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Highlights

JISP = J-matrix inverse scattering potential

PETs = phase-equivalent transformations

No-core shell model: ab initio ! ab exitu

approach  !  JISP16 NN interaction

No three-nucleon forces

Spectroscopy of nuclei with A " 16

N-nucleus scattering



JISP type NN interaction:

• Description of NN data

• Small matrix of the NN interaction in the oscillator basis:

• Description of (light) nuclei

J-matrix formalism:
scattering in the oscillator basis



PETs

ab initio ! ab exitu

• JISP16: J-matrix inverse scattering 9h" NN potential with

h" = 40 MeV fitted to nuclei up through 16O

• Only simplest PETs generated by 2x2 unitary matrix U are

used

• Ab exitu approach:

• PETs: sd wave - fitting deuteron properties (rms radius and

quadrupole moment)

    various p and one of d waves - fitting few levels of 6Li

and binding energy of 16O in relatively small model spaces

• All the rest NCSM results (other nuclei, larger model spaces)

are ab initio



JISP16 properties

• 1992 np data base (2514 data):  #2/datum = 1.03

• 1999 np data base (3058 data):  #2/datum = 1.05





















Role of NNN force?

• W. Polyzou and W. Glöckle theorem (Few-body Syst. 9, 97 (1990)):

H=T+Vij ! H’=T+V’ij+Vijk,

      where Vij and V’ij are phase-equivalent, H and H’ are isospectral.

 Hope:

H’=T+V’ij+Vijk  ! H=T+Vij

        with (approximately) isospectral H and H’ .

 JISP16 seems to be NN interaction minimizing NNN force.

 Without NNN force calculations are simpler, calculations are faster, larger

model spaces become available.

J-matrix formalism:
scattering in the oscillator basis



n$ scattering

n$ scattering



n$ scattering

n$ inverse scattering

• J-matrix inverse N-nucleus scattering analysis can
be used to derive resonance parameters (position,
width)

• J-matrix inverse N-nucleus scattering analysis
suggests values for resonant and non-resonant
states that should be compared with obtained in
NCSM





n$ inverse scattering

n$ inverse scattering and NCSM



n$ inverse scattering

n$ inverse scattering and NCSM



Conclusions

• JISP16 provides a realistic description of two-body and many-body properties,

comparable with modern realistic NN + NNN forces

• Convergence of NCSM calculations with JISP16 is faster, even the bare JISP16

calculation convergence is reasonable, i.e. the results are more reliable. A

confidence region of the binding energy predictions can be obtained for many

nuclei by comparing the  bare and effective interaction results

• Combining J-matrix formalism and NCSM one can perform scattering
calculations with bare NN interaction; using JISP16 we describe well n$

scattering. J-matrix inverse N-nucleus scattering analysis suggests values for

resonant and non-resonant states that should be compared with obtained in

NCSM

Plans

• JISP16 improvement by the fit to the same nuclei

• Charge-dependent JISP16

• Extending the calculations to the sd shell

• NCSM + J-matrix: Scattering calculations


