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If states have different asymptotes of their wave functions
» different Coulomb energies of the states

» different excitation energies

» Mirror symmetry breaking in spectrum, called the Thomas-Ehrman shift



But for most of mirror partners, low-lying levels in spectra are

mirror symmetric
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Good mirror symmetry
between analogous states

MED <100 keV ;

In contrast to 3C-13N: 750 keV.

Here MEDs mainly from
CIB and CSB



I1. Ab initio calculations of nuclei around driplines

Mirror symmetry and breaking

We need a method which can give a good description of the asymptote of wave
function in space.

Ab initio Gamow shell model
1) Chiral N3LO(NN) + N2LO(NNN)

2) Resonance + continuum



The outline of the calculation:

1. Chiral N°LO(NN) + N2LO(NNN)

2. Perform Gamow Hartree-Fock (GHF), which provides

the Berggren (Gamow) basis: bound, resonance and continuum states.
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Complex-k GHF Hamiltonian:
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A brief introduction of the Berggren (Gamow) basis

Static Schrodinger Equation
— a real number

Y(r, O)=e " E g (r)

hZ
=5~ V2 +V()]@e(@)=E@z(r) in the space

But for a state above the particle-emission threshold, which is NOT a
static state, one should solve a time-dependent Schrodinger equation !

Time-dependent Schrédinger equation (general)

o d :
ih—|¥(t)) = H|¥(2))



T. Berggren, Nucl. Phys. A109 (1968) 265

In 60s Berggren suggested an approximation to solve the time-

dependent Schrodinger equation:

Y(r, t)=e~F g (r)

[~ 72 +V ()]0 () =Ep; (1)

But E can be complex, and [ @z (1) @g(r)=1

The eigenvalue: E = Ej —ig

Y(r, t)ze_iEt/hQDE (T)Ze_iERt/hgaE (r)e‘”/Zh

\T1g3=h1n2/F



Berggren (Gamow) complex-k space: bound, resonance and continuum
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3. Interaction matrix elements are transferred to the complex-£ Gamow (Berggren) basis

f\'r.\‘hcll f\'r.\‘hcll

(ablVled) =Y ") “(ablap)(@B|View-k|y8) (y8lcd) ~ In full space

a<pf y<é

4. Establish a realistic effective Hamiltonian for many-body GSM with a core



Intrinsic Hamiltonian of A-nucleon system

In full space
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In valence space for GSM

obtained using S-box diagrams with chiral forces
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MBPT renormalization: S- and O-box folded diagrams

H=Ho+ (H— Ho)=Ho+ Hjq

>
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Folded diagram: to
include effects from
excluded configurations,
which is a time-dependent
perturbation using the
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These would be a big task of ab initio calculatio
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Results
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For the proton-rich isotones, due to
Coulomb (centrifugal) barrier,

the continuum effect is less important



Thomas-Ehrman shift
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Mirror asymmetry in GT transitions: 5 — f Tl [ft —1

D
fr=-
(B2 Ml
MGT = (f[zoli)

GT asymmetry may come from:

1. CIB and CSB in nuclear forces, not significant (we found)

2. Similar to Thomas-Ehrman shift, different asymptotes of wave functions of
the initial and final states

Particularly if the s partial wave is involved heavily in the transition.
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Our calculations:
both 3NF and continuum are important
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Our ab initio GSM: N3 LO(NN)+N2LO(NNN), 16O core )
2
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Suggestions for possible experiments
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I11. Conclusions

» Ab initio Gamow SM #Thomas-Ehrman shift, and GT transition

Continuum coupling and 3NF make a combined effect on the Thomas-Ehrman shift.
In details: 3NF mainly affects the energy of the state, while the continuum coupling affects the asymptote of the

wave function of the state.

» The wave function is a sensitive probe to detect the mirror symmetry breaking in
both spectrum and GT decay.

» The effects from CIB and CSB of the interaction are not significant.

> 228i, 22Mg and nuclei around would be interesting for future experiments in aspects

related to the mirror symmetry breaking.
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