
M. Iwasaki

RIKEN / TokyoTech

for E15 collaboration

Future perspective on 
kaonic nuclear study



- Can kaon (boson) be a member of nuclei?
- Kaon properties change in nuclear media?

A subject for discussion: J-PARC E15
Key questions :

condensate
Non-perturbative aspects 
     @ energy < ΛQCD
Finite density → sign problem
     Lattice-QCD approach difficult

Hadron masses and χ-symmetry
<qq> as QCD Higgs



Can meson form a nuclear bound state?
π atom

Yes,  for Coulomb assisted hybrid-bound states

repulsive for π N

           d 3He

Pb π -　



Study of KN interaction
-
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T. Waas, N. Kaiser & W. Weise, Phys. 
Lett. B379 (1996) 34.

strongly attractive in I=0 channel
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Atomic study = very attractive
bound state?
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◆ Recent	Lattice	
QCD	supports,

			Real	world	(mπ	=	140	MeV/c2)~



Search for Kaonic nuclear states

nuclear state search

3He(K-, n) @ 1 GeV/c

strongly attractive in I=0 channel

formation of high density matter?

K-pp• simplest system

BK ~ 50 MeV!

Λ(1405) = K-p bound state ?
T. Yamazaki & Y. Akaishi, PLB 535 (2002) 70
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Particle fraction in dense nuclear matter 
 – a possibility –

T.Muto	@	72th	JPS	Meeting	Symposium	2017Does kaon can be 
born spontaneously in 

star matter?

http://pl.wikipedia.org/wiki/
Gwiazda_neutronowa#media
viewer/File:Chandra-crab.jpg 

EOS might be too soft…



	
	 	 	 	

	 	 	 	

	
	

	

Hyper-nucleus

anti	Kaon-nucleus
~	established

	 	

	

Can	“boson”	be	a	constituent	of	“matter”?

n-hole

n-hole

New Paradigm

Can	we	make	“meson”	as	a	
member	of	“nuclear	matter”?

existence	might	not	that	strange,	
because	it	is	Fermion	like	p,	n



E15 1st



Published	E151st	data

3He(K-,	n)		—	semi-inclusive

3He(K-,	Λp)	n		—	exclusive

12



3He(K-, nNC)X  — semi-inclusive 



E15	1st	result

14

• χ2-test	with	pole	&	3NA(Ypn)
– S-wave	Breit-Wigner	pole	
– w/	Gaussian	form-factor

B(X) ~  15 MeV
Γ(X) ~  110 MeV
Q(X) ~  400 MeV/c

MΛp→

q
Λp

→



E15 2nd

~ 30 times for Λpn channel
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fit with Bright-Wigner + Gaussian

　) x 0.47(

Very Preliminary



K-escape
ΛΛ-escape

bound (B.W.)
K-QE +
KN ΛΛN

cosθθn =1

*

eye-fit only

KNN → ΛN

3He(K-, nNC)X  — semi-inclusive 



*

3He(K-, nNC)X  — semi-inclusive eye-fit only

KNN → ΛN

Λp in 
final 

state



3He(K-, Λp)n @ pK=1GeV/c consist from

1) peak in unbound region (above M(Kpp)) 

2) peak in bound region (below M(Kpp))
nuclear bound state

one can pull out the constituent particles, Kpp

K back-scattering (QE)
x

internal conversion (IC)

unlike baryonic resonance, this is associated with 
QF = QE + IC … cf.	nuclear	formation

K-p p compose the resonance

QF = 



E15: 3He(K-, Λp)n comparison 
with E31: d(K-, nπ±π )±



E15:

K-

p
p n

E31: K-+d   n + K-p K-p   Σ±π ±

K-+3He   n + K-pp K-pp   Λp
Λ

p

K-

p

n

π ±

Σ±
 = π±

 (n )

( )

NC

charge mode K-p = Λ(1405)
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E15

E31

larger Fermi-
motion?

“Kp” → “Kpp”?

Very Preliminary



E15 & E31
1) unbound region ( above M(Kpp) / M(Kp) ) 

2) bound region (below M(Kpp) / M(Kp))
nuclear bound state

K back-scattering (QE)
x

conversion (C)
QF = 

BKpp > BKp
ΓKpp >> ΓKp

Kpp major decay = YN

( )
non-resonant



	

◆ Recent	results

E-indep.

Reports	structure /					NO	structure
	

	

	

	

	

► Experiments► Theoretical	calc.

KN	interaction	model	
					E-dep.	/	E-indep.

J-PARC E15 1st

?
	

3He(K-, Λp)n:

with single pole 
assumption

E-dep.

J-PARC E15 2nd

N* → ΛK+?

(KLOE?)



Experi
ment

Reac`on final	state projec
`le

q	(MeV/c) B.G. sta`s`cs Q.F. Results

FINUDA X (K- at-rest, Λ p) Y Λp + X K- N. A. 2NA insufficient ? ~ 100?

KLOE 4He (K- at-rest, Σ0 p) X Σ0p + X K- N. A. 2NA ? ? ~ 50??

DISTO p p→K+ Λ p
(Tp = 2.85 GeV)

(Λ p) + K+ 

p + (K+ Λ)  ?
p 300-400 N*(1710)

→K+ Λ
huge

w/ K+ Λ
No ~ 100?

HADES p p→K+ Λ p
(Tp = 3.50 GeV)

p + Λ + K+ 
N*(1710)

p 500-700 K+ Λ Null Null Null

LEPS p (γ, π- K+) X N.A. γ 300-600 small σ Null Null Null

J-PARC	
E27

d (π+, K+) X ( = Λp / Σ0 p) Λp / Σ0p π+ 500-700 K+ Λ(Σ0) insufficient
w/ K+ Y

No ~ 100?

J-PARC	
E15

3He(K-, Λp) n Λp + n K- 200-300 — good Yes 40 ~ 50?

Experimental	studies	on	𝑲−𝒑𝒑
J-PARC	E15	experiment

—	lowest	momentum	transfer,	achievable
—	well	iden`fied	final	state
—	less	background	expected

non-strange channel → K+Λ(Y) >> K+ K- N

—	a	personal	view



3He(K-, Λp)n: 
How to extract size information?



K

- qK

n

(~0.2 GeV/c)
q

K(~0.2 GeV/c)K-

pK
(1 GeV/c)

θn

qK = pK - pn
p

p

pn
(~1.2 GeV/c)

momentum transfer qK & cosθn

(~ 200MeV/c)

pK

qK = pK + pn 
2 2 2 - 2 pK pn cosθn

Form factor:

X

K



KNsNs → “K-pp” S-wave resonance? 

PWIA



what	we	assumed	in	E151st

existence of a pole in : 

large Qx (~400MeV/c) implies

q is reaching as large as  800 MeV/c!

realization of compact state

~

K



WHAT WE WISH TO HAVE? 

WHAT’S NEXT? 

spin / parity



KNsNs → “K-pp” S-wave resonance? 

PWIA

The
ore

tica
l 

cal
cul

atio
n?



present E31 (cosθn = 1)

signal @ E15 = cosθn = 0.75 ~ 1

K- n
π

π

K-

n

π

π

π± (n) = Σ±？
K- d → Λ* n

Λ* → Σ± π  ±

n q dependence of Λ* 
production

by checking
π± n = Σ±

directory

NC

n

π± n = Σ±？



E15 (cosθn = 0.75 ~ 1)

K-
np

p

π - p = Λ？

K- 3He → K n
K pp → Λ p  

π

K- 4He → K n

K-
np

pπ

n

“ Kppn” nuclei?K ppn → Λ pn  

π - p = Λ？



~2 m

~4 m

~5 m
γ / n



Summary

Why not improve detector?
for γ & n detect in CDS

spin / parity / branch / size / larger A

for high density matter study



Strange Quark Matter?

Kaonic NucleiKN interaction-

success in K-pp
3He(K-, Λp)n 

Kpp

Preliminary



success in K-pp

Strange Quark Matter?

Kaonic NucleiKN interaction-

3He(K-, Λp)n 

Kpp

Expanding activities
based on > 20 years of 

collaboration
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High precision experimental and theoretical studies of the 
strange matter nuclear interactions at low-energies

Strangeness in the 
compact stars?

Catalina Curceanu Masahiko Iwasaki

— StrangeMatter — 

— Italy-Japan — 

Showcasing example of Executive Program
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Slow Kaon

Fast Kaon


