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Outline

• Very brief and selective review of ideas raised up in 
“KEK theory center workshop”

• Results of N di-lepton experiments at low energies

• Compilation of physics programs

• Conceptual detector system

• Summary
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Jen-Chieh Peng

• Kaon-induced Drell-Yan for probing s and s-bar

• J/ψ production at forward xF in p-A collision for looking 
for intrinsic charm

• Proton-induced Drell-Yan in p-p collision for 
determining dbar/ubar at large x

• Proton-induced Drell-Yan in p-A collision for 
investigating flavor-dependent EMC effect

• Sivers and BM functions in Drell-Yan process.

• Forward-backward asymmetry in decay angular 
distribution of Drell-Yan for probing Weinberg angle at 
low Q^2 
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Wen-Chen Chang

• Pion-induced DY
• Pion partonic structure

• Violation of Lam-Tung relation: BM function or QCD 
vacuum

• Pion DA

• Pion TDA

• Valance-quark distributions at large-x 
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Lam and Tung (PRD 18, 2447, (1978))
Lam-Tung Relation
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E615 (PRD 39, 92 (1989)) 
Violation of LT Relation
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D. Boer

0 
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D. Boer

Chromo-magnetic Sokolov-Ternov effect:
spin-flip gluon synchrotron emission leading to a 
correlated polarization of q and 𝑞.
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Brandenburg, et. al (Z. Phy. C60,697 (1993))
QCD Vacuum Effect
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Boer (PRD 60, 014012 (1999))
Hadronic Effect, Boer-Mulders Functions 
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E866 (PRL 99 (2007) 082301; PRL 102 (2009) 182001) 

Consistency of LT relation for DY events in pd, pp
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E866 (PRL 99 (2007) 082301) 
Azimuthal cos2Φ Distribution of DY events in pd

ν(π-Wµ+µ -X)~ [valence h1
┴(π)]  * [valence h1

┴(p)]

ν(pdµ+µ-X)  ~ [valence h1
┴(p)] *  [sea h1

┴(p)] 

Sea-quark BM functions are much smaller than valence quarks 14



Hsiang-nan Li

• The Glauber Gluon in the pion, the Nambu-
Goldstone boson,  is responsible for the violation of 
L-T relations in pion-induced DY.

• The proposal could be discriminated from the 
effects of BM functions by pbar+p DY.

The proposal could also be tested by kaon-induced DY.
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Exclusive Pion-Induced Drell-Yan Process

*( )q 

2small ( )t q q 
2large ( )t q q 

: pion distritribution amplitude (DA) TDA: -N transistion distritribution amplitude

•DA characterizes the minimal 
valence Fock state of hadrons.
•DA of pion are also explored by 
pion-photon transition form factor 
in Belle and Barbar Exps.

•TDA characterizes the next-to-
minimal valence Fock state of 
hadrons.
•TDA of pion-nucleon is related to 
the pion cloud of nucleons.

Bernard Pire , IWHS2011
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N+-N
(PLB 523 (2001) 265)
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N+-N
(PLB 523 (2001) 265)
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Generalized Parton Distribution (GPD) 
(K. Goeke et al. / Prog. Part. Nucl. Phys. 47 (2001) 401-515)

In the forward limit, , 0t 
Dirac FF

Pauli FF

Axial Vector FF

Pseudoscalar FF
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Pion-pole Dominance (PLB 523 (2001) 265)
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N+-N (PLB 523 (2001) 265)
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Jianwei Qiu

• Charmonium (J/) production
• Production mechanism

• Color transparency

• Intrinsic charm of hadron

• Multiple partonic scattering or energy loss

• Drell-Yan process
• Parton energy loss in nuclei: x distribution of A/d.
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NA3 (PLB104, 335 (1981))

150 GeV - 27
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Makoto Oka, Kyoichiro Ozawa (J-
PARC P50) 
• Charmed baryons, Charmed deuteron/nucleus, 

Heavy exotics

• Di-quark configuration in the spectroscopy of 
charmed baryon.

29



30



31



32



Mark Strikman

• 22, Color transparency
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Mark Strikman
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Dipangkar Dutta 
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Dipangkar Dutta 
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πN di-lepton experiments at low 
energies
• BNL (πN at 16 and 22 GeV):

• Phys. Lett. B81 (1979) 397: di-lepton spectra

• Phys. Lett. B81 (1979) 401: J/psi

• Phys. Lett. B85 (1979) 427: Drell-Yan model

• Phys. Lett. B85 (1979) 432: pion structure function

• IHEP, USSR (πN at 27 and 40 GeV):
• Nucl. Phys. B179 (1981) 189
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Hadron Absorber (24 inches of Brass)
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Muon pair production in 22 GeV 
πCu collisions
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

J/
DY

< 𝑝𝑇 > increases with 𝑀𝜇𝜇

• (DY) scales with 
• (N)(pN)

No results of angular distributions.



Muon pair production in 22 GeV 
πCu collisions
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J/ production in 22 GeV πCu 
collisions
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(N)(pN): q𝑞 fusion dominates

(N)(pN): gg fusion dominates

Violation of Lam-Tung relation remains 
at low energies?



Muon pair production in 27 and 
40  GeV πN collisions
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Precise information of the angular distributions of Drell-Yan 
and J/ will be essential in understanding their production 
mechanisms at low energies.



πN Di-lepton Production: 
Drell-Yan & J/
• Drell-Yan:

• Pion partonic structure
• BM function (Violation of L-T 

relation)
• Pion DA
• Valance-quark distributions 

at large-x
• Parton energy loss
• Nuclear PDF
• Low-mass di-lepton 

spectrum

• J/:
• Production mechanism at 

low energies
• Intrinsic charm of pion at 

large xF

• Beam: pion

• Target: proton, deuteron 
and nuclei

• Detector: hadron absorber, 
muon identification, di-
muon trigger

• Pros: well-established 
approach, complementary 
to COMPASS.

• Cons: bad momentum 
resolutions due to relatively 
large multiple-scattering 
effect.
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pN Di-lepton Production: 
Drell-Yan & J/
• Drell-Yan:

• p+d/p+p ratio measurement for 
u,d sea quark of nucleon at large-
x.

• BM function (Violation of L-T 
relation)

• Parton energy loss
• Nuclear PDF
• Low-mass di-lepton spectrum
• Forward-backward asymmetry in 

decay angular distribution of 
Drell-Yan for probing Weinberg 
angle at low Q^2 

• J/:
• Production mechanism at low 

energies; J/Psi production as an 
alternative Drell-Yan  to probe the 
sea-quark in nucleon.

• Intrinsic charm of proton at large 
xF

• Beam: proton (30 GeV)

• Target: proton, deuteron and 
nuclei

• Detector: hadron absorber, 
muon identification, di-muon 
trigger

• Pros: well-established 
approach, complementary to 
E906/SeaQuest.

• Cons: bad momentum 
resolution of muons due to 
relatively large multiple-
scattering effect.
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KN Dilepton Production:
Drell-Yan & J/
• Drell-Yan:

• K+d/K+p ratio 
measurement for strange 
sea quark of nucleon at 
large-x.

• Kaon partonic structure
• BM function or Glauber

gluon responsible for L-T 
relation violation

• J/:
• Production mechanism at 

low energies.
• Intrinsic charm of kaon at 

large xF

• Beam: kaon
• Target: proton, deuteron 

and nuclei
• Detector: beam PID, 

hadron absorber, muon 
identification, di-muon 
trigger

• Pros: novel measurement 
other than NA3.

• Cons: bad momentum 
resolution of muons due 
to relatively large 
multiple-scattering effect.
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πN Exclusive Di-lepton Production

•Nucleon GPD

•Pion DA

•Pion-Nucleon TDA

• Beam: pion

• Target: proton, deuteron and 
nuclei

• Detector: hadron absorber, muon 
identification, di-muon trigger

• Pros: novel measurement for 
determining GPD; 
complementary to Jlab, GSI and 
COMPASS.

• Cons: bad momentum resolution 
of muons becomes crucial in 
ensuring the exclusive production; 
relatively small production cross 
section (1 pb).
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πN Hard Exclusive Hadron 
Production
• Hadron tomography

• Color transparency

• Charmed baryons

• Heavy exotics

• Beam: pion-

• Target: proton, deuteron 
and nuclei

• Detector: good 
spectrometer

• Pros: novel measurement, 
large cross section

• Cons: Large background, 
online trigger might be 
needed.
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Conceptual Detector System

• Beam PID

• Open aperture without hadron absorber before 
momentum determination

• Spectrometer with good momentum resolution and 
particle ID

• Muon ID in the forward direction at the very 
downstream
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 + proton
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20-GeV - + proton (25 mb)
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Estimated Hit Rate
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Occupancy of Drift Chamber

Item Parameters

Distance*angle 1 m * 1 degree =  17.45 mm

Cell size 10 mm

Drift velocity 50 m/ns

Time window 5 mm/ 50 m/ns = 100 ns

Pile-up percent 100 ns/[1./(10**6/17.45*10) s]= 6 %

It is still possible to track all charged 
hadrons whose polar angles are less than 20 
degree by
• detector with better granularity
• detector with fast operation
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20 degree for 1% pileup.



- pK0 (1405)
K0 (1405)

CM
CM

Lab Lab
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20-GeV - + proton+-X
(487 pb)
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20-GeV - + proton+-X

M xf

x1 x2

The x1 overage might not be sensitive to the energy loss determination!

MX

Di-muon pair
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20-GeV - + proton+-X

px py

pz pt (degree)

Single muon
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20-GeV - + proton+-X

Mx

Mp

• At Mx=Mp, the cross section is about 
487pb*8/100000=0.04 pb.

• The cross section of exclusive 
production is ~ 0.5 – 1.0 pb.

• S/B ~ 10 – 20.
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J-PARC P50 Spectrometer

??? Hopefully J-PARC P50 collaborators have 
verified the tracking capability of the current 
design at the very forward direction.
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J-PARC P50 Spectrometer + MuID

Muon 
Filter

||<60 Scintillator Muon 
trigger device

59Muons from pion decay might be a concern. 



Summary

• The (p, , K)-induced di-lepton and hard exclusive processes 
could be studied in the coming high-momentum beam line 
at J-PARC . These programs will offer important 
understanding on many aspects of QCD via
• Nucleon structure: sea quarks PDF; GPD, TDA and TMD
• Pion structure: PDF and TFF
• Kaon structure
• Structure of exotic hadrons
• Parton energy loss, J/ production
• Color transparency

• Spectrometer with a large acceptance and good mass 
resolution is required.

• More collaborators are surely needed to make things 
happen!
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Backup Slides
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R.  Muto, KEK
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R.  Muto, KEK
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R.  Muto, KEK
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Beam Configuration

• Primary 30-GeV proton beam at 1010-1012/s.

• Secondary beam:
• Pion: 10-20 GeV at 108/s .

• Kaon: 10-15 GeV at 106-107/s.  

• Anti-proton:  5-10 GeV at 106/s.
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15-GeV - + proton+-X
(500 pb)
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15-GeV - + proton+-X
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15-GeV - + proton+-X
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15-GeV - + proton+-X

Mx

Mp

• At Mx=Mp, the cross section is about 
500pb*60/100000=0.3pb.

• The cross section of exclusive 
production is ~ 0.5 – 1.0 pb.

• S/B ~ 1 – 2.
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