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Continuum shell model（CSM) : long history

C. Mahaux and H. Weidenmüller,

Shell Model Approaches to Nuclear Reactions

(North-Holland, Amsterdam, 1969).

Recent review articles:
I. Rotter; Rep. Prog. Phys. 54, 635 (1991).
J. Okolowicz, M. Ploszajczak, and I. Rotter, 

Phys. Rep. 374, 271 (2003).

Over the past two decades, a great raise in the number of known 
unstable nuclei has reinforced the important role of the continuum 
shell model in order to give microscopic descriptions of weakly 
bound nuclear systems far from the stability valley.



However, it is not an easy task to treat the unbound 
states in the usual frameworks with the single-
particle products in which the single particle 
description deals separately and in different manners 
with bound and scattering single-particle states.

Recently, a great progress in the continuum shell 
model has been made by the unified description of 
single-particle basis wave functions as mentioned 
below. This kind of continuum shell model is the so-
called Gamow shell model (GSM) which has been 
successfully applied to weakly bound states and 
resonances in light unstable nuclei.
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Gamow Shell Model

In GSM, the separation of single-particle resonances
from the ordinary scattering continuum states has been 
carried out by modifying the branch cut into a contour 
L on the complex momentum k or the energy εk plane.

Single particle states

Hamiltonian:  H0 = t + V0

V0 ;   (Woods-Saxon potential) + (l・s force)
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Bound states,    Resonant states : discrete eigenstates
Continuum states ; Contour L
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Extended Completeness relation
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T. Berggren, Nucl. Phys. A109 (1968), 265

T. Myo, A. Ohnishi and K. Kato, Prog. Theor. Phys. 99 (1998), 801.





Discretization of continuum states

In practical applications, one has to discretize the integral

where ui（ｒ）＝　　　　　　　 and Δki is the discretization step.
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Matrix elements of resonant states
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　　A Remark on the Norm of the Unstable State
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On the Normalization of Gamow Functions







In the same way as the standard shell model in a complete 
discrete basis, for example, that of the harmonic oscillator 
potential, a N-body Slater determinant Ψα　is given by the
　product of N single-particle wave functions as

where the suffix α is an abbreviation of the set of quantum 
number of the N-body system and ni describes the single-
particle basis {nlj; rlj; slj}.

The Hamiltonian of GSM is given by one-body and two-
body operators, and its concrete forms have been discussed: 
a separable type [A], a phenomenological force [B] and an 
effective force derived from the realistic force [C] have been 
tried as the two-body interaction.



Using GSM, Michel et al: [B] calculated two-particle and 
many-particle resonances in He-isotopes and O-isotopes.











Comparison between GSM (Michel) and COSM (Masui)







Complex Scaling Method and Gamow Shell Model

1. Contour

2. Threshold of subsystems

3. Single particle wave functions

4. Dicretization

1.Contour



2. Threshold of subsystems



3. Single particle wave functions

The Gaussian basis functions are defined by

The size parameters bi are determined by a geometrical progression 
of the form bi = b0γ

i‐1　with the first term b0 and the common ratio 
γ　chosen so as to obtain a high numerical precision.

Ref: E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl.  
Phys. 51, 223 (2003).



　　（R.Suzuki, T.Myo and K.Kato;

　　　Prog. Theor. Phys. 113 (2005),1273-1286.)
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4. Dicretization
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Energy eigenvalue distribution of 1- state 
Harmonic Oscillator basis; N=50, b=2.5fm

[ref: A. Csoto, et al, Phys. Rev. A41(1990)3469]

Schematic potential problem
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This is a kind of “wavelets” to transform analog data to digital ones.
(I. Daubechies, “Ten Lectures on Wavelets” Society for Industrial and Applied 
Mathematics, Philadelphia, PA, 1992)
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ΔNθ(E): Gaussian basis; N=30, b0=0.2fm, γ=1.2

• Discretization of 
continuum states is 
very successful in 
CSM.
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