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➔ Origin of the hadron mass?

➔ Hadron structure?
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J-PARC Hadron Experimental Facility
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‣Slow extraction 
- a duration of 2.1 s in every 4.24 s (1 spill)

- 90 kW stable operation


- >8x1013 ppp World record! (Apr. 2025)

MR

HEF
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φ Mass Modification in Nuclei
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SC

MRPC
AC

E88: φ!K+K- (proposed in 2022)

E16: dielectron including φ!e+e-

~1M φ!K+K-

Nexcess Nφ

Expected spectrum  (15k φ, p+Cu)

H. Sako

J-PARC E16/E88: e+e- and K+K- measurements in pA collisions 

Probe of quark condensate & partial chiral symmetry restoration
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K- or π+/- beams 

Ex) K-p→K+Ξ-, Ξ-p→ΛΛ,   
        π+/-p→K+Σ+/-, K-n→π-Λ
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Choice of Beam Momentum
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Study of double-strangeness system

Ex) H-dibaryon,  hypernucleiΞ−

‣K1.8 Beam Line

Study of Kaonic nuclei

Ex) ” ”3He(K−, n) K−pp

 reaction

Peak at ~1.8 GeV/c
K−p → K+Ξ−  elementary cross sections at 


Peak at ~1.0 GeV/c
(K−, N ) θN = 0∘

‣K1.8BR Beam Line

s
s d

Ξ−
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K1.8

T1

30 GeV proton

K1.8BR

Current Status of J-PARC HEF
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 Hypernuclei SpectroscopyΞ−

T. Gogami
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Kaonic Nuclei Search

T. Hashimoto
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‣ Detect all charged particles’ trajectories in 3D.

Hyperon Spectrometer

17

‣ Large acceptance (~4π)

‣ High rate capability (~106 cps)

‣ High resolution (σ ~1 MeV)

Superconducting  
Magnet (1 T)

Time Projection Chamber 
(HypTPC)

Target

Trigger Counter Array (HTOF)



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region

e-e- e-e-e-e-



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m
↑E field

‣ 1. Drift region

e-e- e-e-e-e-



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region

e-e- e-e-e-e-



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region ‣ 2. Amplification Region

e-e- e-e-e-e-



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region ‣ 2. Amplification Region

e-e- e-e-e-e-



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region ‣ 2. Amplification Region

e-e- e-e-e-e-



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HypTPC

18

HypTPC

62
 c

m

‣ 1. Drift region ‣ 2. Amplification Region

‣ 3. Read-out Electronics

e-e- e-e-e-e-
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Superconducting Magnet

19

<2% uniformity

‣ Helmholtz-typed magnet (KR-tech, Daegu) 
➔ large acceptance & high uniformity


‣ NbTi (Tc=9 K), conduction cooling

‣ Max. 1.5 T at 103 A (1.0 T for E42)

SC magnet@KEK
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HTOF Array
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[top view]

[side view]

2021

‣ ultrafast scintillator (EJ-232)

‣ 34 segments with beam 

window

‣ 8 MPPCs (S13360-3060PE) 

at each end

‣ Resolution: ~130 ps
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First Installation of HS
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2021
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Hyperon Spectrometer 

at K1.8 Beam Line at J-PARC
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April 13, 2021

April 12, 2021

April 16, 2021

April 12, 2021
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Hyperon Spectrometer
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K- K+

p

p π-

π-

‣ Event Display (J-PARC E42)‣ Simulation (J-PARC E42)
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PID by Hyperon Spectrometer
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K- K+

p

p π-

π-

‣ HypTPC dE/dx

‣ HTOF Time-of-Flight

- σ<dE/dx>/<dE/dx> ~ 20%  
  at 0.4 < pT<0.45 GeV/c

flight length: 200~500 mm 
σt ~ 120 ps for π−

Λ → pπ−
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HypTPC Experiments at J-PARC
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K1.8

K1.8BR

COMET

high-pT1

KL

K1.8BR 

(~1.0 GeV/c π/K)

K1.8 

(~1.8 GeV/c π/K)

30 GeV 
proton

E42 H-dibaryon search  
in 12C(K−,K+) reaction

E45 N* spectroscopy  
in π±p→ππN reaction

E72 New Λ* search 

in p(K−,Λ)η reaction

E90 ΣN cusp study 
in d(K−,π−)Λp reactionΣ

N

E104g
g

 reactionp̄p → ϕϕ

ud
c̄

u
ds

Θ+ search in 
K+d→K0pp reaction

LOI/
P109
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J-PARC E42: H-Dibaryon Search
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‣ Search for the H-dibaryon via 12C(K-,K+) reactions at 1.8 GeV/c
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J-PARC E42: H-Dibaryon Search

26
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I=0, Jπ=0+

@K1.8 Beam Line in Hadron Experimental Facility , J-PARC

106/spill 

K- beam
K+

K1.8 Beam Line 
Spectrometer

KURAMA 
Spectrometer

Hyperon 
Spectrometer

Λ→p π-

‣ Search for the H-dibaryon via 12C(K-,K+) reactions at 1.8 GeV/c
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J-PARC E42: H-Dibaryon Search
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KEK E522

90 ΛΛ events 9k ΛΛ events

Completed in 2021; analysis in the final stage

?
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Narrow Λ* near Λη threshold?
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Flat Quadratic Flat
Crystal Ball, PRC 64, 055205 (2001)

‣ Concave-up only around pK=734 MeV/c

‣ a narrow resonance, a J=3/2 (P or D waves)  state

‣ Differential Cross Section for K-p→Λη
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Narrow Λ* near Λη threshold?

29

Flat Quadratic Flat
Crystal Ball, PRC 64, 055205 (2001)

‣ Concave-up only around pK=734 MeV/c

‣ a narrow resonance, a J=3/2 (P or D waves)  state

‣ Differential Cross Section for K-p→Λη

‣ should be exotic! 
- molecular state? 
- pentaquark?

1669

1677
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E72: Narrow Λ* Search near Λη threshold

30

• K−p → Λη at 735 MeV/c at K1.8BR

                 Λ → pπ- (invariant mass), η(missing mass)


• Angular distribution → spin, Λ Polarization → parity

K1.8BR BL

HypTPC

@K1.8BR Beam Line, J-PARC

20k/spill 


K- beam

Hyperon 
Spectrometer

HS Magnet

B=1 T

K- beam

LH2 target

HypTPC

HTOF

sd
c̄

u

uu
?

x100 higher statistics than Crystal Ball
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E72: Narrow Λ* Search near Λη threshold
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• K−p → Λη at 735 MeV/c at K1.8BR

                 Λ → pπ- (invariant mass), η(missing mass)


• Angular distribution → spin, Λ Polarization → parity

K1.8BR BL

HypTPC

@K1.8BR Beam Line, J-PARC

20k/spill 


K- beam

Hyperon 
Spectrometer

HS Magnet

B=1 T

K- beam

LH2 target

HypTPC

HTOF

sd
c̄

u

uu
?

x100 higher statistics than Crystal Ball

Physics run just completed !
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HypTPC Experiments at J-PARC
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N

E104g
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 reactionp̄p → ϕϕ

ud
c̄
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Θ+ search in 
K+d→K0pp reaction
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N* and Δ* Baryon Spectroscopy
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There are many N* and Δ* resonances 

which couple to ππN dominantly

H. Kamano, et al. PRC 79 025206 (2009)

 πN→πN , γN→πN,  γN→ππN.‣ Most of the N* and Δ* so far were measured from

‣ πN→ππN data are necessary to resolve remaining resonances.

PDG 2022

* *****
**** Established



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

Lattice QCD Calculation

33

: “hybrid” baryons (qqqg)
: conventional qqq states

N(939)

‣ Lattice QCD calculation predicts that hybrid baryons should exist.

PRD85 054016 (2012)



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

HADES, PRC 102, 024001 (2020)

H. Kamano et al., PRC 79, 025206 (2009)

E45 E45 E45

E45

HADESHADES HADES 

(2026)

HADES 

(2026)

E45: N* and Δ* Spectroscopy

34

HS Magnet

π± beam

LH2 target

HypTPC

‣ N*/Δ* spectroscopy with the πp→ππN and πp→KY reactions in the 
wide energy range of 1.5 - 2.15 GeV (p=0.73 - 2.0 GeV/c)

‣ Updates on the world database (πp→ππN)

‣ 240k events measured in1970’s → x100 higher statistics

π-p→π+π-n, π0π-p

π+p→π0π+p, π+π+n

πp→KΛ, KΣ

K1.8 BL

HypTPC

HTOF
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1 
m

J-PARC E45 Multiplicity Trigger 

35

‣ Trigger: HTOF multiplicity-2 from π±p reactions 
at 1.5 - 2.15 GeV (p=0.73 - 2.0 GeV/c) 

π±p→KΛ, KΣ

π-p→π+π-n, π0π-p, 

π+p→π0π+p, π+π+n

‣ πp→ππN reactions

‣ πp→KY reactions

‣ πp→πp reactions

π-p→π-p, 

π+p→π+p

‣ HTOF detector
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1 
m

J-PARC E45 Multiplicity Trigger 

35

‣ Trigger: HTOF multiplicity-2 from π±p reactions 
at 1.5 - 2.15 GeV (p=0.73 - 2.0 GeV/c) 

π±p→KΛ, KΣ

π-p→π+π-n, π0π-p, 

π+p→π0π+p, π+π+n

‣ πp→ππN reactions

‣ πp→KY reactions

‣ πp→πp reactions

π-p→π-p, 

π+p→π+p

‣ HTOF detector

Waiting for the beam time 
after E72 !
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HypTPC Experiments at J-PARC
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Θ+ search in 
K+d→K0pp reaction
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HypTPC Experiments at J-PARC

36
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in π±p→ππN reaction

E72 New Λ* search 

in p(K−,Λ)η reaction
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Θ+ Search History

37

‣ A final attempt should be made for a definitive exclusion.

CLAS

LEPS

Break-off group 
of CLAS

J-PARC E19KEK E559

DIANA

Photoproduction
𝛄d →K+nK−p

𝛄p →K0SK+n

𝛄p →K0SK0Lp

𝛄d →K0pK−p

Hadronic production
K+p →Θ+π+


π−p →Θ+K−

Direct formation on nuclei
K+n(in nuclei) → Θ+ → K0p

with a kinematic cut
huge background 
K− angle acceptance VS.
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K+d→K0pp for the Θ+ Production

38

‣ They predicts that the Θ(1524)+ (Γ=0.5 MeV, JP=1/2+ ) production 
cross section is of the order of a few hundred µb to 1 mb at pK+≈0.40 
GeV/c where impulse scattering process is dominant, and drops to ≤ 
1 µb at pK+≈0.85 GeV/c at which two-step processes are dominant.

Prog. Theor. Exp. Phys., 2020, 063D03 (2020).
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New Proposal at J-PARC

39

1-T superconducting 

Helmholtz magnet

beam

LD2 

target

HypTPC

HTOF

ud
c̄

u
dsK+

n

p

d

K0
Θ+

p

p

K1.8BR/K1.1BR BL

HypTPC

‣ No significant background

‣ K+d → K0pp (K0→π-π+) at 0.5 GeV/c at K1.8BR or K1.1BR
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New Proposal at J-PARC

39

1-T superconducting 

Helmholtz magnet

beam

LD2 

target

HypTPC

HTOF

ud
c̄

u
dsK+

n

p

d

K0
Θ+

p

p

K1.8BR/K1.1BR BL

HypTPC

‣ No significant background

‣ K+d → K0pp (K0→π-π+) at 0.5 GeV/c at K1.8BR or K1.1BR

To be submitted !
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J-PARC HEF Extension Project

40
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J-PARC HEF Extension Project
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J-PARC HEF Extension Project

41
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J-PARC HEF Extension Project

41

K1.8BR 

(~1.0 GeV/c π/K)

K1.8BR

COMET

K1.1

K1.1BR

KL2

K10

HIHR

T2

T1 K1.1BR 

(~0.8 GeV/c π/K)

K1.1 

(~1.2 GeV/c π/K)

K1.8 

(~1.8 GeV/c π/K)

K1.8

high-p

High-p (π20) 

(10-20 GeV/c π)



Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

J-PARC HEF Extension Project
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LINAC

Elab = 400 MeV

RCS

Elab = 3 GeV

Main Ring

Elab = 30 GeV

HI-injector

J-PARC-HI
J-PARC Heavy Ion

‣Accelerators
- LINAC ➔ HI-injector

- RCS

- Main Ring (MR)

- Heavy-ion beams with 
world highest luminosity


- Max. Intensity: 1011 Hz

-   = 2 - 6 GeV, or 

Elab = 1 - 20 AGeV
sNN

‣Experimental facilities
- Hadron hall

Hadron Exp. 
Facility
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J-PARC-HI: Physics Goals

43

Hypernuclei

Strangelets

Exotic hadrons

Hadron 
interaction

Exploring extremely dense medium 
5-10 
―QCD phase transitions & critical point
―Equation of state for neutron stars

ρ0

Search for rare hadronic/
hypernuclear events
―Hadron interaction/structure
―Hypernuclear physics
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Summary

44

➔ A wide range of hadron-physics experiments are being carried 
out at the J-PARC Hadron Experimental Facility.


➔ Korean groups are actively contributing through the HypTPC 
collaboration, and we will continue to expand physics opportunities 
and broaden our contributions.
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H Stay tuned!


