
Accessing GPDs with the exclusive pion-induced 

Drell-Yan process at J-PARC

Kazuhiro Tanaka (Juntendo U/KEK)



Pion-induced Drell-Yan process

N X    inclusive



Pion-induced Drell-Yan process

N X    inclusive



Pion-induced Drell-Yan process

N X    inclusive

N N    exclusive



5

High momentum beam line at J-PARC 

• Primary beam (proton)

• Secondary beam (pion)

E = 15-20GeV 

Hadron Facility at J-PARC
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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 s
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T. Sawada, W.C. Chang, S. Kumano, J.C. Peng, S. Sawada, KT,  
PRD93, 114034

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

2 25 GeVQ 



feasibility with E50 spectrometer at J-PARC 
T. Sawada, W.C. Chang, S. Kumano, J.C. Peng, S. Sawada, KT,  

PRD93, 114034



feasibility with E50 spectrometer at J-PARC 
T. Sawada, W.C. Chang, S. Kumano, J.C. Peng, S. Sawada, KT,  

PRD93, 114034



feasibility with E50 spectrometer at J-PARC 
T. Sawada, W.C. Chang, S. Kumano, J.C. Peng, S. Sawada, KT,  

PRD93, 114034



T. Sawada, W.C. Chang, S. Kumano, J.C. Peng, S. Sawada, KT,  
PRD93, 114034

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

2 25 GeVQ 



33

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H



34

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

( ,0, )
2

p p
p




0

(0, , )q q

0



35

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

( ,0, )
2

p p
p




0

(0, , )q q

0



36

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

( )x P  ( )x P 

( ,0, )
2

p p
P




0

(0, , )q q

0



37

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

(0, , )q q

0

( )x P  ( )x P 

( ,0, )
2

p p
P




0



38

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

(2 )

1

xuq P 

(0, , )q q

0

( )x P  ( )x P 

( ,0, )
2

p p
P




0



39

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

(2 )

1

xuq P 

1

u

(0, , )q q

0

( )x P  ( )x P 

( ,0, )
2

p p
P




0



40

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

(0, , )q q

0

(2 )

1

xuq P 

1

u

0,  1:u  ( ) (1 )u u u

( )x P  ( )x P 

( ,0, )
2

p p
P




0



41

2 2
*

* 2 2 2 2 2 2em

2 8 2

4
( ) (1 ) | | 2 Re | |

27 4
( )

du du du dud t
p n f

dQ dt Q M


 
      

        
H H E E

 
1 1

0 1

8

3 4 (1

( )
( , , ) ( , ,

)
)d u

du
s d ue e

du dx
u u x i

u
H

x
x t H x t

i

  


 

 
  

       
 H

(1 )u q

uq

(0, , )q q

0

(2 )

1

xuq P 

1

u

0,  1:u  ( ) (1 )u u u tw.-3( ) 1u

( )x P  ( )x P 

( ,0, )
2

p p
P




0



42



43



44

( )N p ( )N p

( )N p ( )N p



45

“Feynman mechanism”



46

“Feynman mechanism”“nonfactorizable”



47

“Feynman mechanism”“nonfactorizable”

LO in QCD 

factorization

Berger, Diehl, Pire, PLB523(2001)265



48

“nonfactorizable”QCD factorization

exDY



49

“nonfactorizable”

DVCS

BH DVCS

QCD factorization

exDY



50

“nonfactorizable”

DVCS

BH DVCS BH

QCD factorization

exDY



51

“nonfactorizable”

DVCS

BH DVCS BH

QCD factorization

exDY

BH



52

“nonfactorizable”

DVCS

BH DVCS BH

QCD factorization

exDY

BH

2

QCD QCD

F 1 21A B B
Q Q

   
    

   

QCD

non-F

c

D
Q

 
  
 

Amp 



Nonfactorizable mechanisms should be 
suppressed at Q2→∞ Brodsky, Lepage, Chernyak,…

Collins, Strikman, …



Nonfactorizable mechanisms should be 
suppressed at Q2→∞ Brodsky, Lepage, Chernyak,…

Collins, Strikman, …



55

“nonfactorizable”

DVCS

BH DVCS BH

QCD factorization

exDY

BH

2

QCD QCD

F 1 21A B B
Q Q

   
    

   

QCD

non-F

c

D
Q

 
  
 

Amp 



d4
dQ2dxBdtd

~ |TDVCS + TBH|2

DVCS BH

Eo = 11 GeV Eo = 6 GeV Eo = 4 GeV

BH

DVCS

TBH : real, given by elastic form factors

TDVCS: complex, determined by GPDs

Accessing GPDs through polarized DVCS
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Braun, Khodjamirian, Maul, PRD61 (’00) 073004

hard & soft contributions in “light-cone QCD SR (LCSR)”

hard

soft



JLab data, PRC78 (’08) 045023

Bakulev et al, PRD70, 033014
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DVMPexDY
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Vanderhaeghen, Guichon,Guidal, 
PRD60 (’99) 094017



Summary exDY ( ) GPDs

soft nonfactorizable mechanism

LCSR
,  H E

QCD factorization: measurement at J-PARC 
is feasible T. Sawada, W.C. Chang, S. Kumano, 

J.C. Peng, S. Sawada, KT PRD93, 114034
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