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hadron: <qqq> proton, neutron, … : <qq> π meson, K meson, …

Fermion Boson

Particle consisting matter Particle generating field
(nuclear foce)

one particle per one state as many for a state

Can Kaon(meson) be bound in nuclei?

particle in vacuum 
or

meson field in nuclei 

exists as 
particle at anywhere

(virtual particle)
key question

existence 
form

Can <qq> be a “real particle” even in nuclei?

What is a role of meson DoF. in nuclei?

Why a meson bound state is novel and 
peculiar quantum system?



Meson predicted in 1935. Since then, it has been 
studied for ~80 years to identify mesonic nuclear bound 

states, but no definitive evidence was made before.



From Λ(1405) to kaonic nuclei
Is Λ(1115) an excited state of uds?

ΔEx ~ 290 MeV



with qq (χ-condensate) in vacuum−
From Λ(1405) to kaonic nuclei



two color-singlet objects bound by 
meson exchange : p = K-

From Λ(1405) to kaonic nuclei

BK ~ 25 MeV



	 	

◆ Recent	Lattice	
QCD	supports,

			Real	(mπ	=	140	MeV/c2)~

J.M.M. Hall et al., Phys. Rev. Lett. 114(2015)132002.

Λ(1405) (Λ*) in Lattice-QCD
penta-quark

meson-baryon molecule



two color-singlet objects bound by 
meson exchange : p = K-

From Λ(1405) to kaonic nuclei

BK ~ 25 MeV

then, one can 
embed K into 

nucleus



From Λ(1405) to kaonic nuclei
kaonic nucleus “Kpp” (E15)

p = K- = p

BK ~ 25 MeV BK ~ 25 MeV



Formation-reaction image illustrated by ÖEW Harald Ritsch

What we 
have done at 

J-PARC?

K− + 3He →
 “K−pp” + n

by KN→KN 
reaction

as a doorway

− −

“K−pp” a  
tightly bound  

compact object?
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 K− + 3He → “K−pp” + n
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Acceptance corrected event distribution on ( M, q )
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M & q defines kinematics
 K− + 3He → “K−pp” + n

(or M & θn)

<latexit sha1_base64="Z5J2tKb7IvXKPq4PAzKOtZZE2so="></latexit>

cosθn in Fig. is in CM (K- + 3He)

<latexit sha1_base64="sxHqfbFo4wf4WTBRLMncnY81X/M="></latexit>
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<latexit sha1_base64="yNOsTxjSLAxBaSY/6EE7YWrbfsY="></latexit>

QFKA:
 K + Ns + Ns → F (= Λ + p)

K− + N → K + n

<latexit sha1_base64="SnATUo7a3hJSHHWvU74oWqPxJJ4="></latexit>

on
-sh

ell
 K

 2N
A

back-scattered K ~ 200MeV/c

<latexit sha1_base64="bIzhWouFdxEEfkpws3wMafFmrwY="></latexit>

kinematics of Kaon 2N-absorption (on-shell)
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acceptance 
corrected

M
(K

pp
)

350 < q p < 650 MeV/c

2.4 2.6 2.8 3.02.0 2.2
Minv. p [GeV/c2]

d
/d
M
in
v.
p [

nb
/(M

eV
/c

2 )]

100

50

0

150

σM(Λp) ~ 10 MeV/c2

energy (mass) momentum

~

~ΓKpp  100 MeV

PWIA w/ HO

σKpp*BrΛp     12 μb~

M: q-selected Λ p + nmis.

~BKpp  50 MeV
(B.W. pole)
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q : M-selected Λ p + nmis.

q spectrum

QKpp  400 MeV/c~

RKpp          0.5 fm?~ QKpp

hc
~

~0.6 fm relative K motion

GeV/c2

for 2.27<M<2.37
energy (mass) momentum

in Kpp CM-frame

PWIA w/ HO



Hierarchy inside nucleon 
kaonic nucleus “Kpp”

~ 1.2 fm ?



Hierarchy inside nucleon 
kaonic nucleus “Kpp”

nucleon in nuclei / incompressibile

+/-

0~ 
1.

7 
fm

~ 1.2 fm ?
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hadron (partially-colored core) could be much 
compact than nuclear charge density distribution

There could be a hierarchy inside nucleon 
partially-colored 
point-like nucleon 

core
color-singlet shell:
virtual meson cloud



Summary

convincing Kpp signal obtained

compact deep nuclear bound system ?

E15: K-
 + 

3He → (Λ + p) + n

systematic study on light kaonic nuclei

future to go



- Quantum state & decay?

- Spatial size?

Atomic number (A) dependence

precise angular dependence

Λp / Σ0p / π0Σ0p 

“K-p”( =Λ(1405) ), “K-pp”, “K0nn”, “K-ppn”, “K-ppnn”, …

Renewed key questions:
- Dose K-meson change mass in nuclei?

= n detector

= γ detector

= full coverage

(γ if budget-wise feasible: maybe too expensive)
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cf. Σ0 → Λ + γ !
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Thank you for attention!



data

all
M

(K
pp

)

M
(

p)

co
un

ts
  [

 pe
r  2

0 
M

eV
/c

 2  ]

0
2
4
6
8

10
12
14
16
18
20

K-pp
QFKA
BG
all

estimated yield 
from (M, q) fitting

M
(K

pp
)

M
(

p)

data

acceptance corrected

M
(K

pp
)

350 < q < 650 MeV/c

2.4 2.6 2.8 3.02.0 2.2

d
/d

M
 [n

b/
(M

eV
/c

 2 )
]

40

50

30

0

20

10

70

80

60

M [GeV/c2]

M
(

p)

100

200

300

400

M [GeV/c2]
2.4 2.6 2.8 3.02.0 2.2

 (M, q) fitting result estimated yield 
from (M, q) fitting

acceptance uncorrected

note: M Spectrum depend on how detected

)]2
m

b/
sr

/(M
eV

/c
[

C
D

S
 A x

/d
M

 
/d

2 d

0

20

40

60

80

100

120

140

160

2.4 2.6 2.8 3.02.0 2.2
MX [GeV/c2]

3He(K-, n)X
Y-decay BG 
subtracted

n=0

KN KN  
backscattering 

(on-shell )

Semi-inclusive

cf. inclusive

~1 mb/sr

~12 μb

below M(Kpp)

θn  0~

all
observed

q 
selected

θn  0~

Λp+n

Λp+n Λp+n



Key question (research motivation):

acceptance 
corrected
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deeply bound
BKpp  50 MeV (B.W.)~
10% mass reduction? (nucleon ~ 1%)

extremely compact?
RKpp  0.6 fm ?~

- Anti-quark q and quark q co-exist in nuclei
- Extremely new quantum states not previously known
- Gateway to ultra-high density physics

- Can Kaon(mason) be bound in nuclei?
if so,

Physics Letters B 789 (2019) 620–625
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What happens when one observe 
point-like K− + 3He → Λ + p + n reaction

phase-space phase-space x efficiency efficiency
∝ phase-space

not easy to apply efficiency correction!
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Hierarchy inside nucleon 
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