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a b s t r a c t

The MAJORANA collaboration is constructing the MAJORANA DEMONSTRATOR at the Sanford Underground Re-
search Facility at the Homestake gold mine, in Lead, SD. The apparatus will use Ge detectors, enriched in
isotope 76Ge, to demonstrate the feasibility of a large-scale Ge detector experiment to search for neu-
trinoless double beta decay. The long half-life of this postulated process requires that the apparatus be
extremely low in radioactive isotopes whose decays may produce backgrounds to the search. The
radioassay program conducted by the collaboration to ensure that the materials comprising the appa-
ratus are sufficiently pure is described. The resulting measurements from gamma-ray counting, neutron
activation and mass spectroscopy of the radioactive-isotope contamination for the materials studied for
use in the detector are reported. We interpret these numbers in the context of the expected background
for the experiment.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction: overview of the DEMONSTRATOR

The MAJORANA collaboration [1] will search for the neutrinoless
double-beta decay ( ββ ν( )0 ) of 76Ge. The observation of this rare
decay would indicate the neutrino is its own anti-particle, de-
monstrate that lepton number is not conserved, and provide in-
formation on the absolute mass-scale of the neutrino (see Refs. [2–
8] for recent reviews of ββ ν( )0 ). Reaching the neutrino mass-scale
sensitivity associated with the inverted mass ordering ( – )15 50 meV
is a goal for next-generation ββ ν( )0 searches. This goal will require
a half-life sensitivity exceeding 1027 yr, which corresponds to a
signal on the order of a few counts or fewer per tonne-year in the
ββ ν( )0 peak (2039 keV for 76Ge). To observe such a rare signal, one
will need to construct large-scale experiments with backgrounds
in the region of interest (ROI) below 1 count per tonne of isotope
per year ( < ( ))c ROI t yr1 / . The MAJORANA collaboration [1] is con-
structing the DEMONSTRATOR, an array of high-purity germanium
(HPGe) detectors at the 4850 ft level of the Sanford Underground
Research Facility (SURF) in Lead, South Dakota [9,10]. The DEMON-

STRATOR will consist of a mixture of HPGe detectors including, 15 kg
fabricated from natural-isotopic-abundance Ge and 29.7 kg fabri-
cated from Ge enriched to >87% in 76Ge. These detectors are
contained within two low-background copper cryostats. Each
cryostat will contain seven closely packed stacks of detectors,
called strings, with up to five detectors comprising each string.
Figs. 1 and 2 show the DEMONSTRATOR concept.

The DEMONSTRATOR aims to show that a background rate lower
than 3 c/(ROI t yr) in the 4 keV ROI surrounding the 2039 keV 76Ge

Q-value energy is achievable. This background level will scale to
1 c/(ROI t yr) in a future experiment based on simulations con-
sidering improved self-shielding, thicker inner copper shield, and
improved cosmogenic isotope control. Hence the DEMONSTRATOR will
establish the technology required to build a large-scale germa-
nium based ββ ν( )0 experiment.

The MAJORANA collaboration uses p-type point contact (PPC)
HPGe detectors. These detectors [11–14] have been demonstrated
to provide both good energy resolution ( <2.0 keV FWHM at
1332 keV, <4.0 keV FWHM at 2039 keV) and low-energy threshold
( ∼ )500 eV [12,15]. (See e.g., Fig. 1 in Ref. [15].) Each PPC detector
used in the DEMONSTRATOR has a mass in the range of 0.5–1.1 kg with
a mean of 0.85 kg.

This report summarizes the assay program conducted by the
MAJORANA collaboration to ensure that the various components of the
experimental apparatus have radioactive isotope contamination
sufficiently low to meet the background goal. Section 2 discusses the
strategy to reach the required background levels in the experiment.
Section 3 describes the methods and facilities used for the assays.
Section 4 summarizes the results giving the levels of radioactive
contamination found in the various materials studied and describes
some special techniques or materials that were investigated. Finally,
Section 5 provides some conclusions based on these studies.

Numerous other such studies have been done and, in concert
with the results here, there is a wealth of information available to
help select materials for future projects. Other reports can be
found in Refs. [16–24]. Heusser [25] wrote a nice review on low
background counting techniques. The results presented in this
manuscript will be made available on the online database at
radiopurity.org following publication.

Fig. 1. A cross sectional view of a MAJORANA DEMONSTRATOR cryostat. The strings within
each cryostat hold a mixture of natural and enriched germanium detectors.

Fig. 2. The MAJORANA DEMONSTRATOR is shown here with both active and passive
shielding in place. The outer surface of the inner Cu shield is 50.8 cm in height and
76.2 cm in length.
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