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The exotic nucleus, 11Li

Exotics?
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The overbinding problem
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Singlet interaction is more attractive than 
triplet interaction.
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Coherent Λ-Σ coupling
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Y. Akaishi, T. Harada, S. Shinmura & Khin Swe Myint, Phys. Rev. Lett. 84 (2000) 3539
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“The 0+-1+ difference is not
a measure of ΛN spin-spin interaction.”

B. Gibson (Maui, 1993)
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“Is the 1S0 YN int. more attractive than the 3S1 YN int.?”

“Is there any evidence for coherently enhanced Λ-Σ coupling in 0+?”

No !

No !

A. Nogga, (2001)

Faddeev-Yakubovsky calculation of 4ΛHe
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Stochastic variational calculation of 5ΛHe

H. Nemura, Y. Akaishi & Y. Suzuki,
Phys. Rev. Lett. 89 (2002) 142504

The first successful ab initio 5-body calculation
including Σ degrees of freedom
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Rearrangement of 4He due to Λ sticking
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Rearrangement in αΛΛ
M. Kohno et al.,

Phys. Rev. C68 (2003) 034302

VT

π

Σ N

NΛ

VT

π
N N

N N

(S)

(D)

MeVMeV,)E(

MeV,)E()E(

T

CC

8544

33
3

31

=−≈

−≈≈

TV

VV

-44

PD(α)=10.2%

9.3% 



Repulsion? Attraction?
Y. Nogami et al.

Nucl. Phys. B19 (1970) 93
Y. Akaishi et al.
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Effects of ΛNN three-body force
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ΛNN spin-spin

Three-body force due to coherent Λ-Σ coupling : [for D0]
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Σ
The first observation of a bound Σ state

E167 :  Phys. Lett. 231 (1989) 355

R.S. Hayano
T. Ishikawa
M. Iwasaki

H. Outa
E. Takada
H. Tamura

A. Sakaguchi
M. Aoki
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Σ – Nucleus, 4ΣHe
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Observation of a 4ΣHe bound state
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Theory:
T. Harada,

Phys. Rev. Lett. 81 (1998) 5287



Neutron-excess hypernuclei
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Coherent Λ-Σ mixing

Relativistic mean field model

Baryons:  n, p, Λ, Σ  
Mesons:  σ, ρ, ω

“Normal state of infinite matter”

N.K. Glendenning, Astrophys. J. 293 (1985) 470.

Baryons in the medium carry the same quantum numbers in vacuum.

X
X

X
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A.A. Korsheninnikov et al,
Phys. Rev. Lett. 87 (2001) 092501
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Double-charge & strangeness exchange reaction

= 6H + α = 4H + 2n + α
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10B(π-,K+) spectrum
P.K. Saha et al., KEK-PS-E521 collaboration

Preliminary!!

~40 counts

J-PARC

P.K. Saha, T. Fukuda et al., Phys. Rev. Lett. 94 (2005) 952502



BHF cal.
Y. A. & K.S. Myint
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Coherent Λ-Σ coupling



Y- [ NNN ]T=1/2: interactions
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O. Hashimoto et al.
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Hyperon mixing in 5ΛΛH

H. Nemura et al.
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6Li (K-,K+) 6ΛΛH

Missing-mass spectroscopy in S=-2 sector
via one-step process !

6
ΛΛH =  [ t-Λ-Λ-n ] [ t-Σ-Λ-n ]

[ α-Ξ--n ]

Coherent Λ-Σ coupling
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Coherent Λ-Σ coupling is essential dynamics.

)He(0-)He(0 44 +
Σ

+
Λ

Λcoh(Λ-Σ0 mixing) in dense neutron matter

Concluding remarks

The overbinding problem of         
has been virtually solved.

ΛNN force
Repulsive/attractive :       “D0 picture”
Attractive :                    “D2 picture”

He5
Λ

A necessary condition
for YN interaction 

to study ΛΛA.

Neutron-rich hypernuclei can provide
additional evidences for coherent Λ-Σ coupling.
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ΛN interaction

consistency

H.I. 7
ΛH, 8ΛH, …, 5ΛΛH, 7ΛΛH,… etc.
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Issue @J-PARC 



Thank you very much!


