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Double	
  Beta	
  Decay	
  Experiments	
  
•  Currently	
  running	
  experiments	
  

– CANDLES	
  
– KamLAND-­‐Zen	
  
– EXO-­‐200	
  
– GERDA	
  

•  Experiments	
  under	
  construcIon	
  
– CUORE	
  (currently	
  running	
  COURE-­‐0)	
  
– Majorana	
  “Demonstrator”	
  
– NEXT	
  
– SuperNEMO	
  (NEMO3	
  recently	
  ran)	
  
– SNO+	
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Current Results 

2013	
   2014	
   2015	
   2016	
   2017	
   2018	
   2019	
   2020	
   2021	
   2022	
   2023	
   2024	
   2025	
   //	
   2030	
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How	
  does	
  sensiIvity	
  scale?	
  

•  In	
  a	
  background	
  free	
  experiment	
  measurement	
  of	
  
the	
  half-­‐life	
  is	
  linear	
  with	
  exposure	
  (mass	
  x	
  Ime)	
  

•  For	
  0νββ	
  the	
  neutrino	
  mass	
  sensiIvity	
  scales	
  as	
  the	
  
sqrt	
  of	
  the	
  half-­‐life.	
  Harder!	
  

•  With	
  significant	
  backgrounds	
  (that	
  scale	
  with	
  
exposure)	
  the	
  half-­‐life	
  sensiIvity	
  scales	
  as	
  sqrt	
  of	
  
exposure,	
  and	
  neutrino	
  mass	
  scales	
  as	
  4th	
  root!	
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SNO+	
  Detector	
  
Acrylic	
  vessel	
  (AV)	
  
12	
  m	
  diameter	
  

780	
  tonnes	
  of	
  LAB	
  LS	
  

5700	
  tonnes	
  H20	
  
outer	
  shielding	
  

1700	
  tonnes	
  H20	
  
inner	
  shielding	
  

~9500	
  PMTs	
  

O(tonne)	
  0νββ	
  	
  
element/isotope	
  

National Geographic 
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SNO+	
  Concept	
  
•  Load	
  liquid	
  scinIllator	
  with	
  0νββ	
  isotope	
  

– Trade	
  off	
  energy	
  resoluIon	
  for	
  higher	
  staIsIcs	
  
and	
  lower	
  backgrounds	
  

•  Why	
  take	
  this	
  approach?	
  
–  Cost-­‐effecIve:	
  detector	
  already	
  exists	
  
–  Various	
  isotopes	
  can	
  be	
  used	
  
–  Shielding:	
  

•  Huge	
  external	
  shielding	
  (7400	
  tonnes	
  H2O)	
  
•  Self-­‐shielding	
  of	
  scinIllator	
  

–  PurificaIon	
  of	
  scinIllator	
  by	
  disIllaIon	
  
–  Fast	
  Iming	
  to	
  reject	
  Bi-­‐Po	
  backgrounds	
  
–  Flexibility	
  of	
  liquids:	
  loading-­‐level	
  &	
  purificaIon	
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Effect of 
shielding 
 
 
PMTs produce 
~1011 2.6 MeV 
gammas/year Expect 0.1  

2.6 MeV 
gammas/year 
to reach 
fiducial volume 



Simulated	
  energy	
  spectrum	
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SNO+	
  Schedule	
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•  Water	
  fill	
  has	
  begun	
  

•  ScinIllator	
  process	
  system	
  	
  
compleIon:	
  March	
  2015	
  

•  Detector	
  filled	
  with	
  
scinIllator:	
  September	
  2015	
  

Wetting the PSUP 

!  In December 2013 SNO+ 
Board approved 
bringing the cavity 
water level past the 
PSUP 
!  Water quality review 

provided in DocDB-2229 

!  Raised water level to 
12’ (over the PSUP) 
before Christmas 2013  

7 



Ongoing	
  R&D	
  towards	
  future	
  SNO+	
  phases...	
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  0.3%            0.5%     1%      3%     5% 

1st phase 
(now!) Future 

phase 
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Scaling works very well in detector like SNO+. 

Initial plan is to deploy 0.3% (natural) Te. But… 

[J. Klein] SNO+	
  Scaling	
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Scaling works very well in detector like SNO+. 

Dominant SNO+ backgrounds DO NOT scale with Te mass! 

C=8B νs, External γs (AV+PMTs), LAB U,Th 
b=2ν, cosmogenics, scintillator cocktail	



For bMTe<C, mββ ~ (MTe)1/2 not ~(MTe)1/4 ! 

Initial plan is to deploy 0.3% (natural) Te. But… 

[J. Klein] SNO+	
  Scaling	
  



Where	
  is	
  the	
  field	
  heading	
  in	
  the	
  
next	
  decade?	
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Comparing Sensitivities 

2013	
   2014	
   2015	
   2016	
   2017	
   2018	
   2019	
   2020	
   2021	
   2022	
   2023	
   2024	
   2025	
   //	
   2030	
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EXO-200 
500 kg.yr  

GERDA 
100kg.yr 

SuperNEMO : 500 kg.yr 
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Year 

SNO+ Phase 2  

[Input from D. Waters, S. Biller] 

K
LZ

 P
ur

ifi
ed

 

KLZ-2 

CUORE 1350 kg.yr 

nEXO?, Super-KLZ? 
SNO+ phase 3? 

Warning: almost all 
experiments are using 
background estimates not 
yet demonstrated. 
Varying levels of risk are 
associated with achieving 
those backgrounds. 



Designing	
  experiments	
  sensiIve	
  to	
  
the	
  non-­‐degenerate	
  normal	
  

hierarchy	
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Gerng	
  a	
  sense	
  of	
  the	
  landscape	
  

•  Make	
  some	
  order	
  of	
  magnitude	
  comparisons	
  
•  Consider	
  quan::es	
  and	
  costs	
  of	
  material	
  

–  for	
  one	
  0νββ	
  event	
  per	
  year	
  	
  
–  for	
  a	
  Majorana	
  neutrino	
  mass	
  of	
  2.5	
  meV	
  

•  136Xe	
  is	
  the	
  cheapest	
  isotope	
  to	
  enrich	
  
– ~$20/g	
  
– Assume	
  all	
  isotopes	
  could	
  be	
  enriched	
  at	
  this	
  price	
  

S. Biller PRD 87, 071301, (2013) 
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Enrichment at $20/g is 
unfeasible for ALL isotopes 
à use natural element 

S. Biller PRD 87, 071301, (2013) 
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Enrichment at $20/g is 
unfeasible for all isotopes 
à use natural element 

Xe: production levels & cost 
Pd: cost 
Ge: production levels & cost 
Ca: 16 ktonnes impractical? 

Te stands out in 0ν/2ν 
and mass of natural 
isotope required 

S. Biller PRD 87, 071301, (2013) 



Conclusions	
  
•  Ater	
  a	
  decade	
  of	
  building	
  the	
  next	
  generaIon	
  
experiments...	
  1st	
  wave	
  of	
  new	
  results:	
  
– mββ	
  <	
  150	
  -­‐	
  350	
  meV	
  (90%	
  CL)	
  

•  SNO+:	
  load	
  tonnes	
  of	
  130Te	
  into	
  780	
  tons	
  of	
  liq.	
  scint.	
  
•  Phased	
  program:	
  

–  0.3%	
  loading	
  (800	
  kg	
  130Te)	
  	
  	
  	
  à	
  	
  	
  2nd	
  phase	
  ~5%	
  
•  SensiIvity	
  to	
  inverted	
  hierarchy	
  region	
  

–  Future:	
  larger	
  fiducial	
  volume,	
  loading,	
  light	
  level...	
  

•  Much	
  more	
  soon	
  to	
  come:	
  	
  
–  KZ-­‐upgrades,	
  CUORE,	
  EXO-­‐200,	
  Gerda,	
  SNO+,	
  SuperNEMO,	
  
Majorana	
  demonstrator,	
  NEXT	
  	
  

•  Huge	
  windows	
  for	
  discovery	
  opening	
  up	
  
•  Stay	
  tuned!	
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Backup	
  slides	
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Why	
  switch	
  to	
  130Te	
  (from	
  150Nd)?	
  
•  34%	
  isotopic	
  abundance	
  

•  0.3%	
  loading	
  is	
  810.5	
  kg	
  of	
  130Te	
  

•  2νββ	
  half-­‐life	
  of	
  70x1019	
  years	
  
•  RelaIve	
  0ν/2ν	
  rate	
  is	
  ~50	
  Imes	
  higher	
  

•  Good	
  opIcal	
  properIes	
  
•  Higher	
  loading	
  

•  214Bi	
  tagged	
  down	
  to	
  10-­‐4	
  level	
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232Th 

238U 


