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άKaonic Nucleiέ

ÅKaonic nuclei = anti-kaon ςnucleus bound states
VPredicted from attractive +.interaction in I=0 channel
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ἕἚInteractionand L(1405)
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K-p scattering
NPB179(1981)33.

K-p atom
PLB704(2011)113.

coupled to

“ɫ

coupled to

ὑὔ

prob. of

ὑὔ

L(1405) in chiral 
unitary model

EPJ ST230(2021)1593.

L(1405) in LQCD
RPL114(2015)132002.

Vstrongly attractive ἕἚ int. in I=0

VL(1405) = quasi-bound state of ἕἚ



Lόмплрύ ǘƻ άYŀƻƴƛŎ bǳŎƭŜƛέ

4

+ =
=L(1405)

ÅL(1405) = considered as a quasi-bound state of +.

Ą possible +-nucleus quasi-bound states has been widely discussed

Åfirst idea from Y.NogamiPL7(1963)288
ÅPioneering calculation by Y.Akaishi, T.YamazakiPRC65(2002)044005, PLB535(2002)70

ÅMany calculations showing the existence of kaonic nuclei

Å+.. system : the simplest +-ƴǳŎƭŜǳǎ ǎȅǎǘŜƳΣ ǎƻ ŎŀƭƭŜŘ άY-ǇǇέ
ÅIt has attracted interest from both theory and experiment.
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Theoretical Calculations of ἕἚἚ
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B.E. ~ 10-40 MeV B.E. ~ 40-70 MeV

ŎƻǳǇƭŜŘ ǘƻ

“ɫ

ŎƻǳǇƭŜŘ ǘƻ

ὑὔ

suggesting a more compact 
and dense system

Phenomenological model
(energy independent)

Chiral unitary model
(energy dependent)

ML(1405)~1405, single poleML(1405)~1420, double pole

deep +. potentialshallow +. potential



άY-ǇǇέ .ƻǳƴŘ {ǘŀǘŜ {ŜŀǊŎƘŜǎ
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Å5ŜǎǇƛǘŜ ƻŦ Ƴŀƴȅ άY-ǇǇέ ǎŜŀǊŎƘŜǎΣ bh ŎƻƴŎƭǳǎƛǾŜ ǊŜǎǳƭǘǎ
üComplex reactions & difficult to understand background

???
multi-NA?

N*?
acceptance?

bƻ άY-ǇǇέ

bƻ άY-ǇǇέ

bƻ άY-ǇǇέ



Experimental Studies at J-PARC

ςvia in-flight (K-,n) reactions ς



άY-ǇǇέ {ŜŀǊŎƘ Ẃ J-PARC E15
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3He(in-flight K-,n) reaction @ 1.0 GeV/c
multi-NA and Y decays can be discriminated kinematically

Low momentum ╚

with intense K- bean @ J-PARC



άY-ǇǇέ {ŜŀǊŎƘ Ẃ J-PARC E15
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3He(in-flight K-,n) reaction @ 1.0 GeV/c
multi-NA and Y decays can be discriminated kinematically

Strongly excite below -+..
using (K-,n) reaction
Identify all the final states of 
the reaction
Cover a wide range of 
kinematics

Key points of the experiment



T1 target

KL

high-p

COMET

K1.8BR

K1.8

Hadron Experimental Facility (HEF)

ü30 GeV proton beam
ü80kW (7x1013 ppp, 4.2s)

[as of 2025, Feb]

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< 95 kW

ü30 GeV proton ~ 1010

ü< 31 GeV/c unsepa. p~ 107

üHadron physics

üm- beam
üm-e conversionwill start in 2023

launched in 2020
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Neutron Counter
Charge Veto Counter

Proton Counter

Beam Dump

Beam Sweeping Magnet

Liquid 3He-target System

Cylindrica Detector System
(CDS)

Beam Line
Spectrometer

Experimental Setup @ K1.8BR
K.Agariet, al., PTEP(2012)02B011
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άY-ǇǇέ {ŜŀǊŎƘ w/ Momentum Transfer Analysis
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acceptance & 
efficiency
corrected

▲: (K-,n) momentum transfer
╜ : Lp invariant mass

Ὠ„ȾὨὓɇὨή
ὲὦȾὓὩὠςȾὧσ

ÅMomentum transfer 
analysis using the      
(K-,n) reaction
VM(Lp) vs. ή
Vgive a clear information on 

reaction processes

Un-boundBound

If a bound state exists, 
there is a peak 

structure independent 
of q below the M(Kpp)

K-
3He

1 GeV/c

n

L

p

n
άȄέ



άY-ǇǇέ {ŜŀǊŎƘ w/ Momentum Transfer Analysis
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A peak structure 
independent of q =

A bound state exists

acceptance & 
efficiency
corrected

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

Un-boundBound
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ÅMomentum transfer 
analysis using the      
(K-,n) reaction
VM(Lp) vs. ή
Vgive a clear information on 

reaction processes

▲: (K-,n) momentum transfer
╜ : Lp invariant mass



K-
3He

1 GeV/c

n

L

p

n
p

p

K-

άY-ǇǇέ {ŜŀǊŎƘ w/ Momentum Transfer Analysis
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acceptance & 
efficiency
corrected

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

Un-boundBound

Ὠ„ȾὨὓɇὨή
ὲὦȾὓὩὠςȾὧσ

Quasi-free K- scattering
ṕ+2NA absorptionṖ

ÅMomentum transfer 
analysis using the      
(K-,n) reaction
VM(Lp) vs. ή
Vgive a clear information on 

reaction processes

▲: (K-,n) momentum transfer
╜ : Lp invariant mass

A peak structure 
independent of q =

A bound state exists



A PWIA-based Interpretation

BKpp(BW) ~ 40 MeV, GKpp(BW) ~ 100 MeV
Deep binding = Strong KbarN int. Large Q = Suggesting a compact system

„ὓȟήᶿ”ὓȟή
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ή
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Qkpp ~ 400 MeV

Fit with PWIA
PRC102(2020)044002.
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Plane Wave Impulse Approximation

Binding energy Decay width Form factor

Energy term (BW type) from time integral Momentum term from spatial integral



A calculation based on chiral unitary approach
reproduces the datawell using the ἕἚἚbound state

A Theoretical Interpretation
17

(BG subtracted)

KbarNN
bound state

Quasi-free K- scattering

T.Sekihara2022

M
(K

p
p)

Theoretical 
investigations are 

indispensable!
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Further Investigations

ÅL(1405) state
ὑὔqusi-bound state as considered?
Relation between ὑὔand ὑὔὔ?

ÅFurther details of the ╚╝╝
Mesonic decay modes?
{Ǉƛƴ ŀƴŘ ǇŀǊƛǘȅ ƻŦ ǘƘŜ άY-ǇǇέΚ
Compact and dense system?

ÅHeavier kaonic nuclei
Mass number dependence?

ÅDouble kaonic nuclei
Much compact and dense system? K-K-pp

to establish the existence of kaonic nuclei

Χ

ĄPRC110(2024)014002.



άY-ppnέ {ŜŀǊŎƘ ǿƛǘƘ Kҍ4He Ҧ Ldn
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¸An analysis of the Ldn final state with KҍпHe reaction at 1 GeV/c
has been conducted
üT77: lifetime measurement of 4

LH in 2020

¸The results will be updated with a part of the E73 controlled data
üE73: lifetime measurement of 3

LH in 2024-25

4

d Experiment K- on target
E15 (3He) ~42 x 109

T77 (4He) ~6 x 109

E73 (4He) ~12 x 109



άY-ppnέ {ŜŀǊŎƘ ǿƛǘƘ Kҍ4He Ҧ Ldn 20

M(Kpp) PLB789(2019)620

3He(E15)
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ÅTwo distributions are quite similar
Åstructure below the threshold (seems q-independent), QF-K, BG



0.3 <qx < 0.6 GeV/c

Preliminary

άY-ppnέ {ŜŀǊŎƘ ǿƛǘƘ Kҍ4He Ҧ Ldn 21

Preliminary

ὄ φτ ρρίὸὥὸὓὩὠ
ɜ ρͯππὓὩὠ
„ᴼ ͯτ‘ὦ

2D fit on the (M,q) space with similar shapes to E15:
Breit-Wigner wtih Gaus. form factor (PWIA), QF-K-, and Broad BG
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Further Investigations

ÅL(1405) state
ὑὔqusi-bound state as considered?
Relation between ὑὔand ὑὔὔ?
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to establish the existence of kaonic nuclei

Χ

ĄPRC110(2024)014002.



s

L(1405) Line Shape @ J-PARC E31
PLB837(2023)137637.

Åd(K-,n)pSreaction at qn~0 degree
Č enhance S-wave ╚╝ᴼⱫ reaction

K-
n

d L(1405)

n

1 GeV/c ~1.25 GeV/c

~0.25 GeV/c

S

p

p

23

L(1405)d

p

S

nK-

╚

N

N
L(1405) I = 0 Swave Ⱬ ᶸȟⱫ

S(1385) I = 1 Pwave Ⱬ ᶸ

Non-resonant I = 1 Pwave Ⱬ
* = (K-,p) reactionS-wave reaction



L(1405) pole : Ȣ Ȣ Ȣ
Ȣ Ȣ ░ Ȣ Ȣ Ȣ

Ȣ Ȣ MeV

24

PLB837(2023)137637.

L(1405) Line Shape @ J-PARC E31

* In this fit, the second pole is located outside the physical region.

╣ ṧ╣ ╚╝ᴼⱫ♅

╣ ╚╝ᴼ╚╝



New Kaonic Nuclei Project at J-PARC

ςfrom the ὑὔto ὑὔὔὔὔ systems and beyond ς

Χ



Systematic investigation of the light kaonic nuclei
26

P̧romote systematic measurement at J-PARC
Åmass number dependence
Åbinding energy, branching ratio, q dependence, ..

Åspin/parity determination

üExtract internal structure with theoretical investigations

Reaction Key Decay Mode

╚╝ 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

Χ

(BW)



q

0.3 <q < 0.6 GeV/c

acceptance 
not corrected

all
¬K-ppnº

BG

QFKA

PreliminaryM
(K

p
p

n)

ἕἚἚἚ @ E80

Establish the existence of ἕἚἚἚ
üάK-pǇƴέĄLd 2-body decay

Study the multi-particle decay mode of ἕἚἚἚ
toward understanding its internal structure
üάK-pǇƴέĄLpn 3-body decay

via 4He(1 GeV/c K-, n) reaction

27

4He data
(T77 ~3 days)

the sign of ǘƘŜ άYҍppnέ



ἕἚἚ @ E89

{ŜŀǊŎƘ ŦƻǊ άἕƴƴέΣ ƛǎƻǎǇƛƴ ǇŀǊǘƴŜǊ ƻŦ άY-ǇǇέ
üά+ƴƴέĄLn/S-p

Determine the spin/parity of ἕἚἚ
üspin-ǎǇƛƴ ŎƻǊǊŜƭŀǘƛƻƴ ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ άY-ǇǇέĄLp

via 3He(1 GeV/c K-, n) reaction
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There are two possible configurationsfor the ὑὔὔ ground state. 



New Cylindrical Detector System (CDS)
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Present CDS New CDS

VSolid angle:    x1.6 (59% Ą 93%)
VNeutron eff.:  x7    (3% Ą 12%x1.6)
+ forward TOF counter
+ proton polarimeter (in future)

to be completed in 2026



Construction Status of the CDS
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SC Solenoid:
completed

Return York:
completed

CDC:
completed, in commissioning

CNC:
development with prototypes, to be completed this year

The experiment will be ready 
in early 2027


