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Argon	
  Source,	
  Materials	
  Test	
  System,	
  and	
  Electronics	
  Test	
  System 

Develop	
  purificaBon,	
  check	
  detector	
  materials,	
  TPC	
  for	
  electronics	
  development	
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Schema.c	
  of	
  Materials	
  Test	
  Stand	
  



Materials	
  Test	
  Stand	
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Features	
  of	
  Materials	
  Test	
  Stand	
  

• 	
  	
  Can	
  insert	
  materials	
  into	
  known	
  clean	
  argon.	
  

• 	
  	
  Can	
  insert	
  materials	
  aKer	
  purging	
  only	
  or	
  aKer	
  pumping	
  on	
  them.	
  

• 	
  	
  Can	
  posiBon	
  materials	
  into	
  liquid	
  and	
  into	
  ullage	
  with	
  range	
  of	
  temperatures.	
  

• 	
  	
  Can	
  insert	
  known	
  amounts	
  of	
  contaminant	
  gases	
  

• 	
  	
  Nitrogen-­‐based	
  condenser	
  can	
  maintain	
  liquid	
  for	
  long	
  (weeks)	
  studies	
  

• 	
  	
  Internal	
  filter-­‐pump	
  can	
  remove	
  contaminaBon	
  introduced	
  by	
  materials	
  –	
  2hr	
  cycle	
  

o 	
  Measure	
  electron	
  driK	
  lifeBme	
  with	
  ICARUS	
  style	
  purity	
  monitor	
  

o 	
  Measure	
  Oxygen	
  	
  (0.3	
  ppb	
  sensiBvity)	
  with	
  oxygen	
  meter	
  	
  

o 	
  Measure	
  H20	
  in	
  gas	
  (0.3	
  ppb	
  sensiBvity)	
  with	
  water	
  meter	
  

o Cryogenic	
  data,	
  	
  LifeBme	
  Data,	
  analyBc	
  instrumentaBon	
  data	
  in	
  single	
  data-­‐base	
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Inser.on	
  of	
  a	
  material	
  sample	
  into	
  the	
  airlock	
  (argonlock)	
  basket	
  

Sample	
  volume	
  10	
  cm	
  x	
  10	
  cm	
  x	
  10	
  cm	
  

Argonlock	
  can	
  be	
  purged	
  with	
  	
  

external	
  argon,	
  cryostat	
  argon,	
  and/or	
  

evacuated	
  

S.	
  Pordes	
  Argon	
  Purity	
  	
   6	
  Integrated	
  R	
  &	
  D	
  Plan	
  Review	
  Nov	
  23	
  2009	
  



S.	
  Pordes	
  Argon	
  Purity	
  	
   7	
  Integrated	
  R	
  &	
  D	
  Plan	
  Review	
  Nov	
  23	
  2009	
  

Cryogenics	
  Control	
  Screen	
  



PrM	
  scope	
  signal	
   PrM	
  automaBon	
  soKware	
  

cathode	
  signal	
  

anode	
  signal	
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Electron	
  Dri4	
  Life.me	
  Monitor	
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In	
  summary:	
  

We	
  have	
  a	
  set	
  of	
  tools,	
  hardware	
  and	
  soKware,	
  to	
  measure	
  effect	
  of	
  
materials	
  on	
  electron	
  driK	
  lifeBme.	
  

Program	
  :	
  Test	
  all	
  candidate	
  detector	
  components.	
  



Cold	
  pre-­‐amp	
  

Cables	
  &	
  Cable	
  Bes	
  

An	
  example	
  set	
  of	
  measurements	
  with	
  the	
  Materials	
  Test	
  System	
  

T962	
  DecouplingBoard	
  	
  

S.	
  Pordes	
  Argon	
  Purity	
  	
   10	
  Integrated	
  R	
  &	
  D	
  Plan	
  Review	
  Nov	
  23	
  2009	
  



S.	
  Pordes	
  Argon	
  Purity	
  	
   11	
  Integrated	
  R	
  &	
  D	
  Plan	
  Review	
  Nov	
  23	
  2009	
  

Some	
  Materials	
  Tested	
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Some	
  Materials	
  Tested	
  

–	
  no	
  effect	
  on	
  life.me	
  when	
  material	
  in	
  LAr	
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  The	
  effect	
  of	
  H20	
  

	
  	
  	
  	
  	
  First	
  OperaBon	
  of	
  the	
  Condenser	
  on	
  the	
  MTS	
  Cryostat	
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A	
  disaster	
  –	
  	
  electron	
  driK	
  lifeBme	
  destroyed	
  in	
  30	
  minutes	
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Hypotheses	
  for	
  Condenser	
  Problem:	
  	
  

Condenser	
  Introduced	
  contaminaBon	
  

ElectrostaBcs	
  -­‐	
  charge	
  build	
  up	
  on	
  drops	
  of	
  LAr	
  

Neither	
  –	
  full	
  story	
  in	
  
NIM,	
  A	
  608	
  (2009),	
  pp.	
  251-­‐258	
  

Remedy	
  (found	
  before	
  understanding)	
  

Return	
  condensed	
  Argon	
  through	
  fine	
  metal	
  filter	
  
(originally	
  installed	
  to	
  discharge	
  `ions’).	
  

Ion-­‐rod	
  disproved	
  ion	
  theory.	
  

When	
  filter	
  clogged	
  and	
  lifeBme	
  deteriorated,	
  we	
  
suspected	
  icing,	
  and	
  found	
  ppb	
  sensiBve	
  water	
  
monitor.	
  

Condenser	
  is	
  efficient	
  at	
  injecBng	
  any	
  
contaminant	
  in	
  ullage	
  back	
  into	
  the	
  liquid.	
  

Now	
  run	
  with	
  return	
  pipe	
  of	
  sintered	
  metal	
  filled	
  
with	
  Molecular	
  Sieve.	
  

Original	
  Condenser	
  InstallaBon	
  

	
  Condensate	
  drips	
  
directly	
  into	
  cryostat	
  

The	
  effect	
  of	
  H20	
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FR-­‐4	
  based	
  circuit	
  board	
  –	
  from	
  Argonlock	
  with	
  evacua+on	
  

The	
  effect	
  of	
  H20	
  

in	
  liquid	
  

above	
  liquid	
  

near	
  top	
  

Ligle	
  change	
  in	
  H20	
  reading	
  and	
  ligle	
  change	
  in	
  lifeBme	
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The	
  effect	
  of	
  H20	
  

FR-­‐4	
  based	
  circuit	
  board	
  –	
  from	
  Argonlock	
  with	
  purging	
  only	
  

in	
  liquid	
   above	
  liquid	
  

near	
  top	
  

Significant	
  change	
  in	
  H20	
  reading	
  and	
  significant	
  reducBon	
  in	
  lifeBme	
  

Also	
  –	
  note	
  iniBal	
  lifeBme	
  beger	
  –	
  and	
  H20	
  reading	
  lower	
  



S.	
  Pordes	
  Argon	
  Purity	
  	
   Integrated	
  R	
  &	
  D	
  Plan	
  Review	
  Nov	
  23	
  2009	
   17	
  

The	
  effect	
  of	
  H20	
  

In	
  general:	
  	
  LifeBme	
  inversely	
  proporBonal	
  to	
  H20	
  concentraBon	
  in	
  gas	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Constant	
  of	
  proporBonality	
  independent	
  of	
  material	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  –	
  so	
  H20	
  is	
  not	
  just	
  a	
  marker	
  and	
  is	
  probably	
  the	
  prime	
  contaminant	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CalculaBons	
  of	
  effecBve	
  concentraBon	
  in	
  liquid	
  suggest	
  H20	
  as	
  bad	
  	
  02	
  

	
   	
  	
  	
  	
  ImplicaBons	
  for	
  material	
  choice	
  and	
  further	
  tesBng.	
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Filter	
  Materials	
  

We	
  make	
  and	
  regenerate	
  our	
  own	
  filters	
  using	
  material	
  from	
  BASF	
  (originally	
  Engelhard)	
  
for	
  O2	
  and	
  Molecular	
  Sieve	
  from	
  Aldrich	
  

We	
  have	
  the	
  capability	
  to	
  use	
  other	
  materials	
  but	
  have	
  not	
  pursued	
  that	
  (yet?)	
  

We	
  are	
  interested	
  in	
  the	
  capacity	
  of	
  filter	
  materials	
  before	
  `breakthrough’	
  -­‐	
  the	
  capacity	
  
seems	
  much	
  less	
  than	
  one	
  would	
  calculate	
  from	
  the	
  quoted	
  area	
  of	
  copper.	
  

O2	
  level	
  just	
  
aKer	
  filter	
   Plot	
  of	
  O2	
  level	
  aKer	
  ~	
  0.5	
  g	
  

O2	
  through	
  filter.	
  
Note	
  the	
  `breakthrough’	
  
style	
  of	
  behavior.	
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Plans	
  in	
  the	
  Purity	
  Business	
  at	
  PAB	
  

Run	
  materials	
  in	
  the	
  Materials	
  Test	
  Stand	
  

Measure	
  H20	
  outgassing	
  rates	
  of	
  materials	
  	
  
	
  	
  -­‐	
  can	
  infer	
  from	
  the	
  MTS	
  data,	
  	
  
	
  	
  -­‐	
  make	
  a	
  dedicated	
  apparatus	
  (thinking	
  how	
  to)	
  

Measure	
  Capacity	
  of	
  Filter	
  Materials	
  and	
  parameters	
  thereof	
  
(eg	
  flow	
  rate	
  dependence)	
  

Install	
  Condenser	
  with	
  liquid	
  and/or	
  gas	
  phase	
  filtraBon	
  to	
  test	
  
effecBveness	
  of	
  each.	
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Condenser,	
  filter	
  and	
  
vapor	
  pump	
  all	
  in	
  one.	
  

(under	
  assembly	
  at	
  
present)	
  

Vapor	
  Pump	
  

Condenser	
  

Condensate	
  

Pumped	
  
Liquid	
  

Filter	
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MicroBooNE	
  

Single-­‐wall,	
  Foam	
  Insulated	
  Evacuable	
  Cryostat	
  –	
  200	
  tons	
  Liquid	
  Argon	
  

9,800	
  Wire	
  TPC	
  –	
  driK	
  distance	
  2.6	
  m	
  

44	
  K	
  

12.5	
  K	
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MicroBooNE	
  Cryogenics	
  	
  and	
  Purifica.on	
  Schema.c	
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Rοle	
  of	
  MicroBooNE	
  

Plan	
  is	
  to	
  purge	
  vessel	
  to	
  `purity’	
  –	
  details	
  will	
  be	
  based	
  on	
  LAPD	
  experience.	
  

Liquid	
  RecirculaBon	
  and	
  PurificaBon	
  specified	
  for	
  1	
  day	
  cycle	
  

Design	
  of	
  the	
  Gas	
  CirculaBon	
  for	
  PurificaBon	
  is	
  under	
  development	
  

If	
  it	
  works,	
  MicroBooNE	
  is	
  full	
  validaBon	
  of	
  plan	
  to	
  go	
  without	
  evacuaBon	
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FIN	
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Outlet	
  

Argon	
  Gas 

Ambient	
  Air 

Inlet	
  

Percent O2 Sensor Output vs. Time
 data compared to  analytical model
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Time	
  

O2	
  Monitors	
  

10	
  K	
  

Purging	
  Test	
  	
  

Decent	
  understanding	
  of	
  diffusion	
  in	
  purging	
  
-­‐ 100	
  ppm	
  achieved	
  in	
  2.6	
  volume	
  changes.	
  
Have	
  achieved	
  ppb	
  over	
  Bme	
  in	
  dirty	
  tank	
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GAr	
  

LAr	
  

Condensed argon exits condenser 
from 1 inch tube concentrically 
above 1.5 inch filter housings 

1.5 inch tube with 
no filter material 

3/8 inch stainless steel 
tube, slightly spiraled Sintered materials 

housed in 1.5 inch 
stainless steel tube 

Sintered glass,  
10-15 um pores 

Sintered metal, 10 um pores 

Stainless steel wool 

For	
  tesBng	
  passive	
  filters	
   SchemaBc	
  of	
  condenser	
  inlet	
  and	
  return	
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The	
  effect	
  of	
  H20	
  

Vacuum	
  jacketed	
  sides	
  

Un-­‐insulated	
  removable	
  
top	
  flange,	
  typically	
  near	
  
room	
  temperature,	
  
sealed	
  with	
  double	
  o-­‐
rings	
  

Liquid	
  from	
  condenser	
  
fell	
  back	
  into	
  cryostat	
  

unfiltered	
  


