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Probing gluon saturation with novel ratio RUPC 
in ultra-peripheral collisions

(Based on work with Yuri Kovchegov and Huachen Sun, arXiv:2311.12208) 

https://arxiv.org/abs/2311.12208


DIS 2024

2Kong Tu 

ØEMC effect at large x

ØNuclear enhancement (anti-
shadowing) at intermediate x

ØNuclear suppression at low x

Heavy nuclei at high energy are strongly modified
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Heavy nuclei at high energy are strongly modified
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ØEMC effect at large x

ØNuclear enhancement (anti-
shadowing) at intermediate x

ØNuclear suppression at low x

We know they exist, but we do not know (for sure) their underlying mechanisms.
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In this talk, I will focus on a new 
measurement that may find out the 
underlying mechanism at low-x.

Heavy nuclei at high energy are strongly modified
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Saturation of gluon density at high energy is expected

6Kong Tu 

Saturation is a nonlinear gluon dynamics that gluon splitting ~ gluon 
recombination à Therefore, it is a low-x phenomenon. 

(See details in other talks in this WG.)
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Vector Meson photoproduction in heavy-
ion ultra-peripheral collisions (UPCs)
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At Leading Order, 2-gluon exchange

A clean probe to the gluon density and gluon spatial distribution

Coherent = nuclei stay intact
Incoherent = nuclei break up

~5.5 TeV at the LHC
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Large nuclear suppression (even) up to x ~ 0.03
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New arXiv:2311.13637

Relative to free nucleons 
(Impulse Approximation)

Nuclear suppression was observed for both 
coherent and incoherent J/𝛙 photoproduction at 
RHIC, with incoherent being more suppressed.

https://arxiv.org/abs/2311.13637
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New arXiv:2311.13637

Relative to free nucleons 
(Impulse Approximation)

Nuclear suppression was observed for both 
coherent and incoherent J/𝛙 photoproduction at 
RHIC, with incoherent being more suppressed.

Ø CGC saturation model, technically, has the 
limitation at the STAR’s kinematics and data do 
not favor additional substructure with gluon 
density fluctuation.

https://arxiv.org/abs/2311.13637
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Nuclear suppression was observed for both 
coherent and incoherent J/𝛙 photoproduction at 
RHIC, with incoherent being more suppressed.

Ø CGC saturation model, technically, has the 
limitation at the STAR’s kinematics and data do 
not favor additional substructure with gluon 
density fluctuation.

Ø LTA in nuclear shadowing model describes the 
coherent well, but not enough suppression for 
incoherent production.

New arXiv:2311.13637

Relative to free nucleons 
(Impulse Approximation)

https://arxiv.org/abs/2311.13637
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Nuclear suppression was observed for both coherent 
and incoherent J/𝛙 photoproduction at RHIC, with 
incoherent being more suppressed.

Ø CGC saturation model, technically, has the 
limitation at the STAR’s kinematics and data do 
not favor additional substructure with gluon density 
fluctuation.

Ø LTA in nuclear shadowing model describes the 
coherent well, but not enough suppression for 
incoherent production.

New arXiv:2311.13637

Relative to free nucleons 
(Impulse Approximation)

Leading Twist Approximation in nuclear shadowing

Leading Twist Approximation (LTA)
Combination of Gribov-Glauber theory, QCD 

factorization, and HERA diffractive data

L. Frankfrut,, V. Guzey, M. Strikman (Physics Reports 512 (2012) 255-393)

May not be exclusive to saturation, but certainly not identical. For example, 
proton target has no shadowing.

https://arxiv.org/abs/2311.13637
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Large nuclear suppression down to x ~ 10-5
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Both LTA shadowing models and saturation models can somewhat describe the higher energies.

JHEP 10 (2023) 119PRL 131 (2023) 262301
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Large nuclear suppression down to x ~ 10-5

13Kong Tu 

Both LTA shadowing models and saturation models can somewhat describe the higher energies.

It is obvious that we need to think differently how to 
further study and understand the underlying mechanism.
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A new proposal: double ratio in UPCs
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Distinct expectation:
• Saturation: diffractive J/𝛙 is less suppressed than inclusive jet/h production.
• Shadowing:  diffractive J/𝛙 is more suppressed than inclusive jet/h production
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CGC: calculating the double ratio
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CGC: calculating the double ratio – Vector Meson (VM)
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Standard CGC framework, dipole amplitude from 
BK/JIMWLK, GGM/MV model for initial condition, etc.
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1/Qs r = dipole sizevs

A

Saturation

Non-saturationr 

r

Two knobs to turn: the target and the probe

High energy
Qs

2 ~ (A/x)1/3

Target Probe
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J/𝛙 

𝝆
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Standard CGC framework, dipole amplitude from 
BK/JIMWLK, GGM/MV model for initial condition, etc.
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Similar calculations, except quark-antiquark pair 
doesn’t become VM, target breaks up so no color-
singlet, etc. “X” is the measured parton.
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Similar calculations, except quark-antiquark pair 
doesn’t become VM, target breaks up so no color-
singlet, etc. “X” is the measured parton.
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CGC: A-scaling for J/𝛙 and 𝝆 meson
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My naïve expectation would 
be somewhere here but need 
proper calculations. 

Claim: this double ratio may 
provide the maximal separation 
between the two models
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Measurement at RHIC and the LHC
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All LHC experiments will have significant 
upgrades in Run 3 & 4 (e.g., wide acceptances, 
ALICE FoCal, etc.). Lower-x reach!
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Measurement at RHIC and the LHC
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All LHC experiments will have significant 
upgrades in Run 3 & 4 (e.g., wide acceptances, 
ALICE FoCal, etc.). Lower-x reach!

ATLAS recently joined the game of UPC 
J/𝛙 in Run 3 

ATLAS had shown capabilities of doing 
jet/hadron in UPCs too.
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Connection to the Electron-Ion Collider
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The ePIC detector and possible 
a 2nd detector

EIC

Similar idea from the EIC white paper with diffractive DIS and total DIS cross section. 
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Ø One of the most pressing questions 
in UPC VM measurements is to 
confirm or validate models.

Ø New observable RUPC may shine 
new light to this question

Ø RHIC and LHC provide a wide 
range of energy to test RUPC and 
may have a few different nuclei to 
see the A dependence.
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“Every genuine test of a theory is an attempt to falsify it, or to refute it” – Karl Popper. 

Thank you!
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Backup
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Most, if not all, data and model comparisons are like these
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Both LTA shadowing models and saturation models can somewhat describe the higher energies.

JHEP 10 (2023) 119PRL 131 (2023) 262301
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Both LTA shadowing models and saturation models can somewhat describe the higher energies.
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Most, if not all, data and model comparisons are like these
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