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Partonic structures inside nucleon and nuclei:
-Fundamental to the study of QCD
-A key objective of upcoming experiments at EicC/EIC.

In high-energy collisions, partonic structure finds its concrete 
expression in the parton distribution functions  (PDFs).

-Probability distribution of partons probed at certain energy scale.
-Indispensable non-perturbative inputs in the study of various hard 
scattering processes.
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Nuclear modification ratios of collinear PDFs.

An essential baseline for disentangling final-state 
nuclear matter effects probed by hard particles.
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Both PDFs and their nuclear modification ratios rely on 
the global QCD analyses of diverse experimental data.
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Both PDFs and their nuclear modification ratios rely on 
the global QCD analyses of diverse experimental data.

Challenge in global analyses:
In the theoretical prediction for a realistic observable, the dependencies on x, 
Q2, and i are intricately convoluted in calculations with collinear factorization 
in perturbative QCD.
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Lower degree of variable mixing results in faster solving.
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Insights from nuclear binding dynamics are useful.

nCTEQ, PRL 133, 152502 (2024)

Meson exchange current
Off-shell corrections
Coherent nuclear shadowing
Fermi motion
……

Kulagin and Petti, PRC 90, 045204 (2014).
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Measurement of such observable with low degree of variable mixing:
1. inspire parametrizations of modifications
2. improve the efficiency of global analysis.

Data of nuclear modifications to structure function in DIS 

serve as an effective image of 𝐫𝐢
𝐀 𝐱,𝐐𝟐

DIS

𝐫𝐢
𝐀 𝐱, 𝐐𝟐 =

𝐟𝐢
𝐀,𝐩

(𝐱,𝐐𝟐)

𝐟𝐢
𝐩
(𝐱,𝐐𝟐)



.8.

Part I:  Background

Peng Ru, 2025.10.27
South China Normal University

Status for pA collisions at the LHC

ALICE Collaboration 
JHEP 06(2015) 055

LHCb Collaboration
PRL (2023) CMS, PRL 121, 062002 (2018) CMS, PLB (2020)

The vast amount of data from the Large Hadron Collider (LHC) 
has revolutionized global analyses over the past decade.
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Status for pA collisions at the LHC

ALICE Collaboration 
JHEP 06(2015) 055

LHCb Collaboration
PRL (2023) CMS, PRL 121, 062002 (2018) CMS, PLB (2020)

The vast amount of data from the Large Hadron Collider (LHC) 
has revolutionized global analyses over the past decade.

However, traditional measurements exhibit a less direct mapping to PDFs.

The imaging of 𝐫𝐢
𝐀 𝐱, 𝐐𝟐 achieved in DIS has not been replicated for most LHC processes.

Can we image 𝐫𝐢
𝐀 𝐱, 𝐐𝟐 at the LHC? 
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Analyses based on traditional observables

Ru, Wang, Zhang, Zhang, EPJC 75,426 (2015) Ru,  Kulagin, Petti, Zhang, PRD 94, 113013 (2016)

Understanding of 𝑹𝒑𝑨 at partonic level Understanding of 𝑹𝒑𝑨 with binding dynamics
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Triply differential dijet cross section

Ellis, Soper, PRL 74, 5182 (1995).

𝑉(3) = {𝑋𝐵 , 𝑋𝐴, 𝑦
∗ }

𝑋𝐵 = ෍

𝑛∈dijets

𝐸𝑇𝑛

𝑠
𝑒−𝑦𝑛

𝑋𝐴 = ෍

𝑛∈dijets

𝐸𝑇𝑛

𝑠
𝑒+𝑦𝑛

𝑋𝐴 = xp

𝑋𝐵 = xPb

control the probe

scan the target

LO:

A kinematic scanning of initial 
state with dijet configuration
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Dijet in pA

xPbxp

𝐫𝐢
𝐀 𝐱, 𝐐𝟐

More advantages in pPb collisions

1. Uncertainties from proton PDFs reduced.
2. Uncertainties from high-order corrections reduced.
3. Incoming from one side.
4. Experimental uncertainties also reduced.

Shen, Ru, Zhang, PRD 105, 096025 (2022)



.12.

Part 2:  Construction of the image of 𝐫𝐢
𝐀 𝐱, 𝐐𝟐 in pA

Peng Ru, 2025.10.27
South China Normal University

𝑉(3) = {𝑋𝐵, 𝐸𝑇
𝐽𝐽
, 𝑝𝑇

𝑎𝑣𝑔
}

NLO

Extended to cases with fixed probing scales.

Shen, Ru, Zhang, PRD 105, 096025 (2022)
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𝑉(3) = {𝑋𝐵, 𝐸𝑇
𝐽𝐽
, 𝑝𝑇

𝑎𝑣𝑔
}

NLO

Extended to cases with fixed probing scales.

Shen, Ru, Zhang, PRD 105, 096025 (2022)

2. An analogy to the image in DIS.

1. Scanning of 𝐫𝐢
𝐀 𝐱, 𝐐𝟐 in pA, 

verified at NLO.

3. However, parton flavors are 
still mixed.
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Can parton flavors can be further separated? 
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Multi-process imaging based on the scanning with 𝐱, 𝐐𝟐

Can parton flavors can be further separated? 

Z-boson nicely images the 

𝐫𝐢
𝐀 𝐱,𝐐𝟐 for light quarks!

Yang, Ru, Zhang, PRD 112, 074008 (2025)
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Z+jet images the mixture of 

𝐫𝐢
𝐀 𝐱,𝐐𝟐 for light quarks 

and gluons.

Yang, Ru, Zhang, PRD 112, 074008 (2025)
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Z+jet images the mixture of 

𝐫𝐢
𝐀 𝐱,𝐐𝟐 for light quarks 

and gluons.

A combined observable with Z-boson and Z+jet:

which suppresses the effects from nuclear quarks and nicely images the 𝐫𝐢
𝐀 𝐱,𝐐𝟐 for gluons! 

Yang, Ru, Zhang, PRD 112, 074008 (2025)
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Yang, Ru, Zhang, PRD 112, 074008 (2025)

Z+c-jet images the 

mixture of 𝐫𝐢
𝐀 𝐱,𝐐𝟐 for 

charm quarks and gluons.

A combined observable with Z-boson & Z+jet & Z+c-jet:

which nicely images the 𝐫𝐢
𝐀 𝐱,𝐐𝟐 for charm quarks! 
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Yang, Ru, Zhang, PRD 112, 074008 (2025)

The results show the probability to separately image of 𝐫𝐢
𝐀 𝐱, 𝐐𝟐 for certain parton flavors at the LHC.
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Other processes at the LHC

proton

nucleus

jet

jet

Dijet, Drell-Yan, γ-jet, ……

Combined study of LHC and EicC/EIC

Systematic comparison 
spanning from pA to eA
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Extended to spin & 3D structure

Alrashed, Anderle, Kang, Terry, Xing
PRL 129, 242001 (2022)

Fu, Kang, Salazar, Wang, Xing
PRL 135, 032301 (2025)

Nuclear effects at higher-twist
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An imaging methodology is developed to optimize the future measurements at the LHC.

-With better disentangled contributions of (𝐱, 𝐐𝟐, 𝒊)  for nuclear modification 𝐫𝐢
𝐀 𝐱,𝐐𝟐

-Facilitate more efficient global analysis
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Neither PDFs nor 𝐫𝐢
𝐀 𝐱,𝐐𝟐 is directly measurable!

- Compared to traditional observables, the proposed imaging observables provide 
somewhat preprocessed data with theoretical guidance.
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Examine the results with fixed 
factorization scale at NLO & LO


