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Outline

• Measurements of Leading-neutron production in 
DIS: DESY (H1 & ZEUS)

• Mechanisms:
• Sullivan process: pion flux and pion structure functions

• DIS target fragmentation: PYTHIA

• Comparison of H1 and ZEUS data with 
contributions of Sullivan process and DIS target 
fragmentation

• Summary
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Reaction Diagrams and
Kinematic Variables 𝑄2, 𝑥, 𝑥𝐿 , 𝑡 
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Reaction Diagrams and
Kinematic Variables 𝑄2, 𝑥, 𝑥𝐿 , 𝑡

4

Structure function

Leading-neutron cross section



H1: Forward Neutron Calorimeter 
(FNC)
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DESY: H1 and ZEUS 
Experiments
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H1
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ZEUS
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ZEUS
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F2 Structure Function & 
PDFs
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One-pion-exchange model
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Splitting function 𝑓𝜋𝑁 

Pion structure function 𝐹2
𝜋 



Pion Flux 𝑓𝜋N(𝑥𝐿)

14



Pion Structure Function 
𝐹2(𝑥𝜋, 𝑄2 = 10 𝐺𝑒𝑉2)
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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.



Pion PDFs: JAM21
[Cao et al., PRD 103, 114014 (2021)] 
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H1 ZEUS



H1 vs. One-Pion-Exchange
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𝑥𝜋

Good agreement with calculations with JAM21 PDFs



H1 vs. One-Pion-Exchange
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Deviation seen 
at smaller xL



ZEUS vs. One-Pion-Exchange

20

Significant disagreement with calculations with JAM21 PDFs!



ZEUS vs. One-Pion-Exchange
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Deviation seen 
at smaller xL



Data/Theory: H1 & ZEUS
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H1 ZEUS



PYTHIA 8: Beam Remnants
https://pythia8.web.cern.ch/manuals/pythia8317/BeamRemnants.html 

• Primordial kT: the primordial kT of partons of hard-
scattering subsystems

• Colour flow: the assignment of colour flow in the 
beam remnants
• mode  BeamRemnants:remnantMode   

(default = 0; minimum = 0; maximum = 1) Switch to 
choose between the two different colour models for the 
beam remnant.

• option 0 : The old beam remnant model.

• option 1 : The new beam remnant model.
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https://pythia8.web.cern.ch/manuals/pythia8317/BeamRemnants.html


PYTHIA 8: Colour Reconnection
https://pythia8.web.cern.ch/manuals/pythia8317/ColourReconnection.html 
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https://pythia8.web.cern.ch/manuals/pythia8317/ColourReconnection.html


Tuning pythia for forward physics 
experiments
PRD 109, 016010 (2024), arXiv:2309.08604
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PYTHIA:
LN from DIS Target  Fragmentation
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“Tuning pythia for forward 
physics experiments”
 PRD 109, 016010 (2024)



PYTHIA:
LN from DIS Target  Fragmentation
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H1 ZEUS
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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



Summary

• The DIS LN production at large xL is relevant to the pion 
PDFs within the framework of one-pion-change Sullivan 
process.

• We adopt the pion flux parameterization as done in the 
extraction of JAM pion PDFs and perform the calculations of 
Sullivan process contribution. We could repeat a nice 
description of the H1 data at two largest xL bins by this 
contribution. However, the data/theory is about 3 for the 
ZEUS data at two largest xL bins.

• The differential F2LN(xB, Q2, xL) measured by H1 and ZEUS 
could be reasonably well described by sum of DIS target 
fragmentation simulated by PYTHIA and Sullivan process 
without ad-hoc scaling parameters. Including all data points 
across all measured xL range in the global analysis of pion 
PDFs seems promising.
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