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KNN bound state

•[K(NN)T=1]T=1/2 : isospin mixing between K-p and K0n

•Theoretical calculation by
Akaishi and Yamazaki (2002)

•decay width can be small
if B.E. is large enough 

7 CHAPTER 1. INTRODUCTION

Figure 1.5: KN and K-nucleus potentials for K−p, K−pp, and K−ppn systems. The Σπ

and Λπ thresholds are also shown. Taken from [70].

1.1.4 Prediction of K− nuclear states

A possible existence of antikaon bound states with nucleons was pointed out by Nogami [43]
for the first time in 1963, when the Λ(1405) resonance had been already discovered but its
spin and parity had not been determined. He interpreted Λ(1405) is a s-wave bound state
of KN with total spin 1/2, and considered the possibility of the KNN bound state. His
conclusion was that when the isospin of NN system was 1 and the total isospin was 1/2, the
I = 0 component of KN pairs became the largest and the KNN system could be bound
below the threshold.

Even if a kaon can bound deeply inside a nucleus, another question emerges whether the
bound state has a narrow decay width enough to be observed experimentally. A possible
mechanism of narrow decay width was suggested by Wycech [44]. If antikaon-nucleus inter-
action is strongly attractive, the bound state may become so deep (∼ 100MeV) that the
dominant decay channel KN → Σπ is closed energetically. Then, the total decay width can
be as narrow as 20MeV.

After a better understanding of KN and KA interaction was developed in 1990’s as
shown in previous subsections, Akaishi and Yamazaki quantitatively predicted the existence
of nuclear K bound states in light nuclei [45]. They constructed a phenomenological KN

Y. Akaishi and T. Yamazaki, Phys. Rev. C  65, 044005 (2002)



Theoretical calculation on KNN state

B (MeV) Γ (MeV)

Akaishi, Yamazaki (ATMS variational)
PLB535, 70 (2002)

48 61

Dote, Hyodo, Weise (variational)
PRC79, 014003 (2009)

17-23 40-70

Shevchenko, Gal, Mares (Faddeev)
PRC76, 044004 (2007)

50-70 90-110

Ikeda, Sato (Faddeev)
PRC79, 035201 (2009)

60-95 45-80

Wycech, Green (variational)
PRC79, 014001 (2009)

40-80 40-85



Experimental “observations” of KNN state
1.3. OBSERVATION OF K−PP SYSTEM IN THE FIRST FINUDA DATA TAKING 14
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Figure 1.6: Invariant mass of a Λ and a proton in back-to-back from light targets before the
acceptance correction. The inset shows the result after the acceptance correction. Taken
from [65].

The important statements in the paper are two-folded as follows.

First observation of Λp pairs in stopped K− absorption
As described in the previous section, one-nucleon absorption, which emits a hyperon
and a pion in low momentum, had been intensively studied in 1960’s and 1970’s. It was
also noticed that there were significant amount of hyperons which do not associate any
pion. However, a detailed discussion on multi-nucleon absorption processes was difficult
due to the limited experimental information. One of non-pionic absorption modes of
Λp pairs was directly observed with a good momentum resolution for the first time,
thanks to the large acceptance of the FINUDA spectrometer.

Assignment of back-to-back Λp pairs to K−pp decay
We attributed the decrease of the invariant mass from the threshold to the binding of
K− into two protons, and we assumed the existence of K−pp bound states. However,
the obtained binding energy was much larger than a theoretical prediction (48MeV)

M. Agnello et al., Phys. Rev. Lett.  94, 212303 (2005)
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T. Yamazaki et al., Phys. Rev. Lett.  104, 132502 (2010)

stopped K-+A→ Λ+p+X p+p→K++Λ+p



Forthcoming experiment

•FOPI @ GSI : p+p→K++Λ+p

•J-PARC E15 : 3He(K-, n)K-pp, K-pp→Λ+p / Σ0+p

•J-PARC E27 : d(π+, K+)K-pp, K-pp→Λ+p / Σ0+p

•AMADEUS @ DAΦNE : stopped K- + 3He/4He



J-PARC E27 experiment
@ K1.8 beamline + SKS spectrometer

•d(π+, K+) reaction

T. Yamazaki and Y. Akaishi, Phys. Rev. C 76, 045201 (2007)

π+

K+



J-PARC E27 experiment
@ K1.8 beamline + SKS spectrometer

•d(π+, K+) reaction

T. Yamazaki and Y. Akaishi, Phys. Rev. C 76, 045201 (2007)

π+

K+



cf. d(γ, K+)X0, d(γ, K+π-)X+ reactions @ LEPS

J. D. Parker for the LEPS collaboration, Mod. Phys. Lett. 23, 2544 (2008)

d(γ, K+)

d(γ, K+π-)



Background reduction by two-proton tagging

•Signal: K-pp→Λp→(pπ-)p, Σ0p→Λγp→(pπ-)γp

•Background: quasi-free process (e.g. π+d→Λ*K+ps)

Σ+π-→pπ0π-

)



Experimental setup with Range Counter 

π+K+

proton

proton
π-



Experimental setup with Range Counter 

π+K+

proton

proton
π-π+

K+
proton

proton

π-

θ1

θ2

33°<|θ|<93°
r=500mm



Experimental setup with Range Counter 

π+K+

proton

proton
π-π+

K+
proton

proton

π-

θ1

θ2

33°<|θ|<93°
r=500mm

|θ1| [deg]

|θ
2|

 [d
eg

]



Thickness of range counter

• Good p/π separation by using information on “stopping layer”, velocity, dE/dx
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Geant4 simulation



Test experiment @ J-PARC K1.8 (Nov. 2010)

Start counter 
(100*100*10 mm)

Range Counter 
(2 Units)!-

Lq. H2 

SKS
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Further cut with PID Function

•PID = (dEi-1 + dEi)α - dEiα (α~1.75)
 -- independent of incident energy

•Much better separation with 2D cut
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Run plan in Apr. 2011

•First data taking (~2.5% of requested beam time)

•1M/spill * 7 days [cf. 5M/spill * 40 days (proposal)]

•Inclusive measurement (for the first time!)

•d(π+, K+) & p(π+, K+) for comparison @ 1.6GeV/c

•Exclusive measurement with one-proton tagging

•Background reduction : protons from hyperon decay 
are almost out of acceptance of the range counter! 



Expected background (@1.69GeV/c)

• based on the cross sections by Thomas et al. (NPB 56, 15 (1973)) and 
Pan et al. (PRD 2, 449 (1970)).

•

ー Λ(1405)
ー Σ0(1385)
ー Σ+(1385)
ー Λ π0

ー Λ π+

ー (Σπ)+ 
ー (Σπ)0 
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(for dσ/dΩ=0.6ub/sr)



Summary

•Search for K-pp bound state via (π+, K+) reaction

•Two-proton tagging for distinguishing non-mesonic 
decay of K-pp from other quasi-free processes.

•Range counter for good p/π separation is almost ready, 
and will be installed within a month.

•First experiment will start in April 2011. One-proton 
tagging method will be applied to reduce backgrounds.


