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Motivation

#8(Ca is one of the key nuclei for studies of double-beta decay.

Both Gamow-Teller response and 2vff decay are governed by the spin—
1sospin operator.

Standard Iplh descriptions reproduce the collective GT resonance only
partially; experimentally, the GT strength is fragmented and quenched.
Coupling to more complex configurations, particularly 2p2h excitations, can
redistribute GT strength and introduce correlations relevant for B decay.
Goal: investigate GT strength and double-beta decay within the Second
Tamm-Dancolf Approximation (ST'DA) using a chiral ANNLO, (594),

ANNLOg( (450), N°LO e NNLO,,,, interactions.
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Arbitrary Units
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Theoretical background
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( Experimental 2v decay half-lives )

Parent / transition ‘ Mode ‘
8Ca — “Ti 2BB
6Ge — 7Se 2vBB
828e — 82Kr 2vBB
%Zr — *Mo 2vpp

10Mo — 1%Ru (g.s.) 2vpp
100Mo — 19Ru (07) 2vpp
16Cd — 116Sn 2vPB
128Te — 128Xe 2vpBB
130Te — 130Xe 2vPB
136Xe — 136Ba 2vPB
50Nd — 9Sm (g.s.) 2vBp
150Nd — 159Sm (07) 2vBB
238 — 238py 2vpp
8Kr — 78Se (®) ECEC (2v)
124Xe — 124Te () ECEC (2v)

130Bq — 130Xe

ECEC (2v)

T lan]
5.3(+1.2/-0.8) x 10"
(1.88 + 0.08) x 10%
0.87(4+0.02/-0.01) x 10%°
(2.3 +£0.2) x 10"
7.06(+0.15/-0.13) x 108
6.7(+0.5/-0.4) x 10%°
(2.69 + 0.09) x 10'°
(2.25 + 0.09) x 10*
(7.91 + 0.21) x 102
(2.18 + 0.05) x 10%!
(9.34 + 0.65) x 10'8
1.2(+0.3/-0.2) x 10%°
(2.0 + 0.6) x 10
1.9(+1.3/-0.8) x 10%
(1.8 £+ 0.5) x 10%
(2.2 +0.5) x 10*
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Nuclear matrix element
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Fermi operator

A
OF = z T]-cl-
k=1

Gamow—leller operator
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A - aly
Ocr = Z O T

k=1

*8Ca(0f) — *8Sc(17) - *8Ti(0f)
Y(A,2) — Y(A,Z+]) —> Y(A,Z+2)

Ip-1h excitations

virtual

2p-2h excitations
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The GT™ transition strength
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B(GT;i—>f)=2]_+1 f Za(k)r,? i
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Strength function
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Results
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e e Experiment
ﬂ — TDA
STDA

 TDA, and STDA, strength
functions of GT~ transitions from
8Ca to *8Sc compared to the
experimental points extracted
from the measurement of

8Ca(p,n)*8Sc.

« ANNLOgq (394) interaction was
used.

* Experimental data from: K. Yako,
et al., Phys. Rev. Lett. 105, (2009)
012505
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Running sum B(GT)
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Ikeda Sum Rule

Zikeda(*°Ca) = 3(N — Z) = 24.

ANNLOgq (594) interaction was used.




The dependence of Fermi My, MY, and Gamow-Teller M{r, M{r, NMEs of 2vf-decay depending on
the applied potentials ANNLOGq (394), ANNLO;(450), and N3LOexas-

Potential ANNLOgo (394) ANNLOgo (450) N3L O rexas
M (MeV) 2.302 x 102 3.357 x 102 3.311 x 102
Mgr' (MeV) —0.1316 —0.0963 —0.0151
Mt (MeV1) 1.435 x 1072 1.917 x 1072 1.791 x 1072
Mgr" (MeV1) —0.1024 —0.0765 —0.0098

Interaction T2 1 (yr) T2 1 (yr)
ANNLOgo (394) 4.45 x 1018 7.64 x 1018
ANNLOgo (450) 6.90 x 1018 1.21 x 101

Experiment 5.3 x 1017 5.3 x 1017




Conclusions

TDA and STDA were applied to study the Gamow-Teller resonance and 2vBf decay of *3Ca
using the realistic chiral ANNLO(394), ANNLOg( (450), N°LO-,,.» NNLO,,, interactions.

Inclusion of 2p2h configurations in *8Sc improves the description of the GT resonance and

gives better agreement with experiment.

2p2h correlations also improve the calculated 2vgf NME and move the predicted half-life

closer to the experimental value, although it remains underestimated.
The Fermi NME is small but non-zero, indicating a weak breaking of isospin symmetry.

Future work: restoration of isospin symmetry using projection techniques and extension of

the formalism toward RRPA with additional correlations.
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     (  T  1 / 2  2 𝜈 )  − 1 =  G  2 𝜈  g A 4  m e 2    |  M  G T −    M F   g A 2 | 2


   M  F , G T  2 𝜈 =   ∑ n     ⟨ f  ‖    O ˆ  F , G T ‖  J n + ⟩  ⟨  J n +  ‖    O ˆ  F , G T ‖ i ⟩   E n −  (  E i +  E f ) / 2


     O ˆ F =   ∑  k = 1 A   𝜏 k +


     O ˆ  G T =   ∑  k = 1 A   𝝈 k  𝜏 k +


   ​ 48 Ca  (  0 i + ) →  ​ 48 Sc  (  1 m + ) →  ​ 48 Ti  (  0 f + )


  B  ( G T ; i → f ) =  1  2  J i + 1    |  ⟨ f  ‖   ∑ k 𝝈  ( k )  𝜏 k ± ‖ i ⟩ | 2


  S  ( E ) =   ∑ 𝜆     |  ⟨  Ψ 𝜆 | |    O ˆ GT | |  Ψ i ⟩ | 2  𝜁 Δ  ( E −  E 𝜆 )


   𝜁 Δ =  1  2 𝜋  Δ     ( E −  E 𝜆 ) 2 +    ( Δ / 2 ) 2


   ​  ​ −


  Δ


   Σ Ikeda  ( 48 Ca ) = 3  ( N − Z ) = 24 .


   M F I


   M F II


   M GT I ,    M GT II
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