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Motivations 
Parton distribution functions (PDFs)

Universal objects in pQCD
Independent of the collision system
Describes the presence of partons

Not directly computable
Extracted from global fits on data

Several collaborations extract PDFs using
different processes

F  in DIS, Drell-Yan, Jets, ...2
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PDFs are modified in nuclei

Evidence at large x in DIS
Expected depletion at small x 

Large uncertainties at low x due to lack of data
Solution: include more constraining data    

Motivations 
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multiple parton scattering

6

Average energy loss 

Needs color in both initial and final 
states

Applied to a variety of processes
in pA collisions

No effect in DIS nor DY at LO

quarkonia, open heavy flavour, 
light hadrons, atmospheric neutrinos

Fully coherent energy loss (FCEL) 
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Considering a generic process in pA collision:

Color irrep

qwenching weight

energy shift corrected cross-section

The sign of color factor tells us if it’s an energy loss (+) or gain (-)

The quenching weight P computed from the induced gluon spectrum, and
represents the probability of losing (or gaining) a given amount of energy 

To a first approximation, FCEL effects are sensitive to the slope (in E or y) 
of the cross section

Fully coherent energy loss (FCEL) 
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Given the existence of FCEL, how
should nPDF be extracted ?

Include FCEL in pQCD calculations and
then extract nPDFs 

Use only observables poorly
sensitive or insensitive to FCEL 

Stronger constraints from 
all measurements available

First attempt using        data
(second part of this talk)

Candidates: F  in DIS, weak bosons,2

 jets, prompt real and virtual photons 
(first part of this talk)

Strategies 
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Computing R  without nPDF effectspA

But the suppresion is less than 10% at y=0

At first sight FCEL effects on photons may be
neglected

Noticeable effect

LH
C 

RH
IC 

Fragmentation photons have a negligible effect
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Virtual photons 
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Less suppression for highly virtual photons

Almost no impact of FCEL on virtual photons 

Drell-Yan one of the best
processes to probe nPDF at LHC
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Production cross section in the color evaporation model at LO

e.g. hadronisation of          :

We will investigate the impact of FCEL and nPDFs on
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nPDF extracted from global fits

New data to constrain nPDF

FCEL

Reweighting

New nPDF without FCEL New nPDF with FCEL

Reweighting associate a ‌weight‌ for each set member k:‌

  𝜒  computed on the new member set k and new data‌2‌

The weights give an effective number of replicas‌

Possiblity to unweight a set (reduced members of‌ ‌
‌equal weight) 
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17

With FCEL 
N‌  = 103‌eff 

Without FCEL 
N‌  = 286‌eff 

N‌  = 1000‌rep 

Large difference w/ and w/o FCEL‌
Strong constraints at small x 

Data: ALICE 8 and 5 TeV and ‌LHCb 8 TeV in p-Pb 

Gluon nPDF ratio 

R‌pA 

R‌pA 



18

1.‌  ‌Motivations 
2. Fully coherent enrgy loss 
3. Prompt photons 
4. Quarkonium production‌  
5. Conclusion 



Conclusion 

19

Photons:‌
FCEL ‌small ‌but non negligible‌
Stronger effect at RHIC‌
Virtual‌ photons almost free from FCEL, so might be a ‌good nPDF probe‌
Paper to appear soon (already a PoS on direct photons:  2512.02640 ) 

        ‌:‌
Constraining probe but FCEL is a ‌significant effect‌
Reweighting techniques‌ to study the impact of FCEL on the nPDF extraction‌
Consequence: ‌incompatibility‌ between simple reweighting and FCEL reweighting‌
For later:‌ ‌

compare those results with other collaborations (nNNPDF, nCTEQ, ...)‌
include hyperparameters like the fraction of octets, the value of q hat... 

https://arxiv.org/abs/2512.02640
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Results direct photons 

Comparison between ALICE data
and our model



Fragmentation photons 

LO frag processes also affected by FCEL

Avoid some events with isolation criteria 
close to experimetal ones: 

The R  resulting is really close topA

the direct photons one:
fragmentation computation 

can be avoided



FCEL in detail 

Quenching weight 

Induced gluon spectrum 

Transport coefficient

FA Peigné 1212.0434

Valid in the pointlike dijet
approximation for which gluon

radiation does not probe the dijet [cd]

Induced gluon spectrum computed
beyond  the pointlike approximation

for a generic process

Jackson Peigné Watanabe 2312.11650

https://arxiv.org/abs/1212.0434
https://arxiv.org/abs/2312.11650


More about reweighting techniques 
For a bayesian set:

For a Hessian set, bayesianisation first and then same as before:

1  order (classic method)st

2  order (what we use)nd



𝜒‌  distributions2 

w/o FCEL w/ FCEL
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