
Material	
   screening	
   for	
   iden0fying	
   low-­‐energy	
  electron	
  emi5ers	
  and	
  alpha-­‐decaying	
   isotopes	
   is	
  now	
  a	
  prerequisite	
   for	
   rare-­‐event	
  searches	
   (e.g.,	
  dark-­‐ma5er	
  
direct	
  detec0on	
  and	
  neutrinoless	
  double-­‐beta	
  decay)	
  for	
  which	
  surface	
  radiocontamina0on	
  has	
  become	
  an	
  increasingly	
  important	
  background.	
  The	
  BetaCage,	
  
a	
   gaseous	
  neon	
  0me-­‐projec0on	
   chamber,	
   is	
   a	
   proposed	
  ultra-­‐sensi0ve	
   (and	
  nondestruc0ve)	
   screener	
   for	
   alpha-­‐	
   and	
  beta-­‐emiEng	
   surface	
   contaminants	
   to	
  
which	
  exis0ng	
  screening	
  facili0es	
  are	
  insufficiently	
  sensi0ve.	
  Our	
  sensi0vity	
  goals	
  are	
  0.1	
  betas	
  (per	
  keV-­‐m2-­‐day)	
  and	
  0.1	
  alphas	
  (per	
  m2-­‐day),	
  where	
  the	
  former	
  
will	
   be	
   limited	
   by	
   Compton	
   sca5ering	
   of	
   external	
   photons	
   in	
   the	
   screening	
   samples	
   and	
   (thanks	
   to	
   tracking)	
   the	
   la5er	
   is	
   expected	
   to	
   be	
   signal-­‐limited;	
  
radioassays	
   and	
   simula0ons	
   indicate	
   backgrounds	
   from	
   detector	
   materials	
   and	
   radon	
   daughters	
   should	
   be	
   subdominant.	
   We	
   report	
   on	
   details	
   of	
   the	
  
background	
  simula0ons	
  and	
  detector	
  design	
  that	
  provide	
  the	
  discrimina0on,	
  shielding,	
  and	
  radiopurity	
  necessary	
  to	
  reach	
  our	
  sensi0vity	
  goals	
  for	
  a	
  chamber	
  
with	
  a	
  95x95	
  cm2	
  sample	
  area	
  posi0oned	
  below	
  a	
  40	
  cm	
  driR	
  region	
  and	
  monitored	
  by	
  crisscrossed	
  anode	
  and	
  cathode	
  planes	
  consis0ng	
  of	
  151	
  wires	
  each.	
  
	
  

The	
  BetaCage,	
  an	
  Ultrasensi0ve	
  Screener	
  for	
  Surface	
  Contamina0on	
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Radon	
  Sources	
  (in	
  terms	
  of	
  222Rn	
  decays/day):	
  
	
  	
  

 	
  EmanaZon	
  ≈	
  1000	
  (con0nuously	
  sourced)	
  
• 	
  Assumes	
  ~90x	
  lower	
  than	
  achieved	
  by	
  DRIFT-­‐IIa	
  [3]	
  

• 	
  Mi0gate	
  with	
  carbon	
  trap	
  or	
  careful	
  materials	
  selec0on	
  
	
  	
  

 	
  Neon	
  ≈	
  0.5–500	
  (sourced	
  per	
  fill	
  of	
  detector	
  volume)	
  

• 	
  Assumes	
  levels	
  similar	
  to	
  argon	
  measurements	
  in	
  [4]	
  
• 	
  Mi0gate	
  either	
  with	
  carbon	
  trap	
  or	
  wait	
  weeks	
  to	
  decay	
  

	
  

 	
  Environment	
  ≈	
  1000	
  Bq/m3	
  (con0nuously	
  sourced)	
  
• 	
  High	
  external	
  level	
  due	
  to	
  underground	
  loca0on	
  
• 	
  For	
  PMMA	
  vessel,	
  mi0gate	
  with	
  low-­‐radon	
  purge	
  
• 	
  For	
  gas	
  handling	
  system,	
  require	
  leak	
  0ghtness	
  of:	
  

→ 	
  	
  ~10-­‐6	
  mbar	
  L/s	
  downstream	
  of	
  carbon	
  trap	
  
→ 	
  	
  ~10-­‐2	
  mbar	
  L/s	
  upstream	
  of	
  carbon	
  trap	
  [5]	
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  Mi0ga0on	
  allows	
  use	
  of	
  rela0vely	
  leaky	
  mini-­‐diaphragm	
  circula0on	
  pump	
  

Radon	
  MiZgaZon	
  via	
  Cooled	
  Carbon	
  Trap	
  
	
  	
  

 	
  Rela0vely	
  small	
  tube:	
  L	
  =	
  25-­‐cm	
  (length)	
  &	
  φ	
  =	
  2.5-­‐cm	
  (diameter)	
  
 	
  70	
  grams	
  of	
  high-­‐quality	
  synthe0c	
  carbon	
  [1]:	
  

• 	
  ρ	
  =	
  0.6	
  g/cm3	
  (density)	
  &	
  S	
  =	
  1342	
  m2/g	
  (surface	
  area)	
  
 	
  For	
  Q	
  =	
  8	
  lpm	
  (circula0on	
  flow	
  rate)	
  &	
  T	
  =	
  170	
  K	
  (trap	
  temperature):	
  

• 	
  μs	
  =	
  4Q/π	
  φ2	
  ≈	
  26	
  cm/s	
  (superficial	
  velocity	
  through	
  trap)	
  
• 	
  ka(S,T	
  )	
  ≈	
  1.4x107	
  cm3/g	
  (dynamic	
  adsorp0on	
  coefficient)	
  [2]	
  
• 	
  τtrap	
  =	
  Tka	
  ρL/(273	
  K)μs	
  ≈	
  56	
  days	
  (‘punch-­‐through’	
  0me)	
  [2]	
  
• 	
  Survival	
  frac0on	
  for	
  radon	
  atoms	
  entering	
  the	
  trap:	
  

→ 	
  	
  e-­‐τtrap/5.52	
  d	
  ≈	
  3.8x10-­‐5	
  
• 	
  Considering	
  flush	
  0me	
  of	
  0.6-­‐m3	
  detector	
  volume	
  yields:	
  

→ 	
  	
  x100	
  reducZon!	
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  of	
  70-­‐gram	
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Geant4	
  Monte	
  Carlo	
  SimulaZon	
  of	
  β	
  Backgrounds	
  
	
  	
  

Detector	
  model	
  (from	
  the	
  outside	
  in):	
  
 	
  15-­‐cm	
  thick	
  outer	
  Lead	
  (shielding)	
  
 	
  5-­‐cm	
  thick,	
  low-­‐ac0vity	
  inner	
  Lead	
  (shielding)	
  
 	
  1-­‐cm	
  thick	
  OFE	
  Copper	
  (shielding,	
  field	
  shapers)	
  
 	
  2-­‐mm	
  thick	
  Stainless	
  Steel	
  (feedthrough	
  for	
  signals)	
  
 	
  750	
  kg	
  of	
  Acrylic	
  (containment	
  vessel,	
  field	
  shapers)	
  
 	
  40	
  kg	
  of	
  Noryl	
  (MWPC	
  frames)	
  
 	
  Ten	
  50-­‐g	
  Resistors	
  (voltage	
  division	
  for	
  driR	
  field)	
  
 	
  60x60	
  cm2	
  Sample	
  area	
  

	
  	
  

Background	
  ReducZon	
  via	
  ReconstrucZon	
  
	
  	
  

CondiZons	
  for	
  isolaZng	
  tracks	
  from	
  sample:	
  
 	
  Data	
  Cut	
  #1:	
  
• 	
  <1	
  keV	
  in	
  veto	
  MWPC	
  &	
  >1	
  keV	
  in	
  trigger	
  MWPC	
  

 	
  Data	
  Cut	
  #2:	
  
• 	
  >5	
  keV	
  deposited	
  in	
  driR	
  region	
  (bulk	
  MWPC)	
  

 	
  Data	
  Cut	
  #3:	
  
• 	
  Fully	
  contained	
  in	
  fiducial	
  driR	
  region	
  

Betas	
  from	
  Radon	
  Daughters	
  
	
  	
  
	
  

 	
  Assume	
  222Rn	
  background	
  of	
  >103	
  decays/day:	
  
• 	
  Simulate	
  1,300	
  early	
  decays/day	
  (214Pb	
  &	
  214Bi)	
  
• 	
  Fewer	
  late	
  decays/day	
  (210Pb	
  &	
  210Bi)	
  
→ 	
  22.3	
  years/3.8	
  days	
  ≈	
  2000x	
  fewer	
  (at	
  first)	
  
→ 	
  22.3	
  years/3	
  years	
  ≈	
  7.5x	
  fewer	
  (aRer	
  3	
  years)	
  
→ 	
  Assume	
  1/10th	
  as	
  many	
  decays	
  (conserva0ve)	
  
• 	
  Assume	
  70%	
  of	
  decays	
  originate	
  on	
  trigger	
  wires	
  
→ 	
  Rn	
  daughters	
  are	
  generally	
  posi0vely	
  charged	
  
→ 	
  Trigger	
  MWPC	
  is	
  most	
  nega0ve	
  poten0al	
  near	
  	
  
	
  	
  	
  	
  	
  driR	
  region’s	
  large	
  gas	
  volume	
  (a5racts	
  progeny)	
  
• 	
  Remaining	
  decays	
  from	
  veto	
  wires	
  &	
  bulk	
  gas	
  (30%)	
  

 	
  MiZgaZon	
  assumes	
  x100	
  reducZon	
  

Doglegged	
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Feedthrough	
  

Betas	
  Produced	
  by	
  Compton	
  
Scaiering	
  of	
  Photon	
  Sources	
   Betas	
  from	
  Decay	
  

of	
  Pb	
  &	
  Bi	
  Isotopes	
  

Features	
  due	
  to	
  
210Pb	
  Decays	
  

Assumed	
  AcZviZes	
  of	
  Photon	
  Sources	
  

mBq/kg	
   238U	
   232Th	
   40K	
  

Resistors	
  a	
   6,000	
   5,000	
   35,000	
  

Noryl	
  b	
   <3	
   <1	
   5	
  

Lead	
  c	
   3,000	
  210Pb	
  

Acrylic	
  a	
   <0.12	
   <0.04	
   <1.5	
  

Copper	
  d	
   0.08	
   0.012	
   0.04	
  

Stainless	
  Steel	
  a,e	
   <1	
   <10	
   <4	
  

[a]	
  	
  Community	
  Material	
  Assay	
  Database,	
  radiopurity.org	
  
[b]	
  	
  U/Th→UMN	
  Gopher	
  HPGe	
  &	
  Caltech	
  ICP-­‐MS;	
  K→UC	
  Davis	
  NAA	
  
[c]	
  	
  PLOMBUM	
  low-­‐ac0vity	
  lead,	
  www.plombum.republika.pl	
  
[d]	
  	
  E.	
  Aprile	
  et	
  al.,	
  Phys.	
  Rev.	
  D83	
  (2011)	
  082001	
  
[e]	
  	
  SS	
  feedthrough	
  contributes	
  negligibly	
  to	
  beta	
  background	
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 	
  Alpha	
  emi5ers	
  in	
  gas	
  &	
  on	
  surfaces	
  (Rn	
  &	
  progeny)	
  
 	
  Easily	
  reject	
  most	
  tracks	
  via	
  reconstruc0on:	
  
A.   Insufficient	
  energy	
  in	
  trigger	
  MWPC	
  
B.   Not	
  fully	
  contained	
  in	
  fiducial	
  dril	
  region	
  
C.   Too	
  much	
  energy	
  in	
  veto	
  MWPC	
  
D.   Insufficient	
  energy	
  in	
  bulk	
  MWPC	
  
E.   dE/dx	
  at	
  far	
  end	
  of	
  track	
  not	
  large	
  

 	
  Most	
  dangerous	
  alphas	
  emi5ed	
  from:	
  
• 	
  	
  Dril	
  gas	
  &	
  cathode	
  wires	
  directly	
  above	
  sample	
  
• 	
  	
  Surface	
  of	
  sample	
  (following	
  Rn-­‐daughter	
  implanta0on)	
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