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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.



Formation-reaction image illustrated by ÖEW Harald Ritsch

What we 
have done at 

J-PARC?

K− + 3He →
 “K−pp” + n

by KN→KN 
reaction

− −

“K−pp” a  
tightly bound  

compact object?



Does quasi-free kaon 
stick to two spectator proton?

(= “virtual kaon”)
@ q~200 MeV/c

Semi-inclusive forward n

NC

CDS

K-

1	GeV/c

3He
n

q

q: virtual kaon momentum 
in spectators’ frame

q = pn - pK

triggered by charged 
particles to CDS

M
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Semi-inclusive forward n

QF-K locate above M(Kpp) due to K’s kinetic energy

K
q

pp

K recoil at

neutron emission

pp

nK
K injection 3He1 GeV/c

1.3~ 1.6 GeV/c
q = 0.3 ~  0.6 GeV/c
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Semi-inclusive forward n

QF-K tail masks 
“Kpp” formation

K
q

K recoil at

neutron emission

p

p
nK

K injection

3He
1 GeV/c

1.3~ 1.6 GeV/c

q = 0.3 ~  0.6 GeV/c
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virtual K can be accommodated 
by the successive reactions



Semi-inclusive forward n

K− + N → K + n
kaon back scattering

is clearly seen

kaon direct 2NA is weak

events in bound region 
M < M(Kpp)

1 mb/sr~is large 
need more study



K  + 3He → ( Λ + p ) + n-

Exclusive: Λ p n

CDS

K-

1	GeV/c

3He
nmis.

π-

Λ

p

p
q

q: virtual kaon 
momentum 

assuming KN→KN

simplest final state
3 baryon w/ strangeness

M
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M & q defines kinematics
 K− + 3He → “K−pp” + n

(or M & θn)
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cosθn in Fig. is in CM (K- + 3He)
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QFKA:
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K− + N → K + n
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M: q-selected Λ p + nmis.

acceptance 
corrected

M
(K

pp
)

350 < q p < 650 MeV/c
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PWIA w/ H.O.

σKpp*BrΛp     12 μb~

M spectrum
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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



Hierarchy inside nucleon? 
kaonic nucleus “Kpp” 

nucleon in nuclei / incompressibile

+/-

0~ 
1.

7 
fm

~ 1.2 fm ?

~ composite of K+p+p?
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Hierarchy inside nucleon 

+/-

0~ 
1.

7 
fm



partially-colored core could be much compact than 
nuclear charge density distribution

Is nucleon point-like?

partially-colored 
point-like nucleon 

core color-singlet shell:
virtual meson cloud

w/ meson clouds surrounding around?



E15 summary

convincing Kpp signal obtained

compact deep nuclear bound system ?

in-flight: 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”, “K-pp”, “K0nn”, “K-ppn”, “K-ppnn”, …

Renewed key questions:

- Dose K-meson change mass in nuclei?
= n detector

= γ detector

= full coverage

(if feasible: too expensive)

- How quark-composite particle can be 
“a particle” even in nuclear matter?

Mystery of “hadronization”



in-flight vs. at-rest



Embedding K in nucleus via K at-rest?-

p p n K-
n

Z   :  +1 
T : 0 or 1

4He
K

-
first trial to see K-nucl.

A. Dote et al. : PLB 590 (2004) 51

4He(stopped K-, p)n

KEK PS-E471



Secondary  
charged particle

K-

     Lucite Cherenkov Counter

       Drift Chamber

                Drift Chamber

Drift Chamber

4He target & SDD

Secondary  
charged particle

KEK 12GeV-PS E549 experimental setup



Neutron spectrum from K- at-rest
BK=50MeV

BK=100MeV

4He(K-, n)

very severe in 
multi-nucleon 

absorption 
processes 

K- at-rest
inclusive

mostly  
multi-nucleon 

absorption

I will be very surprised,  
if one can observe wide 
signal (~100 MeV/c2) 
over such a huge BG!

Raffaele
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in-flight at-rest

source off-shell kaon on-shell kaon

(M, q)

via KN→KN
uniquely defined not easy 

to define

reaction 
kinematics Λp+n, Λ*p+n, …

many many

backgrounds
2NA separated severe 2NA

…

3NA?
QF separated QF unseparated

exclusive



exclusive & in-flight

Future direction must be

natural extension of E15
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Thank you for attention!
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