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Binding energy systematics =9 ‘Magic’ numbers of nucleons : 2, 8, 20, 28,...
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Average one-body potential (1949):

Spherical harmonic oscillator+spin-orbit interaction

How to describe ‘non-magic’ nuclei? =% Effective interactions

Broken symmetry average potential: Multiconfigurational Shell Model (1953)
Bohr collective Hamiltonian (1952)

Nilsson potential (1955)
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Closed quantum many-body systems




Nuclear Landscape
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‘Magic’ nucleus: N=7/=8
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Borromean nuclei (1985) giant * He,, -dimer (2000)
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Spectra and matter distribution are modified by the proximity of scattering continuum
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Open quantum systems

Continuum (real-energy) Shell Model Gamow (complex-energy) Shell Model
(1977 - 1999 -) (2002 -)




Hilbert space formulation : Shell Model Embedded in the Continuum (1999)

Completness relation for one-body states:
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T \ but... different emission thresholds

non-resonant (real) open at distinctly different energies

bound states continuum

Incompatible symmetries of H,, and H gg (E)




Rigged Hilbert space formulation : Gamow Shell Model (2002)

Eigenvalues : k. = \/(
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Completness relation for one-body states:

(T.Berggren (1968
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complex-symmetric eigenvalue problem for hermitian Hamiltonian




Influence of the poles of the scattering matrix on spectra : simple model

Elgcorr)(E,S) = <(I)l. H;,(E,€) - HQQ‘(I)Z.> 0, P -subspaces
VAN

total energy position of
S-matrix pole
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© H, =T+V(r) -channel Hamiltonian in P ==>
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Singularity for ¢ =(,] poles of the §-matrix!

>=—> ‘Non-perturbative’ continuum coupling : instability of the Qsubspace



Spectroscopic factors (I)
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‘Helium anomaly’
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Counts

counts per 20 keV

2p decay from the ground state of **Fe, **Ni and **Zn

M. Pfutzner et al, Eur. Phys. J. A14 (2002) 279; J. Giovinazzo et al, Phys. Rev. Lett. 89 (2002) 102501
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Two-proton emission
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HEY(E) = Hoq + HopGW (E)Hpo + [Hor + HopGW (B Hpr| G (B) [Hrg + HrpGY (B) Hpg)
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| 4
coupling with one particle in coupling with two particles in the
the continuum continuum
I. Direct emission:
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HYJ(B) = Hgq + HorGy (E)Hrq
A A-1 A-2
I1. Indirect emission :
e
\
{H QT} — 0 0,, \
A A-1 A-2

HGJ (E) = Hoq + HorGy (E)Hpq + [HorGy (E)HprGY7 (B) Hrp G (E)Hpq)



Direct 2p emission
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wFe—=,Cr+2p  JT=3/2"J7 =3/2"
Direct 2p decay
[QQp(MeV) T1/2(m8)
no-mixing 9, =
SMEC: < 1.138 21.5 19.80
1.154 13.3 12.30
. 1.170 8.4 7.72
Exp: T, =1.677(ms)
Indirect 2p decay
:
Qap(MeV) T1/5(ms)
2p 0, =10.1(Mev) @, =-0.1(MeV)
"no- mixing
SMEC: < 1.138 273.2 199.2
1.154 175.2 127.6
. 1.170 113.8 82.8

IOKIN eff. interaction

-0.1(MeV) Q,, =+0.05(MeV)
19.77

12.28

7.71

0,, =+0.05(MeV)

115.6
74.8
49.0



45 43
26 F €74 Cr+ 2p weak Q - P coupling  strong Q - P coupling
Fézlr) >> Fz(ij) >>1, I,>> I‘éjf‘” >> I‘z(iir)
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Conclusions

- Continuum shell model : Gamow (complex-energy) Shell Model or
Shell Model Embedded in the Continuum, provide a consistent description
of the structure of weakly bound nuclei

- New exotic phenomena in weakly bound nuclei : continuum anti-odd-even
staggering effect, modification of ‘magic numbers’, spin-orbit splitting,
halos & correlations, symmetry-breaking effects due to the proximity of
continuum, influence of the scattering matrix poles on the spectra and wave
functions (the spectroscopic factors), new kinds of radioactivity
(e.g. 2p-radioactivity), ...

Nuclear structure enters in a new, exciting era!



