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The MAJORANA DEMONSTRATOR is an experiment constructed to search for neutrinoless
double-beta decay in 7°Ge and to demonstrate the feasibility to deploy a large-scale experiment
in a phased and modular fashion. It consists of two modules of natural and 7°Ge-enriched ger-
manium detectors totalling 44.1 kg, operating at the 4850’ level of the Sanford Underground
Research Facility in Lead, South Dakota, USA. Commissioning of the experiment began in June
2015, followed by data production with the full detector array in August 2016. The ultra-low
background and record energy resolution achieved by the MAJORANA DEMONSTRATOR enable
a sensitive neutrinoless double-beta decay search, as well as additional searches for physics be-
yond the Standard Model. I will discuss the design elements that enable these searches, along
with the latest results, focusing on the neutrinoless double-beta decay search. I will also discuss
the current status and the future plans of the MAJORANA DEMONSTRATOR, as well as the plans
for a future tonne-scale 7°Ge experiment.
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1. Introduction

The MAJORANA DEMONSTRATOR [1]1is a 7Ge neutrinoless double-beta decay (Ovf 3-decay)
experiment, currently operating at the 4850° level of the Sanford Underground Research Facility
(SURF). It consists of 44.1 kg of p-type point contact germanium crystal detectors, 29.7 kg en-
riched to 88.1% 4 0.7% %Ge. They are installed in two vacuum cryostats, shielded with copper,
lead, and polyethylene, with an active muon veto. Ultra-clean materials were used in its con-
struction, including electroformed copper. Care was taken to limit the cosmogenic exposure of the
germanium following enrichment, fabricated detectors, and any electroformed copper components,
which required above-ground fabrication processes. The resulting low backgrounds, coupled with
low noise electronics, enable sensitive searches for other physics beyond the Standard Model [2, 3].

2. Pulse shape based background rejection techniques

In addition to shielding and ultra-clean material selection, analysis of detector pulses also
provides a means to reject backgrounds. Two features of the p-type point contact detectors [1] are
their range of drift times and localized weighting potential. Background y-ray events often deposit
energy at multiple points in the detector, while double-beta decays release their energy at a single
site (within ~ 1 mm of the event location). Through examination of the current pulse amplitude
versus the total energy, multi-site events can be distinguished from single-site events and rejected.

Another technique concerns an observed energy-degraded >!°Po alpha background that studies
indicate likely originates from 2!°Pb near the detector’s point contact. This alpha must pass through
the passivated surface of a detector, and the slow drift of charges along the passivated surface
produces a distinctive waveform, allowing this background to be identified and rejected.

3. Neutrinoless double-beta decay results

The MAJORANA DEMONSTRATOR has been operating in a stable configuration since the
spring of 2017. Changes between earlier configurations require the data to be split into multi-
ple datasets (DS). In particular, there is higher background in DS0, taken prior to the installation
of the inner copper shield; and in DS5a, when a single DAQ system was used and the pulse shape
analysis was degraded by high electronic noise until the shielding and grounding path were com-
pleted. Therefore, DSO and DS5a are excluded from the lowest background configuration, which
better represents achieved background rates. Simulations and assays indicate that when prominent
background 7 lines are excluded, the spectrum from 1950 keV to 2350 keV is flat in shape. There-
fore, to estimate the background, a £5 keV window is excluded around each of these lines (ZOSTI:
2104 keV; 2!“Bi: 2118 keV, and 2204 keV), as well as Qgg = 2039 keV (the energy resolution
achieved at Qg is 2.5 keV FWHM). The remaining 360-keV window is used to estimate the back-
ground rate at Qgg. To determine a limit on the Ov3 B-decay half life, the 360-keV window plus
the Qpp region is analyzed with a nominal profile likelihood method, searching on top of a flat
background for a peak at Qgg modelled by an exponentially modified Gaussian distribution. In-
dependent analyses are also peformed to cross-check the validity of the statistical result, using the
Feldman-Cousins method, the CLs method (a modified profile likelihood method) and a Bayesian
Markov-Chain Monte Carlo (with a flat prior assigned to the Ov3 3-decay rate).
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In 2017 [4], open data in DSO-5b (9.95 kg-yr of enriched germanium exposure) was analyzed,
finding a background rate of 17.8 & 3.6 counts/(FWHM-t-yr), and Tlo/‘é > 1.9 x 10% yr (median
sensitivity: 2.1 x 10?3 yr) at the 90% confidence level. There was 5.24 kg-yr of exposure in the
lowest background configuration, which had a background rate of 4.01’3:; counts/(FWHM - t-yr) or
1.6113 x 1073 counts/(keV-kg-yr).

The MAJORANA DEMONSTRATOR employed a statistical blindness scheme, whereby 31 hours
of open data is followed by 93 hours of blind data with the full spectrum blinded. Unblinding was
performed in three phases to enable data quality and consistency checks. First, the region outside
the background evaluation window was opened in order to finalize the run and channel selection.
Then, the background evaluation window was opened to measure the background. Finally, the Qgg
region was opened, and the half-life limit is set. Multi-detector events and the spectrum below
100 keV remain blind for other studies.

For the 2018 analysis, all open and blind data taken before April 15, 2018 was analyzed. This
added 16.1 kg-yr of exposure, for a total of 26 kg-yr of enriched germanium exposure. Analysis
of this exposure found a background rate of 15.4 + 2.0 counts/(FWHM - t-yr) and a half-life limit of
Tlo/‘é > 2.7 x 10%° yr (median sensitivity: 4.8 x 10%° yr) at the 90% confidence level. The lowest
background configuration had an enriched germanium exposure of 21.3 kg-yr, and a background
rate of 11.9 4 2.0 counts/(FWHM-t-yr) or (4.740.8) x 1073 counts/(keV-kg-yr).

4. Conclusions

The MAJORANA DEMONSTRATOR has completed construction, and has been taking data
in its final configuration since the spring of 2017. With a combined (open+blind) exposure of
26 kg-yr, the MAJORANA DEMONSTRATOR places a lower limit on the Ov33-decay half-life of
2.7 x 10% yr (median sensitivity: 4.8 x 10> yr) at the 90% confidence level. Ultimately, the
MAJORANA DEMONSTRATOR expects to reach an exposure of 50-70 kg-yr, pushing its sensitivity
to a half-life ~ 10%% yr. With its goal of lower backgrounds, sensitivity beyond 10% years will
be possible with the next-generation tonne-scale experiment, LEGEND. Its first phase, the 200-kg
LEGEND-200, will begin taking data in 2021, and will have sensitivity beyond 10?7 years.
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