
Implementing Pion and Kaon Structure 
Function Experiments at JLEIC

Pion and Kaon Structure at an Electron-Ion Collider 
June 1-2nd, 2017  at ANL 

Kijun Park



Why pion/kaon structure function is interested in ?
* To sensibly evolve PDFs, must include not only valence quarks but also sea & glue at hadronic scale 
*  Flavor dependence of DCSB modulates the strength of SU(3) flavor symmetry breaking in meson 

PDFs.                                                                                              

* Kaon structure function  &  Gluon content of kaon 
•    Valence quarks carry 95% of kaon’s momentum (LQCD & DSE) at perturbative hadronic scale 
•    Owing to heavier mass of intermediate states that can introduce sea-quarks,   

therefore sea-quark content of kaon is effectively zero !! 
•    LF-Momentum fraction carried by glue as a parameter through k/pi ratio of u-quark

•  Sullivan	Process	
->	Hard	electron	sca4ering	from	meson(kaon)	cloud	of	
nucleon	

•  Direct	measure	the	mesonic-nucleon	content	

-  C. Roberts

Tagged Deep Inelastic Scattering (TDIS)

N’see Rik’s Talk



Why pion/kaon structure function is interested in ?

DSE prediction for the ratio of u-quark distributions 
in the kaon and pion

Pion valence quark distribution function evolution

E615 Collaboration @ Fermilab(1989)

NA3 Collaboration @ CERN (1980)

DATA

only Drell-Yan Process

see Craig’s Talk



Implementing  Model into Event Generator



INGREDIENTS

Tagged Deep Inelastic Scattering (TDIS) 
-Event Generator (EG)



Dissociation Mode



Kinematic Variables

(kaon)

(x
K

 = kaon momentum fraction)



Splitting Function for Nucleon
see Wally’s Talk



Feynman Diagrams for KY



ep ->e’psX



ep ->e’ΛsX



pion kaon

Kinematics for Pion and Kaon S.F. Simulations



Detector Simulation for Acceptance

Plug event into GEMC: 5x100 GeV2, e/p beams 

GEANT4MC General EIC: see Rik’s Talk



ep ->e’psX



ep ->e’nsX



ep ->e’ΛsX



s.Pion	can’t	make	2nd	Dipole	

s.Proton	can	be	detected	before	3rd	Dipole	
s.pion	can	be	detected	before	3rd	Dipole	

Particle Trajectory

ion beam line

electron beam line
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Dark	Red	Disk	=	virtual	detector	

Ion Beamline Downstream Top View 



Avg. Position for all particles 

At 8th Virtual Detector 

At 7th Virtual Detector 

At 6th Virtual Detector 

At 9th Virtual Detector 



vD1	vD2	

vD3	vD4	vD5	vD6	vD7	vD8	vD10	

vD9	

Detector Solenoid B = 1.5T 

vD1	vD2	

vD3	vD4	vD5	vD6	vD7	vD8	vD10	

vD9	

Detector Solenoid B = 0.0T 
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vD2	

K.	Park	EIC-WED	Mee0ng	

Λ	(p	+	π−)	
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Summary

* Tagged DIS (TDIS) technique optimized to probe the partonic 
components of the meson cloud of the nucleon 

- Limited (pion) / no (kaon) experiment at all 
- Address what part of the nucleon pdf comes from the 

mesonic component 
- Help to understand flavor asymmetry of the nucleon sea 

* Facilitates extraction of the pion and kaon structure functions 
- Fundamental QCD 
- The result of the studies is that one can use the Sullivan 

process to probe pion/kaon structure. 
- Important to verify xBj shape
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Model dependent Regularization Form

y



Feynman Diagrams for KY



Splitting Function for Lambda Hyperon



Optimized the kinematics kaon / pion 

T. J. Hobbs et al. 
arXiv:14038.5463v1 (2014) 
H. Holtmann, A. Szczurek and J. Speth, 
Nucl. Phys. A 596, 631 (1996) 
W. Melnitchouk and A. W. Thomas, 
Z. Phys. A 353, 311 (1995)

Kinematic Limits 
1) z~ |k|/M, where k is the meson momentum = -p’ 
2) k =60-400MeV/c, which corresponds to z<0.2 
3) x <z 
4) Low xBj, high W at 11GeV, Q2~2GeV2

xpi = xBj/(1-zpi) xK = xBj/(1-zK)



pi/K Structure Function with positron beam
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Reaction Process

see Rik’s Talk
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Dissociation Mode



NC, e+p = 10x100 GeV2



NC, e-p = 10x100 GeV2


