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LU ~ sin {F1H + η(F1+F2)H +kF2E}d
~

Polarized beam, unpolarized target:

H(x,η,t)

Unpolarized beam, longitudinal target:

UL ~ sin {F1H+ η(F1+F2)(H+ η /(1+ η)E)}d
~

H(x,η,t)
~

Unpolarized beam, transverse target:

UT ~ cos sin(s-){k(F2H – F1E)}d E(x,η,t)

d4
dQ2dxBdtd

~ |TDVCS + TBH|2

DVCS BH

TBH : real, given by elastic form factors

TDVCS: complex, determined by GPDs

A =


2

  

  

=

η ~ xB/(2-xB) 

k = t/4M2
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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

p, d, A

35 2 1

30GeV ( 50GeV?)

10 cm s

E

L  

 





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

[GeV ]c
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Pion-induced Drell-Yan process

N N    exclusive



Pion-induced Drell-Yan process

N N    exclusive

QCD factorization formula
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T. Sawada, W.C. Chang, S. Kumano, J.C. Peng, S. Sawada, KT,  
PRD93, 114034
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LU ~ sin {F1H + η(F1+F2)H +kF2E}d
~

Polarized beam, unpolarized target:

H(x,η,t)

Unpolarized beam, longitudinal target:

UL ~ sin {F1H+ η(F1+F2)(H+ η /(1+ η)E)}d
~

H(x,η,t)
~

Unpolarized beam, transverse target:

UT ~ cos sin(s-){k(F2H – F1E)}d E(x,η,t)

d4
dQ2dxBdtd

~ |TDVCS + TBH|2

DVCS BH

TBH : real, given by elastic form factors

TDVCS: complex, determined by GPDs

A =


2

  

  

=

η ~ xB/(2-xB) 

k = t/4M2
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Pion-induced Drell-Yan process

N N    exclusive

QCD factorization formula
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“Feynman mechanism”“nonfactorizable”

LO in QCD 

factorization
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Summary

angular 

momentum 

distribution

mass & energy

distribution

force & 

pressure

distribution

Gravitational form factors can be accessed through GPDs
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