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Imaging  in pA collisionsrA
i (x, Q2)
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nPDFsPDFs
Cold nuclear matter
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rA
i (x, Q2) =

fA,p
i (x, Q2)
f p
i (x, Q2)

Both PDFs and their nuclear modification ratios rely on the global QCD 
analyses of diverse experimental data.

Challenge in global analyses:
For a realistic observable, the dependencies on , , and  are intricately

convoluted in calculations with collinear factorization in perturbative QCD.

x Q2 i

dσ = ∑
abd

fa/A(xa, μF) ⊗ fb/B(xb, μF) ⊗ d ̂σab→cd(xaPA, xbPB, μF, μR) ⊗ Dc→h(zh, μF)
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Phys . Rev . Lett.133(2024)15,152502

Phys . Rev . C90(2014)4,045204

Short-Range Correlations

Science320(2008)1476

Insights from nuclear binding dynamics are useful.
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Data in DIS serve as an effective image of rA
i (x, Q2)



   Motivation 

Status for pA collisions at the LHC

Phys . Rev . Lett.131(2023)4,042302 JHEP06(2015),055 Phys . Rev . Lett.121(2018)6,062002 Phys . Lett . B800(2020),135048

However, the imaging of  achieved in DIS has not been replicated for most LHC processes. rA
i (x, Q2)

Can we image  at LHC?rA
i (x, Q2)
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Triple differential dijet cross section

Phys . Rev . Lett.74(1995),5182 − 5185

PRD105,096025(2022)



   Construction of the image of  in pA rA
i (x, Q2)



   Construction of the image of  in pA rA
i (x, Q2)

PRD105,096025(2022)

V(3) = {XB, EJJ, pT,avg}Extended to cases with fixed probing scales.



   Construction of the image of  in pA rA
i (x, Q2)

Can parton flavors be further separated?
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Multiprocess imaging based on the scanning with (x, Q2)

 for Z-boson productions nicely images 
the  for light quarks!
RpA

rA
i (x, Q2)
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 for Z+jet productions 
images the mixture of  
for light quarks and gluons.

RpA
rA

i (x, Q2)

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

which suppress the effects from nuclear quarks and nicely images the  for gluons.rA
i (x, Q2)
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 for Z+c-jet productions 
images the mixture of  
for charm quarks and gluons.

RpA
rA

i (x, Q2)

A combined observable with Z-boson, Z+jet and Z+c-jet productions:

which nicely images the  for charm quarks.rA
i (x, Q2)
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The results show the probability to separately image the  for certain parton flavors at LHC.rA
i (x, Q2)



   Summary 

Future applications:

An imaging methodology is developed to optimize the future measurements at LHC.

Neither PDFs nor  is directly measurable.rA
i (x, Q2)

With better disentangled contributions of  for ,  facilitate more efficient global analysis .(x, Q2, i) rA
i (x, Q2)

Compared to traditional observables, the proposed imaging observables provide somewhat preprocessed data
with theoretical guidance.


