithwish Tirbedy, CPOD 2024
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EM-jet AN studies at 200 GeV

STAR forward detectors used in the 
current STAR analyses: 
• Forward Meson Spectrometer (FMS): 

2.6 < η < 4.2, ϕ ∈ (0, 2π); detect γ, π0, η
• Roman Pot detector (RP): Located 

about 15 m away from interaction 
point on both sides; detects slightly 
scattered protons
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East BBC: −5 < 𝜂 < −2
East RP

East RP: 𝜂 < −6

Intact proton



Multi-dimensional studies for inclusive EM-jet AN at 200 GeV
The ElectroMagnetic jets (EM-jets) are
the jets reconstructed using only photons

• The EM-jet AN decreases with increasing 
photon multiplicity for xF > 0
• AN is larger for the EM-jets consisting of 1 

or 2 photons
• AN increases with xF for all the cases of photon 

multiplicity
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Single diffractive EM-jet AN at 200 GeV

• The EM-jet AN for xF > 0 (>2σ significance of non-zero) is 
observed for 1 or 2 photon multiplicity EM-jets in the 
single diffractive process

• AN for the three processes consistent with each other 
within uncertainty

• The single diffractive processes fail to provide evidence 
for its significant contribution to large AN in the 
inclusive processes
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Semi-exclusive process EM-jet AN at 200 GeV

• Semi-exclusive process: polarized proton intact; 
constrain the energy of EM-jet at FMS and west 
side proton to less than beam energy

• A non-zero AN for xF > 0 is observed with 3.3σ 
significance for the semi-exclusive process

• The sign of AN is negative. Theoretical inputs are 
needed to understand the different sign
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Nonlinear gluon effects in QCD
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• DGLAP (Dokshitzer Gribov Lipatov Altarelli Parisi): 
Evolution in resolution Q2, resums terms in 
αS log Q2 → resolving “smaller” partons at high Q

• BFKL (Balitski Fadin Kuraev Lipatov (BFKL): Evolution in 
energy x, resums terms in αS log 1/x → Large parton
densities at small x

• Saturation region at very small x

• Important to understand QCD evolution, parton densities



Nonlinear gluon effects in QCD

First measurement of the A dependence 
of nonlinear gluon effects

• At low pT regime, a clear suppression is 
observed in p+A compared to the p+p data

• Such suppression scaling with A1/3 
matches gluon saturation models

M.S. Abdallah et al., Phys. Rev. Lett. 129, 092501
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Summary
• STAR measured the coherent and incoherent J/ψ production in Au+Au UPCs
• STAR observed the spin interference of the photoproduced ρ0 and J/ψ

• The measured interference signal increases with pT

• Measurements are sensitive to nuclear geometry and useful to constrain the theoretical models

• Baryon number carrier and its transport
• Three approaches to test the carrier of baryon number & transport:

• Isobar data: less electric-charge transport than baryon transport
• Au+Au BES/global data: exponential rapidity dependence with slope showing no centrality dependence, 

flavor blind
• Significant net-proton in γ+Au at midrapidity: exponential rapidity slope is compatible with the prediction 

of Regge theory on baryon junction

• First diffractive AN is studied, but diffractive AN can not have a significant contribution 
to large AN

• STAR di-π0 correlation study shows strong suppression at low pT in p+A, following 
expected A1/3 dependence
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Backup slides
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STAR forward upgrade
Coverage: 2.5 < η < 4.0
Status:
• Installation and commission completed in 2021
• Start taking data since 2022
Requirements:

Measures:
• h+/−, e+/− (with good e/h separation)
• Photon, π0, jets

Combines:
• Forward Tracking System (FTS)

• Forward Silicon Tracker (FST)
• small-strip Thin Gap Chambers (sTGC)

• Forward Colorimeter System (FCS)
• Electromagnetic Calorimeter (ECal)
• Hadronic Calorimeter (HCal)
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STAR: Forward tracking system (FTS)
Forward Tracking System (FTS):
• Forward Silicon Tracker (FST)
• small-strip Thin Gap Chambers (sTGC)

Forward Silicon Tracker (FST):
• 3 disks, each with 12 modules
• Each module includes 3 single-sided double-

metal mini-strip sensors (Si from Hamamatsu)
• Fine granularity in ϕ and coarse in R
• Material budget ∼ 1.5% X0 per disk

small-strip Thin Gap Chambers (sTGC):
• 4 planes, each with 5 pentagonal modules

• Double-sided sTGC with diagonal strips give 
x, y, u in each layer

• Position resolution < 200 μm
• Material budget ∼ 0.5% X0 per layer
• Readout based on VMM chips
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STAR: Forward calorimeter system (FCS)

ECal:
• Reuse PHENIX Pb-Scintillator calorimeter

• 1496 channels: 5.52 × 5.52 × 33 cm3

• 18 X0; 0.85 nuclear interaction length
• SiPM readout

HCal:
• Fe/Sc (20 mm/3 mm) sandwich

• 520 channels: 10 × 10 × 84 cm3

• ∼ 4.5 nuclear interaction length
• Same SiPM readout as ECal
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Physics opportunities with the STAR forward upgrade

Cold QCD:
• Sivers asymmetries for hadrons, (tagged) 

jets, and di-jets
• Collins measurements at high x
• GPD Eg : gluon spin-orbit correlations
• Gluon PDFs for nuclei: RpA for direct photons 

& DY
• Test of Saturation predictions through di-

hadrons, γ-jets

Hot QCD:
• Temperature dependence of viscosity through 

flow harmonics up to η ∼ 4
• Longitudinal decorrelation up to η ∼ 4
• Global Lambda Polarization: test predictions 

of strong rapidity dependence
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Physics opportunities with the STAR forward upgrade

No increase in the width of the
azimuthal angular correlation is seen 
within experimental uncertainties

PRL129, 092501 (2022)
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