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Possible Existence of Λ* Strangelets

−−− toward Λ*=(K-p)I=0 condensed matter −−−



K- + p

MeV -27K =E
MeV 04=Γ

1 2 3 r fm
0

-50

-200

-300

-400

-500

nucl
KU

MeV

Λ(1405)
Σ+π

Λ+π

K- + pp

MeV-48K =E
MeV61=Γ

1 2 3 r fm
0

-50

-200

-300

-400

nucl
KU

MeV

H2
KΣ+π

Λ+π

K- + 3He

MeV-108K =E
MeV02=Γ

1 2 3 r fm
0

-50

-200

-300

-400

nucl
KU

MeV

H3
K

Σ+π

Λ+π

Shrinkage!

-500 -500

N.V. Shevchenko, A. Gal & J. Mares, Phys. Rev. Lett. 98 (2007) 082301
E = -55~-70 MeV, Γ  = 90~110 MeV

Y. Ikeda & T. Sato, Phys. Rev. C 76 (2007) 035203
E = -80 MeV, Γ = 73 MeV

A. Dote, T. Hyodo & W. Weise, Phys. Rev. C 79 (2009) 014003
E = -20+-3 MeV,  Γ = 40~70 MeV

Y. Akaishi & T. Yamazaki, Phys. Rev. C 65 (2002) 044005
T. Yamazaki & Y. Akaishi, Phys. Lett. B 535 (2002) 70

"Λ(1405) Ansatz"



K-p

Which is
the Λ(1405) mass,
1405 or 1420 MeV/c2?



Σπ invariant mass from stopped K- on 4He
J. Esmaili, Y. Akaishi & T. Yamazaki, Phys. Lett. B686 (2010) 23

χ 2 as a function of 1st pole’s M and Γ.

Data : B. Riley et al., Phys. Rev. D 11 (1975) 3065



Λ(1405) from HADES
G. Agakishiev et al., Phys. Rev. C 87 (2013) 025201

M. Hassanvand et al., Phys. Rev. C 87 (2013) 055202

PDG

14



2015



K-pp



K-

NN

1

2 3

4
3ˆ,

4
1ˆ NK1

12
NK0

12
ττττ rrrr

+
=

−
= == II PP

Variational wave function of K-pp

( )[ ] ( ) ( ) ⎥
⎦

⎤
⎢
⎣

⎡
+−+== 3

1,1
213

0,1
213

0,0
21 3

2
3
1

4
1

4
32/1 nNKpNKpNKT

Λ*p

ATMS 
Amalgamation of Two-body correlations into Multiple Scattering process
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Euler-Lagrange equation
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Adiabatic p-p potential in K-pp
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K-pp quasi-bound state
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Λ*-p structure

SSNF due to real Kbar migration

Λ*
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K-K-pp & strangelets
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Fermion covalent bonds 
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Boson covalent bonds are always added !
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Strange hadronic matter

At least 300 MeV binding
is necessitated for Λ*

Possible existence of “few-body Λ* strangelet”

“Λ*”
in 7Λ* decahedron

in 6Λ* octahedron
“Λ*”

in 5Λ* hexahedron
“Λ*”

Λ* strangelet
12 covalent bonds

R. tetrahedron
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Λ*=K-p

K- or Λ*
in mean field

~4 covalent bonds



H*-H* double folding potential
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Λ* effective mass in H* strangelet

Λ* quartet Λ* sextet Λ* octet

Stable!

AY original
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ATMS calculation

H* = Λ*Λ* = K-K-pp

H* doublet H* triplet H* quartet

Quasi-stable
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Nuclei  of 2nd generation
The s quark combined with ubar

plays a leading role  
in forming a dense and cold nucleus.

(p,K+),

Yamazaki diagram

A new paradigm of nuclear physics
“Swan Nuclear Physics”
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of 
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Remarks

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

Experimental information on Λ*p=K-pp and
Λ*Λ*=K-K-pp is vitally important to establish             
the "super-strong nuclear force" (SSNF).

SSNF due to boson (Kbar) covalency
predicts the possible existence of   
“finite Λ* strangelets”, which could be 
stable against some strong decays. 
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Gateway to "Swan Nuclear Physics"
T. Yamazaki, Y. Akaishi & M. Hassanvand, Proc. Jpn. Acad. B 87 (2011) 362
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The late Prof. Nishijima
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Thank you very much!


