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Complementality between DIS and Drell-Yan

Both DIS and Drell-Yan process are tools to probe the quark 
and antiquark structure in hadrons (factorization, universality)

DIS Drell-Yan

Ann.Rev.Nucl. 
Part. Sci. 49 
(1999) 217;

Peng and Qiu, 
Prog. Part. 
Nucl. Phys. 76 
(2014)43



Challenges and opportunities of dilepton
experiments at J-PARC

• Challenges
– Beam energies are relatively low (30-50 GeV 

proton, and secondary pion, kaon, antiproton 
at lower energies)

• Opportunities
– Very few existing data at this energy region
– Some novel hadron physics topics could be 

well studied at relatively low energies
– Polarized beam/target offers new possibilities

•3



2 2

12

50-cm long /  targets
10 protons per spill (3 s)

60-day runs 
assuming 50% efficienc

for each t
y

argets
LH LD

D-Y at 50GeV also
directly measure at large
p p

u x
+

/  at large ?d u x
J-PARC Proposal P-04  (Peng and Sawada)

4



•5

J/Ψ Production at 30 GeV
At 800 GeV, J/Ψ production is 

dominated by gluon-gluon fusion
At 30 GeV J/Ψ production is dominated 

by quark-antiquark annihilation

J/Ψ production at 30 GeV is sensitive to quark and antiquark distributions

May be possible using the J-PARC high-momentum proton beam and the 
E16 spectrometer (designed for detecting e+ e- decay of Φ mesons)



Possible dilepton physics with pion beam

• d(x)/u(x) at large x for proton
• Valence quark distribution of pion at large x
• Exclusive dilepton production to study nucleon GPD, 

pions distribution amplitude (DA)  and pion-nucleon 
Transition Distribution Amplitude (TDA)

• Meson beams at J-PARC complement many hadron 
physics programs at JLab 12 GeV upgrade

•6
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Measuring ( ) / ( ) at large  with 
         pion-induced Drell-Yan?
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Difference between ( ) and ( ) /  cross sectionsp p Jπ π− ++ + Ψ
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Are there relevant data already?

Can one extract meson PDFs from J/Ψ production?
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Data from the NA3 paper and Ph.D thesis 
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              is larger for  than for  
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Calculations using Color Evaporation Model



Comparison between the NA3 data and CEM 
calculations based on current pion and nucleon PDFs
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Measure Meson PDF with Drell-Yan Process

12Being pursued at COMPASS



• Exclusive Drell-Yan with meson and 
antiproton beams are the time-like 
processes complementary to the deeply 
virtual meson production at Jlab,
HERMES and COMPASS

• Exclusive Drell-Yan with meson beam at 
J-PARC will also complement the 
program at FAIR using antiproton beam   

13

Exclusive Drell-Yan measurements at J-PARC?



DVCS versus time-like Compton scattering
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Deeply Virtual Compton Scattering Timelike Compton Scattering

2 0q < 2 0q >

* N Nγ γ+ → + *N Nγ γ+ → +



Time-like Compton Scattering at JLab
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p e e pγ + −+ → + +

T. Horn et al, AIP Conf. Proc. 1374 (2011) 542 



DEMP versus exclusive dilepton production 
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Deep Exclusive Meson Production Exclusive Dilepton Production

2 0q < 2 0q >

* 'N Nγ π+ → + * 'N Nπ γ+ → +

space-like photon time-like photon



DEMP from JLab and HERMES
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*Forward-angle  with 27.6 GeV p n eγ π + ±→

Hermes, Phys. Lett. 
B659 (2008) 486

* 0Backward-angle p with 5.75 GeV p eγ π −→

CLAS, AIP 1560 
(2013) 576

Sensitive to pion's DA
  and nucleon's GPD

Sensitive to nucleon's DA
        and  TDANπ

Space-like 
photon
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Exclusive dilepton production in N interactionπ
*p n nπ γ µ µ− + −→ →

E. Berger, M. Diehl, B. Pire, Phys. Lett. B523 (2001) 265
Probe pion distribution amplitude ( ) and nucleon GPD ( , )H Eπφ  
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Longitudinally polarized dilepton is expected

Transversely polarized dilepton for inclusive Drell-Yan 



Evidence for longitudinally polarized dilepton
in meson-induced Drell-Yan at large x? 
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2(1 cos )
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As 1, inclusive Drell-Yan becomes exclusive dilepton!xπ →



Other exclusive dilepton reactions sensitive to 
meson-baryon TDA

21

*K N γ− → Λ *pN γ π→
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0

at PANDA
pp e eπ + −→

Can also be measured at J-PARC 

EPJ  A51 (2015) 107



J-PARC High-momentum Beam Line
(Hi-P BL)

•23
30 GeV proton
(~1010 – 1012pps)

S. Sawada, Pacific Spin 2019

https://indico2.riken.jp/event/3039/contributions/13199/attachments/8762/11083/Aug29-Sawada.pdf


Unseparated Secondary Beam 
In High-momentum Beam Line

• High-intensity secondary Pion beam of [5,15] GeV
• High-resolution beam: Δp/p ~ 0.1%

* Sanford-Wang: 15 kW Loss on Pt, Acceptance :1.5 msr%, 133.2 m
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J-PARC E50 Experiment
(Charmed Baryon Spectroscopy)
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Stage-1 approved by J-PARC PAC-18, August 12, 2014.

From H. Noumi

http://research.kek.jp/group/hadron10/j-parc-hm-2015/slides/Noumi-2015-03-15.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

Stage-1 approved by J-PARC PAC-18, August 12, 2014.
Proposal is currently 
being prepared.

Exclusive Drell-Yan measurement
in J-PARC E50 Spectrometer
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Missing-mass MX spectra
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・ 1.5 < Mμ+μ- < 2.9 GeV
・ |t - t0|< 0.5 GeV2 

Pπ = 10 GeV 15 GeV 20 GeV
𝜋𝜋− Beam Momentum

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

・ “GK2013” GPDs

Exclusive
Drell-Yan

Random
backgrounds

Inclusive 
Drell-Yan

Total

J/𝜓𝜓

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, Phys. Rev. D93 (2016) 114034



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

Pπ = 10 GeV 15 GeV 20 GeV
𝜋𝜋− Beam Momentum

The statistics sensitivity is good enough for
discriminating the predictions from two
current GPD models.

・ 1.5 < Mμ+μ- < 2.9 GeV
・ |t - t0|< 0.5 GeV2 

GK2013 (red)
BMP2001 (black)

GK2013 (red)
BMP2001 (black)

GK2013 (red)
BMP2001 (black)

・ Data Taking: 50 days 

Expected Statistical Sensitivity

•28

Takahiro Sawada, Wen-Chen Chang, Shunzo Kumano, Jen-Chieh Peng, 
Shinya Sawada, Kazuhiro Tanaka, Phys. Rev. D93 (2016) 114034



• JLAB, HERMES, COMPASS → Space-like approach
• J-PARC →  Time-like approach

Q
2

or
Q

’2
(G

eV
2 )

xB or τ (GeV2)

Kinematic regions of GPDs
explored by space-like and time-like processes
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A total of 23 collaborators from Japan, Korea, U.S. and Taiwan 

Submitted to the 27th J-PARC PAC,  Jan. 16th - 18th 2019



Summary

• High momentum beam line at J-PARC 
offer interesting opportunities to explore 
meson and nucleon structures (PDF, GPD, 
DA, TDA) through inclusive and exclusive 
dilepton production.

• Exclusive reactions using meson beams at 
J-PARC complement JLab 12 GeV and 
FAIR hadron physics program.

• First measurements appear feasible using 
the proposed E50 spectrometer. Further 
studies are required.  
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