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Outline:	  

Neutrino	  physics	  -‐>	  Precision	  detectors	  on	  large	  scales	  
	  -‐advances	  in	  light	  collec1on	  in	  Water	  detectors	  
	   	  -‐Scin1llator	  doping	  
	   	  -‐Gadolinium	  doping	  
	   	  -‐precision/low	  “profile”	  light	  collec1on	  
	  -‐developing	  massive	  LArTPCs	  at	  reasonable	  cost	  
	   	  -‐Electronics	  
	   	  -‐Cryogenics	  
	   	  -‐Cryostats	  
	   	  -‐Light	  Collec1on	  
	   	  -‐Charge	  Collec1on	  
	   	  -‐High	  Voltage	  
	   	  -‐Calibra1on	  
	   	  -‐Deployment	  underground	  
	   	  -‐Magne1za1on	  
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Highlights	  from	  LArTPC	  R&D	  
	  Workshop	  

Things	  I	  won’t	  cover	  but	  were	  discussed	  in	  the	  fall:	  
	  -‐Heavy	  Quark	  Experiments	  
	  -‐Rare	  Processes	  Experiments	  

Won’t	  cover	  this…..	  



R&D	  for	  LBNE	  design	  is	  
mostly	  development	  
with	  focus	  on	  cost	  

savings	  –	  should	  make	  
sure	  to	  keep	  op1ons	  

open…..!	  



Engineering	  Development	  
(not	  always	  straighcorward…..)	  

•  Informed	  by	  experiments	  running	  or	  in	  
construc1on	  

•  Mechanical,	  Cryogenics,	  electronics,	  Cos1ng	  
– Electronics-‐>	  Cold	  electronics	  with	  LBNE	  
mul1plexed	  in	  situ	  

– High	  Voltage	  
– TPC	  design	  for	  cost	  and	  installa1on	  
– Cos1ng	  models	  	  







Light	  Readout	  in	  LArTPCs	  

Conven1onal	  readout	  in	  LArTPCs:	  	  PMTs	  operable	  at	  cryogenic	  temperatures	  
	  -‐requires	  wavelength	  shifing	  
	  -‐requires	  space!	  	  

Low	  Profile	  Readout	  
	  -‐SiPMs	  
	  -‐Wave	  guides	  +	  SiPMs	  
	  -‐New	  ideas?	  
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N.	  Buchanan	  
C.	  State	  



Liquid	  Argon	  scin1lla1on	  read-‐
out	  with	  silicon	  devices	  

N.	  Canci,	  C.	  Caiadori,	  A.	  A.	  Machado,	  
S.	  Riboldi,	  E.	  Segreto,	  C.	  Vignoli	  



Experimental	  set-‐up	  (II)	  

PMT	  window	  	  

Reflector	  +	  TPB	  

APD	  amplifica1on	  	  

SiPM	   VUV	  APD	  
Non-‐VUV	  APD	  

PMT	  



Light	  yield	  with	  SiPM	  -‐>	  SER	  
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•  SiPM	  signal	  readout	  with	  a	  
Camberra	  2005	  charge	  
preamplifier	  +	  ORTEC	  672	  
spectroscopy	  amplifier;	  

•  Signal	  acquired	  with	  a	  
mulNchannel;	  

•  The	  spectrum	  of	  first	  
photo-‐electrons	  is	  very	  
well	  resolved;	  

•  The	  absolute	  calibraNon	  
factor	  between	  counts	  and	  
photo-‐electrons	  is	  obtained	  
as	  the	  difference	  between	  
first	  phel	  and	  second	  phel	  
posi:on.	  	  	  

VSiPM	  =	  62	  Volt	  



Future	  plans	  and	  Conclusions	  
•  SiPM	  demonstrated	  to	  be	  an	  excellent	  device	  to	  be	  used	  in	  LAr	  with	  a	  Quantum	  

Efficiency	  higher	  than	  that	  of	  	  the	  most	  performing	  cryogenic	  PMT	  on	  the	  market	  
(Hamamatsu	  R11065);	  

•  Some	  easy	  op1miza1on	  of	  the	  quenching	  resistor	  could	  be	  needed;	  

•  In	  the	  near	  future:	  characteriza1on	  of	  the	  device	  with	  a	  laser	  source	  at	  room	  and	  
cryogenic	  temperature	  (Milano	  Bicocca);	  

•  Test	  of	  SiPM	  with	  comparable	  area	  from	  a	  different	  manufacturer	  (FBK)	  –	  possibly	  
produced	  without	  op1cal	  window	  (VUV	  sensi1ve);	  

•  Test	  of	  SiPM	  from	  FBK	  and	  Hamamatsu	  mounted	  on	  low	  radioac1vity	  substrates;	  

•  Development	  of	  fast	  current	  amplifier	  for	  the	  read	  out	  of	  the	  signals;	  
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Light	  Readout	  in	  Water	  Detectors	  

Conven1onal	  readout	  in	  Water	  
	  -‐Requires	  space	  and	  large	  Photo	  Cathode	  coverage	  

(translates	  to	  cost)	  

Doping	  
	  -‐Scin1llator	  and	  
	  -‐Gadolinium	  



	  	  The	  Development	  of	  Large-‐Area	  	  	  	  	  	  	  
Pico-‐second	  Photodetectors	  

Henry	  Frisch,	  	  Enrico	  Fermi	  Ins1tute,	  Univ.	  of	  Chicago	  
For	  the	  LAPPD	  Collabora<on	  



	  Neutrino	  Physics	  

Approach:	  measure	  the	  arrival	  1mes	  and	  posi1ons	  of	  
photons	  and	  reconstruct	  	  tracks	  	  in	  water	  

Benefit:	  Factor	  of	  5	  less	  volume	  needed,	  cost.	  

Need:	  lower	  the	  cost	  	  and	  extend	  the	  reach	  of	  large	  
neutrino	  detectors	  	  

Compe<<on-‐	  large	  PMT’s,	  Liquid	  Argon	  

H.	  Nicholson	  	  
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Daniel	  Boone*	  	  
•  Proposal	  (LDRD)	  to	  build	  a	  
liHle	  proto-‐type	  to	  test	  
photon-‐TPC	  ideas	  and	  as	  a	  
simula<on	  testbed	  
•  `Book-‐on-‐end’	  geometry-‐	  
long,	  higher	  than	  wide	  
•  Close	  to	  100%	  coverage	  so	  
bigger	  Fid/Tot	  volume	  
•  Δx,	  Δy	  <<	  1	  cm	  
•  Δt	  <	  100	  psec	  
•  Magne<c	  field	  in	  volume	  
•  Idea:	  to	  reconstruct	  ver<ces,	  
tracks,	  events	  as	  in	  a	  TPC	  (or,	  
as	  in	  LiA).	  
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2	  
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caps	  

Daniel	  
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Also ANNIE- Bob Svoboda 

*	  Think	  MiniBoone,	  etc	  



How	  Does	  it	  Work?	  
Requires	  large-‐area,	  	  gain	  >	  107,	  low	  noise,	  	  low-‐power,	  long	  life,	   	  
σ(t)<10	  psec,	  σ(x)	  <	  1mm,	  and	  low	  large-‐area	  system	  cost	  
Realized	  that	  an	  MCP-‐PMT	  has	  all	  these	  but	  large-‐area,	  low-‐cost:	  
(since	  intrinsic	  <me	  and	  space	  scales	  are	  set	  by	  the	  pore	  sizes-‐	  2-‐20µ)	  

window	  

Photocathode	  on	  
inside	  of	  window	  

Pair	  of	  micro-‐
channel	  plates	  

RF	  strip-‐
line	  anode	  

Incoming	  
charged	  par<cle	  

Photo-‐electron	  
from	  cathode	  

Radiated	  Cherenkov	  
photon	  

Output	  pulse	  of	  
107	  electrons	  
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	  The	  Half-‐Meter-‐Squared	  SuperModule	  

A	  `<le’	  is	  a	  sealed	  vacuum-‐tube	  
with	  cathode,	  2	  MCP’s,	  RF-‐strip	  
anode,	  and	  internal	  voltage	  divider	  
HV	  string	  is	  made	  with	  ALD	  

A	  SuperModule	  holds	  12	  <les	  in	  3	  
<le-‐rows.	  	  15	  waveform	  sampling	  
ASICS	  on	  each	  end	  	  of	  the	  tray	  
digi<ze	  90	  strips.	  2	  layers	  of	  local	  
processing	  (Altera)	  measure	  	  extract	  
charge,	  <me,	  	  posi<on,	  goodness-‐of-‐
fit	  	  
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General	  take-‐aways	  
•  Significant	  advances	  in	  precision	  neutrino	  
detec1on	  recently	  

•  Room	  for	  op1miza1on	  (Development)	  	  
•  New	  ideas	  and	  development	  in	  light	  collec1on	  
(and	  other	  areas)	  are	  key	  for	  beier	  detectors	  
(LArTPCs	  and	  WC)	  

•  Beware	  to	  state	  that	  we	  don’t	  need	  R&D,	  for	  
example,	  for	  LBNE,	  we	  can	  say	  we	  are	  ready	  but	  
can	  do	  beier…..	  

•  Apologies	  for	  what	  is	  not	  covered	  here!	  



Experiment	   Measurement	   Reach	   Technology	   Characteris<c	   Requirement	   Limita<on	  

Silicon	  
Tracking	  

Silicon	  
Tracking	  

Silicon	  
Tracking	  

Photo	  Sensors	  

Photo	  Sensors	  

Photo	  Sensors	  

From	  Marcel’s	  talk	  	  Near	  Term	   Mid	  Term	   Far	  Term	  

Experiments	  
grouped	  by	  

technology	  and	  
listed	  according	  
to	  1mescale	  



Backups	  



Niklaus Berger – Charged Leptons, February 2013 – Slide 19

R&D	  for	  muon	  experiments	  
•  Grateful	  recipient	  of	  last	  decade’s	  R&D	  efforts	  in	  pixels,	  SiPMs,	  	  in-‐

vacuo	  technologies	  
•  Challenges	  now	  are	  associated	  with	  making	  them	  work	  in	  real	  

experiments	  

•  Future	  R&D	  mainly	  focused	  on	  muon	  produc1on	  
–  Higher	  surface	  muon	  yields	  from	  spalla1on	  targets,	  	  narrower	  pulse	  

width	  and	  tunable	  1me	  structure,	  cold	  muon	  beams	  

•  Example:	  
–  50	  µm	  HV-‐MAPS	  pixels	  

developed	  with	  ILC	  
R&D	  now	  being	  
implemented	  in	  µ3e	  
experiment	  at	  PSI	  

–  ~0.1%	  X0	  per	  layer	   50	  µm	  Si	  pixel+	  
25	  µm	  Kapton	  flex	  cable	  with	  Al	  traces+	  
25	  µm	  Kapton	  support	  


