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Outline

• High-momentum beamline at J-PARC

• Physics processes:
• Charm and strangeness production

• Hard exclusive process

• Exclusive Drell-Yan process

• Summary & Remarks
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nucleon: mass not determined by sum of constituent masses 
m = E/c2 , “mass without mass“ (Wilczek) 
mass given by energy stored in motion of quarks
and by energy in colour gluon fields

M   mi

binding energy
effect  10-8

atom   
10-10 m

M » mi

nucleon   
10-15 m

atomic nucleus   10-14 m

M   mi

binding energy
effect  10-3

Mass of Composite Systems
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Topological Charge Density of Gluon Field

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/Nobel/ChargeAPE5LQanimXs30.gif

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/Nobel/index.html

http://www.physics.adelaide.edu.au/theory/staff/leinweber/VisualQCD/OriginMass/index.html


Properties of QCD

• Quark Confinement: no isolated quarks.

• Asymptotic Freedom:

.0 ,When  sE 
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Proton Structure Function
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Lots of partons at small x!

Valence quarks

sea quarks

2Q
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J-PARC Facility
(KEK/JAEA）

Bird’s 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
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K1.8

KL

SKS

K1.8BR

Beam 

Lines

Experiment Secondary particles Max. Mom. Max. Intensity

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

Intense Kaon Beam in the momentum range of ~ 1 GeV/c 

Jan.2009

Oct.2009

Oct.2009

K1.1(plan)

Hadron Experimental Facility (HEF)



New Primary Proton Beam Line
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COMET

High-p
Separation

 High-momentum Beam Line

– Primary protons (~1010 – 1012pps)

• E16 (𝜙 meson) is considered to be 

the first experiment.

– Unseparated secondary particles (𝜋,K,  𝑝,…)

• 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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(Prod. Angle = 3.1 deg.)
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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
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Charmed Baryon Spectroscopy
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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 systems

17
H. Noumi, KEK workshop 2015

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


J-PARC E50
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Stage-1 approved by J-PARC PAC-18, August 12, 2014.

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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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)

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

• 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.

• …
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Production from different channels, decay, 
size and medium effect…



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

1
( ) ( )   CMn a b c d

d
a b n nc d f

dt s
n n n




-
++ +   ++

1 3 2 3 7n  + + +  2 3 2 3 8n  + + + 

G. P. Lepage and S. J. Brodsky, PRD 22, 2157 (1980).



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 beam energy of hadrons at J-PARC at 5-15 GeV 
( 𝑠 = 𝟑 − 𝟓. 𝟓 GeV) is most ideal for studying the 
hard exclusive processes and discerning the 
quark-hadron transition in the strong interaction.

• Valance-like partonic degrees of freedom of hadrons 
could be discerned, compared to the collisions at low-
energy regime.

• Reasonably large cross sections, compared to those at 
higher energies.
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Drell-Yan process
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Origin of Proton Spin
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High energy spin experiments
C.A. Aidala, S.D. Bass, D. Hasch, G.K. Mallot, Rev. Mod. Phys. 85, 655–691 (2013)
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Pacific Spin 2015
http://www.phys.sinica.edu.tw/PacSPIN2015
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http://www.phys.sinica.edu.tw/PacSPIN2015


Origin of Proton Spin
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1

2

1

2
q

proton

g L + +

Quark spin(~30%)

Gluon spin(~0)

Quark orbital angular momentum(?)

Z T TL r P 



Parton Distribution Functions

and Form Factors
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Form Factors

• local

• non-diagonal

Parton Distribution Functions

• non-local

• diagonal

Deeply inelastic electron scattering (DIS)

Elastic electron scattering

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



Generalized Parton Distribution
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• 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
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arXiv:1208.1244 



Explore GPD by Electron 

Beams
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Deeply Virtual Compton Scattering Deeply Virtual Meson Production

HERMES, JLAB, COMPASS



Spacelike vs. Timelike

Processes
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Deeply Virtual Meson Production Exclusive Meson-induced DY

2 0q  2 0q 

 channel crossings u



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 -



𝜋−p → 𝜇+𝜇−𝑋
MX In E-50 Spectrometer + MuID
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1.5 < Mμ+μ- < 2.9 GeV/c2π- beam   50 days 
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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.

S. Sawada (KEK)

S. Kumano (KEK)

J.C. Peng (UIUC)

T. Sawada (AS)

W.C. Chang (AS)



GPD(xB,t; Q
2) from space-like and 

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

Large-Q2 region



Summary & Remarks

• The partonic structure of nucleons remains the 
most important testing ground for understanding 
QCD, especially on the non-perturbative aspect.

• High-energy hadron beams at J-PARC is unique 
for studying “hard exclusive processes” in 
hadronic interactions.

• “E50 collaboration” is formed to look for the 
internal structures of heavy-quark system and 
exotic hadrons and also the 3-d partonic structure 
of nucleons.

• We very much welcome the collaboration (from 
Asia Pacific region) in carrying out the 
proposal/experiment.
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