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1. Resolution of Identity in Complex Scaling Method
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Separation of resonant states from continuum states
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the contour
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Resonant states

T. Berggren, Nucl. Phys. A 109, 265 (1968)

Matrix elements of resonant states
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Complex scaling method
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Contributions from B.S. and R.S. to the Sum rule value
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Single Channel system B.Giraud and K.Kato, Ann.of 
Phys. 308 (2003), 115.

Resolution of Identity in Complex Scaling Method
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Coupled Channel system Three-body system
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9Li+n+n 10Li(1+)+n 10Li(2+)+nResonances

T. Myo, A. Ohnishi and K. Kato, Prog. Theor. Phys. 99 (1998), 801.
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2. Strength Functions and Coulomb Breakup Reaction



T. Myo, K. Kato, S. 
Aoyama and K. Ikeda, 
PRC63(2001),
054313



coupled 
channel 
[9Li+n+n]

+

[9Li*+n+n]

PRL 96, 252502 (2006)

PRC to be published



3. Continuum Level Density
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Continuum Level Density: )()()( 0 EEE ρρ −=∆
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Phase shift calculation in the complex scaled basis 
function method
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Phase shift of 8Be=α+α calculated with discretized app.
Base+CSM: 30 Gaussian basis and θ=20 deg.
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3 α Orthogonality Condition Model (OCM)3 α Orthogonality Condition Model (OCM)

folding for Nucleon-Nucleon 
interaction(Nuclear+Coulomb)

[Ref.]: E. W. Schmid and K. Wildermuth, Nucl. Phys. 26 (1961) 463

: OCM [Ref.]: S.Saito, PTP Supple. 62(1977),11

Phase shifts and Energies of 8Be, and Ground band states of 12C
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α3
c=2
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[Ref.]: M.Kamimura, Phys. Rev. A38(1988),621

μ=0.15 fm-2
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Results of applications of CSM and ACCC+CSM to 
3αOCM       －Energy levels Ex< 15 MeV－

Results of applications of CSM and ACCC+CSM to 
3αOCM       －Energy levels Ex< 15 MeV－

E.Uegaki et al.,PTP(1979)

ACCC+CSM

E
r

[Ref.]: M.Itoh et al., NPA 738(2004)268

03
+: Er=1.66 MeV, Γ=1.48 MeV

22
+: Er=2.28 MeV, Γ=1.1 MeV

0+ : Er=2.7+0.3 MeV, Γ= 2.7+0.3 MeV

2+ : Er=2.6+0.3 MeV, Γ= 1.0+0.3 MeV

[Ref.]: M.Itoh et al., NPA 738(2004)268

3α Model can reproduce 22
+ and 03

+ in the same energy region 
by taking into account the correct boundary condition 

3α Model can reproduce 22
+ and 03

+ in the same energy region 
by taking into account the correct boundary condition 



Continuum Level Density of 3α systemContinuum Level Density of 3α system
[Ref.] S.Shlomo, NPA 539 (1992) 17.
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• α1- α2: resonance + continuum

• (α1α2)- α3: continuum
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• (α1α2)- α3: continuum



Continuum Level Density of 0+ states Continuum Level Density of 0+ states 
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5. Summary and conclusion

• It is shown that resonant states play an important role in 
the  continuum phenomena.

• The resolution of  identity in the complex scaling method  
is presented to treat the resonant states in the same way as 
bound states.

• The complex scaling method is shown to describe not 
only resonant states but also continuum states on the 
rotated branch cuts.

• We presented several applications of the extended 
resolution of identity in the complex scaling method;  sum 
rule, strength function and  continuum level density. 
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