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Deviation from SM?

gµ-2/µEDM
new particle νs?

μ−
μ e

γ, Z’

q q

e−
105MeV

COMET（Hadron Hall）

Flavor&CPV in charged lepton? 
Search for µe 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

quark interactions
hadron mass-generation mechanism

CP violation
weak interaction

 new physics
𝑞𝑞
�𝑞𝑞

𝑞𝑞

𝑞𝑞

𝑞𝑞

𝜦𝜦
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T1 target

KL

high-p

COMET

K1.8BR

K1.8

Present Hadron Experimental Facility (HEF)

 30 GeV proton beam
 93kW (8x1013 ppp, 4.2s)

[as of 2025, May]

 < 1.1 GeV/c
 ~ 5x105 K-/spill
 Kaon in nuclei

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

 16 deg extraction
 ~ 2.1 GeV/c ~ 107 K0

L/spill
 𝑲𝑲𝑳𝑳

𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂

 Au Target
 < 115 kW

 30 GeV proton ~ 1010

 < 31 GeV/c unsepa. π ~ 107

 Hadron physics

 µ- beam
 µ-e conversionstarted in 2023

launched in 2020
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Achievements in Research at the Hadron Experimental Facility

𝐾𝐾𝐿𝐿0 → 𝜋𝜋0𝜈𝜈𝜈̅𝜈 search @ KOTO

 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

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

Kaonic nuclear 
state, ”K-pp”

Ultra-precise 
measurement 

of kaonic atoms

Observations of
Ξ hypernuclei

First precise 
ΣN scattering

Charge-symmetry 
breaking in the
ΛN interaction

A lot of progress in hypernuclear research

 Clarified attractive S=−2 ΞN interaction 
and deepened S=−1 ΛN, ΣN interactions

5

Pole position 
of Λ(1405)



New Research Programs at the Hadron Experimental Facility

Search for µe conversion @ COMET 
(2023~)

 Search for charged lepton flavor 
violation

Measurement of spectral modification 
of φ meson in nuclei (2020~)

 Investigate mass-generation 
mechanism of hadrons

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

 Provide accurate and systematic 
information on ΞN, ΛΛ interactions
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Recent Highlights in
Strangeness Physics

at J-PARC
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YN Scattering
– Extending NN to BB Interaction –

8

Precision data of Σp scatterings obtained around 400-800 MeV/c (E40)
Precise data allow detailed study of Σp interaction vs. theory

K. Miwa et al., PRC104(2021)045204
Σ-p elastic

Σ-pΛn inelastic

Σ+p elastic

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

T. Nanamura et al., PTEP2022(2022)093D01

NSC97f

ECS16

fss2

Σ+p, phase shift of 3S1

moderately repulsive

K.Miwa
Mon, Plenary 29a2 

B.M.Kang [toward Ξ-p scatt.]
Mon, Parallel 29p1B

W.S.Jung [Ξ-pΛΛ]
Wed, Parallel 1p2A



Hypertriton (Λ
3H)

– Important Benchmark in Hypernuclear Physics –

9

Hypertriton binding energy measured by two experiments:
E07: Emulsion exposed to K⁻ beam, analyzed with machine learning
E73: Evaluated from 3,4He(𝐾𝐾−,𝜋𝜋0) Λ

3,4H cross sections (preliminary)
E07: Emulsion E73: 𝟑𝟑,𝟒𝟒𝐇𝐇𝐇𝐇(𝑲𝑲−,𝝅𝝅𝟎𝟎) 𝜦𝜦

𝟑𝟑,𝟒𝟒𝐇𝐇

A. Kasagi et al., PTEP2025(2025)083D01
𝑩𝑩𝜦𝜦 = 𝟎𝟎.𝟐𝟐𝟐𝟐 ± 𝟎𝟎.𝟏𝟏𝟏𝟏 ± 𝟎𝟎.𝟎𝟎𝟎𝟎 MeV 𝑩𝑩𝜦𝜦 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎−𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 −𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎

+𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 +𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 MeV

determined from π momentum 
obtained from π range

evaluated from 𝜎𝜎
Λ
3𝐻𝐻/𝜎𝜎

Λ
4𝐻𝐻 by 

comparison with theoretical calculation

preliminary

E07
E73

ALICE STAR

A. Kasagi et al., PTEP2025(2025)083D01

A.Kasagi
Tue, Parallel 30p2A

Y.Ma
Tue, Parallel 30p1A

T.Akaishi
Tue, Poster

T. Akaishi et al., arXiv:2509.16967



20µm

Ξ-

10
ΛBe

5
ΛHe

𝐵𝐵Ξ− = 1.27 ± 0.21 MeV

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

15
ΞC  -> 10

ΛBe + 5ΛHe 15
ΞC  -> 5ΛHe + 5ΛHe + 4He + n 

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

𝐵𝐵Ξ− = 6.27 ± 0.27 MeV

Ξ-

5
ΛHe

5
ΛHe

4He

Ξ-hypernuclei in Emulsion
– First Step to the ΞN Interaction –

Attractive Ξ-nuclear potential was confirmed from observation of 
Ξ-hypernuclei in emulsion (E07)

10

sΞ
Ξ−

pΞ Ξ−

Coulomb

Nuclear force

Ξ- + 14N →15
ΞC

IBUKI event IRRAWADDY event

~1MeV

~6MeV



Ξ-hypernuclei in Emulsion
– First Step to the ΞN Interaction –

Attractive Ξ-nuclear potential was confirmed from observation of 
Ξ-hypernuclei in emulsion (E07)
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sΞ
Ξ−

pΞ Ξ−

IBUKI event

IRRAWADDY event

~1MeV

~6MeV

Ξ- + 14N →15
ΞC

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

or

or
Ξ0

1p - 14C bound state?
via Ξ−-Ξ0 mixing

(mΞ−−mΞ0 = 6.9 MeV, m14N-m14C = -0.7 MeV)
Friedman-Gal, PLB837(2023)137640

A.Kasagi [13
ΛΛB]

Tue, Parallel 30p2A



12C(K-,K+)12
ΞBe

2 Gaussian + QF(Γ=0)
assuming narrow ΞNΛΛ width

ΔM = 8.2 MeV (FWHM) 

Ξ-hypernuclear Spectroscopy
– Toward a Precise Determination of the ΞN Interaction –
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Ξ-hypernuclear peaks were first observed in E05

∆p/p = 3.6x10-3 (FWHM)

SKS

DWIA calculation𝑩𝑩𝜩𝜩−
𝟏𝟏𝟏𝟏𝟏𝟏 = 𝟖𝟖.𝟗𝟗 ± 𝟏𝟏.𝟒𝟒−𝟑𝟑.𝟏𝟏

+𝟑𝟑.𝟖𝟖 𝐌𝐌𝐌𝐌𝐌𝐌
𝑩𝑩𝜩𝜩−
𝟐𝟐𝟐𝟐𝟐𝟐 = −𝟐𝟐.𝟒𝟒 ± 𝟏𝟏.𝟑𝟑−𝟏𝟏.𝟐𝟐

+𝟐𝟐.𝟖𝟖 𝐌𝐌𝐌𝐌𝐌𝐌
Need more precise measurements 
to investigate the detailed structure
 E70 with ∆M = 2 MeV (FWHM) using S-2S 

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

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

Y.Ichikawa
Wed, Plenary 1a1



Ξ-hypernuclear Spectroscopy
– Toward a Precise Determination of the ΞN Interaction –

13

Systematic measurements will be strongly 
promoted at J-PARC, starting from E70
The precise Ξ-hypernuclear spectroscopy

• Ξ potential – both Re(VΞ) and Im(VΞ)
• isospin dependence (∝ 1/𝐴𝐴)
• ΞN-ΛΛ conversion

−B
Ξ

[M
eV

]

12
ΞBe

27
ΞNa

40
ΞAr

89
ΞRb

s-state

p-state

d-state
f-state

NHC-D Ehime NSC04d

A−2/3

Calculated Ξ binding energy (and width)

1st step
Heavy nuclei Light nuclei

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

12C (K-, K+) 12
ΞBe

1st step data-taking is completed

Results coming soon

SIMULATION
based on the E05 result
ΔM = 4 MeV (FWHM) 

K.Ebata [7
ΞH]

Wed, Parallel 1p2B



ÖWA/Harald Ritsch

n
p

p

K-

Un-boundBound

Kaonic Nuclei
– A New Form of Nuclei Composed of a Real Kaon –

“K-pp” bound state was observed via 3He(K-, Λp)n 
in E15

14

Low momentum �𝑲𝑲

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

𝑩𝑩𝑲𝑲𝑲𝑲𝑲𝑲 = 𝟒𝟒𝟒𝟒 ± 𝟑𝟑−𝟒𝟒+𝟑𝟑

𝚪𝚪𝑲𝑲𝑲𝑲𝑲𝑲 = 𝟏𝟏𝟏𝟏𝟏𝟏 ± 𝟕𝟕−𝟗𝟗+𝟏𝟏𝟏𝟏


Compact system?

T.Hashimoto
Thu, Plenary 2a2

R.Murayama [K-dΛpπ-]
Thu, Plenary 2a2

F.Oura [12C(K-,p)X]
Mon, Parallel 29p1C



Kaonic Nuclei
– Toward a Further Understanding of Kaonic Nuclei –
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Systematic measurements will be carried out            
at J-PARC, starting from E80

• Mass number dependence
• Binding energy, Branching ratio, q dependence, ..

• Spin/parity determination
• Internal structure extracted with theoretical investigations

Reaction Decays
�𝑲𝑲𝑵𝑵 d(K-,n) π±0Σ∓0

�𝑲𝑲𝑵𝑵𝑵𝑵 3He(K-,N) Λp/Λn
�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵 4He(K-,N) Λd/Λpn
�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 6Li(K-,d) Λt/Λdn
�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 6Li(K-,N) Λα/Λdd/Λdpn
�𝑲𝑲𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵 7Li(K-,N) Λαn/Λddn
�𝑲𝑲�𝑲𝑲𝑵𝑵𝑵𝑵 𝑝̅𝑝 + 3He ΛΛ Will start in 2027

Solid angle:  x1.6
Neutron eff.: x7

 first step

Y.Kimura
Mon, Parallel 29p1C

Y.Tsutsumi
Tue, Poster



More Diverse Activities at the J-PARC Hadron Hall
– Discussed in HYP2025 –

16

H.Tamura [Λ’s β-decay]
Mon, Parallel 29p2A

S.H.Kim [N*∆*]
Mon, Parallel 29p2B

H.Sako [φKK]
Mon, Parallel 29p2C

J.K.Ahn [Θ+]
Tue, Plenary 30a2

T.Ishikawa [φN int.]
Tue, Parallel 30p1B

high-p(π20)

S.Hayakawa [physics w/HypTPC]
Tue, Parallel 30p2A

R.Saito [Λη Cusp]
Tue, Parallel 30p2B

J.J.Lee [N*∆*]
Tue, Poster

Hyperball-J@K1.8

Hyp-PTC@K1.8BR
T.Taniguchi [high-res. (π+,K+)]

Tue, Poster
R.Sasaki [ΣN Cusp]

Tue, Poster

D.Watanabe [high-res. (π+,K+)]
Wed, Parallel 1p2B

S.W.Choi [K*(892)]
Thu, Parallel 3a1A

H.I.Lee [Λ*]
Thu, Parallel 3a1A

C.Seong [Λ-hyp X-ray]
Thu, Parallel 3a2B

K1.8BR

Hyp-TPC@K1.8 S2-S@K1.8

Large-Dipole@high-p(π20)

Near Future
T.O.Yamamoto [Ξ–atom X-ray]

Wed, Parallel 1p2A

M.Fujita [Ξ–atom X-ray]
Wed, Parallel 1p2A

K1.8



Hadron Experimental Facility extension

(HEF-ex) Project

17



Hadron Experimental Facility extension (HEF-ex) Project
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

KL2
T2

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

18



KL2

high-p (π20)

K10

K1.1

HIHR

Determine density dependent ΛN interaction

• Ultra-high-resolution Λ hypernuclei
spectroscopy

• intense dispersion matched π beam
• Systematic ΛN scattering measurement

• intense polarized Λ beam
K1.1

HIHR

Investigate diquarks in baryons

• High-resolution charm baryon spectroscopy
• intense high-momentum π beam

• High-resolution multi-strange baryon
spectroscopy

• intense high-momentum separated K beam

high-p
(π20)

K10

Search for new physics beyond the SM

• Most sensitive 𝑲𝑲𝑳𝑳
𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 measurement

• intense neutral K beam
KL2

Expanded Research 
Programs 

at the Extended Facility
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KL2

high-p (π20)

K10

K1.1

HIHR

Determine density dependent ΛN interaction

• Ultra-high-resolution Λ hypernuclei
spectroscopy

• intense dispersion matched π beam
• Systematic ΛN scattering measurement

• intense polarized Λ beam
K1.1

HIHR

Investigate diquarks in baryons

• High-resolution charm baryon spectroscopy
• intense high-momentum π beam

• High-resolution multi-strange baryon
spectroscopy

• intense high-momentum separated K beam

high-p
(π20)

K10

Search for new physics beyond the SM

• Most sensitive 𝑲𝑲𝑳𝑳
𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 measurement

• intense neutral K beam
KL2

Expanded Research 
Programs 

at the Extended Facility
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D. Gerstung et al., Eur. 
Phys. J. A(2020) 56:175

Low High density

ΛNN 3 Baryon Force is a key

We need to determine
a tiny fraction of 3 Baryon Force effects

Re
pu

lsi
ve

Strangeness Nuclear Physics: Hyperon in Dense Environment
Why can heavy neutron stars exist?

 Hyperons (Λ, Ξ, ...) emerge in dense neutron star matter?

208
ΛPb ∆E ~ 2.2 MeV

Past measurement @ KEK-PS

proton
neutron

Λ

Low densityHigh density

No sufficient resolutionheavy Λ-hypernuclei : 
Λ binding energies (BΛ) 
 density dependent 
ΛN interaction
We need precise 
measurements

21



208
ΛPb ∆E ~ 2.2 MeV

Past measurement @ KEK-PS

proton
neutron

Λ

Low densityHigh density

No sufficient resolution

sΛ

pΛ

fΛ

dΛ

hΛ

gΛ

Strangeness Nuclear Physics: Hyperon in Dense Environment
Why can heavy neutron stars exist?

 Hyperons (Λ, Ξ, ...) emerge in dense neutron star matter?

proton
neutron

Λ

Low densityHigh density

Need separation of each Λ orbital state

22



sΛ

pΛ

fΛ

dΛ

hΛ

gΛ

Strangeness Nuclear Physics: Hyperon in Dense Environment
Why can heavy neutron stars exist?

 Hyperons (Λ, Ξ, ...) emerge in dense neutron star matter?
Ultra-high-resolution Λ-hyp. spectroscopy

proton
neutron

Λ

Low densityHigh density

HIHR beam line

∆p/p = 10^{-4}

• BΛ = K+ position at focal plane
 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 

up to 2 GeV/c

(π+,K+)
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sΛ

pΛ

fΛ

dΛ

hΛ

gΛ

Strangeness Nuclear Physics: Hyperon in Dense Environment
Why can heavy neutron stars exist?

 Hyperons (Λ, Ξ, ...) emerge in dense neutron star matter?
Ultra-high-resolution Λ-hyp. spectroscopy

proton
neutron

Λ

Low densityHigh density

HIHR beam line

∆p/p = 10^{-4}

• BΛ = K+ position at focal plane
 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 

up to 2 GeV/c

(π+,K+)

24

very precise
Λ-binding energies @ HIHR

&
2-body ΛN interaction @ K1.1

Density dependent ΛN interaction

 new understanding of neutron star matter



KL2

high-p (π20)

K10

K1.1

HIHR

Determine density dependent ΛN interaction

• Ultra-high-resolution Λ hypernuclei
spectroscopy

• intense dispersion matched π beam
• Systematic ΛN scattering measurement

• intense polarized Λ beam
K1.1

HIHR

Investigate diquarks in baryons

• High-resolution charm baryon spectroscopy
• intense high-momentum π beam

• High-resolution multi-strange baryon
spectroscopy

• intense high-momentum separated K beam

high-p
(π20)

K10

Search for new physics beyond the SM

• Most sensitive 𝑲𝑲𝑳𝑳
𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 measurement

• intense neutral K beam
KL2

Expanded Research 
Programs 

at the Extended Facility
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Decay

p

D

ΓπΣc < ΓpD

“production rate” and “decay rate”
will give us information about diquarkMass of charm baryonPr

od
uc

tio
n 

ra
te

 o
f c

ha
rm

 b
ar

yo
n

p(π-,D*-)X

p

π− Dbar

Yc
*+

Hadron Physics: Diquarks in Baryons
How quarks build hadrons?

 Investigate diquarks in baryons toward understanding of dense quark matter 

c

du
ud

𝚲𝚲𝒄𝒄∗
 Charm Baryon Spectroscopy

Establish a diquark (ud)
𝚲𝚲𝒄𝒄∗ : Disentangle “collective motion of ud”  

and “relative motion between u and d”

using intense high-momentum π beam @ High-p (π20)

diquark

Behaver of non-perturbative QCD in low energy regime 26



Hadron Physics: Diquarks in Baryons

c

du
ud

𝚲𝚲𝒄𝒄∗

Systematic measurements will reveal
the internal structure of baryons through the diquarks

 Charm Baryon Spectroscopy

Establish a diquark (ud)
𝚲𝚲𝒄𝒄∗ : Disentangle “collective motion of ud”  

and “relative motion between u and d”

using intense high-momentum π beam @ High-p (π20)

Diquarks in different systems
𝚵𝚵∗: us/ds diquark
𝛀𝛀∗: the simplest sss system

→ diquark is expected to be suppressed

 Multi-Strange Baryon Spectroscopy
using intense high-momentum K beam @ K10

ss
s 𝛀𝛀∗

u(d)
ss

us/ds 𝚵𝚵∗

How quarks build hadrons?
 Investigate diquarks in baryons toward understanding of dense quark matter 

diquark

diquark

Behaver of non-perturbative QCD in low energy regime 27

K.Shirotori [Ω*]
Thu, Parallel 3a2A



KL2

high-p (π20)

K10

K1.1

HIHR

Determine density dependent ΛN interaction

• Ultra-high-resolution Λ hypernuclei
spectroscopy

• intense dispersion matched π beam
• Systematic ΛN scattering measurement

• intense polarized Λ beam
K1.1

HIHR

Investigate diquarks in baryons

• High-resolution charm baryon spectroscopy
• intense high-momentum π beam

• High-resolution multi-strange baryon
spectroscopy

• intense high-momentum separated K beam

high-p
(π20)

K10

Search for new physics beyond the SM

• Most sensitive 𝑲𝑲𝑳𝑳
𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 measurement

• intense neutral K beam
KL2

Expanded Research 
Programs 

at the Extended Facility

28



Flavor Physics: New Physics Search at KOTO II

Rare kaon decay: 𝐾𝐾𝐿𝐿0 → 𝜋𝜋0𝜈𝜈𝜈̅𝜈
One of the best probes for new physics searches

• Directly break CP symmetry
• Suppressed in the SM  Branching ratio 〜 3×10-11

• Small theoretical uncertainties  (〜2%)

New physics search with 
world’s highest sensitivity

more than 100 times

 Discover the 
𝐾𝐾𝐿𝐿0 → 𝜋𝜋0𝜈𝜈𝜈̅𝜈 signal with 5σ

 Measure the branching 
ratio with 30% accuracy

Indicate new physics, if 
deviation form the SM > 40%

II

Ultra-high sensitivity detector (x22)

Intense neutral kaon beam @KL2 (~x2.6)

Extraction angle:
16 deg  5 deg

Is there new physics beyond the Standard Model?

29

Sensitive to ~O(100) TeV physics



COMET

K1.8BR
K1.8

T1

HIHR

K1.1/K1.1BR

K10

KL2
T2

Test-BL
High-p (π20)

Summary
 At the J-PARC Hadron Experimental Facility, unique 

high-intensity research programs are conducted in 
particle and nuclear physics, with world-leading 
studies in strangeness, hadron, and flavor 
physics.

 The extension project expands 
research programs to further explore 
the "Origin & Evolution of Matter".
 Selected as KEK’s top-priority 

project (PIP2022, FY2022–26)
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Project Refined with Communities

First-Beam WS, Mar. 25-26, 2009, J-PARC

HEF-ex 2016, Mar. 5-6, 2016, J-PARC

HEF-ex 2022, Feb. 16-18, 2022, online

https://www.rcnp.osaka-u.ac.jp/~jparchua/en/hefextension.html

HEF-ex 2023, Mar.14-16, 2023, J-PARC
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HEF-ex 2018, Mar. 26-28, 2018, J-PARC

HEF-ex 2021, Jul, 7-9, 2021, online

HEF-ex 2024, Feb. 19-21, 2024, J-PARC

HEF-ex 2025, Sep. 26-27, 2025, RIKEN

https://www.rcnp.osaka-u.ac.jp/%7Ejparchua/en/hefextension.html
https://www.rcnp.osaka-u.ac.jp/%7Ejparchua/en/hefextension.html
https://www.rcnp.osaka-u.ac.jp/%7Ejparchua/en/hefextension.html


Many Encouraging Comments
at the Town Meeting, HEF-ex 2025
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https://kds.kek.jp/event/55177
Sep. 26-27, 2025

Catalina Oana Curceanu(INFN-LNF)

Taku Gunji (CNS)

Jung Keun Ahn (Korea U)

Benjamin Doenigus(Goethe U)

Karin Schönning(Uppsala U)

James Ritman (GSI)

https://kds.kek.jp/event/55177
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Status of the Extension Project
listed as a candidate for government funding:
MEXT Roadmap 2020
Science Council of Japan Master Plan 2020

2012, 2014

2011, 2014, 2017

The project was selected as the top-
priority project to be budgeted in 
the KEK mid-term plan (FY2022-26) 
at KEK-PIP2022 (Project Implementation Plan)

https://www.kek.jp/en/roadmap-en/
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Toward π20, we successfully demonstrated positive 
secondary beam transport at the high-p BL.

Hadron2025, H.Noumi

https://www.kek.jp/en/roadmap-en/
https://www.kek.jp/en/roadmap-en/
https://www.kek.jp/en/roadmap-en/


Status of the Extension Project
35

• Hadron Hall expansion is top budget priority at KEK.
 Except for the g-2/EDM experiment = left over from PIP2016.
 For g-2/EDM, funding for the detector has already started, while cost 

reduction for the building is still under consideration.
• Toward the early realization of the Hadron Hall expansion:

1. cost reduction and optimization
2. a step-by-step implementation plan with smaller phases
3. exploring possible financial support from outside KEK

• Your support is essential!

KEK-PIP2016 (2016-21)
1st J-PARC upgrade for Hyper-K
2nd HL-LHC/ATLAS
3rd H-line and g-2/EDM
4th HEF Extension

KEK-PIP2022 (2022-27)
1st HEF Extension
2nd Contribution to HL-LHC
3rd LiteBIRD
4th Transmission Muon Microscope

H.Takahashi
HEF-ex 2025



Timeline of the Project

1st Year 2nd Year 3rd Year 4th Year 5th Year 6th Year 7th Year

Hadron
Hall Expanded 

Programs
Current Programs

with SX Power of ~100kW Hall Extension

construction parallel to beam operation in the first 4 years, 
beam-suspension in the next 2.5 years

The Extension Project of Hadron Experimental Facility (7 years)
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Start of
budget
request



Strangeness Nuclear Physics
37

• 2-/3-body interactions via femtoscopy
• Huge data-set in Run3 (2022-25) ~
• Sensitive to S-wave (lower-mom. region)

More detailed information @ K1.1
• differential quantities (dσ/dΩ, etc.)
• spin observables
• Sensitive to higher partial wave in 

addition to S-wave

Co
m

pl
e-

m
en

ta
ry

Systematic measurement
can be performed @ HIHR

(π+,K+):  nΛ
(e,e’K+): pΛ
=> Inf. on CSB



Diquarks in Baryons
38

• High capabilities of hadron spectroscopy in c-sector, via inv. mass reconst.

Λc*/Ξ*/Ω* via p(π-, D*-)X / p(K-, K*0)X / p(K-, K+K*0)X 
1. Missing-Mass measurement total cross section
2. + Decay measurement  branching-ratios / spin-parity
3. Direct production of highly-excited states

Co
m

pl
e-

m
en

ta
ry Both of initial and final sate 

particles can be identified 
unambiguously



K Rare Decays @ CERN
• NA62@CERN: 𝑲𝑲+ → 𝝅𝝅+𝝂𝝂�𝝂𝝂 has been investigated

• Run1: 2016-18, Run2: 2021-24

• HIKE@CERN: 𝑲𝑲+/𝟎𝟎 → 𝝅𝝅+/𝟎𝟎𝒍𝒍+𝒍𝒍−,𝑲𝑲𝑳𝑳
𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 searches are planned as the 

next of NA62, but...
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JHEP 02 (2025) 191 

https://cerncourier.com/a/ship-to-chart-hidden-sector/

https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/
https://cerncourier.com/a/ship-to-chart-hidden-sector/


𝑲𝑲𝑳𝑳
𝟎𝟎 → 𝝅𝝅𝟎𝟎𝝂𝝂�𝝂𝝂 search @ KOTO/KOTO2
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Backgrounds

Signal



A. Hosaka

Diquark Production and Decay 41



E73: 𝟑𝟑,𝟒𝟒𝐇𝐇𝐇𝐇(𝑲𝑲−,𝝅𝝅𝟎𝟎) 𝜦𝜦
𝟑𝟑,𝟒𝟒𝐇𝐇 42

NPA1015(2021)122301

𝜦𝜦
𝟒𝟒𝐇𝐇 lifetime - PLB845(2023)138128
𝜦𝜦
𝟑𝟑𝐇𝐇 lifetime - analysis ongoing

T. Akaishi et al.,
arXiv:2509.16967
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