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Tagged Deep Inelastic Scattering (TDIS) 

Leading Neutron Leading Lambda

Main goal: study the structure of pions and kaons !



Leading  versus non-leading neutrons in DIS

standard  DIS

How important is the Sullivan process ?

Sullivan process





We need the  Sullivan process (”pion cloud”) !

A.W. Thomas, Phys. Lett. 126B, 97-100 (1983).
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ubar/dbar asymmetry in the nucleon sea

arXiv:1907.08218
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This talk

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

(understand  HERA data) 

Inclusive and exclusive processes

Absorption Effects

Extension to Leading Lambda

p

K

Discuss the pion vertex p

p

Extension to Proton-Proton



Splitting
function

Photon-pion
cross section



Pion splitting function 

Form factors:

monopole

dipole

light cone

reggeized pion

Kopeliovich, Potashnikova, Povh,Schmidt, PRD (2012)

Carvalho, Gonçalves, Spiering, FSN,  PLB 752 (2016) 76   



Can we replace the form factors by something better ?

by a Chiral Effective Lagrangian :Replace

No chiral theory 
for kaon emission...

(Psycho)



Pion-photon cross section in the dipole approach

Very high energies : LeHC



Dipole-pion cross section:

(aditive quark model)

Pion-photon cross section in the dipole approach

Photon wave function:

Dipole-proton 
amplitude



IIM-S

GBW

Non-linear (saturation) models:

Linear (no saturation) model:

Blättel, Baym, Frankfurt, Heiselberg, Strikman,  PRD (1993) 





Leading neutron/Lambda production  
can be low x physics !



high Q2
low Q2

Kopeliovich, Potashnikova,
Povh,Schmidt, PRD (2012)

H1: V. Andreev et al., 
EJPC 76, 41 (2016) 

Absorption Effects I

Approximated by a constant factor :

D’Alesio, Pirner,
EPJA (2000)

high Q2

low Q2

Survival probability



HERA Data



f2

IIM-S

Keep the blue line and 
include absorption !

Aditive quark model :

No absorption : 



Carvalho, Gonçalves, Spiering, FSN,  PLB 752 (2016) 76   

Energy  DependenceAbsorption :



Prediction:  ”Feynman scaling”

�Saturation�Linear



”Tag” of an  event 
with a large dipole !

Expect stronger
absorption !



Boosted  Gaussian

Gauss LC

Vector meson 
wave function

Photon 
wave function

Scattering
amplitude



Gonçalves,  FSN, Spiering,  PRD 93 (2016)  054025   

H1: V. Andreev et al., EJPC 76, 41 (2016) 



Have to fit 
all data points...



We  really need absorption ! 



Gonçalves, Moreira, FSN, Spiering,  PRD 94 (2016) 014009

Straightforward extension to : 



Absorption Effects II

geometry

IIMS

dynamics

No constant factor 
approximation 

Improve dipole-neutron
cross section

D’Alesio, Pirner, EPJA (2000)



We compute the ratio: 

high Q2

low Q2 D’Alesio, Pirner,
EPJA (2000)

Weak energy dependence !

Stronger absorption !

Carvalho, Gonçalves, FSN, Spiering,  PRD 103 (2016) 032021



Leading Lambda Production

Same formulas 

Change masses and couplings



Comparing neutron and  Lambda absorption

A dipole interacts more with a neutron or with a Lambda ?



360 100-200 50 - 100HERA

The relevant energy:

(GeV)



Luna, Menon and Montanha, NPA 745 (2004) 104

Guidance from data :



360 100-200 50 - 100HERA

The relevant energy:

(GeV)

LeHC ~1000 ~500

JLab ~10-20 ~5-10



Bounds on the dipole-Lambda cross section from meson-baryon reactions

Connection to low energy  hadron physics

Work in progress...



Conclusion

We need the  Sullivan process (”pion cloud”) !

Leading neutron/Lambda production  can be low x physics !

We  really need absorption ! 

Leading Lambda production is feasible (large cross section)

Lambda are less absorbed than neutrons ? 



Thank you !



Diffractive processes



Summary 

LN spectra in the dipole approach: several processes in the same framework 

Not included:  

exchange

Exclusive production data:  absorption is large 

fragmentation

(small contribution or only at low xL)

Uncertainties:  

“aditive quark model”

absorption

pion flux

dipole cross section

vector meson wave function

Extension to pp and pA





At JLAB energies :

Work in progress...



Gonçalves,  FSN, Spiering,  PRD 93 (2016)  054025   



Carvalho, Gonçalves, Spiering, FSN,  PLB 752 (2016) 76   
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Predictions



p - p p - A

Predictions

Gonçalves, Moreira, FSN, Spiering,  PRD 94 (2016) 014009



p - p

p - A

Predictions



Back ups

V. Andreev et al., EJPC 74, 2915 (2014) 

V. Andreev et al., EJPC 76, 41 (2016) 

Xie,Wang,Han,Chen,  arXiv:2109.08483



Chiral perturbation theory

Salamu, Ji, Melnitchouk, Wang, PRL (2015)

Burkardt et al., PRD (2013)





Khose, Martin, Ryskin,  hep-ph/0606213   



H1: V. Andreev et al., EJPC 76, 41 (2016) 



Energy dependence and Feynman scaling  

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



linear

saturation



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



Leading neutrons in Deep Inelastic Scattering

normal  DIS
with quark fragmentation 



Gonçalves,  FSN, Spiering,  PRD 93 (2016)  054025   











Leading neutron production    
can be low x physics !



Linear: Saturation:





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 !




