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Location of J-PARC
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Goals at J-PARC

Need to have high-power
proton beams

→ MW-class proton accelerator
(current frontier is about 0.1 MW)

R&D toward Transmutation at Linac
Nuclear & Particle Physics at MR
Materials & Life Sciences at RCS
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EIC Physics and J-PARC Physics
• EIC Physics

• High energy
• Parton degrees of freedom
• QCD

• J-PARC Hadronic Physics
• Medium or low energy
• Nucleon/Meson degrees of freedom + parton degrees of freedom
• QCD and/or QCD-motivated models

• But still, their physics should be bridged.

NCU Workshop on EIC Physics and Detectors, National 
Central University, Taiwan 6Dec. 9 – 10, 2022



Matter Evolution
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Big Bang Nucleosynthesis Neutron Star Formation/Merger

Quarks
Nucleons 
(Hadrons)

Nucleus

High 
Density 
Hadronic 
Matters

Nuclear force 
models (meson exch.)

Understand Matter Evolution 
in UniverseProperties of various forms of matter

Hadron interaction and properties
of high density hadronic matter

Structure of 
hadrons
Properties of hadrons in matter

Three 
Research
Topics at

QCD motivated models
(Lattice QCD, Effective theories of QCD) 

Hadronization
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Nuclear/Hadron Physics at J-PARC
• Interaction and structure of hadrons!

• Nucleon-nucleon interaction, especially at medium and long 
ranges, has been rather well studied, since Yukawa’s prediction of 
the pi meson.

• But at the short range, substructures of the nucleon should affect 
the interaction.
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Nuclear/Hadron Physics at J-PARC
• Especially, the origin of 

the repulsive core and the 
spin-orbit force has not 
been understood.

• We explore the hadron 
interaction not only with 
up and down quarks but 
also with strange quarks.
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Σ+p channel
Large repulsive force！

Pauli effect
in quark level

Flavor singlet ch
Attractive core！？
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Importance of understanding hadron interaction 
• Recent observation of 2-solar-mass neutron stars

• Our understanding of hadron interaction and the equation of state (EoS) based on it 
cannot well describe the neutron star EoS.

• Baryon interaction in nuclear matter is important.
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I. Bombaci, arXiv:1601.05339v1

Theoretical prediction from known YN, YY 2-body 
interactions (Y=hyperon)

ρ0 (normal nuclear 
density)
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Neutron star merger detected 
by gravitational waves also 
attracts interests on the EoS.
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How to produce hyperons and hypernuclei?
• (pi, K) reactions
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• (K-, K+) reactions
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p

Ξ−

Κ−

K+

A → Ξ hypernuclei ΞA

High intensity pi and K beams are important 
to produce more hyperons and hypernuclei.

How to produce hyperons and hypernuclei?
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Hadron Experimental Facility

Beam 
Lines

Secondary particles Max. Mom. Max. Intensity

K1.8 π, K, p (2 separators) < 2.0 GeV/c ~106 /spill for K-

K1.8BR π, K, p (1 separator) < 1.1 GeV/c ~105 /spill for K-

KL Neutral Kaon ~ 2.1 GeV/c ~107 /spill

K1.8
K1.8BR

KL

High-p
COMET

Production 
Target
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Development of Beam Intensity

Accumulated beam time and intensity for HD

max: 64.5kW

Before accident (Feb, 2009 – May, 2013) 1.28x106 spills 568 kW*days

JFY2015 run (Apr, 2015 – Dec, 2015) 1.07x106 spills 2365 kW*days

JFY2016 run (May, 2016 – Jun, 2016) 0.34x106 spills 893 kW*days

JFY2017 run (Apr, 2017 – Feb, 2018) 0.81x106 spills 2039 kW*days

JFY2018 run (Jun, 2018 – Mar, 2019) 0.76x106 spills 2321 kW*days

JFY2019 run (Apr, 2019) 0.25x106 spills 765 kW*days

JFY2020 run (May, 2020 – Apr, 2021) 0.65x106 spills 1844 kW*days

JFY2021 run (May, 2021 – Jun, 2021) 0.54x106 spills 2045 kW*days

※ 8-GeV operation was not included.



K beam intensity
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KEK-PS 
Beamline

K / spill 
(4s)

Protons / 
spill (4s)

Note

K2 2x104 K- 2x1012 1.67GeV/c, E522
1x104 K- 3x1012 1.0GeV/c, E549

K5 1.9x105 K+ 2.2x1012 0.66GeV/c, E470
6x103 K- 1.5x1012 stopped, E549

K6 1.3x104 K+ 0.87x1012 1.2GeV/c, E559

KEK-PS: K purity was for example ~25%.

Beamline K / spill 
(5.2s)

Protons / 
spill (5.2s)

Note

K1.8 3.3x105 K- 5.4x1013 1.8GeV/c, E07 purity=82.5%
7.0x105 K- 5.4x1013 1.8GeV/c, purity=44%

J-PARC K1.8 Beamline (with 51kW primary proton beam):

NCU Workshop on EIC Physics and Detectors, National 
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Hyperon Scattering

NCU Workshop on EIC Physics and Detectors, National 
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E40: intense pi beams 
+ dedicated CATCH 
detectors 
+ KURAMA spectrometer
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K1.8 
Beamline



Hyperon Scattering
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Σ+ scattering
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K-pp states
• The E15 collaboration has announced findings 

of a bound state of K- + p + p.
• This should be a door to investigation of high 

density matter.
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BK-pp = 47+-3(stat.)+3-6(sys.) MeV
ΓK-pp = 115+-7(stat.)+10-9sys.) MeV
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E07: S=-2 Spectroscopy with emulsion
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“Mino” event
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Binary NS MergerLattice QCD

Multi-Strangeness world  revealed  with S-2S
ACTIVE FIBER TARGET

(K-,K+) spectroscopy
∆E<2 MeV
∆Ω=55msr

Establish the Ξ bound 
states

Hints in Emulsion
(KISO, IBUKI,…)

B-B Interactions EOS@ High-density 

J-PARC K1.8
21



S-2S Preparation
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Students/Postdocs are working hard…



New Primary Proton Beam Line
23

COMET

High-pSeparation

 High-momentum Beam Line
– Primary protons (~1010 – 1012pps)

• E16 (phi meson) is the first experiment.

– Unseparated secondary particles (pi, …)
• High-resolution secondary beam by 

adding several quadrupole and 
sextupole magnets. 

 COMET
– Search for µ 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.

NCU Workshop on EIC Physics and Detectors, National 
Central University, TaiwanDec. 9 – 10, 2022



J-PARC E16
• Invariant mass spectra of e+e- pairs in pA

collisions  
• Vector meson mass modification due to 

nuclear matter effects
• High statistics/Good resolution

• Similar as KEK-PS E325, but with x100 stat.

φ (1020)

KEK E325 results

High stat.
Better res.

J-PARC expectation

Spectrometer magnet

Electron ID (HBD and Lead Glass) 

NCU Workshop on EIC Physics and 
Detectors, National Central University, 

Taiwan
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Unseparated Secondary Beam in the future
25
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GPD with pion beams at J-PARC
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J-PARC connects subfields of hadronic 
physics

NCU Workshop on EIC Physics and Detectors, National 
Central University, Taiwan 27

Normal nuclei Neutron star?
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Hadron Experimental Facility extension (HEF-ex)
4/11

Present HEF
(2009～)

1 new production target (T2)
4 new beamlines (HIHR, K1.1/K1.1BR, KL2, K10)

2 updated beamlines (High-p (π20), Test-BL)

COMET

K1.8BR
K1.
8

T1

HIHR

K1.1/K1.1BR

K10

KL2T2

Test-BL
High-p (π20)

KL

High-p

COMET

K1.8BR

Extended HEF

1 production target (T1)
1 secondary-charged beamline 

(K1.8/K1.8BR)
1 neutral beamline (KL)

1 primary beamline (High-p)
1 muon beamline (COMET)

K1.
8

T1



J-PARC

Hadron Exp. Facility

Jan, 2016

Cultural 
property servey, 
Forest land 
development, 
…



Strangeness Nuclear Physics: Hyperon in Dense 
Environment 7/11

Why can heavy neutron stars exist?
 Hyperons (Λ, Ξ, ...) emerge in dense neutron star matter?

Ultra-high-resolution Λ-hyp. 
spectroscopy

protonneutron

Λ

Low 
density

High 
density

HIHR beam line

∆p/p = 
1/10000

• No need for beam tracking
• Intense π beam of > 108 /pulse
 Break through the resolution limit:
～2.2 MeV  better than ～0.4 MeV (FWHM)

(High-Intensity High-
Resolution)First dispersion-matching beam line in GeV energy

Achromatic 
Focus point 



KEK Project Implementation Plan 
(KEK-PIP) 2022
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KEK Project Implementation Plan 
(KEK-PIP) 2022
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KEK Project Implementation Plan 
(KEK-PIP) 2022
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Detectors, National Central University, 

Taiwan
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KEK Project Implementation Plan 
(KEK-PIP) 2022

NCU Workshop on EIC Physics and 
Detectors, National Central University, 

Taiwan
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• J-PARC is a multipurpose proton accelerator facility, from 
materials science to nuclear/particle physics.

• Hadron Experimental Facility utilizes secondary beams 
such as pions and kaons.  The intensity and purity of 
these beams are important.

• The beam power has been improved gradually to 64.5 kW.  
The Hadron Experimental Facility is now in the era of K-
induced experiments.

• A major goal is to investigate hadron interactions and 
structures.

• The extension of the Hadron Experimental Facility is 
expected, and KEK/J-PARC is making efforts for its 
realization.

35

Summary

April 28, 2015
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