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  Overview	
  

•  SNO+	
  detector	
  &	
  its	
  water	
  phase	
  

•  Calibra3on	
  hardware	
  

•  AmBe	
  source	
  calibra3on	
  
–  Physics	
  mo3va3on(s)	
  
–  Calibra3on	
  progress	
  	
  

•  First	
  look	
  at	
  the	
  calibra3on	
  data	
  



SNO+	
  water	
  phase	
  

•  Started	
  May	
  4th,	
  2017.	
  
•  Background	
  analysis	
  and	
  

various	
  performance	
  tests	
  in	
  
prepara3on	
  for	
  the	
  Liquid	
  
Scin3llator	
  phase.	
  

•  Physics	
  topics	
  including	
  
invisible	
  nucleon	
  decay	
  and	
  
reactor	
  an3neutrinos	
  are	
  
being	
  explored.	
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Invisible	
  nucleon	
  decay	
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•  Invisible	
  nucleon	
  decay	
  as	
  a	
  channel	
  where	
  baryon	
  
number	
  viola3on	
  occurs	
  was	
  predicted	
  by	
  some	
  Grand	
  
Unified	
  Theories	
  (GUT)	
  to	
  explain	
  the	
  maZer-­‐an3maZer	
  
asymmetry	
  of	
  the	
  universe.	
  

•  One	
  example:	
  n-­‐>ννν	
  (in	
  a	
  nucleus)	
  
•  No	
  visible	
  energy	
  deposited	
  via	
  the	
  nucleon	
  decay	
  itself,	
  while	
  

the	
  remaining	
  nucleus	
  is	
  le_	
  in	
  an	
  excited	
  state.	
  
•  In	
  SNO+:	
  16O-­‐>15O*	
  +	
  ννν,	
  15*O-­‐>15O	
  +	
  γ	
  (~6	
  MeV)	
  
•  Expect	
  to	
  surpass	
  the	
  current	
  best	
  limit	
  with	
  3	
  months	
  worth	
  

of	
  data,	
  thanks	
  to	
  the	
  ultra-­‐low	
  background	
  in	
  SNO+.	
  



Reactor	
  an0neutrino	
  search	
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•  Positron	
  signal:	
  Cherenkov	
  radia3on	
  from	
  
positron	
  &	
  Compton	
  scaZering	
  -­‐>	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
gammas	
  with	
  corresponding	
  energy	
  

•  Delayed	
  signal:	
  neutron	
  captured	
  on	
  protons	
  -­‐>	
  
2.2	
  MeV	
  gammas	
  

Position and 
time 

coincidences 

Accidental	
  Background	
  rejec3on	
  factor	
  >	
  106	
  

Source: AGM2015 

Sudbury 

Inverse beta decay 



SNO+	
  Calibra0on	
  system	
  

•  URM:	
  Umbilical	
  Retrieval	
  
Mechanism	
  which	
  
controls	
  the	
  central	
  rope	
  
and	
  the	
  umbilical.	
  

•  Four	
  Side	
  Rope	
  Boxes	
  
enable	
  source	
  
deployment	
  in	
  three	
  
axes	
  mode.	
  

•  All	
  ropes	
  operate	
  in	
  
tension	
  range	
  3	
  –	
  120	
  N.	
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Source	
  deployment	
  

•  Several	
  laserball	
  &	
  16N	
  calibra3ons	
  were	
  carried	
  out	
  during	
  
last	
  few	
  months.	
  	
  

Side ropes 

Source 

Central rope 
& Umbilical 

Side ropes 
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AmBe	
  source	
  calibra0on:	
  

•  Prompt	
  signal:	
  4.4	
  MeV	
  gammas	
  
•  Delayed	
  signal:	
  neutron	
  captured	
  on	
  protons:	
  2.2	
  MeV	
  gammas	
  

– Mimics	
  an3neutrino	
  signals	
  
•  Provide	
  another	
  two	
  energy	
  calibra3on	
  points	
  (4.4	
  MeV,	
  2.2	
  

MeV)	
  along	
  with	
  6.1	
  MeV	
  from	
  16N	
  source	
  calibra3on.	
  
–  Check	
  energy	
  linearity	
  
–  Help	
  background	
  analysis	
  (Bi/Tl)	
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Good Cherenkov light yield 
enables seeing this low 
energy! 



AmBe	
  source	
  calibra0on:	
  Source	
  prepara0on	
  

•  The	
  old	
  SNO	
  AmBe	
  source	
  was	
  iden3fied	
  at	
  SNOLAB	
  
•  A	
  new	
  encapsula3on	
  needed	
  for	
  cleanliness	
  of	
  the	
  detector	
  

–  Design	
  &	
  fabrica3on	
  
–  Leak	
  test	
  &	
  bubble	
  test	
  
–  Detailed	
  cleaning	
  procedure	
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AmBe Source Encapsulation
Materials List
Main Encapsulation Material: Delrin (Black Acetal Resin)
 
Screws: 316 Stainless Steel Socket Head Screws (4-40 Thread, 1/2" Long)
McMaster-Carr Product #: 92185A110 
Screws: 18-8 Stainless Steel Wire-Lockable Socket Head Screws (4-40 Thread, 1/2" Long)
McMaster-Carr Product #: 90152A116
Nuts: 316 Stainless Steel Hex Nuts (4-40 Thread, 1/4'' Width)
McMaster-Carr Product #: 90257A005
Nuts: 304L Stainless Steel Custom Nuts 
O-Ring: Buna-N O-Ring (Size 032, 0.070" Actual Width) 
McMaster-Carr Product #: 9452K119
Steel Wire: 316L Stainless Steel 'Bend-and-Stay' Wire (Diameter 0.036'')
McMaster-Carr Product #: 92705K31 As-Built 
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AmBe	
  source	
  calibra0on:	
  Source	
  deployment	
  

•  Source	
  deployed	
  on	
  Jan.	
  19th,	
  2018.	
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AmBe	
  source	
  calibra0on:	
  Source	
  deployment	
  

•  15	
  hrs	
  of	
  calibra3on	
  data	
  was	
  taken	
  at	
  various	
  loca3ons	
  of	
  
the	
  detector.	
  	
  

•  Detailed	
  inspec3on	
  a_er	
  source	
  retrieval	
  showed	
  no	
  sign	
  of	
  
leakage.	
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First	
  look	
  at	
  AmBe	
  calibra0on	
  data	
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First	
  look	
  at	
  AmBe	
  calibra0on	
  data	
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Monte Carlo Simulation 



First	
  look	
  at	
  AmBe	
  calibra0on	
  data	
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hCalHits
Entries  2327
Mean     26.7
RMS     7.911

Number of calibrated hits per event
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Monte Carlo Simulation 



Thanks!	
  


