
Study Hadron Partonic Structure at 
High-P Beamline at J-PARC

Wen-Chen Chang 章文箴

Institute of Physics, Academia Sinica
in collaboration with 

Takahiro Sawada  (Academia Sinica)

Jen-Chieh Peng (UIUC)

Shunzo Kumano, Shinya Sawada (KEK)

Kazuhiro Tanaka (Juntendo) 1

“Progress on J-PARC hadron physics in 2016”
J-PARC, March 2-4, 2016



Outline

• High-momentum beamline at J-PARC

• Physics processes:
• Charm and strangeness production

• Hard exclusive process

• Exclusive Drell-Yan process

• Summary & final remarks
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K1.8 Hypernuclei, 

Hadron Physics with S 

p, K, p (2 separators) < 2.0 GeV/c ~105 Hz for K+

K1.8BR Hadron Physics with S p, K, p (1 separator) < 1.0 GeV/c ~104 Hz for K+

K1.1BR Lepton Flavor violation p, K, p (1 separator) < 1.1 GeV/c ~104 Hz for K+

KL Neutral K rare decay Neural Kaon ~ 2 GeV/c ~106 Hz

Hadron Experimental Facility (HEF)



New Primary Proton Beam Line

 High-momentum Beam Line

– Primary protons (~1010 – 1012pps)

• E16 (phi meson) is considered to be 

the first experiment.

– Unseparated secondary particles (pi, …)

• High-resolution secondary beam by 

adding several quadrupole and 

sextupole magnets. 

 COMET

– Search for m to e conversion

– 8 GeV, 50 kW protons

– Branch from the high-momentum BL

– Annex building is being built at the 

south side.

• New primary Proton Beam Line
= High-momentum BL + COMET BL = has 
been funded and the construction started.



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

• High-intensity secondary Pion beam

• High-resolution beam: Δp/p ~ 0.1%
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15kW Loss Target (SM)

30 GeV proton



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

• High-intensity secondary Pion beam

• 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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http://www-conf.kek.jp/hadron1/j-parc-hm-2013/
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http://www-conf.kek.jp/hadron1/j-parc-hm-2013/


http://research.kek.jp/group/hadron10/j-parc-hm-2015/
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http://research.kek.jp/group/hadron10/j-parc-hm-2015/


Physics Programs

• Charm and Strange production

• Hard exclusive process
– Exclusive Λ(1405) production at large angles

• Valence quark structure of Λ(1405)

• Drell-Yan process
– Exclusive pion-induced Drell-Yan

• GPD of proton

• Pion DA

– Inclusive pion-induced Drell-Yan: 
• 𝑑(𝑥)/𝑢(𝑥) at large x

• Violation of Lam-Tung relation, BM functions

• Pion PDF
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Charm and Strange 
production process

11



Charmed Baryon Spectroscopy

12
H. Noumi, KEK workshop 2015

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


Di-quark Correlation in Heavy-
quark system

13A. Hosaka, this workshop; H. Noumi, KEK workshop 2015

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


J-PARC E50

14

Stage-1 approved by J-PARC PAC-18, August 12, 2014.

K. Shirotori, this workshop; H. Noumi, KEK workshop 2015

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


Ξ Baryon Spectroscopy (LOI)
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Hard exclusive 
production process
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Proton Structure Function
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Lots of partons at small x!

Valence quarks

sea quarks

2Q

Bjorken x: longitudinal momentum fraction



Quark Structure of Exotic Hadrons
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T. Hyodo, NSTAR 2015

http://www.rcnp.osaka-u.ac.jp/~nstar15/talks/26_C1/26_C1_Hyodo.pdf


Λ(1405)
• Y. Kamiya and T. Hyodo [1509.00146 ]: compositeness property,  𝑲𝐍

molecule.

• K. Miyahara and T. Hyodo [PRC 93, 015201 (2016); 1506.05724 ]: KN 
local potential based on chiral SU(3) dynamics

• J. Hall et al. [PRL 114, 132002 (2015); 1411.3402]: Lattice QCD,  𝑲𝐍
molecule.

• T. Sekihara and S. Kumano [PRC 89, 025202 (2014); 1311.4637]:
radiative decay for determining the compositeness.

• L. Roca and E. Oset [PRC 87, 055201 (2013); 1301.5741]: Two-pole 
structures,  𝑲𝐍 and 𝝅𝜮.

• T. Hyodo [Int. J. Mod. Phys. A, 28, 1330045 (2013); 1310.1176]: 
compositeness property.

• T. Sekihara et al. [Phys.Rev.C83:055202(2011); 1012.3232]: meson-
baryon coupled-channels chiral dynamics,  𝑲𝐍molecule.

• …

19
Production channels, decay, size and medium effect …

K. Inoue’s and Y. Kamiya’s talks



Large-angle (Hard) Exclusive Process 
𝑎 + 𝑏 → 𝑐 + 𝑑
H. Kawamura et al., PRD 88, 034010 (2013)
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Gluon propagator

Quark propagator

External quarks

Leading and connected Feynman diagrams

2,  |t| ( , , , )is m i a b c d

a c

b d



Large-angle (Hard) Exclusive Process 
𝑎 + 𝑏 → 𝑐 + 𝑑
H. Kawamura et al., PRD 88, 034010 (2013)
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Gluon propagator

Quark propagator

External quarks

Leading and connected Feynman diagrams

2,  |t| ( , , , )is m i a b c d

Factorizationb

a c

d



Constituent-Counting Rule in Hard Exclusive Process
H. Kawamura et al., PRD 88, 034010 (2013)
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p n p ++  +
0Kpp - +  + 

2
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


-
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G. P. Lepage and S. J. Brodsky, PRD 22, 2157 (1980).
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𝜦; n=10.0 𝚺; n=11.4

𝜦(𝟏𝟒𝟎𝟓); n=10.6 𝜦(𝟏𝟓𝟎𝟐); n=9.8

Constituent-Counting Rule in Photoproduction of Hyperons
Chang, Kumano, Sekihara, PRD 93, 034006 (2016)

5  system: 11

3  system: 9
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Constituent-Counting Rule in Photoproduction of Hyperons
Chang, Kumano, Sekihara, PRD 93, 034006 (2016)
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5  system: 11
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Valence-Quark Degrees of (1405)
H. Kawamura et al., PRD 88, 034010 (2013)
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0K (1405)pp - +  + 

J-PARC

T. Sekihara
KEK workshop 2015

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


Uniqueness of hadron physics 
studied at Hi-P BL of J-PARC

• The 5-15 GeV hadron beam energy at J-PARC 
( 𝑠 = 𝟑 − 𝟓. 𝟓 GeV) is unique for discerning the 
quark-hadron transition in the hard exclusive 
processes.

• Sensitivity to the quark structures of hadrons,  
compared to the interactions at low-energy regime.

• Reasonably large cross sections, 
compared to the interactions at high-energy regime.
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Drell-Yan process

27



Quark and Gluon Distributions in Protons

28

Wigner Distribution

Transverse Momentum 

Dependent PDF

Generalized Parton Distr. 

PDF Form Factors

GPD

Ji, PRL91,062001(2003)
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Deep Inelastic Scattering  (DIS) 

and Drell-Yan Processes
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Global Analysis of DIS, Drell-Yan 

Data
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CJ15 (1602.03154)



Parton Distribution Function (PDF) 

of Proton
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CJ15 (1602.03154) CT14 (1506.07443)

NNPDF3.0 (1410.8849), MMHT2014 (1412.3989);  JR14 (1403.1852)



2 2 0q Q 

 Naïve Assumption:

 NMC (Gottfried Sum 

Rule):

 NA51 (Drell-Yan, 1994):

 E866/NuSea (Drell-Yan, 

1998):

Light Antiquark Flavor Asymmetry:  
Drell-Yan Experiments with Proton Beam

32time Time-like process



Origin of  𝑢(𝑥) ≠  𝑑(𝑥): 
Perturbative QCD effect?

 Pauli blocking

◦ 𝑔 → 𝑢 𝑢 is more suppressed than 𝑔 → 𝑑  𝑑 in the 
proton since |p>=|uud> (Field and Feynman 1977)

◦ pQCD calculation (Ross, Sachrajda 1979)

◦ Bag model calculation (Signal, Thomas, Schreiber 1991)

 Chiral quark-soliton model (Pobylitsa et al. 1999)

 Instanton model (Dorokhov, Kochelev 1993)

 Statistical model (Bourrely et al. 1995; Bhalerao 1996)

 Balance model (Zhang, Ma 2001)

33
The valance-quark configuration affects the gluon splitting.

G  𝑞
𝑞



Origin of  𝑢(𝑥) ≠  𝑑(𝑥): 
Non-perturbative QCD effect?
 Meson cloud in the nucleons (Thomas 1983, Kumano 

1991): Sullivan process in DIS.

 Chiral quark model (Eichten et al. 1992; Wakamatsu 

1992): Goldstone bosons couple to valence quarks.

Pion cloud is a source of antiquarks in the protons 

and it lead to  𝑑 >  𝑢.

0;  : : 4 : 3 : 2q qp p p p+ - 

0;  : : 2 :1: 0p Np p p p+ - 

n
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 𝑑 𝑥 −  𝑢 𝑥 vs. Theoretical Models

35

 𝑢 >  𝑑 ?



 𝑑/ 𝑢(𝑥) Measured by 

FNAL E906/SeaQuest

36

Tevatro

n 800 

GeVMain 
Injector 

120 
GeV

( ( ) / ( )) up to 0.45d x u x x

Fermilab E906

 Physics data taking: 

Nov, 2013 – July, 2015.


1H, 2H, and nuclear targets

 Unpolarized Drell-Yan using 

120 GeV proton beam

KEK, RIKEN, Tokyo Tech, Yamagata
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38Shou Miyasaka (Tokyo Tech) 



39Shou Miyasaka (Tokyo Tech) 



Quark and Gluon Distributions in Protons
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Wigner Distribution

Transverse Momentum 

Dependent PDF

Generalized Parton Distr. 

PDF Form Factors

GPD

Ji, PRL91,062001(2003)
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Generalized Parton Distribution 

(GPD)

41

• non-local

• non-diagonal

Deeply virtual Compton scattering (DVCS)

M. Guidal, H. Moutarde and M. Vanderhaeghen, Rep. Prog. Phys. 76 (2013) 066202.

, , , ( , , )q q q qH E H E x t



Generalized Parton Distribution

42

• 1+2D description of the nucleon structure

• Correlations among longitudinal momenta and transverse positions

• Connection to quark orbital angular momentum

JLAB12 CDR, arXiv:1208.1244 

https://www.jlab.org/div_dept/physics_division/GeV/doe_review/CDR_for_Science_Review.pdf
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The first moments

The orbital angular momentum of quarks can be known.



Worldwide Activities for 

Measuring GPD

44
arXiv:1208.1244 



Measurement of GPDs:
Spacelike vs. Timelike Processes
Muller et al., PRD 86 031502(R) (2012)
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Deeply Virtual Compton Scattering Timelike Compton Scattering

2 0q  2 0q 

0t 

1 , 1x x -    
0t 

1 , 1x x -    



Measurement of GPDs:
Spacelike vs. Timelike Processes
Muller et al., PRD 86 031502(R) (2012)
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Deeply Virtual Meson Production Exclusive Meson-induced DY

2 0q  2 0q 

0t  0t 
| |x  | |x 

To be measured with hadron beams.



pN+-N
E.R. Berger, M. Diehl, B. Pire, PLB 523 (2001) 265
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𝑡 = 𝑝 − 𝑝′ 2

𝑄′2 = 𝑞′2 > 0
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Differential Cross Sections (Q2,t,)
E.R. Berger, M. Diehl, B. Pire, PLB 523 (2001) 265
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𝑡 = 𝑝 − 𝑝′ 2

𝑄′2 = 𝑞′2 > 0
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GPD  𝐻(𝑥, 𝜂, 𝑡) Double Integration
E.R. Berger, M. Diehl, B. Pire, EPJC 23, 675 (2002)

49 𝐻(𝑥, 𝜂 = 0, 𝑡 = 0)=polarized valance distribution



GPD  𝐸(𝑥, 𝜂, 𝑡) Pion-pole Dominance
E.R. Berger, M. Diehl, B. Pire, EPJC 23, 675 (2002)
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pN+-N
E.R. Berger, M. Diehl, B. Pire, PLB 523 (2001) 265

51

𝑸′𝟐 = 𝒒′𝟐 = 𝟓 𝑮𝒆𝑽𝟐

2 2

2

' '
0.2

2 N

Q Q

pq s M
   

-
𝑡 = 𝑝 − 𝑝′ 2=-0.2 GeV2

Cross sections increase toward small s!

|t| (GeV2)



𝜋−p → 𝜇+𝜇−𝑛
Missing Mass Technique in E-50 Spectrometer + MuID
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p-

LH2-target

Ring Image
Cherenkov
Counter

Internal DC

FM magnet

ps
-

K+

Fiber tracker

Beam GC

Internal TOF

Internal TOF
DC

TOF wall

2m

Decay p(p+)

20 GeV/c
Beam p-

Acceptance: ~ 60% for D*,  ~80% for decay p+

Resolution: p/p~0.2% at ~5 GeV/c （Rigidity： ~2.1 Tm)

||<60

Scintillator Muon 
trigger device

m +

m -



Experimental Conditions

• Target :  57cm LH2 (nTGT=4 g/cm2 )

• ε(DAQ, Tracking, PID) = 0.9*0.7*0.9

• Beam momentum resolution:  Δp/p = 0.1 %

• Detector resolution:  ΔM/M = 1 %

• Exclusive DY: ~ 1.2 events/day/pb for Ibeam=107 π/s

• Beam Time: 50 days
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Geant 4.9.3
(E-50 spectrometer + Muon ID)

・ Exclusive Drell-Yan
GPD:
BDP 2001: EPJC 23, 675 (2002)
GK 2013: EPJC 73, 2278 (2013)
GK 2015: PLB 748, 323 (2015)

・ Inclusive Drell-Yan 
Pythia 6.4.26

・ Background
JAM 1.132

π π+

10 GeV 2.11 nb 0.323 nb

15 GeV 2.71 nb 0.493 nb

20 GeV 3.08 nb 0.616 nb

-

π-

(BDP 2001)

π-

(GK 2013)

π-

(GK 2015)

10 GeV 6.28 pb 17.53 pb 140 pb

15 GeV 4.66 pb 10.64 pb 20 pb

20 GeV 3.69 pb 7.24 pb

π π+

10 GeV 26.9 mb 24.8 mb

15 GeV 25.8 mb 24.1 mb

20 GeV 25.1 mb 23.5 mb

-

Event Generator
Inclusive Drell-Yan (Mμμ>1.5 GeV)

Exclusive Drell-Yan (Mμμ>1.5 GeV, |t-t0|<0.5 GeV2)

Hadronic Background

Total Cross Section

Particle Transportation + Detector

Yield Estimation
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𝜋−p → 𝜇+𝜇−𝑛
MX In E-50 Spectrometer + MuID

55

1.5 < Mμ+μ- < 2.9 GeV/c2π- beam   50 days 

10 GeV 15 GeV 20 GeV
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Exclusive DY

Inclusive DY

Exclusive DY

Inclusive DY

BG BG BG

Exclusive DY

Inclusive DY

• The signal of exclusive Drell-Yan processes can be clearly 
identified in the missing mass spectrum of dimuon pairs.

• Because of the low event rate, this program could be 
accommodated into the E50 experiment.
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𝜋−p → 𝜇+𝜇−𝑛
MX In E-50 Spectrometer + MuID

1.5 < Mμ+μ- < 2.9 GeV/c2π- beam   50 days 

10 GeV 15 GeV 20 GeV

Beam Momentum



GPD(xB,t;Q2) from space-like and 
time-like processes

57• J-PARC: time-like approach and large-Q2 region.

Large-Q2 region



Impacts of GPD measurements at 
J-PARC
• Information of GPD at large-Q2 region.

• Test of universality of GPD in space-like and time-
like processes.

• Test of QCD-evolution properties of GPD.

• Test of factorization of exclusive Drell-Yan process.
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“GPD” and “Transition GPD”

• 𝜋−p → γ∗𝑛

• 𝜋−p → γ∗∆0

• 𝜋−n → γ∗∆−

• 𝜋+n → γ∗p

• 𝜋+p → γ∗∆++

• 𝜋+n → γ∗∆+

• 𝐾−p → γ∗Λ

• 𝐾−p → γ∗Λ(1405)

• 𝐾−p → γ∗Λ(1520)

• 𝐾−n → γ∗Σ−

• 𝐾+n → γ∗Θ+

59

, Kp

,p n , , ,N   

*



GPD for (unstable) hadrons
H. Kawamura and S. Kumano, PRD 89, 054007 (2014)
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Softening of long. mom. fraction x. Softening of transverse form factor.



Summary

• High-energy hadron beam at J-PARC is unique for 
studying hard exclusive processes.

• Quark structure of exotic hadrons can be 
determined by the scaling behavior.

• Measurement of GPD in the exclusive 𝜋-induced 
DY process will offer important understanding on

– GPD at large Q2 region

– Universality of GPD in the space-like and time-like 
processes.

• Preliminary study shows that such measurement 
with E-50 spectrometers is feasible.
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