
Sullivan Process for 
Meson Structure

Wen-Chen Chang

January 8, 2025



Outline

• Sullivan process
• In DIS process

• In hadron-hadron interactions

• Meson PDFs studied by Sullivan process
• In DIS process: a leading neutron in ep collisions

• In hadron-hadron interactions: a leading neutron in 
proton-proton (pp) and proton-lead (pP b) collisions

• Summary
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EIC: Sullivan Process

3https://arxiv.org/abs/1907.08218 , https://arxiv.org/abs/2102.11788  

https://indico.bnl.gov/event/8315/contributions/36990/attachments/28487/43882/CFNS-Pion-Kaon-Structure-Horn-nbk.pdf 
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Sullivan Process
[PRD 5, 1732 (1972)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.5.1732


ҧ𝑑/ത𝑢(𝑥) from pp and pd Drell-
Yan Process
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The extracted തd/ത𝑢(𝑥) are consistent with 
CT18NLO and predictions of pion-cloud model.



Origin of  ത𝑢(𝑥) ≠ ҧ𝑑(𝑥): 
Non-perturbative QCD effect

• Meson cloud in the nucleons (Thomas 1983, Kumano 1991): 
Sullivan process in DIS.

• Chiral quark model (Eichten et al. 1992; Wakamatsu 1992): 
Goldstone bosons couple to valence quarks.

Pion cloud is a source of antiquarks in the protons 
and it lead to ҧ𝑑 > ത𝑢.

n
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One-pion-exchange model
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Splitting function 𝑓𝜋𝑁 

Pion structure function 𝐹2
𝜋 



Pion PDFs: JAM18
[Barry et al., PRL 121, 152001 (2018)] 
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• Uncertainties are much reduced 
using DY+LN, as compared to DY 
alone.



Light Sea Quarks Asymmetry 
PRD 93, 054011 (2016)
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Past Measurements of  
Sullivan Process
• H1:

• https://link.springer.com/article/10.1140/epjc/s10052-
010-1369-4

• https://arxiv.org/abs/1001.0532

• ZEUS:
• https://www.sciencedirect.com/science/article/pii/S055

032130200439X

• https://arxiv.org/abs/hep-ex/0205076 
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Reaction Diagrams and
Kinematic Variables 𝑄2, 𝑥, 𝑥𝐿 , 𝑡 
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forward neutron calorimeter 
(FNC)
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Event selection
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Reaction Diagrams and
Kinematic Variables 𝑄2, 𝑥, 𝑥𝐿 , 𝑡
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Structure function

Leading-neutron cross section



H1
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H1
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H1
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ZEUS
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ZEUS
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ZEUS
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E
=GRV, JAM, xFitter

X=2.1x10-2

Q2=7.3 GeV2

X=9.9x10-3

X=4.6x10-3

X=2.2x10-3

X=1.0x10-3

X=4.8x10-4

X=2.2x10-4

Q2=16 GeV2 Q2=37 GeV2Q2=24 GeV2 Q2=82 GeV2Q2=55 GeV2Q2=11 GeV2H1



ZEUS: Q2=60 GeV2
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GRV, JAM, xFitter



Ultraperipheral collisions (UPCs)
Heavy quark photoproduction by 
photon - pion interactions
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Photon flux

QQ photoproduction

The final state will 
be characterized 
by the presence of 
a rapidity gap and 
a leading neutron, 
which can be 
tagged using a 
Zero Degree 
Calorimeter (ZDC). 

https://arxiv.org/abs/2512.13257 

https://arxiv.org/abs/2512.13257


Sullivan Process: 𝛾𝜋 Interations
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QQ Photoproduction from 𝜋 
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Gluon in pion

QQ photoproduction from pion

https://arxiv.org/abs/2512.13257 
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Gluon in Pion PDFs
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QQ photoproduction from 
pion
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Rapidity distributions for the charm 
and bottom pair photoproduction 
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Rapidity distributions for the charm 
and bottom pair photoproduction 
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https://arxiv.org/abs/2512.13257


Theoretical Formulation
PRD 93, 054011 (2016)
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MC Simulations
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https://eic.github.io/software/mcgen.html 

https://eic.github.io/software/mcgen.html


DJANGOH
https://github.com/spiesber/DJANGOH 
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https://github.com/spiesber/DJANGOH


RAPGAP
https://rapgap.hepforge.org/ 
https://gitlab.cern.ch/jung/rapgap 
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https://rapgap.hepforge.org/
https://gitlab.cern.ch/jung/rapgap


Summary

• Sullivan process is an interesting experimental 
approach where the meson PDFs could be explored 
in the UPCs at LHC and the DIS at EIC.

• The ZDC is a key component of tagging this process.

• The exercising of DJANGOH and RAPGAP event 
generators will be helpful for understanding the 
background, optimization of ZDCs design and 
feasibility study of physics measurements in EIC.
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