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N-N distance2.0 fm

K- distribution in K-pp

"Snapshot"

from an accurate three-body calculation

The structure of K-pp is virtually determined by Λ*=Λ(1405).

ba φφΨ +=

Covalent part

“Kaonic hydrogen molecule”

As is assumed and discussed by 
A. Ivanov, P. Kienle et al.

∼  close to free
Λ*(I =0,K-p)

Phys. Rev. C 76 (2007) 045201



Heitler-London-Heisenberg picture of K-pp
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Real Kbar migrating
superstrong interaction

T. Yamazaki & Y. Akaishi,
Proc. Japan Academy, B 83 (2007) 144
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Covalent bonding

Exchange integral
apKbbpKa -- φφφφ vv +

pp

Virtual meson 
exchange

~4 times stronger



KbarN scattering amplitude

s

T. Hyodo and W. Weise, Phys. Rev. C 77 (2008) 035204

Akaishi-Yamazaki

Chiral

1405 1420

Which is the Λ(1405) mass ?
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Double pole structure of Λ(1405)
D. Jido, J.A. Oller, E. Oset, A. Ramos & U.G. Meissner, Nucl. Phys. A 725 (2003) 181
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T. Suzuki et al.,
EPJ Web Conf. 3

(2010) 07014.

Σπ invariant-mass spectrum
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J. Esmaili, Y. Akaishi & T. Yamazaki, 
Phys. Rev. C 83 (2011) 055207



Deviation spectrum
T. Yamazaki, M. Maggiora, P. Kienle et al.,

Phys. Rev. Lett. 104 (2010) 132502 
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Simulation
by J. Esmaili et al.

Experiment is awaited for the determination of 1405 MeV or 1420 MeV.



Λp invariant mass spectrum
T. Yamazaki, M. Maggiora, P. Kienle, K. Suzuki et al., 

Phys. Rev. Lett. 104 (2010) 132502

26σ

T. Yamazaki & Y. Akaishi,
Phys. Rev. C 76 (2007) 045201
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Decaying-state pole
Y. Akaishi, Khin Swe Myint & T. Yamazaki, Proc. Jpn. Acad. B 84 (2008) 264
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Experimentally observed spectrum is not of "pole state" but of "decaying state“.

Ratio of integrated strengths
2.5 case / 2.85 case = 0.11
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P. Kienle, M. Maggiora,
K. Suzuki, T. Yamazaki et al.,
arXiv:1102.0482 [nucl-ex]

Tp-dependence of K-pp formation provides a useful information.



Doorway to “Kaonic Nuclear Clusters"
T. Yamazaki, Y. Akaishi & M. Hassanvand, Proc. Jpn. Acad. B 87 (2011) 362

~3 GeV
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Conclusions

The Λ(1405) plays an essential role
in forming "Kbar Nuclear Clusters" (KNC).

Incident-energy dependence of                                            
K-pp formation in pp collisions
provides a useful information 
on the Λ*N’s structure of KNC.    

Experimental information on Λ(1405)       
is essentially important to establish             
the "super-strong nuclear force" (SSNF).

Λ*

K-

p



Thank you very much!
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Moving pole
Σπ single channel

-200

Observation

-150 -100 100-50 500MeV

-100

MeV

Re E

Im E

+ i 96.4 MeV
source

2))(;( EVET

2))(;( ZVZT

Difference 
in dynamics

Cross section

Im f(E) Re f(E)

f(z)

Pole

Analytic
continuation

Optical
theorem

Dispersion relation

'
'

)'(Im'2)(Re
0

22 dx
xx

xfxPxf ∫
−

=
∞

π

Virtual states

+ i 80
+ i 60+ i 40

+ i 20

Wpole/poleScut5.f

2
π

ππ ImRe
F

i ωω −−
Weinberg-Tomozawa

2obs ))(;( EVzT

Observed spectrum

at z = Eobs

2ref ))(;( ZVzT

Reference spectra

ref
ππ Zm +=ω



E [MeV]Σπ
threshold

0-100

Eobs points

Intrinsic
decaying state

Decaying states

Pole state

Re ΞIDS

Observable
spectrum

iΓ/2

Decaying state and spectrum shape

Intrinsic
decaying state

If SIDS ~ independent of Γ

εΞπ iHE
ES

+−
−≡

)Re(
1Im1)(

IDS
optIDS

Pole state

εΞπ iHE
ES

+−
−≡

)(
1Im1)(

pole
optpole

Observed
spectrum );()( obsobs

DS
obs EESES =

Boundary
condition

επ iEHE
EES

+−
−≡

)(
1Im1);( obsopt

obs
DS

obsE

)2/~0(Re IDS ΓΞ i+

If SDS ~ independent of
Variable

)()( obs
IDS

obs ESES =

)()( obs
pole

obs ESES =

QEE Q −= )(
bc

obs

Y. Akaishi, K.S. Myint &T. Yamazaki, Proc. Japan Academy, B 84 (2008) 264

Strength distribution of decaying states
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This peak structure 
Is produced by 
a threshold effect
and  has  nothing to do with 
any resonances.
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K lab= 5 MeV/c
D. Jido, E. Oset & T. Sekihara, 
Eur. Phys. J. A 42 (2009) 257
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