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Abstract. The MAJORANA Collaboration is constructing the MAJORANA DEMONSTRATOR, an ultra-low background, mod-
ular, HPGe detector array with a mass of 44-kg (29 kg 76Ge and 15 kg natGe) to search for neutrinoless double beta decay in
76Ge. The next generation of tonne-scale Ge-based neutrinoless double beta decay searches will probe the neutrino mass scale
in the inverted-hierarchy region. The MAJORANA DEMONSTRATOR is envisioned to demonstrate a path forward to achieve a
background rate at or below 1 count/tonne/year in the 4 keV region of interest around the Q-value of 2039 keV. The MAJO-
RANA DEMONSTRATOR follows a modular implementation to be easily scalable to the next generation experiment. First, the
prototype module was assembled; it has been continuously taking data from July 2014 to June 2015. Second, Module 1 with
more than half of the total enriched detectors and some natural detectors has been assembled and it is being commissioned.
Finally, the assembly of Module 2, which will complete MAJORANA DEMONSTRATOR, is already in progress.

Keywords: neutrinoless double-beta decay, germanium detector, Majorana neutrino mass
PACS: 23.40-s, 23.40.Bw, 14.60.Pq, 27.50.+j
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INTRODUCTION

Neutrinoless double-beta (0νββ ) decay is a model-independent method to search for lepton number violation and
to determine the Dirac or Majorana nature of the neutrino [1, 2, 3, 4]. Observation of this rare process would have
significant implications for our understanding of the nature of neutrinos and matter in general. The 0νββ -decay rate
for the light Majorana neutrino-mass process may be written as:(

T 0ν

1/2

)−1
= G0ν |M0ν |2

( 〈mββ 〉
me

)2

(1)

where G0ν is a phase space factor, M0ν is a nuclear matrix element, me is the electron mass, and 〈mββ 〉 is the effective
Majorana neutrino mass. The latter is given by

〈mββ 〉=

∣∣∣∣∣ 3

∑
i=0

U2
eimi

∣∣∣∣∣ (2)

where Uei specifies the admixture of neutrino mass eigenstate i in the electron neutrino. Then, assuming that 0νββ -
decay is mainly driven by the exchange of light Majorana neutrinos, it is possible to establish an absolute scale for the
neutrino mass, provided that the nuclear matrix elements are known.

Experimentally, 0νββ -decay can be detected by searching the spectrum of the summed energy of the emitted betas
for a monoenergetic line at the Q-value of the decay (Qββ ). In previous-generation searches, the most sensitive limits
on 0νββ -decay came from the Heidelberg-Moscow experiment [5], and the IGEX experiment [6, 7], both using 76Ge.
A direct observation of 0νββ -decay was claimed by a subgroup of the Heidelberg-Moscow collaboration [8]. Recent
sensitive searches for 0νββ have been carried out in 76Ge (GERDA [9]) and 136Xe (KamLAND-Zen [10] and EXO-
200 [11, 12]), setting limits that do not support such a claim.

OVERVIEW OF THE MAJORANA DEMONSTRATOR

The MAJORANA DEMONSTRATOR [13] is an array of enriched and natural germanium detectors that will search for
the 0νββ -decay of 76Ge. The specific goals of the MAJORANA DEMONSTRATOR are several: to demonstrate a path
forward to achieving a background rate at or below 1 count/(ROI-t-y) in the 4 keV region of interest (ROI) around the
2039 keV Qββ of the 76Ge 0νββ -decay, when scaled up to a tonne scale experiment; show technical and engineering
scalability toward a tonne-scale instrument; and perform searches for other physics beyond the Standard Model, such
as dark matter and axions.

The experiment is composed of 44 kg of high-purity Ge (HPGe) detectors which also act as the source of 76Ge
0νββ -decay. The benefits of HPGe detectors are that Ge is an intrinsically low-background source material, with
understood enrichment chemistry, excellent energy resolution, and event reconstruction capabilities. P-type point
contact detectors [14, 15] were chosen after extensive R&D by the collaboration for their powerful background
rejection capabilities. Twenty nine kg of the detectors are built from Ge material that is enriched to >87% in 76Ge and
15 kg are fabricated from natural Ge (7.8% 76Ge). The average mass of the enriched detectors is ∼850 g.

A modular instrument composed of two cryostats built from ultra-pure electroformed copper is being constructed.
Each module hosts 7 strings of 3-5 detectors. The modules are operated in a passive shield that is surrounded by a 4π

active muon veto. To mitigate the effect of cosmic rays and prevent cosmogenic activation of detectors and materials,
the experiment is being deployed at 4850 ft depth (4260 m.w.e. overburden) at the Sanford Underground Research
Facility in Lead, SD [16]. A schematic drawing of the MAJORANA DEMONSTRATOR is shown in Figure 1.

The main technical challenge of the MAJORANA DEMONSTRATOR is to reach a background rate of 3 counts/(ROI-
t-y) after analysis cuts, which projects to a background level of 1 count/(ROI-t-y) in a large scale experiment after
accounting for additional improvements from thicker shielding, better self-shielding, and if necessary, increased depth.
This background level represents a substantial improvement over previous generation experiments [9]. To achieve this
goal, background sources must be reduced and offline background rejection must be improved. The estimated ROI
contributions based on achieved assays of materials sum to <3.5 counts/(ROI-t-y) in the MAJORANA DEMONSTRAT-
OR and work is in progress to get the final estimate.



FIGURE 1. Schematic drawing of the MAJORANA DEMONSTRATOR shown with both modules installed.

THE MAJORANA DEMONSTRATOR IMPLEMENTATION

The MAJORANA DEMONSTRATOR follows a modular implementation to be easily scalable to the next generation
experiment. The modular approach allows the assembly and commissioning of each module independently, providing
a fast deployment and minimum interference with already-operational detectors.

As a first step, the prototype module, an initial prototype cryostat fabricated from commercially produced copper,
was loaded with three strings of natural-abundance germanium detectors and placed into the shielding. It has taken
data from June 2014 through July 2015. It has served as a test bench for mechanical designs, fabrication methods, and
assembly procedures to be used for the construction of the electroformed-copper Modules 1 & 2. The data analysis is
in progress, but as an example of the results obtained, Figure 2 shows a 228Th calibration spectra before and after the
pulse shape discrimination (PSD) cut in one of the prototype module detectors. The PSD cut selects single-site events
with a >90% efficiency using the study of the current peak amplitude to total energy [17]. Multiple interaction site
events from gamma rays (non-plausible 0νββ -decay candidate events) are rejected with a >90% efficiency. Then, the
PSD cut reduces the continuum background during a 228Th calibration at ROI >50%, as shown in Figure 2.

The second step of deployment is Module 1 which has already been assembled. Module 1 houses 17 kg of enriched
germanium detectors and 6 kg of natural germanium detectors. The strings were assembled and characterized in
dedicated String Test Cryostats. Then, Module 1 was moved into the shield; it is taking commissioning data at the
moment. Figure 1 shows Module 1 detectors and Module 1 being moved to the shield. Module 1 data taking, searching
for 0νββ -decay and including data blindness is foreseen to start soon. Finally, the last step is Module 2 which is
composed of 12 kg of enriched and 9 kg of natural Ge detectors. The assembly of Module 2 has already started and its
commissioning will take place by the end of 2015.
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FIGURE 2. Energy spectra before and after the PSD cut on 228Th calibration data from detector B8466, which is a natGe detector
within the Prototype Module.

FIGURE 3. Module 1 detectors (left) and Module 1 being moved into the shield (right).
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