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•  Located underground at 4850’ Sanford Underground Research Facility 
•  Background Goal in the 0νββ peak region of interest (4 keV at 2039 keV)	
  	
  	
  
	
  	
  	
  	
  3 counts/ROI/t/y (aLer	
  analysis	
  cuts)	
  	
  Assay U.L. currently ≤ 4.1 
	
  	
  	
  	
  scales to 1 count/ROI/t/y for a tonne experiment	
  

•  40-kg of Ge detectors 
– 30	
  kg	
  of	
  87%	
  enriched	
  76Ge	
  crystals	
  
– 10	
  kg	
  of	
  natGe	
  
– Detector	
  Technology:	
  P-­‐type,	
  point-­‐contact.	
  

•  2 independent cryostats 
– ultra-­‐clean,	
  electroformed	
  Cu	
  
– 20	
  kg	
  of	
  detectors	
  per	
  cryostat	
  
– naturally	
  scalable	
  

•  Compact Shield 
–  low-­‐background	
  passive	
  Cu	
  and	
  Pb	
  
shield	
  with	
  ac7ve	
  muon	
  veto	
  

The	
  MAJORANA	
  DEMONSTRATOR	
  
Funded by DOE Office of Nuclear Physics and NSF Particle Astrophysics,  
with additional contributions from international collaborators. 

Goals:   - Demonstrate backgrounds low enough to justify building a tonne scale experiment. 
 - Establish feasibility to construct & field modular arrays of Ge detectors. 
 - Searches for additional physics beyond the standard model. 
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MALBEK	
  (MAJORANA	
  Low-­‐background	
  BEGe	
  Experiment	
  at	
  KURF)	
  

•  MALBEK	
  is	
  a	
  450-­‐g	
  R&D	
  modified	
  BEGe	
  
detector,	
  mounted	
  in	
  a	
  low-­‐background	
  
cryostat.	
  	
  	
  

•  Similar	
  design	
  as	
  CoGeNT,	
  R&D	
  for	
  
MAJORANA	
  

•  MALBEK	
  is	
  opera7ng	
  since	
  2010	
  at	
  KURF	
  
(1450	
  m.w.e.),	
  located	
  in	
  Ripplemead,	
  VA.	
  
Goals:	
  
–  Systema7cally	
  characterize	
  spectrum.	
  

–  R&D	
  low-­‐energy	
  triggering	
  and	
  DAQ	
  (low-­‐energy	
  
pulses	
  difficult	
  to	
  dis7nguish	
  from	
  noise).	
  

–  R&D	
  PSA	
  in	
  low-­‐energy	
  region	
  
–  Background	
  model	
  verifica7on	
  

–  Dark	
  Maeer	
  search	
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Low-­‐E	
  Background	
  Reduc7on	
  Cri7cal	
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Henning	
  -­‐	
  Caltech	
  HEP	
  Seminar	
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Ini7al	
  Data	
  showed	
  large	
  contamina7on	
  
of	
  210Pb	
  near	
  crystal	
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Monte	
  Carlo	
  suggests	
  lead	
  shims	
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Removed	
  Pb	
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  big	
  improvement	
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Slow + Fast Signals 
 
40.08d with 210Pb 
backgrounds 
 
104.3d without 210Pb 
backgrounds 
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Also	
  energy-­‐degraded	
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Sample	
  Pulses	
  with	
  mis-­‐reconstructed	
  10-­‐90	
  rise7mes	
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Energy-­‐degraded	
  surface	
  events	
  	
  
mimic	
  WIMP	
  signal	
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210Pb	
  near	
  crystal	
  illuminates	
  transi7on	
  region	
  à	
  
Significant	
  contamina7on	
  at	
  low-­‐E	
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  days	
   104.3	
  days	
  

Lead	
  shims	
  with	
  210Pb	
  

Can	
  we	
  determine	
  slow/fast	
  distribuYons	
  directly	
  and	
  independently	
  below	
  1keV?	
  

Increasing	
  Pulse	
  Rise7m
e	
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Fast	
  pulse	
  acceptance	
  calibrated	
  with	
  pulser	
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Slow	
  pulse	
  distribu7ons	
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  data	
  

ProducYon	
  Data	
  

Difficult	
  to	
  determine.	
  Depends	
  on	
  source	
  energy	
  and	
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Studies	
  ongoing	
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CoGeNT-­‐like	
  +	
  fit	
  residual	
  background	
  

	
  Can	
  implement	
  different	
  analysis	
  philosophies(1)	
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Efficiency	
  Corrected	
  

	
  Can	
  implement	
  different	
  analysis	
  philosophies(2)	
  

Background-­‐reducing	
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Constant	
  cut	
  reduces	
  slow	
  pulses	
  at	
  
expense	
  of	
  fast	
  pulse	
  uncertainty	
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90%	
  confidence	
  limits	
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Conclusions	
  

•  There	
  are	
  significant	
  uncertain7es	
  in	
  the	
  rise7me	
  vs	
  
energy	
  distribu7ons	
  for	
  surface	
  and	
  bulk	
  events	
  
–  Depends	
  on	
  loca7on	
  in	
  crystal	
  
–  Depends	
  on	
  origin	
  outside	
  of	
  crystal	
  and	
  ini7al	
  energy	
  
–  Detectors	
  require	
  detailed	
  characteriza7on,	
  background	
  
simula7ons,	
  and	
  microphysics	
  modeling	
  to	
  determine	
  
distribu7ons	
  independently	
  of	
  data.	
  	
  

•  Using	
  produc7on	
  data	
  to	
  determine	
  PDFs	
  introduces	
  
correla7ons	
  between	
  signal	
  and	
  background	
  and	
  
difficult-­‐to-­‐quan7fy	
  systema7c	
  uncertain7es.	
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