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Experiment
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Shell-model calc. in the psd (2hω) space
(R. Fujimoto, Ph. D. Thesis, Univ. of Tokyo, 2003)
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      present   PSDMK2  PSDWBP  PSDWBT          Expt.
C     11.78       12.06        11.41         11.36        8.2     1.0
C       8.18         8.69          8.11           8.18        3.74   0.50
C       8.05         8.37          8.70           8.05        0.63  
C     10.26       13.18        12.81         12.33                ?
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New approach to neutron-rich C isotopes

Large-scale shell model
・Code: newly developed version of MSHELL
・Model space: the 0s－1p0f shells
・Nucleon excitation: up to 2 nucleons from the occupied shells
                                      for    C
                                 　 up to 2 nucleons to the 1p0f shells
・Bare charge

Microscopic effective interaction
Derived from a high-precision NN interaction (CD Bonn, …)
and the Coulomb force in the neutron-proton formalism for
the given model space through a unitary-transformation theory
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Derivation of effective interaction
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ρ1 = 2n  +l  +2n  +l     ({n  , l  } and {n  , l  }: sets of  h.o. quantum numbers of two-body states)a a b b a a b b

Eff. int. in a huge model space Eff. int. in the 0s－1p0f shells
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・S. F., T. Mizusaki, T. Otsuka, T. Sebe, and A. Arima, nucl-th/0602002.
・S. F., R. Okamoto, and K. Suzuki, Phys. Rev. C 69, 034328 (2004).( (For details, 

the ab initio NCSM the present shell model
not be applicable to
the present work( (



Low-lying energy levels in 16C

B E(  2; 2  → 0+)  in   2fm4
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Single-particle energies in 15C

Calculated results by
the unitary-model-oparator approach 

(UMOA)

The calculated results are denoted by
               "dressed"

In the present shell model without any 
adjustable parameters
   → wrong ordering for the 1/2  and 5/2 
         states in   C due to the small model-
         space size
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To remedy the wrong ordering and re-
produce the binding energies for the 1/2  
and 5/2  states of the UMOA results
　→ introduce a minimal refinement of
         the one-body energies for the 0d   
         and 1s    orbits of the neutron
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correct
ordering

Low-lying energy levels in 16C

B E(  2; 2  → 0+)  in   2fm4
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Low-lying energy levels in 16C

B E(  2; 2  → 0+)  in   2fm4
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the 2+ and 0+ states in 18C
Energy differences between

B E(  2; 2  →+ 0+)  in   2fm4
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    CD Bonn   N LO          Expt.
C     3.42        4.11      3.74  0.50
C     0.84        0.91      0.63
C     2.10        2.47             ?
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Summary
Developed a new shell-model framework to microscopi-
cally investigate neutron- or proton-rich exotic nuclei

・Large-scale shell-model code 
           new MSHELL
・Microscopic effective interaction
           derived from modern NN interactions through a
           unitary-transformation theory

Including the genuine three-body force and diminishing
the approximations in the calculation

Experimental low-lying energy levels and B(E2) in neu-
tron-rich carbon isotopes including   C
        → well reproduced by the calculation
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