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Particle and Nuclear Physics @ J-PARC
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Deviation from SM?

gm-2/mEDM

new particle ns?
ɛī

e

q q

eī
105MeV

COMETHadron Hall

Flavor&CPVin charged lepton? 
Search formĄe conversion

Hyper-nuclear physics

Role of strange quark in extreme high 

density matter?

Strangeness in Nuclei

Neutron star

CPV beyond CKM



Origin & Evolution of Matter

Origin of Matter Creation

Matter -Antimatter 
Symmetry

matter dominated universe

formation of hadrons from quarks

dense matter in neutron stars

Matter in Extreme Conditions hadron interactions
hadronic many - body systems

Strangeness Nuclear Physics

quark interactions
hadron mass - generation mechanism

Hadron Physics

CP violation
weak interaction

Ą new physics

Flavor Physics
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T1 target

KL

high-p

COMET

K1.8BR

K1.8

Present Hadron Experimental Facility (HEF)

ü30 GeV proton beam
ü93kW (8x1013 ppp, 4.2s)

[as of 2025, May]

ü< 1.1 GeV/c
ü~ 5x105 K-/spill
üKaon in nuclei

ü< 2.0 GeV/c
ü~ 106 K-/spill
üS=-1 and S=-2 hypernuclei

ü16 deg extraction
ü~ 2.1 GeV/c ~ 107 K0

L/spill

ü╚╛ᴼⱫⱨⱨ

üAu Target
ü< 115 kW

ü30 GeV proton ~ 1010

ü< 31 GeV/c unsepa. p~ 107

üHadron physics

üm- beam
üm-e conversionstarted in 2023

launched in 2020
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Achievements in Research at the Hadron Experimental Facility

Hadron PhysicsFlavor Physics Strangeness Nuclear Physics

ὑ ᴼ“’Ӷ’search @ KOTO

Ą Approaching the SM sensitivity
for CP violation

Single Event 

Sensitivity =

9 × 10-10

KOTO 2021

Observation of an exotic hadron bound 
system including K-meson

Ą Established a new direction to 
understand meson-baryon int.

Kaonic nuclear 
ǎǘŀǘŜΣ έY-ǇǇέ

Ultra-precise 
measurement 

of kaonic atoms

Observations of
Xhypernuclei

First precise 
SN scattering

Charge-symmetry 
breaking in the
LN interaction

A lot of progress in hypernuclearresearch

Ą Clarified attractive S=-2 XN interaction 
and deepened S=-1 LN, SN interactions
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Pole position 
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New Research Programsat the Hadron Experimental Facility

Hadron PhysicsFlavor Physics Strangeness Nuclear Physics

Search for mĄe conversion @ COMET 
(2023~)

Ą Search for charged lepton flavor 
violation

Measurement of spectral modification 
of fmeson in nuclei (2020~)

Ą Investigate mass-generation 
mechanism of hadrons

High-resolution spectroscopic study of
S=-2 X-hypernuclei(2023~)

Ą Provide accurate and systematic 
information on XN, LLinteractions
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Recent Highlights in
Hadron Physics

at J-PARC
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YN Scattering
ςExtending NN to BB Interaction ς
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P̧recision data of Sp scatterings obtained around 400-800 MeV/c (E40)

VPrecise data allow detailed study of Sp interaction vs. theory
K. Miwa et al., PRC104(2021)045204

S-p elastic

S-pĄLn inelastic

S+p elastic

K. Miwa et al., PRL128(2022)072501

T. Nanamuraet al., PTEP2022(2022)093D01

NSC97f

ECS16

fss2

S+p, phase shift of 3S1

Ąmoderately repulsive



Hypertriton ( ()
ςImportant Benchmark in Hypernuclear Physics ς
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Ḩypertriton binding energy measured by two experiments:

ü9лтΥ 9Ƴǳƭǎƛƻƴ ŜȄǇƻǎŜŘ ǘƻ Yѐ ōŜŀƳΣ ŀƴŀƭȅȊŜŘ ǿƛǘƘ ƳŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ

üE73: Evaluated from ȟ(Åὑ ȟ“ ȟ(cross sections (preliminary)

E07: Emulsion E73: ȟἒἭ╚ ȟⱫ ☻
ȟἒ

A. Kasagiet al., PTEP2025(2025)083D01

║☻ Ȣ Ȣ Ȣ  MeV ║☻ Ȣ Ȣ Ȣ
Ȣ Ȣ  MeV

determined from pmomentum 
obtained from prange

evaluated from „ Ⱦ„ by 

comparison with theoretical calculation

preliminary

E07

E73

ALICE STAR

A. Kasagiet al., PTEP2025(2025)083D01

T. Akaishi et al., PLB873(2026)140163.



20mm

X-

10
LBe

5
LHe

ὄ ρȢςχ πȢςρ-Å6

S. H. Hayakawa et al., PRL 126 (2021) 062501

15
XC  -> 10

LBe + 5LHe 15
XC  -> 5LHe + 5LHe + 4He + n 

M. Yoshimoto et al., PTEP 2021, 073D02

ὄ φȢςχ πȢςχ-Å6

X-

5
LHe

5
LHe

4He

X-hypernuclei in Emulsion
ςFirst Step to the XN Interaction ς

A̧ttractive X-nuclear potential was confirmed from observation of 
X-hypernuclei in emulsion (E07)
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X-

pX X-

Coulomb

Nuclear force

X- + 14N Ҧ15
XC

IBUKI event IRRAWADDY event

~1MeV
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X-hypernuclei in Emulsion
ςFirst Step to the XN Interaction ς

A̧ttractive X-nuclear potential was confirmed from observation of 
X-hypernuclei in emulsion (E07)
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sX
X-

pX X-

IBUKI event

IRRAWADDY event

~1MeV

~6MeV

X- + 14N Ҧ15
XC

M. Yoshimoto et al., PTEP 2021, 073D02

or

or
X0

1p - 14C bound state?
via X--X0 mixing

(mXҍҍƳX0 = 6.9 MeV, m14N-m14C= -0.7 MeV)
Friedman-Gal, PLB837(2023)137640



12C(K-,K+)12
XBe

2 Gaussian + QF(G=0)
assuming narrow XNĄLLwidth

ɲM = 8.2 MeV (FWHM) 

X-hypernuclear Spectroscopy
ςToward a Precise Determination of the XN Interaction ς
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X̧-hypernuclear peaks were first observed in E05

Dp/p = 3.6x10-3 (FWHM)

SKS

DWIA calculation║♀
▼◄ Ȣ Ȣ Ȣ

ȢἙἭἤ

║♀
▪▀ Ȣ Ȣ Ȣ

ȢἙἭἤ

Need more precise measurements 
to investigate the detailed structure
Ą E70 with DM = 2 MeV (FWHM) using S-2S 

T.Motoba, S.Sugimoto
NPA835(2019)223

Y. Ichikawa et al.,
PTEP2024(2024)091D01



X-hypernuclear Spectroscopy
ςToward a Precise Determination of the XN Interaction ς
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Şystematic measurements will be strongly 
promoted at J-PARC, starting from E70

Ţhe precise X-hypernuclear spectroscopy
ÅXpotential ςboth Re(VX) and Im(VX)
Åisospin dependence (θρȾὃ)
ÅXN-LLconversion

-
B
X

[M
e

V
]

12
XBe

27
XNa

40
XAr

89
XRb

s-state

p-state

d-state

f-state

NHC-D Ehime NSC04d

A-2/3

Calculated Xbinding energy (and width)

1st step
Heavy nuclei Light nuclei

T. Gogamiet al., 
The 38th J-PARC PAC (2024)

12C (K-, K+) 12
XBe

E70 data-taking is completed

Results coming soon

SIMULATION
based on the E05 result

ɲM = 4 MeV (FWHM) 



ÖWA/Harald Ritsch
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Kaonic Nuclei
ςA New Form of Nuclei Composed of a Real Kaon ς

ά̧Y-ǇǇέ ōƻǳƴŘ ǎǘŀǘŜwas observed via 3He(K-, Lp)n 
in E15
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Low momentum ╚

PLB789(2019)620.,
PRC102(2020)044002.

║╚▬▬

╚▬▬

Ą

Compact system?

F.Oura[12C(K-,p)X]
25 (Thu) PM, Parallel



Kaonic Nuclei
ςToward a Further Understanding of Kaonic Nuclei ς
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Şystematic measurements will be carried out            
at J-PARC, starting from E80
ÅMass number dependence
ÅBinding energy, Branching ratio, q dependence, ..

ÅSpin/parity determination

ÅInternal structure extracted with theoretical investigations

Reaction Decays

╚╝ d(K-,n) pÜ0Sᴜ0

╚╝╝ 3He(K-,N) Lp/Ln

╚╝╝╝ 4He(K-,N) Ld/Lpn

╚╝╝╝╝ 6Li(K-,d) Lt/Ldn

╚╝╝╝╝╝ 6Li(K-,N) La/Ldd/Ldpn

╚╝╝╝╝╝╝ 7Li(K-,N) Lan/Lddn

╚╚╝╝ Ӷὴ+ 3He LL Will start in 2027

VSolid angle:  x1.6
VNeutron eff.: x7

ă first step



fMeson in Nuclei 
ςFirst step toward studying in-medium modification of the fmeson ς

F̧irst fĄe+e- measurement at 30 GeV p+Areactions
Åfmeson mass spectrum via e+e- decay

Åmass-number dependence of the cross section
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e+e- invariant mass
in 30 GeV p+C/Cu

PTEP(2026)043D03.

stot = 2.0Ü0.9 Ü1.0

mb

stot = 10.3Ü4.4 Ü4.4

mb

Mass number dependence of f

S.Nakasuga
26 (Fri) PM, Parallel

ü Good agreement with previous 
measurements

ü Production scales approximately 
with nuclear volume

Ɑᶿ═♪

w

f

2024 data

S.Nagafusa
26 (Fri) PM, Parallel

W.S.Jung[fĄKK]
26 (Fri) PM, Parallel

M.Ichikawa
26 (Fri) PM, Parallel



Hadron Experimental Facility extension

(HEF-ex) Project
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Hadron Experimental Facility extension (HEF-ex) Project
Present HEF

(2009Ṍ)

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

2 updated beamlines (High-p (p20), Test-BL)

expand research programs
at the Hadron Experimental Facility

to further explore 
Origin & Evolution of Matter

COMET

K1.8BR

K1.8

T1

HIHR

K1.1/K1.1BR

K10

KL2
T2

Test-BL

High-p (p20)

ṧ
ṧ
ṧ

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
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KL2

high-p (p20)

K10

K1.1

HIHR

Determine density dependent LN interaction

ÅUltra-high-resolution Lhypernuclei
spectroscopy
Å intense dispersion matched p beam

ÅSystematic LN scattering measurement
Å intense polarized Lbeam

K1.1

HIHR

Investigate diquarks in baryons

ÅHigh-resolution charm baryonspectroscopy
Å intense high-momentum pbeam

ÅHigh-resolution multi-strange baryon
spectroscopy
Å intense high-momentum separated K beam

high-p
(p20)

K10

Search for new physics beyond the SM

ÅMost sensitive ╚╛ᴼⱫⱨⱨ measurement
Å intense neutral K beam

KL2

Expanded Research 
Programs 

at the Extended Facility
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