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High momentum beam line at J-PARC  

• Primary beam (proton) 

• Secondary beam (pion) 

E = 15-20GeV    

Hadron Facility at J-PARC 

p, π 

p, d, A 
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32 2 115GeV ,  10 cm sE L − −≤ =

↔ PANDA (anti-proton) 
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High-momentum beamline 
    30 GeV proton    

 

    ~15-20 GeV unseparated (mainly pions) 

0°extraction angle 

high intensity 
not too high energy 

best suited to study meson-induced 
hard exclusive processes 

1/ ad sσ 

[GeV ]c
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Collinear factorization does not work at twist-3: 

quark k⊥ （“kT-factorization”) Goloskokov, Kroll 

with Sudakov resummation 
Li, Sterman 


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Collinear factorization does not work at twist-3: 

quark k⊥ （“kT-factorization”) Goloskokov, Kroll 

with Sudakov resummation 
Li, Sterman 

include “soft” propagator in long-distance part 





nonfactorizable “Feynman mechanism” 
at lower order in αs  
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“nonfactorizable” mechanism 

lower order in αs 

“Feynman mechanism” 
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Collinear factorization does not work at twist-3: 

quark k⊥ （“kT-factorization”) Goloskokov, Kroll 

with Sudakov resummation 
Li, Sterman 

include “soft” propagator in long-distance part 





nonfactorizable “Feynman mechanism” 
at lower order in αs  
relevent also for leading twist!  
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“nonfactorizable” mechanism 

q ′q

p ′p

5
µγ γ νγ2 2

π≠q m

dispersion relation 
quark-hadron duality   
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2
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2GeV  

“Light-cone QCD SR (LCSR)” 

Borel trnsf.: 
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Summary 
at J-PARC GPDs 

 interplay of soft/hard QCD mechanism 

LO      factorization formula is known, but it 
misses soft nonfactorizable mechanism (SNM) 

( )2( )α sO

LCSR at LO        is derived for largely 
model-independent estimate for SNM 

( )0( )α sO

2
t

2
h ( 0.7 Ge V, , ) 

 H E q

- numerical calculation at LO! 
- NLO LCSR quark k⊥, pion pole contri. 
- twist-3 LCSR 1 , *( )LCSRM p nλ λ π γ−± ′ →

νγ5
µγ γ



pion-pole contribution using 
pion form factor 2( )π ′F Q

Goloskokov, Kroll 

2( )π ′F Q : important soft nonfactorizable   
contr. was shown with LCSR 

π

π

γ ∗ Braun, Khodjamirian, Maul 
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