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1. Exclusive processes, e.g., Vector Meson.
2. Semi-inclusive/jets, e.g., dijets photoproduction
3. Inclusive processes, charged particle production



UPC – a general approach to photoproductions
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What we mostly focused on in the 
UPC physics – VM and dilepton

Exclusive processes

Ø Nuclear gluon density ~ xG, low-x 
physics, saturation, shadowing, etc.

Ø QED process
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Semi-inclusive/jets processes

Ø nPDFs, moderate-x at RHIC, anti-
shadowing region!

Ø QCD factorization breaking and 
diffractive nPDFs

Ø Photon structure.



UPC – a general approach to photoproductions

4

What we mostly focused on in the 
UPC physics – VM and dilepton

Exclusive processes

Ø Nuclear gluon density ~ xG, low-x 
physics, saturation, shadowing, etc.

Ø QED process

Semi-inclusive/jets processes

Ø nPDFs, moderate-x at RHIC, anti-
shadowing region!

Ø QCD factorization breaking and 
diffractive nPDFs

Ø Photon structure.

photonA

Inclusive particle production

Submitted to PRD (April 15,2022)

Ø Inclusive – sensitive to target 
fragmentation in nucleus, Intra-
Nuclear Cascade, etc. 

Ø Baseline for saturation studies



Exclusive processes for STAR 2023+
• J/psi photoproduction with high precisions, 

• Wide rapidity coverage. 
• Neutron multiplicity classes to solve photon ambiguity.  
• Precise cross section measurement compared with pAu -

direct observation of suppression and huge impact on 
models.

• J/psi photoproduction off proton with transverse polarization 
Run 2024 (already in BUR)

• φ meson photoproduction, first time opportunity and a now-or-
never type of measurement! Half-field running of STAR.

• Extensive studies have shown φ meson is the best to 
see saturation in UPC (Ullrich, Tobias)

• Dielectron from Breit-Wheeler process towards low mass. Half-
field running of STAR.
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EIC Detector-1 Proposal (ATHENA)
One of the most important sciences at the EIC

Even at EIC, photoproduction of φ
meson is difficult, if not impossible 



φ meson
• Q2 ~ 0 + coherent φ meson has very low pTà very soft decays to the 

K+K-(~ 100 MeV/c)
• With full field at STAR (0.5T), the acceptance is very poor

pT acceptance with full field and half field.

Reference: Rhoà pi+pi-, total 
acceptance is ~ 17%
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However, not every daughter can 
reach TOF (~ 2 meters) even with 
the half field

Total acceptance ~ 5.2% of all generated φ

STARlight simulations at 200 GeV AuAu



Running estimates
• Based on STARLight and UPC ⍴0 paper at STAR

àScenario 1: 0.3 nb-1  ~ 1500 φ
àScenario 2: 1 nb-1  ~ 4500 φ

(1-2% of target luminosity for Run 2023 and/or 2025  )

STAR might be the only place capable of doing it, now or never
Low costs with high returns!
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VM Acceptance to TOF-
based UPC trigger

Cross 
section*

Luminosity Raw yield 
(in STAR)

⍴0 17% 40 mb 1 nb-1 ~400,000
φ 5.2% 1.5 mb 1 nb-1 ~4500

* Includes branching 
ratio to KK



A quick preview – UPC φ meson 
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(Plot by Daniel. B)

Ø Taken with only ZDC coincidence trigger in 2019, 
UPC φ meson is therefore included. 

Ø 40 φ meson out of a total of 120M triggered events. 

Ø With full field, the tracking with iTPC can go down 
to lower pT , this proves the capability of STAR can 
make this measurement. 

Ø However, with dedicated half-field running, we can 
be much more efficient, with cleaner events using 
TOF trigger, etc. 

Offline selections:
BBC VETO
gRefMult < 4
Primary Vertex with exactly 2 tracks



Dijets photoproduction for STAR 2023+
• Only preliminary dijet measurements done by ATLAS is available
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Use LHC dijet pseudo-data, Guzey, Klasen
estimated the power for reducing gluon PDF

Kinematic reach down to xA ~ 103

Dijets are also sensitive probe to saturation at the EIC, see talk 2 hours ago! 
https://indico.bnl.gov/event/14946/

RHIC energy with dijets photoproduction can probe the anti-shadowing region, x ~ 0.1

Recent interest in 
azimuthal correlations

https://indico.bnl.gov/event/14946/


Inclusive dijets photoproduction in UPC.
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UPC AuAu 200 GeV – new model from BeAGLE eAu 18x100 with UPC photon fluxes
(no existing model, we need to make our model…)

Complementary kinematics to the LHC, sensitive to the anti-shadowing regime, never done at RHIC before

(Plots by Xiaoxuan Chu)

Leading jet pT > 5 GeV, subleading pT > 4.5 GeV
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A quick simulation for pAu diffractive dijets PYTHIA 8
• Used Au photon flux and PYTHIA 8 generator. HardQCD processes.
• pAu 200 GeV, where photon emitted from Au nucleus, proton is the target. 
• Leading jet pT > 5 GeV, subleading jet pT > 4 GeV
• STAR has a good acceptance of these events. 
• We are still calculating how much events we can get, a very rough 

estimate is about 3k diffractive dijets events for Run 2024 pAu run.
(cross section is small for diffractive jets, rates will not be a problem)

11

(Plots by Zhengqiao Zhang)



Inclusive process for STAR 2023+ 
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AuAu UPC 200 GeV
eAu 18x100 GeV

Ø Charged particle spectra

• Inclusive processes are sensitive to 
fragmentation in nuclei, cold nuclear matter 
effect, intra-nuclear cascade (INC)

• Baryon stopping (N. Lewis et al)
• High multiplicity events for v2

Ø Photoproduction is at the regime with the 
largest difference btw bsat and nonbsat

Ø Qualitatively different to shadowing model!

BeAGLE UPC mode

• Ultimate measurement of non-
linear gluon dynamics at RHIC?
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Summary
• Many physics opportunities of STAR Run 

2023-2025 with UPC program – initial-state 
physics.

• Not only (1) VM production, but also (2) dijets
photoproductions and (3) inclusive processes. 

• RHIC energy and STAR forward upgrades 
have unique phase space and kinematics, 
and if with the half-field running, first-time φ
meson photoproduction. 
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These measurements make a smooth transition from RHIC to the EIC physics.

Draft document/write-up for Daniel. C

Writing ongoing…


