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Leading neutrons in Deep Inelastic Scattering 

       normal  DIS 
with quark fragmentation  



Leading neutrons in Deep Inelastic Scattering 

       normal  DIS 
with quark fragmentation  

pion emission 





Updating the one pion exchange  

New pion splitting function  from  
chiral perturbation theory : 

Pion-photon in the color dipole approach 
(gluon saturation effects) 

J. Olsson,  POS DIS 2014, 
V. Andreev et al., EJPC 74, 2915 (2014)  

New  H1 data:  

Salamu, Ji, Melnitchouk, Wang, PRL (2015) 
Burkardt et al., PRD (2013) 



Differential cross section 



Pion splitting function  

Form factors: 

monopole 

dipole 

light cone 

reggeized  
   pion 

Kaidalov, Khose, Martin, Ryskin,  hep-ph/0602215    



Chiral perturbation theory 

Salamu, Ji, Melnitchouk, Wang, PRL (2015) 
Burkardt et al., PRD (2013) 



Pion-photon cross section: 

Photon wave function: 

Dipole cross section: 

  



IIM-S 

DGLAP 

GBW 

Non-linear (saturation) models: 

Linear (no saturation) model: 



Absorption effects 

D’Alesio, Pirner, 
 hep-ph/9806321 
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Leading neutron production  can be low x physics ! 







Energy dependence and Feynman scaling   









r ! 0 (Q2 ! 1) or Q2
s ! 0 (low W )

r ! 1 (Q2 ! 0) or Q2
s ! large (high W )

linear 

saturation 



Linear: Saturation: 



Feynman scaling  in  p p ? 

F.O.  Duraes, A.V.  Giannini, V.P.  Goncalves, F.S.  Navarra, 
                     arXiv:1401.7888, PRC (2014) 



Summary  

Chiral pion flux does not seem to work     

Saturation is the route to Feynman scaling   

Improved one-pion exchange model reproduces the LN spectra 

Uncertainties:  
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~ 20% absorption 

~ 25%                                      exchange …  �+ ! ⇡+ n , ⇢

To reduce the uncertainties: 

rho production with  
a leading neutron 

  H1 Collab. arXiv:1508.03176  



Caldwell, Wing arXiv:1509.00235 

 Future:  

TeV electron-proton collider 

Paul Newman’s talk 

Very High Energy electron-proton collider (VHEeP) 

Claire Gwenlan’s talk 

Learn more about the pion structure function 



Back ups 



Leading neutron production     
    can be low x physics ! 



Linear: Saturation: 



Khose, Martin, Ryskin,  hep-ph/0606213    





Energy dependence and Feynman scaling   



Data from H1 and ZEUS 







Dipole cross section 

Flux factor 









linear 

saturation 













Gluon saturation 

Gluon recombination at      
very small x tames the   
growth of the gluon           
distribution  

High energies   
large number of  gluons                    
gluon recombination 

g g→ g

Implementation: color dipole approach 







Dipole cross section 

Flux factor 





Leading neutron production     
    can be low x physics ! 




