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MOTIVATION

Double beta decay is a rare nuclear process where
. ! - 2vBB — Standard Model
particle, nuclear, and atomic physics intersect. Ty = 1018 - 1021 yrs

[t provides a testing ground for the Standard Model
through two-neutrino double beta decay (2v[3p).
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It also offers a pathway to physics beyond the Standard
Model via neutrinoless double beta decay (OvBp).
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This decay may uncover properties of the neutrino, one
of the least understood particles.

Arbitrary Units

[t presents a significant experimental challenge, being
among the slowest known decay processes in nature.

A A OvBB = New Physics!
’ ** (Summed p Energy)Q_ 1 Ty > 102 yrs
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We focus our effort on the calculations of Nuclear
Matrix Elements (NME's).



THEORETICAL FRAMEWORK

*Models Employed
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« 1p—1h Excitations virtual

Tamm-Dancoff Approximation (TDA)

Proton-Neutron TDA (pnTDA)

* 2p—2h Excitations 8cqg 48g e . 48T

Second Tamm-Dancoff Approximation (STDA)
Equation of Motion Phonon Method (EMPM)

* Objective

e Accurate CSIT{putation of Nuclear Matrix Elements (NMEs) for:
Two-neutrino double beta decay (2vp)Neutrinoless double beta decay (0vpp)
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Nuclear Matrix Element Results for 4Ca

Transition chain:
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Implication: Theoretical NME values are too high — suggests quenching (q) of gA to ~0.46.



Summary & Outlook

 EMPM and STDA possibly offer consistent NME predictions but require
CM correction, inclusion of 2p-2h configurations to calculation of **Sc.

* Potentially g, quenching can be, to large extend, explained by EMPM or
STDA if they are consistently used in calculations of *Sc and “*Ti.

Next steps:

* Generalize to quasiparticle formalism (e.g., °Ge, 32Se).
* Apply CM correction to STDA.

* Study effect of 2p-2h or more-p-h on NME:s.
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