From double to single beta decays — the search for the isomeric decay of 13" Ta

in the MAJORANA DEMONSTRATOR
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Introduction

The MAJORANA DEMONSTRATOR was a neutrinoless double-beta (OvS[5) decay
experiment that ran until March 2021. After the removal of the enriched

detector material and additional background studies the ultra-clean facility
was available for additional studies.

e Search for peak-like structures in energy histograms for single- and multi-detector events
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Most sensitive search given improvements in mass (x12), efficiency (x2-3), and
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Detector array with

23 active detectors

17.4 kg of "™ Ta installed
(~2g 180mTa)

Close geometry and no
structural material between
detector and sample
Sample thickness optimized
by simulation to maximize
detection efficiency and
minimize self-shielding

Stable data taking since
May 2022 (>92% live)

Key Features

* Detector array of HpGe
detectors in ultra-high
vacuum

Compact graded shield
and active muon veto
deep underground

All materials ultra-clean

Excellent energy
resolution

Low background
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Motivation

Longest living isomer in nature

Most extreme case to study the
nature of nuclear spin traps

Variety of decay schemes possible

Atotal = AEC + Ag— + Ay + Arc + Ao + ADM

Half-life and decay of interest to
understand production and
abundance in the universe

e.g. by

> V-interactions,

> thermal excitation in
early universe

» Deexcitation by
dark matter ?

Natural abundance (0.012% 18°MTa)
prohibited larger searches in the past
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First results
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Activation products decay
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* Analysis using established routines on
recorded waveform signals
from the MAJORANA DEMONSTRATOR (MJD)
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Events in 72 hours

* Background consists of e
i * Signatures of surface activation e
like decays from 182Ta or Y7°Hf o -

» Natural Radioactivity from within the -
sample

(x 10-20 above MID levels)
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Outlook and Summary

Improvements in analysis
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 Multidimensional fitting routines in time-and-
energy

 Began search and simulations for signatures
that are summing up, which improves the
efficiency for the decay channels involving
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background (in higher multiplicity signatures
In addition, low threshold allows direct search for the predicted
most prominent channel (Internal conversion to the first excited state)

1.1 x 1018 yrs

Previous limits

This work

Expected T,,

1.6 x 10%8 yrs
13.3 x 108 yrs

1020 yrs

Non-observation of signatures
allows the exclusion of dark-matter
induced deexcitation e.g.

by inelastic

dark matter scattering

Details: PRL131 152501 (2023)
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cascades

 Continuous data takings with lower background
conditions planned until Fall 2025

 Background by Surface activation minor in latest
data sets

 Estimates based on current performance predict
sensitivities for the most prominent channel that
are for the first time ever within the predictec
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