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Study of the spin-orbit components of hyperon-
nucleon potential is important to investigate the 
nature of the short-range baryon-baryon interaction.

LN spin-orbit potential vary significantly in different 
models of the baryon-baryon interaction.

OBE models and quark models have different 
predictions for spin-orbit splitting of L single-
particle states.
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Cluster model for Be
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aL-potential

aa-potential
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L hyperon energy:

Gibson, Tang – Herndon (TH) 

potentials have a form of one 
range  Gaussian



Formalism
The Faddeev equations in configuration space

Partial wave analysis 



Formalism
aL spin orbit interaction in LS basis

The Faddeev equations (two particles are identical) 



Final equations (after partial analysis) were reduced to a set of 2-

dimential equations of (x, y) coordinates.

Finite-difference approximation in the hyperraduis and expand the Faddeev 

components onto Hermitian cubic splines with respect to angular variable. 

In polar coordinates r and J

the method of inverse iterations for eigenvalue problem solution

J

Numerical solution  of the Faddeev equations 



Calculations

Bound states

aL spin-orbit potential and spin-orbit splitting 2+ state  

from Y. Fujiwara, M. Kohno, K. Miyagawa, Y. Suzuki, Phys. Rev. C70 (2004) 047002

Vo=-9 MeV, a=0.3241 fm-2 (Scheerbaum potential)



Numerical results

Bound states

s pot.

Vo=-9 MeV, a=0.3241 fm-2

Vo=-9 MeV, a=0.538 fm-2

Vo=-54.36 MeV, a=0.538 fm-2



Numerical results
ABe+TH(M)+S(M) model:

ABe+TH(M)+S(MM) model:

3/2+ is upper member
Vo=-2.25 MeV, a=0.538 fm-2



Method:
Analytical continuation in a parameter (coupling constant) of  
additional three-body potential

Kukulin V. I.,  Krasnopol’sky V. M. and  Horacek 

J. Theory of Resonances (Kluwer, Dordrecht) 

1989 

Three-body potential

Resonance states



Numerical results

Cal.1 - our calculation 
Cal.2 - Yamada, K. Ikeda, H. Bando, Prog. Theor. Phys. 73 (1985) 397
Exp. - experimental data for (p+,K+) reaction From “Spectroscopy of Λ hypernuclei” O. Hashimoto, 

H. Tamura, Progress in Particle and Nuclear Physics, 2006

Low-lying levels of aaL  system: calculation 
with the ABe+TH(M)  potential model

2+

0+



Potentials
aa –Ali-Bodmer E (Abe)

Cluster model for 9Be

n

a

a

Partial components of an –potential
(modified potential of D. Fedorov , A. S. Jensen, 

1996( Phys. Lett. B  389))

We change  L  to n:   aan   system  

S.  Ali and A. R. Bodmer,  Nucl. Phys. 80, 99 (1966)

The an-phasa shifts. 
Our calulation (solid line) and Exp. data from Phys. 

Rev. Lett. 99, 022502 (2007) (dashed line). 



Numerical results: bound state



Numerical results: low-lying resonance states

Correlation between calculated (Cal.) and experimental (Exp.)  spectrum of $^9$Be 
(filing dots). Solid line is root mean square fit for the correlation. The dashed line shows 
the ideal situation when the calculated values coincide with experimental data (open 
dots). Total momentum of each level is shown.

[37] K. M. Nollett et al. Phys. Rev. Lett.  99, 022502 (2007). 

(Monte Carlo calculations)

[28] K. Arai, P.Descouvemont, D. Baye, W. N. Catford, Phys.Rev. 

C  68, 014310 (2003).(cluster model)



Numerical results: 
spectra

Calculated (Cal.) and experimental (Exp.)  spectrum of 9Be  and  9LBe. 
Orbital and total momentum for each level are shown. Energy is 
measured from a+ a+L and a+ a+n thresholds, respectively.



Conclusions

•The configuration space Faddeev equations are applied  to calculate energy 

states of the 9L Be hypernucleus (and  9 Be) within three cluster model.

•We found the set of phenomenological potentials that reproduces the ground 

state ½+ binding energy and excitation energy of the 5/2+ and 3/2+ states, 

simultaneously.

•Our calculations reproduce well the experimental data for excitation energies 

and  therefore improve the previous alpha-cluster calculations.

•For  9Be we found the set of local phenomenological potentials that 

reproduces well the ground state binding energy and reasonable -- the 

energies of low-lying resonances. Also we classified experimental data by total 

orbital momentum. 

•It is shown that each energy level of 9LBe has an analog in 9Be spectrum with 

the exception of several "genuine hypernuclear states", which agrees 

qualitatively with previous studies.
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