


INTRODUCTION

1. A few words about Nuclear Theory, Skyrme interaction and DFT theory

2. How to build realistic nuclear wave function upon a DFT state?

3. Gamow-Teller transitions; mirror nuclei T=1/2; GS to GS transitions,
the quenching of g,

4. Gamow-Teller response function
5. Gamow-Teller sum rule

6. Spin-orbit detector of single particle orbitals




STATUS IN THEORY OF NUCLEAR STRUCTURE
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DFT-rooted
No-Core
Configuration-
Interaction

2-body Hamiltonian; corre
after conf. mixing

,ody Hamiltonian; correlations
.ncluded in deformed solution

Realistic wave function with
laboratory-frame quantum Spontanous symmetry breaking
numbers

Core approximation and restricted , ,
valence space; Not directly applicable to

. : : spectra and transition rates
huge matrices to diagonalize etc.

Good for nuclear spectroscopy:
quadrupole moments, masses

vradii At~

Good for nuclear spectroscopy:
spbectra, transition rates etc.
1-body mean field

hamiltonian to 2-body part of | A model without neither a
generate deformed Hamiltonian to mix| core nor the restricted

configurations

deformed valence space; it includes
i i core-polarization effects
(DFT) configurations P



SKYRME NN INTERACTION

Effective interaction!!!

Necessary to separate long from short range (high momenta) physics.
Due to the hard core, one needs to replace short distance by local correcting potentials

, ) Ultraviolet cut-off
vsr(q) = vsK(0) + vgxr(0)g” + ... = Low energy nuclear physics is independent
on high momenta transfer
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FOUNDATION OF DENSITY FUNCTIONAL THEORY

HK theorem: Energy is a functional of density.

E =T+ Fbsx + FE
SHE [p] SR “ \Iong range physics

Exact Coulomb interaction

A 1 pp(r)pp(r3) € [ pp(ri,73)pp(ra,71) |
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t=0,1

Hi = Cfpi + C; > piNpy + C{ peTe + C'Ijt CY7 peV
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10 linearly independent parameters
Variation over density




HOW TO CONSTRUCT REALISTIC WAVE FUNCTION?

Restoration of spontanously broken symmetries
1 - T Pl
(i IMK;TT,) = \/_ﬁPTszPMK |©i)
Isospin and K-quantum number mixing
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NCCI method:
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ELECTROWEAK CURRENT
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vector current axial-vector current
(Fermi decay) (Gamow-Teller decay)
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superallowed Fermi beta decay the quenching effect of g4




GAMOW TELLER BETA DECAY - MIRROR NUCLEI
GS TO GS TRANSITIONS IN NCCI
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QUENCHING OF AXIAL-VECTOR COUPLING
CONSTANT

galMgr|
NCCI vs NSM S ———
P sd shell ~ ~__ pfshell _ 1
. . 2 | .
NCCI is free from 4 A j Quenching —
a core approximation 3le | "] possible solutions:
: [ 5 / b /
and takes into account A aa [ /P
core polarization effects 5 \ /e /‘,’ o &% g ] , pon-m onic degree
B - // \v\ \ !.f' . ]
2 \ s ~d® : of free
|| / ‘ 1
T seee 1 . Theeffect of core
approximats

Different model spaces

Different treatment
of correlations

two-body currents

°"20 25 30 35 40 45 50 55
o




Nilsson neutron s.p. orbitals [MeV]
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CONFIGURATION SPACE OF NCCI FOR A=8
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Nilsson proton s.p. orbitals [MeV]
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Unassigned doublet in the exp of about 23MeV

SPECTROSCOPY OF 8BE
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GAMOW-TELLER RESPONSE OF 8LI
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GAMOW-TELLER RESPONSE OF 8LI
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GAMOW-TELLER SUM RULE
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GAMOW-TELLER RESPONSE OF 24MG
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GAMOW-TELLER RESPONSE OF 24MG
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Nilsson single particle orbitals [MeV]
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SPIN-ORBIT DETECTOR FOR SP ORBITALS ?
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SUMMARY AND OUTLOOK
MR-DFT and NCCI results show that

1. MR-DFT and NCCI results are fully consistent in Fermi MEs

2. MR—DFJF and NCCI results are fully consistent in GT ME calculations
of mirrgr nuclei (T=1/2) except for A=45 transition

‘ .| MR-DFT seems to be sufficient to describe
> transitions between ground states

3. The quenching effect does not depend on the core approximation.

~NCCI is able to capture general feature of Gamow-Teller response in 3Li.
all amount of NCCI states is sufficient to satisfy 90% of GTSR

he spin-orbit int. may indicate the physical spacing between orbitals
VERY PRELIMINARY 1
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