in collaboration with: J. Dobaczewski, W. Nazarewicz, M. Rafalski & M. Konieczka

@ MR DFT: short presentation of main building blocks of our approach
- mean-field (or nuclear DFT)
> symmetry (rotational, isospin) breaking and restoration
- unphysical (spontaneous) symmetry violation isospin projection
- Coulomb rediagonalization (explicit symmetry violation)
Q isospin impurities
Q superallowed beta decay (sources of theoretical errors and
limitations of the ,static” MR DFT)
@ Extension: - toward NO CORE shell model (CI) with basis cutoff
dictated by the self-consistent p-h configurations

- examples: 32C|-325,627n-62Gq, 38Ca-38K, #2S5c

@ Summary & [~
perspectives. /-




y 7 The“nuclear effective theory

”

J is based on a simple and ver very. ififuitiveassumption that low-enefgy
nuclear 'rheor'y is independent on high- ener'gy dynamics
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/@ Skyrme local energy density functional -

Skyrme (hadronic) interaction conserves such symmetries like:
- rotational (spherical) symmetry

> isospin symmetry: Vip = Vios Vo (in reality approximate)
- parity...
@ Self-consistent solutions (Slater dets) break these
symmetries (are deformed) spontaneously
R(Q)|(Qo)) = lp(Q")
advantages:

(p|H|p) = (0| RIQ)HR(Q)|p) builts in correlations into
single Slater determinant

Q © disadvantages:
i symmetry must be restored
to compare theory to data
£
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Restoration > beyond mean-field > multi-reference density functional theory




, Isos;in symmeiry t;e‘s{riﬂar ——

There are two sources of the isospin symmetry breaking:
- unplhysieal, caused solely by the HF approximation —+_ Engelbrecht & Lemmer,

: - PRL24, (1970) 607
- physieal, caused mostly by Coulomb interaction
(also, but to much lesser extent, by the strong force isospin non-invariance)

© Find self-consistent HF solution (including Coulomb) > deformed

Slater determinant |HF>: ‘HF) — X by o T, Ts)
@ Apply the isospin projector: | T2l O SRRSO 15
HT: = QT; : A ' d‘j sin 34 (3)R(3) :
irltgggiciir to create good isospin ‘|a T,T,) = jP%;T IHF

© Diagonalize total Hamiltonian in
.good isospin basis" |a,T, T,
- takes physical isospin mixing
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Isospin-projection is'non-singular: svb cigenvalues

W.Satuta, J.Dobaczewski, W.Nazarewicz, M.Rafalski, PRC81 (2010) 054310 (diagonal matrix)
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Coupled AMP+IP projection is singular forcing us to use
the Skyrme interaction SV

(or density-independent interaction)
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Isospin mixing & efergy in the ground states of
e-e N=Z nuclei:

HF tries to reduce the
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7 Superallowed 0°>0" Fermi beta-decays
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model dependlernce model limfations—
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* .~ Hew Yo caleulate-the superallowed

=X o = OE =1 Fermi beta decay using tihe-DFT
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Tests of the weak=interaction flavor-mixing sector of
the Standard Mddel of elementary particles

|Vl & unitarity - world survey
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ISB corrections to the Fermi
transitions in T=1/2 mirrors

W. Satuta, J. Dobaczewski, W. Nazarewicz, M. Rafalski

1 5 Phys. Rev. C 86, 054314(2012).
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SM+WS results from:
N. Severijns, M. Tandecki,
T. Phalet,and I. S. Towner,
Phys. Rev. C 78, 055501 (2008).



"~ THEORETICAL-.UNCERTATINITIES .

YO Basis-size dependence: 6 Q" Q" Configuration dependence:
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MEAN-FIELD
compute .n" self-consistent Slater determinants
corresponding to low-lying p-h excitations
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Hill-Wheeler equation : Hu=ENu
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No-core configuration interaction (shell) model

with basis cutoff dictated

by the self-consistent p-h DFT states
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Excitation energy of O* states [MeV]

No-core configuration-interaction formalism-based on the
isospin and angular momentum projected DFT

627Zn, I=0* states below 5MeV
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A casSof-A=38 138Ca->38K)

mach gives: 858.9%]

o

W.Satuta, J.Dobaczewski & M.Konieczka, arXiv:1408.4982
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Summary

@ Isospin symmetry breaking corrections from the

.static” (single Slater based) double-projected
DFT are in very good agreement with the
Hardy-Towner results.

We have to go BEYOND ,STATIC" MR-EDF in
order to address high-quality spectroscopic data
available today.

First attempts are very encouraging at least
concerning energy spectralll

...... perspectives:



T=1,I=0* isebaric analogue-states ~
from self-consistent 3D-isecerdnked HE: hr=h-%T

K. Sato, J. Dobaczewski, T. Nakatsukasa, and W. Satuta, Phys. Rev. €88 (2013), 061301
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Confldence level - test based on thé CVC-hypothesis _

. T&H PRCBZ 065501 (2010)
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