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Outline

ÅExclusive Drell-Yan Process: 
measuring nucleon GPDs in a time-like approach

ÅHigh-momentum beamline at J-PARC
ïGPDs with pion beams: exclusive DY

[PRD93 (2016) 114034]

ïGPDs with proton beams: 2-to-3 hard reactions

[PRD80 (2009) 074003]

ÅSummary
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Drell-Yan Process
S.D. Drell and T.M. Yan, PRL 25 (1970) 316
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Multi-dimensional Partonic Structures
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Parton Density Function (PDF)

MMHT 2014
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L. A. Harland-Lang, A. D. Martin, P. Motylinski, R.S. Thorne, arXiv:1412.3989



Factorization of Hard Processes
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DIS Drell-Yanq2<0, space-like q2>0, time-like



AMBER

: “ / ὑ -induced DY/Jpsi
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https://indico.lip.pt/event/1183/contributions/4269/attachments/3462/5360/CQuintans_Jornadas2022.pdf

Olegôs talk

https://indico.lip.pt/event/1183/contributions/4269/attachments/3462/5360/CQuintans_Jornadas2022.pdf


Multi-dimensional Partonic Structures
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¸ Beyond collinear 

approximation

¸ Related to the orbital 

motion and spin-orbit 

effects.
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Leading-Twist Transverse-momentum 

Dependent Parton Density Function (TMDs)
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Sivers Asymmetry ὃ in SIDIS 

(Left-Right Asymmetry w.r.t. Ὓ )
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The orbital motion of an Õquark inside a proton

causes positive-charged pions (ÕÄ) to fly off

predominantly to beam-left.
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Nonzero Sivers 

Asymmetries from SIDIS
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Sivers Functions

PRD 86, 014028 (2012) 

[arXiv:1204.1239]

COMPASS, PLB 744 (2015) 250
TS

SIDIS ‎ᶻή πὴᴻᴼὬὢ



Non-Universality of Sivers Function
J.C. Collins, Phys. Lett. B 536 (2002) 43

A.V. Belitsky, X. Ji, F. Yuan, Nucl. Phys. B 656 (2003) 165

D. Boer, P.J. Mulders, F. Pijlman, Nucl. Phys. B 667 (2003) 201

Z.B. Kang, J.W. Qiu, Phys. Rev. Lett. 103 (2009) 172001

12

Sivers | Sivers |DY SIDIS-=

Drell-Yan SIDIS

Å QCD gluon gauge link (Wilson line) in the initial state (DY) vs. final 
state interactions (SIDIS).

Å Fundamental predictions from TMD physics will be 
tested.

‎ᶻή πὴᴻᴼὬὢὬὴᴻᴼ‎z ή πὢ

q2<0, space-likeq2>0, time-like



Sivers Asymmetry in Drell-Yan:
Hint of Sign Change!   
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Multi-dimensional Partonic Structures
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Berger, Diehl, and Pire, EPJC 23, 675 (2002)
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Muller et al., PRD 86 031502(R) (2012)

Deeply Virtual Meson Production 

(DVMP)
2 0q <

 channel crossings uª

2 0q < 2 0q >

 channel crossings uª

+
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Deeply Virtual Compton Scattering 

(DVCS)

Time-like Compton Scattering 

(TCS)
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Experimental Approach

Collins, Frankfurt and Strikman, PRD 56, 2982 (1997)

Ji, PRL 78, 610 (1997); Radyushkin, PLB 380, 417 (1996)
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Exclusive meson-induced DY
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CLAS12, PRL 127, 262501 (2021)

q2<0, space-like q2>0, time-like

q2<0, space-like q2>0, time-like



“ὔO ὰὰὔ(handbag diagram)
E.R. Berger, M. Diehl, B. Pire, PLB 523 (2001) 265
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Cross sections increase toward 
small s (Ҧ low beam energy)

Production is dominant at forward 
angles

Differential Cross Sections of “ὔO ὰὰὔ
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Beyond the Leading Twist
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Transversity GPDs: Ὄ , Ὁ

S.V. Goloskokov, P. Kroll, PLB 748 (2015) 323

http://dx.doi.org/10.1016/j.physletb.2015.07.016


Transition GPDs
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ñTransition GPDò: L. L. Frankfurt et al., PRD 60, 014010 (1999)

J-PRAC Hadron Hall Extension



Exclusive Drell-Yan Measurement 

ÅFactorization: ὗ ḻρὋὩὠ
ÅCross sections:
ïCross sections decrease rapidly with an increase of ὗ . 
ὗ ωὋὩὠ

ï ίshould be small enough to keep † ὼὼ large 

enough. Take ὗ ςὋὩὠ, † πȢυz πȢσ πȢσω, ί
υὋὩὠ, pion beam momentum should be less than 15 GeV.

ÅExclusivity: missing-mass technique

ïGood resolution for missing mass

ïOpen aperture without the hadron absorber before 
measuring the momentum of lepton tracks

ïReasonably low track multiplicity
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The 10-20 GeV“ beam planned in high-momentum beam line at J-PARC 

( ί GeV) is most appropriate!
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J- PARC Facility
(KEK/JAEA

Birdôs eye photo in January of 2008

South to North

Experimental
Areas

Neutrino Beams
(to Kamioka)

JFY2009 Beams

Hadron Exp. 
Facility

Materials and Life 
Experimental Facility

JFY2008 Beams

3 GeV 
Synchrotron

JFY2007 Beams

Linac



J-PARC Hadron Hall 

(Current Status)
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https://kds.kek.jp/event/44086/contributions/232014/attachments/165527/215424/hd-facility.pdf

https://kds.kek.jp/event/44086/contributions/232014/attachments/165527/215424/hd-facility.pdf


J-PARC Hadron Hall 

(Current Status)
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A-line 

B-line 

C-line 

https://kds.kek.jp/event/44086/contributions/232014/attachments/165527/215424/hd-facility.pdf

E16

https://kds.kek.jp/event/44086/contributions/232014/attachments/165527/215424/hd-facility.pdf


Hadron Hall Extension

25https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html

https://arxiv.org/abs/2110.04462

Hadron extension project was selected as the top priority in the KEK mid-term plan (KEK-PIP2022)!

https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html
https://arxiv.org/abs/2110.04462


Staging Plan of ˊ20Beamline

26https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html

https://arxiv.org/abs/2110.04462

https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html
https://arxiv.org/abs/2110.04462


ÅHigh-intensity secondary pion beam

ÅHigh-resolution beam: ȹp/p ~ 0.1%

* Sanford-Wang: 15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m
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J-PARC E50/MARQ Experiment
(Charmed Baryon Spectroscopy)
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K. Shirotoriôstalk

Large acceptance, PID, good momentum resolution

http://www.rcnp.osaka-u.ac.jp/~noumi/puki/E50/
https://indico.ihep.ac.cn/event/20319/contributions/155585/attachments/78120/97139/20250514_SQCDVI_Shirotori.pdf


Top View

(0.2m) (2.3 m)

(2.4x1.8 m2)

(3.5x2.5 m2)

Muon-ID Wall

Original Configuration

for Charmed Baryon Spectroscopy
Extension part

Extension of J-PARC E50 Experiment

for Drell-Yan measurement
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“ὔᴼ‘‘ὢMissing-mass MX
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1.5 < M +˃˃ - < 2.9 GeV

| t - t0|< 0.5 GeV2 

P̄ = 10 GeV 15 GeV 20 GeV
“ Beam Momentum

MX (GeV) MX (GeV) MX (GeV)

άDYнлмоέ Dt5ǎ

Exclusive
Drell-Yan

Random
backgrounds

Inclusive 
Drell-Yan

Total

J/‪

The exclusive Drell-Yan events could be identified by the 
signature peak at the nucleon mass in the missing-mass 
spectrum for all three pion beam momenta.

Data Taking: 50 days 

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng, 

Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034



| t - t0|  (GeV2) | t - t0|  (GeV2) | t - t0|  (GeV2)

P̄ = 10 GeV 15 GeV 20 GeV

“ Beam Momentum

The statistics sensitivityis good enoughfor
discriminating the predictions from two
current GPD models.

1.5 < M +˃ -˃ < 2.9 GeV

| t - t0|< 0.5 GeV2 

GK2013 (red)
BMP2001 (black)

GK2013 (red)
BMP2001 (black)

GK2013 (red)
BMP2001 (black)

Data Taking: 50 days 

Sensitivity to N GPDs
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Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng, 

Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034



Sensitivity to “DAs 
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Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng, 

Shinya Sawada, Kazuhiro Tanaka, PRD 93 (2016) 114034



ÅJLAB, HERMES, COMPASSҦ Space-like approach
ÅJ-PARCҦ  Time-like approach
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Universality of GPDs
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J-PARC LoI (2019) 
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A total of 23 collaborators from Japan, Korea, U.S. and Taiwan 



Proposal to completeé

Å The ‘-ID system:

ï Tracker RPCs: rejection of 

muons from the decay-in-flight 

pions and kaons.

ï Material of hadron absorber: 

concrete and steel 

Å Updating the GPD modeling.

Å Simulate the expected signal-

to-background and yields of 

exclusive DY events.

Å Optimize the design of ‘-ID 

system and dimuon trigger.

35

Natsuki Tomida (Kyoto University), Takahiro Sawada (ICRR, University of Tokyo), 

Chia-Yu Hsieh, Wen-Chen Chang (Academia Sinica)

Tracker RPCs‘-ID



Hadron Hall Extension
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Year 2030

Given the earliest availability of pion beams in 2030, is there any 

possibility of measuring GPDs with the 30-GeV proton beam?



GPDs with Proton Beams
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