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Sensitivity for Inverted Mass Ordering 
The rationale for a tonne-scale experiment has generally been given as:  
•  To have good discovery potential for 0νββ over the whole mββ mass 

range of the Inverted Mass Ordering 
•  Assuming that 0νββ is mediated by the exchange of a light Majorana 

neutrino 
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MAJORANA DEMONSTRATOR 0νββ DOE ONP Comparative Review

June 25, 2013
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Discovery Level, Inverted Mass Ordering 
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 Conceptual Ton Scale Ge76 0νββ - Wilkerson Next Generation Ge-76 Workshop 

26 April 2016
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J. Detwiler

Inverted Ordering (IO) 

Minimum IO mββ=18.3 meV, 
taken from using the 
PDG2013 central values of 
the oscillation parameters, 
and the most pessimistic NME 
for the corresponding isotope 
among QRPA, SM, IBM, PHFB, 
and EDF

Assumes 75% efficiency based on GERDA Phase I. Enrichment level is accounted for in the exposure
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To probe entire region of inverted mass ordering requires 
•  About 10 tonne-years of exposure  
•  Background rates of  ~ 0.1 counts per tonne-year in the energy ROI 



Sensitivity Requirements 

•  Ten tonne-years of exposure  
–  Large, efficient, easily scalable detector 
–  Source as detector 
–  Isotopic enrichment 

•  Background rates of  ~ 0.1 c/t-y in the 0νββ peak region 
–  Best background rates to date are ~ 40 c/t-y 
–  Ultra-clean materials and shielding 

•  Best possible energy resolution 

12 May 2016 D.C. Radford 

One way to think of this: 
•  Build seven GammaSpheres out of enriched 76Ge 
•  Use only ultra-clean materials for cryostats, readout, cables, … 
•  Bury in an active shield 2 km underground 
•  Run for 10 years 
•  Look for a peak with ≤10 counts at 2039 keV	  
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Sensitivity Requirements 
An illustration of how hard this really is…  
•  7 – 8 orders of magnitude 

12 May 2016 D.C. Radford 

Measured backgrounds in typical 
1 kg surface-based Ge detector 

shielded by 12” of clean Pb 

2νββ 

0νββ  (x10) 

A. Schubert 
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What are the Backgrounds? 

•  Primordial: U, Th, K  in or close to the detectors 

•  Cosmogenic activation of detector or shield materials above 
ground  (60Co, 3H... ) 

•  External γ, (α,n) 

•  µ-induced backgrounds generated at depth: 
    Cu,Pb(n,n’ γ), (n,γ), direct µ 

•  2νββ decay (irreducible; energy-resolution dependent) 
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Background Reduction 

•  Primordial: U, Th, K  in or close to the detectors 
–  Ultra-pure materials; minimize non-source material; PSA; active 

shielding 
•  Cosmogenic activation of detector or shield materials above 

ground  (60Co, 3H... ) 
–  Minimize time above ground; ultra-clean/active shielding 

•  External γ, (α,n) 
–  Ultra-clean/active shielding; data cuts such as PSA 

•  µ-induced backgrounds underground: 
    Cu,Pb(n,n’ γ), (n,γ), direct µ 
–  Go deep 

•  2νββ decay (irreducible; energy-resolution dependent) 
–  Energy resolution (also important for believability of discovery) 
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The MAJORANA DEMONSTRATOR (MJD) 
•  At 4850-foot level of Sanford Underground Research Facility, 

Lead, SD 
•  Funded by 

–  U.S. DOE Office of Nuclear Physics 
–  NSF Nuclear Physics 
–  Additional contributions from international collaborators 

•  Project completion (CD-4) scheduled for Sept 2016 
 

12 May 2016 D.C. Radford 

•  76Ge enriched from 7.8% to 87% 
•  29 kg enrGe detectors, 
•  15 kg natGe detectors,  
•  In two independent cryostats 
•  Ultra-pure materials 
•  Passive and active compact shield 
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Goals 

•  The MAJORANA collaboration plans to built a tonne-scale 
experiment 

•  The primary goal is to show that we can reach the ultra-low 
backgrounds required to justify a tonne-scale 76Ge experiment 
–  Background goal: 3 c/t-y in 4-keV-wide ROI 
–  Expected to scale to 1 c/t-y for a tonne-scale experiment 

•  Also search for low-energy dark matter  
–  Light WIMPs, axions, … 
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 Large Scale Ge 0νββ NSAC NLDBD Meeting  
17 August 2015

MAJORANA DEMONSTRATOR Summary

- From assays, the background budget projects to :  
< 3.5 counts/4 keV/t-y.   MJD goal of 3.   

- Assay campaign completed. ICP-MS assays show 
that the Cu electroformed underground is very 
clean. 

- 29.7 kg of characterized enriched detectors 
underground. Successful Ge recovery. 

- Module 1 with 7 strings started in-shield 
measurements in June. 

- Phased start of operations in 2015 as we complete 
fabrication and assembly of Module 2.

35

The Majorana Demonstrator 
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Funded	  by	  DOE	  Office	  of	  Nuclear	  Physics	  and	  NSF	  Par9cle	  Astrophysics,	  	  
with	  addi9onal	  contribu9ons	  from	  interna9onal	  collaborators.	  

Goals:	  	  	  -‐	  Demonstrate	  backgrounds	  low	  enough	  to	  jus9fy	  building	  a	  tonne	  scale	  experiment.	  
-‐	  Establish	  feasibility	  to	  construct	  &	  field	  modular	  arrays	  of	  Ge	  detectors.	  
-‐	  Test	  Klapdor-‐Kleingrothaus	  claim.	  
-‐	  Low-‐energy	  dark	  maMer	  (light	  WIMPs)	  search.	  

May	  2012	  

July	  2015	  

July	  2012	  
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HPGe Detector Geometry 

•  Developed quite recently 
•  Significantly longer drift paths 

than in a coaxial detector 
•  Superb pulse-shape sensitivity 

allows discrimination between 
single-site and multi-site events 

•  Superb energy resolution, 
especially at low energies; allows 
very low energy threshold 

•  Also being used in Dark Matter 
searches 

•  MJD enriched detectors average 
~ 900 g 
12 May 2016 D.C. Radford 

P-type Point Contact (PPC) HPGe detectors 
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Signal Shapes and Pulse-Shape Analysis 
•  0νββ events are inherently single-site 
•  But gamma rays usually interact multiple times in detectors 

–  Several Compton scatters, followed by photoelectric effect 

•  PPC detectors have unique sensitivity to multiple interactions 
–  Long charge drift times and localized “weighting potential” give separate 

current pulse for each charge cloud 

12 May 2016 D.C. Radford 

•  This allows for discrimination 
between 0νββ events and 
gamma backgrounds 
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MJD Detectors 
•  Mounted in “strings” of 4 or 5 detectors each 
•  Seven strings per module 

12 May 2016 D.C. Radford 
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FIG. 5: A rendering of the string design. See text for details.

Variations of less than 0.5 mm in this geometry can be
accounted for by adjusting the spring clip tension start-
ing point.

The special methods for threaded connections include
the use of dedicated tools, as with all parts machined
underground, to avoid cross contamination. The #4-40
studs on the CMP are thread-milled from bulk mate-
rial, so instead of having independent screws, there are
in-place studs that protrude from the interior surface. In-
terior threads are made using roll-form taps, which pro-
duce a consistent thread quality and no burr. All interior
threads are of the smallest depth necessary for strength,
and there are no blind tapped holes. This makes cleaning
and drying parts easier. All threaded parts are verified
by hand before release for final cleaning.

C. The Electroformed Copper Cryostats, the
Thermosyphon, and the Vacuum System

1. The Majorana Demonstrator Module

The Majorana Demonstrator is a modular instru-
ment as the detector strings are deployed in two copper
cryostats, each outfitted with its own vacuum and cryo-
genic systems for independent operation. This modu-
lar scheme allows for phased deployment of detectors as
they become available, and suggests a scheme for devel-
opment of a tonne-scale 76Ge experiment; a larger ex-
periment can be constructed by deploying several sim-
ilar cryogenic modules. The cryostats designed for the
Demonstrator are each capable of housing seven of the
previously described detector strings, for a total capac-
ity of ⇠20 kg of HPGe detectors apiece. The first cryo-
stat, Cryostat 1, will contain detectors produced from
both natural and enriched germanium. The second cryo-
stat, Cryostat 2, will only contain detectors produced
from enriched germanium. The cryostats are constructed
from copper: a design decision motived by the ability to
produce ultra-pure copper through chemical electroform-
ing. Cryostats 1 and 2 are fabricated from this ultra-
pure copper, while an initial prototype cryostat is fabri-

cated from commercially-sourced copper. The Prototype
Cryostat will only contain two strings of detectors pro-
duced from natural germanium. It serves as a testbed
for mechanical designs, fabrication methods, and assem-
bly procedures that will be used for the construction of
the electroformed-copper Cryostats 1 & 2.

2. Electroforming

The primary requirement for the copper used in the
Majorana Demonstrator is that it is sufficiently pu-
rified. This includes removal of naturally occurring ra-
dioactivity from U and Th, as well as the elimination
and prevention of reformation of cosmogenic radioiso-
topes species. Due to its large total mass, the radiop-
urity goal for the copper that is used in the inner shield
and detector components is very stringent. To attain the
background goal of 3 cnts/(ROI-t-y), the required pu-
rity levels are < 0.3 µBq 238U/kg Cu (or 2.4 ⇥ 10�14 g
238U/g Cu) and < 0.3 µBq 232Th/kg Cu (or 7.5⇥ 10�14

g 232Th/g Cu). Electroforming copper in a carefully con-
trolled manner within a clean environment allows one to
produce copper with the required radiopurity [57].

A secondary requirement for the electroformed cop-
per relates to its physical properties. The mechanical
properties of electroformed copper can vary drastically
depending on the conditions under which it was formed.
Conditions that favor high purity can form large crys-
talline structures with poor mechanical strength. Small
polycrystalline formations can exhibit adequate tensile
strength but lower purities. These conditions, which are
seemingly at odds with one another, require that a care-
ful balance of operational parameters be obtained in the
electroforming production process.

Design considerations for load bearing components
were carried out using conservative estimates for material
properties such as yield strength. The design yield stress
value used for electroformed copper was estimated to be
48 MPa. Mechanical testing and evaluation is necessary
to prove the plated material’s ability to withstand the
loading conditions without failure. Mechanical evalua-
tion has shown the yield strength to be 83.2 MPa [58] on
average with a significant degree of strain hardening ob-
served. The UGEFCu has, therefore, shown compliance
with the design criteria.

The electroformed material for the Demonstrator

has been fabricated mostly from cylinders that are up
to 35.6 cm in diameter (the inside diameter of the
cryostats). The thermosyphon was formed on a mandrel
1.90 cm in diameter. The copper produced can range
from a few tens of a micron to very thick plates near 1.4
cm. Time constraints are the primary limitation when
producing very thick electroforms. The current plating
rate for the Demonstrator’s copper is typically 38 to 64
µm per day, depending on a variety of parameters. While
this rate can be increased, it is at the expense of purity
and mechanical properties of the electrodeposited mate-
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Detector Strings 
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Ultra-Pure Copper 
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•  Slow electroforming in 16 large baths to produce ultra-pure copper 
•  Electroforming and machining both done underground to avoid 

cosmogenic activation (~ atoms / kg / day) 
•  10 baths at SURF, 6 in shallow lab at PNNL 
•  2654 kg of electroformed Cu produced 
•  1196 kg installed in the Demonstrator. 

 

MAJORANA DEMONSTRATOR 0νββ
DOE ONP February 2013

MJD Progress in FY13

5

Friday, February 8, 13

4

FIG. 3. On the left is a view of the Majorana electroforming facility at SURF with 7 of the 10 baths visible in the photograph.
On the right is a mandrel that has been lifted out of its bath for an initial inspection of the copper growth.

a graded shield where the inner passive shield will be constructed of electroformed and commercial high-purity copper,
surrounded by high-purity lead, which itself is surrounded by an active muon veto and neutron moderator (Figure 2).

Cryostat 1, fabricated using ultra-clean electroformed Cu, will contain seven strings of both enriched and natural
Ge detectors and is scheduled to be commissioned in late 2013 with data collection in 2014. Cyostat 2, which will
contain all enriched detectors, is scheduled to be be completed in 2014. The full array should be in operation in 2015.

In typical materials uranium (U) and thorium (Th) decay-chain contaminants are found at levels of µg/g to ng/g,
which will produce unacceptable backgrounds in the Demonstrator. It has been shown that electroforming copper
in a carefully-controlled and clean environment allows one to produce ultra-clean copper, with U and Th below the
level of 10�12 g/g[10]. Copper has mechanical, thermal, and electrical properties that are suitable for the Demon-

strator’s cryostats, detector mounts, and inner shield. Ultra-clean electroformed copper is being produced at an
underground production facility at the Sanford Underground Research Facility (SURF) (Figure 3) and at a shallow
facility at Pacific Northwest National Laboratory. The experiment is aiming to produce copper that has about ten
times lower U and Th impurities than commercial electoformed copper, with a projected activity of 0.3 µBq/kg for
Th. The Demonstrator is currently being assembled in underground clean room laboratories at the 4850’ level
(1478 m) of the Sanford Underground Research Facility in Lead, South Dakota. This facility also includes a full
machine shop for producing copper parts in an ultra-clean underground environment.

III. GERDA PHASES I AND II

The GERDA Phase I experiment has been operating and collecting data with 15-kg of conventional P-type coaxial
HPGe detectors since November 2011. As described in a recent GERDA paper[11], these enriched detectors were
originally used in the Heidelberg-Moscow and IGEX experiments before being refurbished for GERDA. The detectors
are mounted in strings with typically three diodes each. The detector array is surrounded by 64 m3 of 99.999% liquid
argon (LAr), contained in a vacuum insulated cryostat made of stainless steel, lined on the inner side by a 3 to 6 cm
thick layer of copper. The cryostat is placed at the center of a 580 m3 tank of ultra-pure water equipped with 66
photomultiplier tubes used to veto the residual cosmic ray muons. The water also serves as a shield to moderate and
capture neutrons produced by natural radioactivity and in muon-induced hadronic showers.

For the Phase I data coaxial detectors and applying no pulse-shape analysis, GERDA reports a background index
of 20 counts keV�1 t�1 y�1 determined averaging over a 400 keV region around the expected signal (so 80 counts
ROI�1 t�1 y�1). This is a factor of 10 times better than the previous germanium experiments and thirty times better
than CUORE. When one considers the total background within the ROI, this is about 1.8 times better than EXO200.

In the summer of 2012 GERDA added an additional string consisting of five enriched point-contact broad-energy

17 
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Detector strings 

LN dewar 

Ballast tank 

Pressure monitor & relief 

Vacuum 
system 

Vacuum vessel 

Condenser 

Cold plate Thermosyphon 

FIG. 6: The Majorana Demonstrator Module. Detector Strings are housed within ultra-low background cryostats, each of
which are supplied with their own vacuum and cryogenic systems. See text for details of vacuum and cryogenic system function.

that the received detectors meet some minimum qualifi-
cations. The basic tests performed are: energy scale and
resolution, relative efficiency, leakage current or capaci-
tance at depletion, initial estimate of the dead layer, and
detector mass and dimensions.

Characterization measurements are conducted to fully
determine the operating behavior of a detector. This
includes: energy scale, resolution, capacitance measure-
ments, single site and multiple site event separation
performance, dead-layer measurements, and crystal-axis
measurements. Characterization measurements are done
with detectors in the final string configuration both
within a test cryostat and within the Demonstrator

cryostat prior to operation, i.e. prior to commissioning.
The calibration measurements are designed to moni-

tor the stability of the system during run-time operation.
Initially, hour-long calibrations with a 228Th source will
be conducted on a weekly basis. These runs will measure
the stability of the energy scale and resolution, efficiency,
and pulse-shape analysis (PSA) efficiency. Once the sta-
bility of the detectors has been established, the time pe-
riod between the source calibration can be extended to
bi-monthly or even monthly.

In the detector and string characterization stage, mea-
surements are being performed with button sources
(133Ba, 60Co, 241Am) in a clean room environment. Once
the detector strings are loaded into the cryostat, ac-
cess will be limited. Each monolith will have a low-
background source pathway of PTFE tubing that spi-

rals around the outside of the cryostat. A line source
of 228Th will be remotely fed into the pathway, enabling
the calibration of the entire cryostat with a single source
either during final testing or after the monolith is placed
in the shield. Simulations have shown that in an hour-
long run we can accumulate the necessary statistics to
monitor the efficiency, PSA performance, energy scale,
and resolution, while simultaneously keeping the count-
rate below the signal pile-up threshold of ⇠100 Hz. The
source will be parked in an external garage separated
from the shield-penetrating section of the pathway by
an automated valve system. During calibration runs the
valve will be open, and the entire pathway will be purged
with liquid nitrogen boil-off. During production runs, the
shield-penetrating section of the pathway will be sealed
off from the garage. The source itself will be encased in
two plastic tubes to prevent leaving residual radioactivity
within the pathway.

E. Electronics and Data Acquisition

1. The Detector Readout Electronics

Each of the two cryostat modules in the Demonstra-

tor contains seven strings, with string each holding up
to five detectors. Figure 7 illustrates the basic design of
the low-noise, low-radioactivity signal-readout electron-
ics. It consists of the LMFE [60], a circuit containing the

MJD Modules 

•  Three Steps                                           
–  Prototype Cryostat:  7 kg natGe (10 detectors, commercial copper) 
–  Module 1: 16.8 kg enrGe  (20) + 

     5.7 kg natGe  (9) 
–  Module 2: 12.8 kg enrGe (15) + 

     9.4 kg natGe (14) 

12 May 2016 D.C. Radford 18 



MJD Shield 
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FIG. 9: The shield system in cross section, shown with both
cryostats installed.

at SURF. This room will house the Demonstrator and
has dimensions of 32’⇥40’. Next to the Detector Room
is the Machine Shop. Here, all the copper and NXT-85
parts for the Demonstrator are fabricated, thus fur-
ther reducing the UGEFCu’s surface exposure to cosmic
rays. The Machine Shop is approximately 1000 ft2 and
includes: two lathes, two mills, an oven, a wire electric
discharge machine, a press, a drill press and a laser en-
graver. The final room is a general purpose lab and is
used for testing the detectors prior to their installation
into the Demonstrator. The room is approximately
550 ft2 and was originally designed for electroforming
activities; hence its formal name is the Electroforming
Room.

The final Majorana laboratory is the Temporary
Cleanroom (TCR) (not pictured in Fig. 11), which sits
on the same level as the Davis Campus and is approxi-
mately 1 km away. It consists of a cleanroom building,
shown in Fig. 12, that contains 10 electroforming baths
and a small annex for changing into cleanroom garb. The
total area of the building is 12’⇥40’ with the annex room
consuming 8’⇥12’ of that area. The TCR was required,
prior to beneficial occupancy of the Davis Campus, for
initiating the slow process of electroforming copper in
order for parts to be ready on time for assembly of the
Demonstrator.

V. THE BACKGROUND MODEL AND THE
MAJORANA DEMONSTRATOR SENSITIVITY

The projected background in the Demonstrator is
significantly improved over previous generation experi-
ments. This reduction is a result of fielding the detectors
in large arrays that share a cryostat and minimizing the
amount of interstitial material. Further background sup-
pression is achieved through the aggressive reduction of
radioactive impurities in construction materials and min-
imization of exposure to cosmic rays. Majorana will
also make use of event signatures to reject backgrounds
that do appear, including pulse-shape characteristics, de-
tector hit granularity, cosmic ray veto tags, and single-

site time correlations. In this section we describe these
aspects of the Majorana Demonstrator design and
their impact on the projected backgrounds and physics
sensitivity.

A. Pure Materials

The production process for enriched germanium detec-
tors (enrichment, zone refining, and crystal growth) ef-
ficiently removes natural radioactive impurities from the
bulk germanium. The cosmogenic activation isotopes,
60Co and 68Ge, are produced in the crystals while they
are above ground, but can be sufficiently reduced by min-
imizing the time to deployment underground and by the
use of passive shielding during transport and storage.

For the main structural material in the innermost re-
gion of the apparatus, we choose copper for its lack of
naturally occurring radioactive isotopes and its excellent
physical properties. By starting with the cleanest cop-
per stock we have identified and then electroforming it
underground to eliminate primordial radioactivity and
cosmogenically-produced 60Co, we have achieved several
orders-of-magnitude background reduction over commer-
cial alternatives. Electroformed copper will also be em-
ployed for the innermost passive, high-Z shield. Com-
mercial copper stock is clean enough for use as the next
layer of shielding. For all uses of copper, we have certified
the cleanliness of samples via assay. Modern lead is avail-
able with sufficient purity for use as the bulk shielding
material outside of the copper layers.

Several clean plastics are available for electrical
and thermal insulation. For the detector sup-
ports we use a pure Polytetrafluoroethylene (PTFE),
DuPontTM Teflon R� NXT-85. Thin layers of low-
radioactivity parylene will be used as a coating on
copper threads to prevent galling, and for the cryo-
stat seal. For the few weight-bearing plastic compo-
nents requiring higher rigidity, we have sourced pure
stocks of PEEK R� (polyether ether ketone), produced by
Victrex R�, and Vespel R�, produced by DuPontTM.

The front-end electronics are also designed to be low-
mass and ultra-low background because they must be
located in the interior of the array adjacent to the de-
tectors in order to maintain signal fidelity. The circuit
board is fabricated by sputtering thin traces of pure gold
and titanium on a silica wafer, upon which a bare FET
is mounted using silver epoxy. A ⇠G⌦-level feedback
resistance is provided by depositing intrinsically pure
amorphous Ge. Detector contact is made via an elec-
troformed copper pin with beads of low-background tin
at either end. An electroformed-copper spring provides
the contact force. Our signal and high-voltage cables are
extremely low-mass miniature coaxial cable. We have
worked with the vendor to cleanly fabricate the final
product using pure stock that we provide for the con-
ductor, insulation, and shield. Cable connectors within
the cryostat are made from electroformed copper, PTFE,

19 



Demonstrator Background Budget 
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Total:  ≤ 3.5 cts / 4 keV / t-y 
Goal:  3.0 cts / 4 keV / t-y 
 

•  Based on achieved assay of materials 
•  Upper limits for some materials 

 Large Scale Ge 0νββ NSAC NLDBD Meeting  
17 August 2015

0.23%

0.29%

0.63%

0.38%

0.60%

0.07%

0.39%

0.07%

0.09%

0.10%

0.05%

0.21%

0.17%

0.13%

0.03%

<0.01%

0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.7% 0.8% 0.9% 1%

Electroformed%Cu%

OFHC%Cu%Shielding%

Pb%shielding%

Cables%/%Connectors%

Front%Ends%

Ge%(U/Th)%

PlasLcs%+%other%

GeN68,%CoN60%(enrGe)%

CoN60%(Cu)%

External%γ,%(α,n)%

Rn,%surface%α%

Ge,%Cu,%Pb%(n,%n'γ)%

Ge(n,n)%

Ge(n,γ)%

direct%μ%+%other%

ν%backgrounds%

Background+Rate+(c/ROI3t3y)+

Electroformed%Cu%

GeN68,%CoN60%(enrGe)%

External%γ,%(α,n)%

Ge,%Cu,%Pb%(n,%n'γ)%

ν%backgrounds%

Natural%RadioacLvity%
Cosmogenic%AcLvaLon%
External,%Environmental%
μNinduced%
neutrinos%

Total:%3.5%c/ROINtNy%

DEMONSTRATOR Background Budget

29

Based on achieved assays of materials 
When UL, use UL as the contribution

Goal: ≤ 3.0 cts / ROI-t-y 

20 



MJD Status 
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•  Detector production complete 
•  29.5 kg of enriched detectors underground 
•  Produced by AMETEK/ORTEC from 42.5 kg of 87%-enriched 76Ge  

•  Modules 
•  Prototype module decommissioned;  
•  Module 1 running in shield, taking background data 
•  Module 2 complete, commissioning to begin this month 

•  Shield 
•  Lead, copper, and veto installation complete 
•  Radon exclusion box complete 
•  Polyethylene installation in process 

•  Electroformed copper production and machining complete 

•  Project completion (CD-4) scheduled for Sept. 
 21 



GERDA 

12 May 2016 D.C. Radford 22 

•  GERmanium Detector Array 
•  “Friendly competition” with MAJORANA; planning joint next experiment 
•  Primarily European collaboration, plus Russia 
•  Located at LNGS (Gran Sasso) 
•  General concept: Bare Ge detectors in liquid argon 

–  Both coaxial and point-contact detectors (BEGes, by Canberra Olen) 
–  LAr acts as both coolant and active shield 
–  Scintillation light read out by PMTs plus wavelength-shifter-coated fibers 

coupled to SiPMs 
 

•  Phase I complete, published 
–  Observed background rate of 40 c/t-y in 4 keV ROI 
–  Results strongly disfavor previous claim (Phys. Lett. B586 198 (2004))  

•  Phase II data-taking started Dec 2015 
–  Goal is 4 c/t-y in 4 keV ROI, same as MJD 
–  Additional enriched BEGe detectors 
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Collaboration

ITEP
Moscow

Kurchatov
Institute

www.mpi-hd.mpg.de/gerda/
INR
Moscow

Laboratori Nazionali del Gran Sasso

16 institutions
~120 members

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 2
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Clean room

Water tank with
590 m3 pure water /
Cherenkov veto

Detector array

Lock system

Liquid Ar (64 m3)

Cryostat with
internal Cu shield

GERDA design
Plastic veto

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 14



Measurements inside LArGe show very good suppression of  background. As an example, 
for 228Th inner source the suppression factor > 5000 has been obtained after applying  
LAr VETO and PSD.

General concept
LAr instrumentation – LArGe

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 13
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HdM & IGEX
GERDA

General concept
Bare HPGe detectors in cryogenic liquid

Idea: G. Heusser, nnu.Rev. Nucl. Part. Sci. 45(1995) 543 

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 8

Non-enriched bare HPGe detectors operated in LAr/LN2 to test:

? Phase I detector assembly 

? detector handling

? refurbishment technology

? long term stability

? spectroscopy performances

Low mass holder made of ultrapure materials:
low-activity Cu (80 g), PTFE, Si

? Concept has not been proven by Genius TF – long term stability not established!

General concept
Prototype diodes at GERDA Detector Lab

Phase I holder

70 l dewar (LAr or LN2)

Groove

B implantation

Li diffusion

GERDA Detector Lab (GDL) 

@ LNGS:

9 clean room 

underground

9 test bench to mount 

and test Ge diodes

Non-enriched bare HPGe detectors operated in LAr/LN2 to test:

9 Phase I detector assembly – easy to mount/dismount

9 detector handling – many cooling/warming cycles performed

9 refurbishment technology

9 long term stability – established

9 spectroscopy performances – same FWHM (2.2 keV & 1.3 MeV) 

as in a test cryostat

General concept
Prototype testing (2006)

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 9

Measurements inside LArGe show very good suppression of  background. As an example, 
for 228Th inner source the suppression factor > 5000 has been obtained after applying  
LAr VETO and PSD.

General concept
LAr instrumentation – LArGe

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 13
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17.64%

81.9%

QE 3525.4 keV

Phase I commissioning (from June 2010)
42Ar (42K) problem and solution (mini-shroud)

+ 3000V Mini-shroud shields 
E-field

Konstantin Gusev NG-Ge76 meeting - Munich - 25 April 2016 23



The Next Step 
•  Leading a tonne-scale 0νββ experiment is the stated highest 

priority new activity for the US Nuclear Physics community 
–  The Nuclear Science Advisory Committee (NSAC) just released the 

latest Long Range Plan for nuclear science in the US 

 

•  The US funding agencies (DOE and NSF) are keen and supportive 
–  They expect to spend ~ $250M for the US contribution 
–  Down-select between proposed experiments in 2-3 years? 

12 May 2016 

 Future Physics with Ge Sino German GDT Symposium  
23 October 2015

NSAC 2015 Long Range Plan

48

RECOMMENDATION II
The excess of matter over antimatter in the universe is one of 
the most compelling mysteries in all of science. The 
observation of neutrinoless double beta decay in nuclei would 
immediately demonstrate that neutrinos are their own 
antiparticles and would have profound implications for our 
understanding of the matter-antimatter mystery.
We recommend the timely development and deployment 
of a U.S.-led ton-scale neutrinoless double beta decay 
experiment.
A ton-scale instrument designed to search for this as-yet 
unseen nuclear decay will provide the most powerful test of the 
particle-antiparticle nature of neutrinos ever performed. With 
recent experimental breakthroughs pioneered by U.S. 
physicists and the availability of deep underground 
laboratories, we are poised to make a major discovery.
This recommendation flows out of the targeted investments of 
the third bullet in Recommendation I. It must be part of a 
broader program that includes U.S. participation in 
complementary experimental efforts leveraging international 
investments together with enhanced theoretical efforts to 
enable full realization of this opportunity.

RECOMMENDATION II  
The excess of matter over antimatter in the universe is one of the 
most compelling mysteries in all of science. The observation of 
neutrinoless double beta decay in nuclei would immediately 
demonstrate that neutrinos are their own antiparticles and would have 
profound implications for our understanding of the matter-antimatter 
mystery.  
We recommend the timely development and deployment of a 
U.S.-led ton-scale neutrinoless double beta decay experiment.  
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Next-Generation 0νββ Experiment 
•  The MAJORANA collaboration is working together with the GERDA 

group in Germany to establish a single international 76Ge 0νββ 
collaboration 
–  Held a joint meeting in Munich two weeks ago 

•  Anticipate down-select of best technologies, based on results of 
the two experiments 

•  Moving forward is predicated on demonstration of projected 
backgrounds 

12 May 2016 D.C. Radford 28 



Next-Generation 0νββ Experiment 
•  MJD and GERDA Phase II are optimistic they will make their background 

goals of ~ 4 c/t-y 
–  Should be releasing initial results this summer 

•  Background goal for next-generation experiment is ~ 0.1 c/t-y 
–  Original goal was 1 c/t-y, but guidance from NSAC on importance of 

Discovery Level suggested that large scale goal should be reduced 
•  By combining the best of MJD (materials and cleanliness) with GERDA 

(active shield), it appears a NG - Ge76 experiment could realistically 
achieve 0.1 

12 May 2016 D.C. Radford 29 

 Conceptual Ton Scale Ge76 0νββ - Wilkerson Next Generation Ge-76 Workshop 
26 April 2016

• Two possible deep sites: SNOLAB, JinPing 

• Moderate depth sites: SURF, Gran Sasso 

• Issues 

- Backgrounds: Cosmogenic 77Ge. 

- Access : getting equipment (cosmogenics) and people to the 
laboratory  Underground transport constraints. 

- Available cavities, infrastructure, & support.

NG-Ge76 Concept : Underground Lab

24

SNOLAB Design using existing Cryo pit. Generic Design using Jinping style cavity



Conceptual Timeline 
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–  Operation of GERDA and the Demonstrator: 2016-18 
–  Technical down-select and conceptual design in 2018-19 
–  Possible intermediate stage (200 kg) using existing GERDA shield 

30 

 Conceptual Ton Scale Ge76 0νββ - Wilkerson Next Generation Ge-76 Workshop 
26 April 2016

NG-Ge76 Conceptual Timeline

25

2016 2018 2020 2022 2024 2026

MJD

GERDA	Phase	II

NG-Ge76	R&D;	Proposal

NG-Ge76	Stage	1	(200	kg)	ConstrucSon

NG-Ge76	OperaSons	(staged)

NG-Ge76	Stage	2	ConstrucSon CD-4

U.S.	Process	Down	Select

NG-Ge76	Design	(CD-2,	3)

NG-Ge76	Stage	1	(200	kg)	OperaSons

NG-Ge76	Stage	2	ConstrucSon



Summary 
•  The field is almost ready to proceed with tonne-scale 0νββ experiments. 

–  Aim for sensitivity and discovery levels at T1/2 ~ 1028 years 

–  Top priority for new activity in 2015 NSAC Long Range Plan 
–  Background is major challenge; require 2 orders of magnitude further reduction 

•  The ultimate goal of the MAJORANA collaboration is to field a tonne-scale 
76Ge 0νββ decay search. 
–  76Ge combines the best detector resolution with the best backgrounds to date 
–  MJD construction and commissioning almost complete, one module operating 
–  GERDA and the MAJORANA DEMONSTRATOR are establishing the feasibility of 

proceeding with a next-generation 76Ge experiment 
–  Working towards an international collaboration; held meeting two weeks ago 

–  Will cherry-pick the best technology from both MJD and GERDA 

–  Construction could begin as early as 2019 

•  Much work needs to be done to go from a conceptual design to a viable, 
competitive proposal.  

12 May 2016 D.C. Radford 31 
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