
5  J U N E  2 0 1 2  

The MAJORANA DEMONSTRATOR 
Progress towards showing the feasibility of a tonne-scale  

76Ge neutrinoless double-beta decay experiment 

Padra ic  F inner ty  
on  behal f  o f  the  M A J O R A N A  Col laborat ion  



The MAJORANA Collaboration 
Red text indicates students 

1 

Black Hills State University, Spearfish, SD 
Kara Keeter, Brianna Mount, Greg Serfling, Jared Thompson 

Duke University, Durham, North Carolina , and TUNL 
Matthew Busch, James Esterline, Gary Swift, Werner Tornow 

Institute for Theoretical and Experimental Physics, Moscow, Russia 
Alexander Barabash, Sergey Konovalov, Vladimir Yumatov 

Joint Institute for Nuclear Research, Dubna, Russia 
Viktor Brudanin, Slava Egorov, K. Gusey, 

Oleg Kochetov, M. Shirchenko, V. Timkin, E. Yakushev 

Lawrence Berkeley National Laboratory, Berkeley, California and 
the University of California - Berkeley 

Mark Amman, Paul Barton, Yuen-Dat Chan, Jason Detwiler, 
James Loach, Paul Luke, Ryan Martin, Alan Poon,  

Kai Vetter, Harold Yaver 

Los Alamos National Laboratory, Los Alamos, New Mexico 
Melissa Boswell, Steven Elliott, Victor M. Gehman,  

Andrew Hime, Mary Kidd, Ben LaRoque, Keith Rielage, Larry 
Rodriguez, Michael Ronquest, Harry Salazar, David Steele 

North Carolina State University, Raleigh, North Carolina and TUNL 
Dustin Combs, Lance Leviner, Albert Young 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 
 Jim Beene, Fred Bertrand, Greg Capps, Alfredo Galindo-Uribarri,  

Kim Jeskie, David Radford, Robert Varner, Chang-Hong Yu 

Osaka University, Osaka, Japan 
Hiroyasu Ejiri, Ryuta Hazama, Masaharu Nomachi, Shima Tatsuji  

Pacific Northwest National Laboratory, Richland, Washington 
Craig Aalseth, Estanislao Aguayo, Jim Fast, Eric Hoppe,  

Richard T. Kouzes, Brian LaFerriere, Jason Merriman, Harry Miley, John Orrell, Nicole 
Overman, Doug Reid  

South Dakota School of Mines and Technology, Rapid City, South Dakota 
Adam Caldwell, Cabot-Ann Christofferson, Stanley Howard,  

Anne-Marie Suriano 

University of Alberta, Edmonton, Alberta 
Aksel Hallin 

University of Chicago, Chicago, Illinois 
Juan Collar, Nicole Fields 

University of North Carolina, Chapel Hill, North Carolina and TUNL 
Padraic Finnerty, Florian Fraenkle, Graham K. Giovanetti,  

Matthew P. Green, Reyco Henning, Mark Howe, Sean MacMullin, David G. Phillips 
II, Kyle Snavely  Jacqueline Strain, Kris Vorren, John F. Wilkerson 

University of South Carolina, Columbia, South Carolina 
Frank Avignone, Leila Mizouni 

University of South Dakota, Vermillion, South Dakota 
Vince Guiseppe, Gopakumar Perumpilly 

University of Tennessee, Knoxville, Tennessee 
Yuri Efremenko, Sergey Vasiliev 

University of Washington, Seattle, Washington 
Tom Burritt, Peter J. Doe, Greg Harper, Robert Johnson,  

Andreas Knecht, Jonathan Leon, Michael Marino, Mike Miller,  
David Peterson R. G. Hamish Robertson,  Alexis Schubert, Tim Van Wechel 

P. Finnerty – PASCOS 2012



Open Questions in Neutrino Physics 
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  What is the absolute mass scale and hierarchy? 

  How have neutrinos shaped the evolution of 
the Universe? matter/anti-matter asymmetry? 

  How do neutrinos have mass? 

  What is the nature of the neutrino? Dirac or 
Majorana? 

  Neutrinoless double-beta decay (0νββ) 
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ββ-decay Overview 
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  Energetically allowed 
in several even-even 
nuclei 

  Prefer nuclei stable 
against β- decay 

P. Finnerty – PASCOS 2012



 Energy (keV)-Summed e
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

C
ou

nt
s 

(a
rb

.)

0

20

40

60

80

100

ββν0

ββν2

ββ-decay Experimental Signature 
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  Lepton number 
conservation violated 

  Neutrinos are 
Majorana particles 

  Provide insight into the 
neutrino mass 

Implications 

(T1/2)-10ν = G0ν ⎮M0ν ⎮2 mββ2	


T1/20ν > 1025 years	


T1/22ν ~ 1021 years	
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Illustrative spectrum, not to scale. 

76Ge (Q = 2039 keV) 



Daunting task ahead 
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T1/2 ~ 1021 y 
T1/2 ~ 1024 y 

1kg HPGe detector at the 
surface shielded by 10 cm Pb 

Figure:  A.G. Schubert
P. Finnerty – PASCOS 2012

  Searching for 0νββ in 76Ge, Q = 2039 keV difficult due to intrinsic 
backgrounds 
  materials contaminated with U/Th, 60Co, 40K, … 
  68Ge in Ge detector (cosmogenics) 
  Muons from cosmic rays 



GERDA and MAJORANA 
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Detector array:  enriched Ge crystals in 
vacuum cryostats 
Shield: lead, copper 
http://www.npl.washington.edu/majorana/ 

Detector array:  enriched Ge crystals 
submerged in LAr 
Shield:  high-purity LAr, H2O 

http://www.mpi-hd.mpg.de/gerda/ 

Goal:  select best techniques from GERDA and MAJORANA for a 
joint tonne-scale Ge experiment 
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  Located at 4850L of the Sanford 
Underground Research Facility 
(SURF) in Lead, South Dakota, USA 

  40 kg of Ge detectors 
  Baseline: 30 kg of 86% enriched 76Ge 

crystals and 10 kg of natGe 
  p-type point contact HPGe detectors 

  Two independent cryostats 
  ultra-clean, electroformed Copper 
  20 kg of detectors per cryostat 
  naturally scalable 

  Compact shield 
  low-background passive Copper and 

Lead shield with active muon veto 

Technique 

The MAJORANA DEMONSTRATOR 
Support	  from	  DOE	  Office	  of	  Nuclear	  Physics	  and	  NSF	  Par;cle	  Astrophysics,	  	  

with	  addi;onal	  contribu;ons	  from	  collabora;ng	  ins;tu;ons. 
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Implementation 
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  Prototype cryostat – December 2012 
  2 strings, natGe 

  Same design as Cryostat 1 & 2, but constructed out of 
OFHC Copper, not electroformed 

  Cryostat 1 – October 2013 
  3 strings, enrGe, 4 strings natGe 

  Cryostat 2 – August 2014 
  7 strings enrGe 
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  Demonstrate backgrounds low 
enough to justify building a tonne 
scale experiment with GERDA. 

  Background goal in 0νββ peak ROI 
(4 keV at 2039 keV): 

  3 counts/ROI/t/y (after analysis cuts) 

  Establish feasibility to construct & 
field modular arrays of Ge 
detectors. 

  Test Klapdor-Kleingrothaus claim*. 

  Light WIMP search (< 10 GeV) 

Goals 

* H. V. Klapdor-Kleingrothaus and I. V. Krivosheina, Mod. Phys. Lett. A21, 1547 (2006). 
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Recent Progress 
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  Clean machining and etching of 
prototype cryostat underway. 

  Preparations ongoing in main MJD 
lab. 

  Electroforming facility at 4850L Ross 
campus since Oct 2010 

Prototype Cryostat Infrastructure 
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Recent Progress 
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  Pure Cu  CuSO4 bath + current  
Plate out on Cu cathode  Removes 
60Co, U, Th 

  Operating 16 baths at SURF 4850L, 6 at 
PNNL with ultra-pure chemicals and in 
an underground cleanroom 
environment 

  Currently fabricating parts from 
electroformed Copper 

Simulations 
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Electroformed Cu 
  Full simulation, incorporating 

radioactivity of our components, 
shows we should meet our 
background requirement. 

2 year expected spectrum 



Recent Progress 
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  Successful reduction and 
refinement of first 20 kg of enrGe 
with 97.3% yield 

  33 natGe detectors underground at 
SURF 

  ORTEC vendor for enrGe detectors 
  Detectors operated in string 

configuration with custom electronics 

Enrichment Detectors 
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P-type Point-Contact (PPC) Ge Detectors 
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  Source = Detector 
  Distinguish between single/multi-site interactions 
  Excellent energy resolution:  0.16% @ 2039 keV (Q value) 
  Simple, easy to handle, commercially available 

  investigated all major vendors ORTEC, Canberra, PHDs, PGT 
  Low Capacitance  Low Noise  Low thresholds (< 1 keV): 

  allows for novel background rejection techniques 
  extends physics reach of MJD  

R.J. Cooper et al., Nucl. Instr. and Meth. A 629, (2010) 11. 
P. S. Barbeau, J. I. Collar, and O. Tench, J. Cosm. Astro. Phys. 0709 (2007). 
Luke et al., IEEE trans. Nucl. Sci. 36 , 926(1989). 

Figure: J. Loachn+ p+ 
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The MAJORANA Low-Background BEGe @ KURF 
(MALBEK) 
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P. Finnerty et al., Nucl. Instr. and Meth. A 652, (2011) 692-695. 
P. Finnerty et al. IEEE NSS-MIC, (2010) 671-673. 
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  Canberra 455 g natGe modified 
BEGe PPC 

  Located at 1450 m.w.e. in 
Ripplemead, Virginia, USA at the 
Kimballton Underground 
Research Facility (KURF) 

  Low-background, low-noise 
  geometry designed for optimal 

charge collection 
  small point contact 
  larger passivation ditch 

  Goals: 
  validate simulations 
  study geometry optimization 
  characterization of low-energy 

spectrum 
  light WIMP search (<10 GeV) 



The MAJORANA Low-Background BEGe @ KURF 
(MALBEK) 
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P. Finnerty et al., Nucl. Instr. and Meth. A 652, (2011) 692-695. 
P. Finnerty et al. IEEE NSS-MIC, (2010) 671-673. 
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  455 g natGe modified BEGe PPC 
(CANBERRA) 

  Located at 1450 m.w.e. in 
Ripplemead,Virginia, USA. 

  Low-background, low-noise 
  geometry designed for optimal 

charge collection 
  small point contact 
  larger passivation ditch 

  Goals: 
  validate simulations 
  study geometry optimization 
  characterization of low-energy 

spectrum 
  direct dark matter search 



MALBEK and Slow Signals 
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  Slow, energy-degraded events 

P. Finnerty et al., Nucl. Instr. and Meth. A 652, (2011) 692-695. 
P. Finnerty et al. IEEE NSS-MIC, (2010) 671-673. 
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  Currently investigating contribution to 
low-energy spectrum – possible 
contamination in DM search ROI 
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Thank you 



Open Questions in Neutrino Physics 
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  What is the absolute mass scale and hierarchy? 
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Mass (eV) 

?? 



0νββ Experimental Signature 
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F. T. Avignone, S. R. Elliott, and J. Engel, Rev. Mod. Phys. 80, 481 (2008). 

T1/2 > 1025 years	
T1/2 ~ 1021 years	
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