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LArTPC	  –	  Mo*va*on	  
Important	  measurements	  to	  make	  in	  neutrino	  sector	  

To	  answer	  these	  ques*ons,	  we	  need	  
many	  fine-‐grain	  measurements	  of	  
neutrino	  interac*ons.	  
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LArTPC	  –	  Mo*va*on	  

Liquid	  Argon	  (LAr)	  

	  Dense,	  inert	  and	  rela*vely	  
inexpensive.	  

Time	  Projec6on	  Chamber	  (TPC)	  
	  Light	  Detec*on	  +	  Wire	  Chamber	  

	  +	  Reconstruct	  charged	  

	  	  	  	  par*cle	  tracks	  
	  +	  High	  resolu*on	  

Economically	  Scalable	  



LArTPC	  –	  Goals	  

GOAL:	  50	  kiloton	  detector	  

MicroBooNE	  is	  part	  of	  a	  
research	  program	  to	  
achieve	  this	  goal.	  

Challenges:	  
+	  Purity	  of	  Argon	  

+	  Cold	  electronics	  (80	  K)	  
+	  Scalability	  



MicroBooNE	  
Measure	  neutrino	  cross-‐sec*ons	  

in	  liquid	  argon	  

Inves*gate	  low-‐energy	  excess	  
measured	  by	  MiniBooNE	  

MicroBooNE	  can	  differen*ate	  
between	  low	  energy 	   	  	  	  
e	  and	  γ-‐>e+e-‐	  events.	  

MiniBooNE	  cannot.	  



MicroBooNE	  
Cryostat: 12 m x 4 m 
~70 ton fiducial volume 

Measure	  events	  
from	  Booster	  and	  
NuMI	  beams	  

You	  are	  here.	  



How	  does	  a	  
liquid	  argon	  
*me	  projec*on	  
chamber	  	  
work?	  

High	  
Voltage,	  
100’s	  of	  kV	  

LAr	  	  
(at	  87	  K)	  

3	  detec*on	  
wire	  planes	  

	  	  ~	  meter(s)	  

(125	  kV	  in	  µBooNE)	  



High	  
Voltage,	  
100’s	  of	  kV	  

Neutrino	  	  
events	  	  
occur	  in	  
the	  argon	  

3	  detec*on	  
wire	  planes	  



High	  
Voltage,	  
100’s	  of	  kV	  

Scin*lla*on	  
light	  from	  the	  
event	  is	  observed	  
by	  photomul6plier	  
tubes	  (PMTs)	  
behind	  the	  	  
wire	  planes	  

3	  detec*on	  
wire	  planes	  



High	  
Voltage,	  
100’s	  of	  kV	  

Ionized	  electrons	  
drim	  slowly	  
toward	  the	  	  
chambers	  

2.5	  msec	  
drim	  in	  	  
µBooNE	  

3	  detec*on	  
wire	  planes	  



High	  
Voltage,	  
100’s	  of	  kV	  

Electrons	  produce	  
signals	  by	  	  
induc*on	  in	  	  
first	  2	  wire	  planes,	  
collected	  on	  3rd	  

3	  detec*on	  
wire	  planes	  



Wire	  
z	  coordinate	  in	  
chamber	  	  

Example:	  Event	  in	  ArgoNeut	  

Time	  	  
Distance	  from	  
detec*on	  wires	  

#	  of	  Dri,	  electrons	  
Energy	  deposited	  in	  
chamber	  



Light	  Detec*on	  Challenges	  

+	  Light	  is	  created	  through	  
bonding	  and	  separa*on	  of	  
argon	  dimers.	  

+	  Light	  created	  at	  128	  nm	  (UV)	  

+	  Glass	  of	  PMTs	  is	  opaque	  to	  
UV.	  

Need	  to	  shi$	  UV	  light	  
to	  visible	  light	  
to	  detect	  with	  PMTs	  



Light	  Detec*on	  Challenges	  

+	  PMTs	  are	  sensi*ve	  to	  
electric	  fields	  used	  by	  
wire	  chamber	  

+	  PMTs	  can	  only	  be	  in	  zero	  
field	  region	  of	  detector	  

+	  Reduces	  available	  light	  
coverage	  

Need	  to	  
increase	  coverage	  
for	  larger	  detectors.	  



Shiming	  Light	  
TPB	  (Tetraphenyl	  butadiene)	  	  –	  wavelength	  shimer	  	  

	  Absorbs	  UV	  light	  and	  emits	  blue	  light	  



Light	  Detec*on	  –	  Plates	  (MicroBooNE)	  
+	  Acrylic	  plates	  coated	  with	  TPB	  

and	  polystyrene	  

+	  Incident	  UV	  light	  is	  remioed	  as	  
blue	  light.	  

+	  Plates	  coated	  with	  50%	  TPB	  
and	  50%	  polystyrene.	  

MicroBooNE	  
PMT	  Module	  

Wavelength	  
Shiming	  Plate	  

Photomul*plier	  
Tube	  (PMT)	  

Moun*ng	  Plate	  

Sample	  
Plate	  



Light	  Detec*on	  –	  Lightguides	  
Lightguides	  relay	  light	  

from	  field	  intense	  
regions	  of	  chamber	  
to	  PMTs	  in	  zero	  field	  
region.	  



Manufacturing	  Concerns	  
+	  A;enua<on	  

	  -‐	  Light	  signal	  degrades	  in	  acrylic	  
	  -‐	  Aoenua*on	  depends	  on	  acrylic	  	  	  
	  quality	  

+	  Coa<ng	  Quality	  and	  Smoothness	  
	  -‐	  Bumps	  in	  coa*ng	  result	  in	  light	  	  	  
	  exi*ng	  the	  rod,	  never	  reaching	  
	  PMT.	  
	  -‐	  Coa*ng	  efficiency	  increases	  
	  with	  TPB	  but	  more	  TPB	  reduced	  
	  op*cal	  clarity.	  

Three	  lightguides	  with	  3,	  2,	  and	  
1	  coat(s)	  of	  1:3	  TPB	  to	  
polystyrene	  coa*ng.	  



Tes*ng	  Lightguides	  
+	  Coa*ng	  -‐	  1:3,	  TPB	  to	  Polystyrene	  

+	  Measured	  light	  detected	  from	  
5.3	  MeV	  alpha	  in	  argon	  

+	  Lightguide	  dimensions:	  

	  1”	  x	  3/16”	  x	  21.5”	  

Alpha	  source	  
(Polonium	  210)	  
aoached	  to	  
lightguide	  10	  cm	  
from	  PMT	  

Test	  Dewar	  

Incident	  UV	  Photons:	  
Ideal	  Response:	  

Measured	  Response:	  
Efficiency:	  	  

1000	  Photons	  
10	  +/-‐	  3	  	  	  	  PE	  
7.5	  +/-‐	  2.5	  PE	  

0.1%	  



Lightguides	  in	  Large-‐Scale	  Detectors	  
Our	  prototype	  lightguides	  are	  sufficiently	  efficient	  to	  
register	  events	  in	  large-‐scale	  detector!	  

Need	  30	  paddles	  to	  trigger	  on	  5	  PE	  created	  by	  40	  MeV	  
protons	  in	  MicroBooNE.	  

Lightguide	  quality	  improvements	  on	  horizon!	  

8	  lightguides	  
bend	  to	  
connect	  to	  2”	  
PMT	  face.	  



Conclusion	  
MicroBooNE	  will	  inves*gate	  important	  physics	  and	  will	  be	  an	  

important	  step	  toward	  crea*ng	  larger	  LArTPCs.	  

At	  MIT	  we	  are	  inves*ga*ng	  cost	  effec*ve	  light	  detec*on	  
possibili*es	  for	  use	  in	  large-‐scale	  detectors.	  
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Thank
	  you!	  
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Raw	  Data	  from	  Tes*ng	  Lightguides	  



MiniBooNE:	  Electron-‐like	  events	  



MiniBooNE:	  Photon-‐like	  events	  


