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SNO	
  to	
  SNO+	
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•  D2O	
  -­‐>	
  Liquid	
  Scin@llator	
  

•  Upgrade	
  and	
  repair	
  the	
  SNO	
  detector	
  



SNO+	
  Aims	
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Nucleon	
  decay	
  
Reactor	
  neutrinos	
  
Supernova	
  	
  

Water	
  phase	
  
Solar	
  neutrinos	
  
Reactor	
  neutrinos	
  
Geo	
  neutrinos	
  
Supernova	
  	
  

Scin@llator	
  phase	
  
0νββ	
  
Reactor	
  neutrinos	
  
Geo	
  neutrinos	
  
Supernova	
  	
  

Te	
  loaded	
  phase	
  

Time	
  



SNOLAB	
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•  6070mwe	
  
•  ~70	
  muons/day	
  
•  Class-­‐2000	
  clean	
  room	
  



•  12m	
  diameter	
  acrylic	
  vessel,	
  AV	
  
–  780	
  tonnes	
  liquid	
  scin@llator	
  

•  ~9500	
  PMTs	
  	
  
–  8”	
  Hamamatsu	
  R1408	
  	
  
–  54%	
  coverage	
  

•  H2O	
  shielding	
  
–  1.7	
  Kt	
  internal	
  [AV,	
  PSUP]	
  
–  5.3	
  Kt	
  external	
  [PSUP,	
  Rock]	
  

•  Hold	
  up	
  ropes	
  
•  Hold	
  down	
  ropes	
  

Detector	
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•  New	
  hold	
  down	
  (pictured)	
  
–  ø	
  ~40mm	
  Tensylon	
  

•  Replaced	
  hold	
  up	
  
–  ø	
  ~20mm	
  Tensylon	
  

Ropes	
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•  Linear	
  alkylbenzene,	
  LAB	
  	
  
–  +	
  2g/L	
  fluor	
  2,5-­‐diphenyloxazole,	
  PPO	
  

•  Chemical	
  compa@bility	
  with	
  acrylic	
  
•  High	
  light	
  yield	
  (~10,000	
  op@cal	
  photons/MeV)	
  
•  Low	
  scasering,	
  Good	
  op@cal	
  transparency	
  
•  Fast	
  decay	
  (different	
  for	
  betas	
  and	
  alphas)	
  	
  
•  High	
  flash	
  point	
  140°C,	
  Boiling	
  point	
  278-­‐314°C	
  
•  Low	
  toxicity	
  
•  Environmentally	
  safe,	
  Inexpensive	
  
•  Low	
  solubility	
  in	
  water	
  0.041	
  mg/L	
  	
  

Scin@llator	
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Scin@llator	
  purifica@on	
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Target	
  levels:	
  
85Kr	
  :	
  10-­‐25	
  g/g	
  
40K	
  :	
  10-­‐18	
  g/g	
  
39Ar	
  :	
  10-­‐24	
  g/g	
  
U	
  :	
  10-­‐17	
  g/g	
  
Th	
  :	
  10-­‐18	
  g/g	
  



•  Comple@on	
  es@mated	
  fall	
  2015	
  

Scin@llator	
  plant	
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Isotope	
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Te	
  

Carboxylate-­‐based	
  organometallic	
  complex	
  



•  Above	
  ground	
  
–  Dissolve	
  Te(OH)6	
  in	
  water	
  
–  Re-­‐crystalize	
  using	
  nitric	
  acid	
  
–  Rinse	
  with	
  ethanol	
  

•  Below	
  ground	
  
–  Dissolve	
  in	
  80˚C	
  water	
  
–  Thermally	
  re-­‐crystalize	
  
–  50%	
  yield	
  

102	
  

104	
  reduc@on	
  

Isotope	
  purifica@on	
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60Co	
  spike	
  test	
  



TELLIE	
  commissioning	
  data	
  

Calibra@on	
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Brief	
  overview	
  



•  18.6	
  events/year	
  	
  

Backgrounds	
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As	
  predicted	
  using	
  the	
  SNO+	
  Monte	
  Carlo	
  



•  Cosmogenic	
  ac@va@on	
  natTe	
  
–  At	
  sea	
  level	
  

•  Purifica@on	
  reduc@on	
  ~	
  104	
  

•  Expect	
  negligible	
  background	
  	
  
–  In	
  ROI	
  

Backgrounds	
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Cosmogenic	
  

V.	
  Lozza,	
  J.	
  Petzoldt	
  “Comogenic	
  ac@va@on	
  of	
  a	
  natural	
  Tellurium	
  target”,	
  hsp://dx.doi.org/10.1016/j.astropartphys.2014.06.008	
  	
  



•  3.5m	
  FV	
  (R/RAV)3=0.2	
  
•  3.8	
  events/year	
  predicted	
  in	
  ROI	
  

Backgrounds	
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External	
  γ	
  

208Tl	
  2.6MeV	
  γ	
  example	
  for	
  full	
  energy	
  domain	
  (no	
  ROI	
  cut)	
  

R=3.5m	
  



Backgrounds	
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Internal	
  238U	
  and	
  232Th	
  

•  Target	
  levels	
  
–  2.5x10-­‐15	
  g(238U)/g(cocktail)	
  
–  3.0x10-­‐16	
  g(232Th)/g(cocktail)	
  

•  Qα/Qβ	
  ~	
  1/10	
  (quenching)	
  



•  Direct	
  (in	
  ROI)	
  and	
  pileup	
  with	
  Po	
  (into	
  ROI)	
  

Backgrounds	
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Bi	
  -­‐>	
  Po	
  



•  Tag	
  Polonium	
  alpha	
  decay…	
  

•  …can	
  then	
  reject	
  previous	
  Bismuth	
  events	
  

Background	
  Rejec@on	
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Bi	
  Po	
  coincidence	
  decays	
  

Hit	
  @me	
  residuals	
  



Backgrounds	
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Bi	
  Po	
  coincidence	
  Pileup	
  

Pileup	
  and	
  delayed	
  coincidence-­‐	
  
rejec@on	
  factors:	
  
214BiPo 	
  >	
  25000	
  rejec@on	
  in	
  ROI	
  
212BiPo 	
  >	
  70	
  rejec@on	
  in	
  ROI	
  

SNO+	
  Preliminary	
  



•  Negligible	
  pileup	
  predicted	
  
–  However,	
  powerful	
  techniques	
  developed	
  to	
  reject	
  

•  Isotropy	
  and	
  @ming	
  based	
  

Background	
  Rejec@on	
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Pileup	
  



Spectrum	
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Half-­‐life	
  limit	
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90%	
  CL;	
  T1/2	
  =	
  4.27x1025	
  yr	
  :	
  1	
  year,	
  	
  T1/2	
  =	
  9.84x1025	
  yr	
  :	
  5	
  years	
  



Mass	
  sensi@vity	
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M	
  and	
  G	
  from	
  arXiv:1301.4203	
  [nucl-­‐th]	
  arXiv:1209.5722	
  [nucl-­‐th]	
  
	
  



Discovering	
  0νββ	
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•  Water	
  phase	
  
–  External	
  background	
  analysis	
  

•  Scin@llator	
  phase	
  
–  Background	
  analysis	
  

•  0.3%	
  Te-­‐Scin@llator	
  phase	
  
–  0νββ	
  physics	
  

Schedule	
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Jan	
  2015	
   Jun	
  2015	
   Jan	
  2016	
   Jun	
  2016	
   Jan	
  2017	
   Jun	
  2018	
  
Water	
  phase	
   	
  	
   	
  	
  
Scin@llator	
  phase	
   	
  	
   	
  	
   	
  	
  
Te-­‐Scin@llator	
  phase	
   	
  	
   	
  	
   	
  	
  



•  SNO+	
  plans	
  0.3%	
  Te	
  loading	
  (8	
  tonne	
  of	
  Te)	
  
•  Percent	
  level	
  loading	
  feasible	
  
–  Inves@gate	
  smaller	
  volume	
  containment	
  in	
  a	
  bag	
  
–  Inves@gate	
  upgrading	
  PMTs	
  to	
  high	
  QE	
  

Higher	
  loading	
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0.3%,	
  0.5%,	
  1%,	
  3%,	
  5%	
  Te	
  loading	
  samples	
  



•  SNO+	
  at	
  0.3%	
  natTe	
  loading	
  will	
  set	
  compe@@ve	
  limits	
  
–  T1/2	
  =	
  9.84x1025	
  yr	
  at	
  90%	
  CL	
  a�er	
  5	
  years	
  

•  Possible	
  to	
  significantly	
  increase	
  loading	
  	
  
–  Poten@ally	
  world	
  leading	
  sensi@vity	
  

•  Water	
  data	
  early	
  next	
  year	
  

•  0νββ	
  data	
  late	
  2016	
  

Conclusion	
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•  1.	
  130Te	
  undergoes	
  double	
  beta	
  decay	
  with	
  nuclear	
  matrix	
  element	
  
•  M	
  =	
  4.03	
  (IBM-­‐2)	
  [1]	
  and	
  phase	
  space	
  factor	
  G	
  =	
  3.69	
  x	
  10^-­‐14	
  y^-­‐1,	
  based	
  on	
  
•  the	
  expression	
  in	
  [2]	
  and	
  g_A	
  =	
  1.269	
  [1]	
  
•  2.	
  Scin@llator	
  loaded	
  with	
  0.3%	
  natTe	
  by	
  mass	
  
•  3.	
  Energy	
  resolu@on	
  is	
  Gaussian	
  with	
  width	
  sigma(E)	
  =	
  sqrt(E	
  [MeV]/200)	
  
•  4.	
  3.5	
  m	
  (20%)	
  fiducial	
  volume	
  cut	
  
•  5.	
  100%	
  efficiency	
  of	
  detec@on	
  and	
  analysis,	
  including	
  reconstruc@on	
  
•  6.	
  Tagging	
  techniques	
  which	
  remove	
  all	
  212BiPo	
  and	
  214BiPo	
  coincidences	
  in	
  
•  separate	
  trigger	
  windows,	
  and	
  reduce	
  in-­‐window	
  coincidences	
  by	
  a	
  factor	
  of	
  50	
  
•  7.	
  Backgrounds	
  rates	
  as	
  given	
  in	
  SNO+-­‐doc-­‐507-­‐v20	
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Limit/Spectrum	
  assump@ons	
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