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MicroBooNE	
  -­‐	
  a	
  not-­‐so-­‐micro	
  LArTPC	
  
Anne	
  Schukra8	
  
Fermilab	
  
IPA,	
  Madison,	
  May	
  4-­‐6,	
  2015	
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Fermilab	
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Neutrino	
  beams	
  at	
  Fermilab	
  

BNB	
  
Fermilab’s	
  low-­‐energy	
  neutrino	
  beam:	
  	
  

	
  <Eν>	
  ≈	
  700	
  MeV	
  

Booster	
  -­‐	
  8	
  GeV	
  protons	
  

BNB	
  neutrino	
  energy	
  spectra	
  

93.6%	
  5.86%	
  

0.05%	
   0.52%	
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Neutrino	
  beams	
  at	
  Fermilab	
  

BNB	
  
Fermilab’s	
  low-­‐energy	
  neutrino	
  beam:	
  	
  

	
  <Eν>	
  ≈	
  700	
  MeV	
  

Booster	
  -­‐	
  8	
  GeV	
  protons	
  

Main	
  Injector	
  -­‐	
  120	
  GeV	
  protons	
  

NuMI	
  
Fermilab’s	
  high-­‐energy	
  neutrino	
  beam:	
  <Eν>	
  ≈	
  7	
  GeV 	
  (tunable)	
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Neutrino	
  experiments	
  at	
  Fermilab	
  

Minerνa	
  

before:	
  
ArgoNeuT	
  

NOνA	
  near	
  
detector	
  

MINOS	
  near	
  
detector	
  

MiniBooNE	
  
MicroBooNE	
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Neutrino	
  experiments	
  at	
  Fermilab	
  

Minerνa	
  

before:	
  
ArgoNeuT	
  

NOνA	
  near	
  
detector	
  

MINOS	
  near	
  
detector	
  

MiniBooNE	
  
MicroBooNE	
   MicroBooNE	
  

	
  
Short	
  baseline	
  experiment:	
  

L	
  =	
  470m	
  
	
  

Technology:	
  
LArTPC	
  
170	
  t	
  
	
  

Physics	
  goals:	
  
MiniBooNE	
  low-­‐energy	
  excess,	
  	
  
neutrino-­‐argon	
  cross	
  sec]ons,	
  	
  

LAr	
  R&D	
  
	
  

Status:	
  
Right	
  now	
  in	
  Cool	
  Down	
  phase!	
  

Will	
  start	
  data	
  taking	
  this	
  summer.	
  



The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

E	
  =	
  500	
  V/cm	
  

Filled	
  with	
  LAr	
  (88K)	
  

Anode	
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The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

Anode	
  

E	
  =	
  500	
  V/cm	
  

ν	
  
Neutrino	
  interac]ng	
  with	
  
inside	
  the	
  TPC	
  volume	
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The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

Anode	
  

E	
  =	
  500	
  V/cm	
  

ν	
  
Charged	
  secondary	
  
par]cles	
  produce	
  ioniza]on	
  
electrons	
  

Ioniza]on	
  e-­‐	
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Anode	
  

The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

Anode	
  

E	
  =	
  500	
  V/cm	
  

ν	
  
Electrons	
  dri8	
  towards	
  
anode.	
  

Ioniza]on	
  e-­‐	
  

Dri8	
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The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

Anode	
  

E	
  =	
  500	
  V/cm	
  

ν	
  

Ioniza]on	
  e-­‐	
  

The	
  dri8	
  electrons	
  cause	
  an	
  
electrical	
  signal	
  on	
  the	
  anode	
  
wires.	
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Anode	
  

Scin]lla]on	
  light	
  in	
  a	
  TPC	
  

The	
  scin]lla]on	
  
light	
  gives	
  us	
  the	
  
absolute	
  start	
  
]me	
  of	
  the	
  event	
  

Light	
  is	
  fast	
  compared	
  
to	
  the	
  electron	
  dri8!	
  

Light	
  collec]on	
  
system	
  behind	
  
wire	
  planes	
  

This	
  is	
  used	
  in	
  reconstruc]on	
  
and	
  for	
  triggering	
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Neutrino	
  events	
  in	
  LAr	
  

muon	
  
δ-­‐rays	
  

MicroBooNE	
  will	
  be	
  like	
  
ArgoNeuT	
  just	
  beLer	
  and	
  bigger!	
  

Back	
  to	
  bubble	
  chamber	
  quality,	
  
but	
  fully	
  automated!!!	
  

(View	
  of	
  one	
  wire	
  plane)	
  

90	
  cm	
  

A	
  charged-­‐current	
  νμ	
  interac]on	
  in	
  ArgoNeuT	
  

Wire	
  number	
  

Ti
m
e	
  
Pc
ks
	
  

400	
  μs	
  

Scale	
  volume	
  
	
  	
  	
  	
  	
  	
  

by	
  factor	
  220	
  

Co
lo
r=
	
  c
ha
rg
e	
  

From	
  ArgoNeuT	
  to	
  MicroBooNE	
  

IPA	
  2015,	
  Madison	
   13	
  

νμ	
  
beam	
  

μ	
  

nucleon	
  

W+	
  

something	
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The	
  MicroBooNE	
  detector	
  

Cathode	
  

Anode	
  wire	
  plane	
  
Field	
  cage	
  

High	
  voltage	
  
feedthrough	
  

11	
  feedthroughs	
  
for	
  wire	
  signals	
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The	
  TPC	
  –	
  cathode	
  and	
  field	
  cage	
  

Field	
  cage:	
  
64	
  stainless	
  steel	
  tubes	
  at	
  different	
  poten]al	
  to	
  
create	
  a	
  uniform	
  electric	
  field	
  inside	
  
“loops	
  around	
  the	
  TPC	
  volume”	
  

Anode	
  wire	
  plane	
  

Cathode	
  -­‐128	
  kV	
  	
  

Wire	
  readout	
  
electronics	
  boards	
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The	
  TPC	
  –	
  anode	
  wire	
  plane	
  

Y	
  

U	
  
V	
  3	
  wire	
  planes	
  

8256	
  wires	
  total	
  

Stainless	
  steel	
  wires	
  
with	
  gold	
  coa]ng	
  

3	
  mm	
  wire	
  spacing	
   Wire	
  carrier	
  board	
  

Low-­‐noise	
  electronic	
  motherboard	
  
with	
  pre-­‐amplifier	
  is	
  aqached	
  to	
  
wire	
  carrier	
  board	
  and	
  in	
  the	
  argon	
  	
  

Cold	
  cables	
  bring	
  signal	
  
out	
  to	
  the	
  feedthrough	
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The	
  high	
  voltage	
  (HV)	
  system	
  
MicroBooNE	
  has	
  a	
  longer	
  dri8	
  
distance	
  than	
  previous	
  
detectors	
  
-­‐>	
   	
  needs	
  a	
  high	
  cathode	
  

	
  voltage	
  to	
  supply	
  
	
  electrical	
  field	
  	
  
	
  (-­‐128	
  kV)	
  

	
  
	
  
The	
  challenge:	
  
Avoid	
  electrical	
  
breakdown	
  between	
  
components	
  on	
  different	
  
electrical	
  poten]al	
  

Field	
  
cage	
  

HV	
  cup	
  

Cryostat	
  w
all	
  (ground)	
  

HV	
  Feedthrough	
  

Ground	
  
cover	
  

Flange	
  

PE	
  
insulator	
  

Torus	
  

Stainless	
  steel	
  
conductor	
  

Credit:	
  Sarah	
  Lockwitz	
  

2.
18
	
  m

	
  

See	
  also:	
  breakdown	
  studies	
  in	
  LAr:	
  
JINST	
  9,	
  P11001	
  (2014)	
  
JINST	
  9,	
  P04006	
  (2014);	
  JINST	
  9,	
  P07023	
  
(2014)	
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Installa]on	
  –	
  a	
  picture	
  series	
  
TPC	
  inser]on:	
  Dec	
  23rd,	
  2013	
  

Moving	
  day!	
  June	
  23rd,	
  2014	
  

PMT	
  system	
  installa]on:	
  Dec	
  2013	
  

MicroBooNE’s	
  home	
  in	
  the	
  beam	
  line:	
  The	
  LAr	
  Test	
  Facility	
  

Foamed	
  in!	
  July	
  2014	
  

Cabled	
  up!	
  Sept.	
  2014	
   All	
  electronics	
  in!	
  Dec.	
  10,	
  2014	
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Final	
  health	
  check	
  

Looking	
  through	
  a	
  10’	
  vacuum	
  port	
  with	
  	
  

…	
  and	
  viewing	
  wires	
  from	
  up	
  to	
  5m	
  distance.	
  

a	
  mirror,	
  a	
  camera,	
   an	
  LED	
  lamp	
  

An
od

e	
  

Ca
th
od

e	
  

camera	
  

mirror	
  

LED	
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Final	
  health	
  check	
  

Looking	
  through	
  a	
  10’	
  vacuum	
  port	
  with	
  	
  

…	
  and	
  viewing	
  wires	
  from	
  up	
  to	
  5m	
  distance.	
  

a	
  mirror,	
  a	
  camera,	
   an	
  LED	
  lamp	
  

An
od

e	
  

Ca
th
od

e	
  

camera	
  

mirror	
  

LED	
  



Step	
  

1	
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MicroBooNE	
  live	
  

Purge	
  	
  
with	
  argon	
  
gas	
  to	
  get	
  
air	
  out.	
  

Step	
  

2	
   Step	
  

3	
  
Fill	
  with	
  10	
  
truck	
  loads	
  of	
  
liquid	
  argon.	
  Cool-­‐down	
  	
  

with	
  argon	
  gas	
  slowly	
  
to	
  avoid	
  mechanical	
  
stress	
  of	
  detector	
  

components	
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MicroBooNE	
  live	
  

Nitrogen	
  is	
  gone	
  (<	
  2ppm)	
  

Purging…	
  

…	
  with	
  argon	
  gas	
  from	
  
a	
  LAr	
  dewar.	
  

Cryostat	
  pressure	
  is	
  stable	
  (no	
  leaks)	
  

O2	
  contaminaPon	
  is	
  below	
  1	
  ppm.	
  	
  

Water	
  contaminaPon	
  is	
  going	
  down.	
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MicroBooNE’s	
  contribu]on	
  	
  
	
  to	
  open	
  ques]ons	
  in	
  neutrino	
  physics	
  

•  Resolving	
  the	
  nature	
  of	
  the	
  MiniBooNE	
  low-­‐E	
  excess.	
  
	
  

•  Understanding	
  of	
  neutrino	
  scaqering	
  on	
  argon.	
  

•  Detector	
  physics:	
  study	
  diffusion,	
  recombina]on	
  and	
  purity	
  in	
  LAr.	
  

•  Detec]on	
  of	
  supernova	
  neutrinos.	
  

•  Explore	
  backgrounds	
  for	
  future	
  proton	
  decay	
  searches.	
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MicroBooNE’s	
  contribu]on	
  	
  
	
  to	
  open	
  ques]ons	
  in	
  neutrino	
  physics	
  

•  Resolving	
  the	
  nature	
  of	
  the	
  MiniBooNE	
  low-­‐E	
  excess.	
  
	
  

•  Understanding	
  of	
  neutrino	
  scaqering	
  on	
  argon.	
  

•  Detector	
  physics:	
  study	
  diffusion,	
  recombina]on	
  and	
  purity	
  in	
  LAr.	
  

•  Detec]on	
  of	
  supernova	
  neutrinos.	
  

•  Explore	
  backgrounds	
  for	
  future	
  proton	
  decay	
  searches.	
  



νe	
  appearance	
  signals:	
  LSND	
  
Looking	
  for	
  an	
  an]	
  electron	
  neutrino	
  appearance	
  signal	
  in	
  a	
  νμ	
  beam.	
  

νμ	
   νe	
   e+	
  
_	
   _	
  

167	
  ton	
  liquid	
  scin]llator	
  detector	
  	
  
@	
  Los	
  Alamos	
  

Eν	
  =	
  20	
  –	
  55	
  MeV	
   Baseline	
  =	
  30m	
   p	
   n	
  

The	
  measured	
  electron	
  spectrum	
  shows	
  an	
  
excess	
  over	
  background	
  expecta]ons	
  
	
  
Phys.	
  Rev.	
  D	
  64,	
  112007	
  (2001)	
  

Best	
  fit:	
  
	
   	
  Δm2	
  =	
  1.2	
  eV2 	
  sin2	
  θ	
  =	
  0.003	
  

The	
  best	
  fit	
  is	
  not	
  in	
  agreement	
  with	
  standard	
  
oscilla]ons.	
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_	
  



The	
  MiniBooNE	
  low-­‐energy	
  excess	
  

Phys.	
  Rev.	
  Leq.	
  110,	
  161801	
  (2013)	
  

νe	
  appearance	
  signals:	
  MiniBooNE	
   800t	
  mineral	
  oil	
  Cherenkov	
  
detector	
  @	
  Fermilab	
  

6.46	
  ×	
  1020	
  POT	
  

11.27	
  ×	
  1020	
  POT	
  

MiniBooNE	
  

541	
  m	
  baseline	
  

MiniBooNE	
  compared	
  to	
  LSND:	
  
•  Longer	
  baseline:	
  541	
  m	
  
•  Higher	
  energy	
  beam:	
  ≈	
  700	
  MeV	
  
•  -­‐>	
  Same	
  L/E! 	
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The	
  MiniBooNE	
  low-­‐energy	
  excess	
  

Phys.	
  Rev.	
  Leq.	
  110,	
  161801	
  (2013)	
  

The	
  MiniBooNE	
  low-­‐E	
  excess:	
  e	
  or	
  γ?	
  

6.46	
  ×	
  1020	
  POT	
  

11.27	
  ×	
  1020	
  POT	
  

The	
  shape	
  of	
  the	
  excess	
  resembles	
  the	
  
spectrum	
  of	
  γ	
  background.	
  

For	
  MiniBooNE:	
  
e	
  and	
  single	
  γ	
  look	
  the	
  same.	
  

•  Same	
  beam	
  
•  Same	
  baseline	
  
•  Can	
  dis]nguish	
  e	
  and	
  γ	
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Proof	
  of	
  principle	
  with	
  ArgoNeuT	
  data!	
  

Case	
  1:	
  The	
  neutral	
  γ	
  (π0)	
  is	
  observed	
  as	
  a	
  
	
  gap	
  between	
  vertex	
  and	
  EM	
   	
  
	
  shower:	
  

ArgoNeuT	
  event	
  

Case	
  2:	
  If	
  the	
  gap	
  is	
  too	
  small	
  to	
  be	
  observed,	
  
	
  the	
  charge	
  at	
  the	
  start	
  of	
  the	
  shower	
  can	
  
	
  be	
  reconstructed	
  through	
  a	
  
	
  measurement	
  of	
  dE/dx	
  

Use	
  the	
  topological	
  definiPon	
  to	
  idenPfy	
  

γ	
  and	
  e	
  in	
  experimental	
  data	
  

ArgoNeuT	
  
preliminary	
  

First	
  presented	
  @	
  NEUTRINO2014	
  
by	
  A.	
  Szelc	
  for	
  ArgoNeuT	
  

Single	
  electron	
  	
  

e+/e-­‐	
  pair	
  producing	
  γ	
  

MicroBooNE	
  will	
  be	
  able	
  to	
  
resolve	
  the	
  nature	
  of	
  the	
  
MiniBooNE	
  low-­‐energy	
  excess!	
  

Anne	
  Schukra8,	
  Fermilab	
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LSND Best Fit
 90% CL (arXiv:1207.4809)νMiniBooNE 
 90% CL (arXiv:1207.4809)νMiniBooNE 

LAr1-ND, 6.6e+20 POT (100m)
MicroBooNE, 1.32e+21 POT (470m)

T600, 6.6e+20 POT (600m)

 mode, CC Eventsν
Reconstructed Energy

 Efficiencyeν80% 
Stat., X-Sec., Flux, Cosmics, Dirt

 Only Fiteν

The	
  SBN	
  program	
  
MicroBooNE	
  alone	
  is	
  not	
  sensi]ve	
  to	
  a	
  
sterile	
  neutrino	
  signal	
  (LSND	
  excess)	
  
due	
  to	
  limita]ons	
  in	
  size	
  and	
  flux	
  
understanding.	
  
	
  
	
  
SoluPon:	
  SBN	
  program	
  
	
  

	
  Build	
  LAr	
  near	
  and	
  far	
  detectors	
  
	
  around	
  MicroBooNE	
  

	
  
	
  -­‐>	
  3	
  LArTPCs	
  in	
  the	
  Booster	
  
	
  Neutrino	
  Beam	
  will	
  sample	
  the	
  
	
  neutrino	
  spectrum	
  as	
  a	
  func]on	
  
	
  of	
  energy	
  and	
  distance	
  

Proposed	
  short	
  baseline	
  program	
  at	
  Fermilab	
  

arXiv:	
  1503.01520	
  

MicroBooNE	
  

SBN	
  far	
  
detector	
   MiniBooNE	
  

SBN	
  near	
  
detector	
  

T600	
   SBND	
  

BNB	
  

With	
  SBN	
  we	
  can	
  make	
  a	
  
defini]ve	
  statement	
  on	
  the	
  LSND	
  
and	
  MiniBooNE	
  anomalies!	
  

29	
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MicroBooNE’s	
  contribu]on	
  	
  
	
  to	
  open	
  ques]ons	
  in	
  neutrino	
  physics	
  

•  Resolving	
  the	
  nature	
  of	
  the	
  MiniBooNE	
  low-­‐E	
  excess.	
  
	
  

•  Understanding	
  of	
  neutrino	
  scaLering	
  on	
  argon.	
  

•  Detector	
  physics:	
  study	
  diffusion,	
  recombina]on	
  and	
  purity	
  in	
  LAr.	
  

•  Detec]on	
  of	
  supernova	
  neutrinos.	
  

•  Explore	
  backgrounds	
  for	
  future	
  proton	
  decay	
  searches.	
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Lots	
  of	
  interes]ng	
  (nuclear)	
  physics	
  over	
  all	
  energy	
  ranges.	
  

Many	
  open	
  ques]ons	
  
need	
  experimental	
  &	
  

theore]cal	
  input!	
  

We	
  need	
  to	
  understand	
  neutrino-­‐nucleon	
  scaqering	
  to	
  
understand	
  event	
  rates,	
  final	
  states	
  and	
  neutrino	
  energy	
  
es]ma]on	
  in	
  oscilla]on	
  experiments	
  

Micro	
  
BooNE	
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The	
  only	
  
measurement	
  on	
  
argon	
  from	
  
ArgoNeuT	
  



From	
  bubble	
  chambers	
  to	
  modern	
  experiments	
  
Historic	
  data	
  is	
  bubble	
  chamber	
  data,	
  i.e.	
  hydrogen	
  or	
  deuterium	
  target.	
  

Today’s	
  detectors	
  have	
  heavier	
  nuclear	
  
targets	
  (Carbon,	
  Argon,	
  …)	
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Mul]-­‐nucleon	
  knockout	
  
through	
  re-­‐interac]on	
  of	
  the	
  
outgoing	
  nucleon	
  

When	
  scaqering	
  off	
  nuclei	
  instead	
  of	
  free	
  nucleons	
  the	
  observed	
  topology	
  can	
  be	
  more	
  complex:	
  

Two	
  nucleons	
  in	
  correla]on	
  
Means	
  for	
  the	
  experimentalist:	
  	
  

	
  MulP-­‐nucleon	
  knockout!	
  
The	
  pair	
  inside	
  the	
  nucleus	
  has:	
  

	
  large	
  rela]ve	
  momentum,	
  	
  
	
  small	
  total	
  momentum	
  

	
  
Nucleon-­‐nucleon	
  	
  

correlaPons	
  

Meson	
  exchange	
  
currents	
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The	
  next	
  level:	
  scaqering	
  off	
  a	
  nuclear	
  target	
  



Nuclear	
  effects	
  in	
  	
  
recent	
  data	
  

-­‐	
  seen	
  in	
  MiniBooNE	
  

Lessons	
  learned	
  from	
  MiniBooNE:	
  
	
  

•  Nuclear	
  effects	
  play	
  an	
  
important	
  role,	
  especially	
  for	
  
backward	
  scaqering	
  
	
  

•  For	
  the	
  understanding,	
  it	
  is	
  
important	
  to	
  also	
  inves]gate	
  the	
  
hadronic	
  side	
  of	
  the	
  interac]on	
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Lalakulich,	
  Gallmeister,	
  Mosel,	
  arXiv:1203.2935	
  

MiniBooNE QE data 

Standard QE model 

Nucleon-nucleon correlation 

forward	
  

backward	
  

W	
  

n	
   p+	
  

μ-­‐	
  νμ	
  

Quasi-­‐elasPc	
  
(QE)	
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ArgoNeuT	
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What	
  we	
  wish	
  for:	
  

Neutrino cross 
section 

measurements 
on various 

nuclear targets, 
especially argon! 

Enough statistics to do 
double-differential 

measurements 
 
 
 
 

Cross section 
measurements 

over the energy 
range valid for 
short and long 

baseline 
oscillation 

experiments. 

Full angular 
coverage! 

Detectors that 
can investigate 
the hadronic 
part of the 
interaction. 
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What	
  we	
  wish	
  for:	
  

Different targets: 
Minerva, T2K 

 
Argon:  

ArgoNeuT, 
MicroBooNE, SBN, 

(CAPTAIN) Full angular coverage: 
Yes, with  

MicroBooNE and SBN! 

Energy range: 
 

NuMI  
Minerva, (CAPTAIN):  
1st LB oscillation max 

 
BNB  

Mini/MicroBooNE  
2nd LB oscillation max 

High statistics: 
Lots of MiniBooNE 

measurements! 
 

Will be followed by 
MicroBooNE, SBN, … 

Studying the 
hadronic side of 
the interaction  
with Minerva, 
MicroBooNE  

and SBN 
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MicroBooNE simulation

 interactions in MicroBooNEµνBNB 

Cross	
  sec]ons	
  in	
  MicroBooNE	
  –	
  interac]on	
  channels	
  

MicroBooNE	
  in	
  the	
  BNB	
  will	
  deliver	
  unprecedented	
  
sta]s]cs	
  in	
  the	
  energy	
  range	
  of	
  200	
  MeV	
  –	
  2	
  GeV	
  
on	
  Argon	
  (quasi-­‐elas]c	
  and	
  resonant	
  processes).	
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   numu	
   numubar	
   nue	
   nuebar	
  

CC	
  Total	
   26646	
   250	
   238	
   9.8	
  

CC	
  -­‐	
  QE	
   14630	
   128	
   114	
   5.8	
  

CC	
  –	
  RES	
   8631	
   91	
   93	
   <	
  1	
  

CC	
  –	
  DIS	
   3271	
   29	
   29	
   3.9	
  

NC	
  Total	
   9860	
   101	
   81	
   3.9	
  

1e20	
  POT	
  	
  
(6	
  months,	
  87	
  tons,	
  no	
  efficiencies)	
  



 (GeV)νE
1−10 1 10 210

 / 
G

eV
)

2
 c

m
-3

8
 (1

0
ν

 c
ro

ss
 s

ec
tio

n 
/ E

ν

0

0.2

0.4

0.6

0.8

1

1.2

1.4
A. Schukraft, G. Zeller

TOTAL

QE

DIS

RES

POT
0 100 200 300 400 500 600 700 800 900 1000

1810×

# 
ev

en
ts

210

310

410

510

610

CC total
πCC 0

NC elastic
0πNC single 

MicroBooNE simulation

 interactions in MicroBooNEµνBNB 

Cross	
  sec]ons	
  in	
  MicroBooNE	
  –	
  final	
  states	
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CC	
  0	
  pion	
  

CC	
  inclusive	
  

	
  	
   numu	
  
CC	
  inclusive	
   CC	
  0	
  pi	
   NC	
  elasPc	
   NC	
  single	
  pi0	
  

26553	
   16997	
   2596	
   1719	
  

1e20	
  POT	
  (6	
  months,	
  87	
  tons,	
  no	
  efficiencies)	
  First	
  
analyses	
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MicroBooNE simulation

 interactions in MicroBooNEµνBNB 

Cross	
  sec]ons	
  in	
  MicroBooNE	
  –	
  for	
  the	
  experimentalist	
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CC	
  0	
  pion	
  

CC	
  inclusive	
  

	
  	
   numu	
  
CC	
  inclusive	
   CC	
  0	
  pi	
   NC	
  elasPc	
   NC	
  single	
  pi0	
  

26553	
   16997	
   2596	
   1719	
  

1e20	
  POT	
  (6	
  months,	
  87	
  tons,	
  no	
  efficiencies)	
  First	
  
analyses	
  

CC	
  0pion	
  

arXiv:	
  1503.01520	
  

MicroBooNE	
  

SBN	
  far	
  
detector	
   MiniBooNE	
  

SBN	
  near	
  
detector	
  

T600	
   SBND	
  

BNB	
  

SBND	
  in	
  2018	
  
Closer	
  to	
  target:	
  30x	
  higher	
  rate!	
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Summary	
  

•  MicroBooNE	
  will	
  deliver	
  awesome	
  neutrino	
  event	
  views!	
  
	
  
	
  

•  MicroBooNE	
  will	
  examine	
  the	
  nature	
  of	
  the	
  MiniBooNE	
  low-­‐E	
  excess	
  
	
  
	
  

•  MicroBooNE	
  will	
  deliver	
  high	
  sta]s]cs	
  of	
  neutrino-­‐argon	
  	
  
interac]ons,	
  which	
  we	
  need	
  a	
  beqer	
  understanding	
  of	
  	
  
(also	
  in	
  view	
  of	
  future	
  experiments)	
  
	
  
	
  

•  MicroBooNE	
  is	
  about	
  to	
  start	
  data	
  taking	
  –	
  stay	
  tuned!	
  
	
  
	
  

•  In	
  the	
  future,	
  the	
  Short	
  Baseline	
  Neutrino	
  Program	
  (SBN)	
  	
  
will	
  be	
  provide	
  much	
  more	
  sta]s]cs	
  and	
  sensi]vity	
  	
  
to	
  the	
  LSND	
  excess/sterile	
  neutrino	
  signature	
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-­‐	
  Backup	
  -­‐	
  	
  



Anode	
  

The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

Anode	
  

E	
  =	
  500	
  V/cm	
  

ν	
  

Ioniza]on	
  e-­‐	
  

Dri8	
  

Why	
  liquid	
  argon?	
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The	
  principle	
  of	
  a	
  LArTPC	
  

Cathode	
  

Anode	
  

E	
  =	
  500	
  V/cm	
  

ν	
  

Ioniza]on	
  e-­‐	
  

The	
  Y	
  wires	
  build	
  the	
  collec]on	
  
plane.	
  

Y	
  plane	
  (collecPon)	
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The	
  light	
  collec]on	
  system	
  

32	
  PMTs	
  (Hamamatsu	
  8”,	
  14	
  
stages)	
  behind	
  the	
  anode	
  plane	
  

Credit:	
  Cary	
  Kedziora	
  

PMTs	
  installed	
  in	
  the	
  vessel	
  
(before	
  TPC	
  push-­‐in)	
  

Wavelength	
  
shi8ing	
  TPB	
  
coa]ng	
  

Shi8s	
  argon	
  
scin]lla]on	
  light	
  (VUV)	
  
to	
  a	
  wavelength	
  in	
  the	
  
PMT	
  acceptance	
  region	
  

Credit:	
  Tess	
  Schmidt	
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Ar	
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Scin]lla]on	
  
light	
  in	
  LAr	
  

The	
  important	
  
conclusion:	
  

Argon	
  is	
  transparent	
  to	
  its	
  own	
  
scinPllaPon	
  light!	
  

Argon	
  ground	
  state	
  

Argon	
  	
  
excited	
  
state	
  

ScinPllaPon	
  
light	
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  nm	
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Purity	
  requirements	
  

Electronega]ve	
  impuri]es	
  (O2	
  and	
  H2O)	
  
absorb	
  the	
  dri8	
  electrons	
  

Ne(tdrift ) = Ne(t0 )× exp(−tdrift / τ )

A	
  calculaPon	
  for	
  MicroBooNE:	
  
	
  

	
  Electrical	
  field:	
  500	
  V/cm	
  
-­‐> 	
  Dri8	
  velocity:	
  1.6	
  mm/us	
  
	
  

	
  Maximum	
  dri8	
  distance:	
  2.5	
  m	
  
-­‐>	
   	
  Maximum	
  dri8	
  ]me:	
  1.56	
  ms	
  
	
  

	
  Want	
  to	
  lose	
  at	
  most	
  40%	
  signal	
  
-­‐>	
   	
  need	
  an	
  electron	
  life]me	
  of	
  3	
  ms	
  
	
  
-­‐>	
   	
  Corresponds	
  to	
  100	
  ppt	
  O2	
  
	
  
In	
  addiPon:	
  

	
  Need	
  to	
  avoid	
  quenching	
  and	
  absorp]on	
  of	
  
	
  scin]lla]on	
  light	
  by	
  N2	
  

-­‐>	
   	
  require	
  <	
  2	
  ppm	
  N2	
  

Credit:	
  C.	
  Montanari,	
  2007	
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Purity	
  monitoring	
  

Based	
  on	
  the	
  ICARUS	
  design	
  

A	
  purity	
  monitor	
  is	
  a	
  
Mini-­‐TPC	
  

Cathode	
   Anode	
  

UV	
  flash	
  
lamp	
  signal	
  

Measure	
  electron	
  dri8	
  ]me	
  tdri8	
  

We	
  have	
  three	
  of	
  
these:	
  2	
  inside	
  the	
  
cryostat,	
  1	
  before	
  
the	
  LAr	
  enters	
  

Qanode =Qcathode × exp(−tdrift / τ )

The	
  electron	
  life]me	
  τ	
  is	
  a	
  
measure	
  for	
  the	
  purity	
  

~	
  20	
  cm	
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Condenser	
  Cu	
  O2	
  filter	
  

Mole	
  sieve	
  

LAr	
  cryostat	
  

LAr	
  pump	
  

LAr	
  

GAr	
  

Cryogenics	
  opera]onal	
  circle	
  
Gaseous	
  argon	
  is	
  
recondensed	
  using	
  LN2	
  	
  

Molecular	
  sieve	
  
removes	
  H20	
  

Cu	
  filter	
  removes	
  O2	
  

x2!	
  

Filters	
  can	
  be	
  
regenerated	
  with	
  a	
  
mixture	
  of	
  argon	
  and	
  
H2	
  @	
  400C	
  

One	
  volume	
  exchange	
  
per	
  day	
  during	
  

opera]on	
  

Credit:	
  Ben	
  Carls	
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The	
  high	
  voltage	
  (HV)	
  system	
  
MicroBooNE	
  has	
  a	
  longer	
  
dri8	
  distance	
  than	
  
previous	
  detectors	
  
-­‐>	
   	
  needs	
  a	
  high	
  cathode	
  

	
  voltage	
  to	
  supply	
  
	
  electrical	
  field	
  	
  
	
  (-­‐128	
  kV)	
  

	
  
	
  
The	
  challenge:	
  
Avoid	
  electrical	
  
breakdown	
  between	
  
components	
  on	
  different	
  
electrical	
  poten]al	
  

Field	
  
cage	
  

HV	
  cup	
  

Cryostat	
  w
all	
  (ground)	
  

HV	
  Feedthrough	
  

Ground	
  
cover	
  

Flange	
  

PE	
  
insulator	
  

Torus	
  

Stainless	
  steel	
  
conductor	
  

Credit:	
  Sarah	
  Lockwitz	
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Precau]ons	
  against	
  HV	
  breakdown	
  

All	
  components	
  have	
  been	
  
tested	
  before	
  installa]on	
   “Smushed	
  elbows”	
  near	
  the	
  

cathode	
  plane	
  

Field	
  cage	
  resistors	
  have	
  been	
  
replaced	
  with	
  a	
  special	
  version	
  
near	
  the	
  cathode	
  

Varistor	
  surge	
  
protec]on	
  near	
  
the	
  cathode	
  

Credit:	
  Sarah	
  Lockwitz	
   Credit:	
  Jen	
  Raaf	
  

JINST	
  9,	
  P09002	
  (2014)	
  
JINST	
  9,	
  T11004	
  (2014)	
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Dielectric	
  strength	
  of	
  liquid	
  argon	
  

Historically	
  it	
  was	
  believed	
  that	
  the	
  dielectric	
  strength	
  of	
  argon	
  is	
  high	
  (	
  ~	
  1	
  MV/cm)	
  
	
  
But	
  breakdown	
  has	
  been	
  observed	
  recently	
  at	
  much	
  lower	
  electric	
  fields	
  
	
  
This	
  needs	
  to	
  be	
  taken	
  into	
  considera]on	
  for	
  experiment	
  designs	
  

Observa]on	
  of	
  breakdown	
  in	
  liquid	
  argon	
  as	
  
a	
  func]on	
  of	
  argon	
  purity	
  and	
  cathode	
  area	
  Credit:	
  Sarah	
  Lockwitz	
  

JINST	
  9,	
  P11001	
  (2014)	
  
JINST	
  9,	
  P04006	
  (2014);	
  JINST	
  9,	
  P07023	
  (2014)	
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The	
  UV	
  laser	
  calibra]on	
  system	
  

Credit:	
  Thomas	
  Strauss	
  

arXiv:	
  1406.6400	
  

Posi]ve	
  space	
  charge	
  will	
  
accumulate	
  and	
  distort	
  the	
  
electrical	
  field	
  inside	
  the	
  TPC	
  	
  

Simulated	
  space	
  charge	
  distribuPon	
  

The	
  electrical	
  field	
  can	
  be	
  
calibrated	
  with	
  a	
  266	
  nm	
  UV	
  laser,	
  
that	
  ionizes	
  the	
  argon	
  

Field	
  Correc]on	
  

UV	
  laser	
  event	
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M.	
  Mar]ni	
  et	
  al.	
  @	
  INT	
  Workshop	
  2013	
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2009	
  
ArgoNeuT	
  

2010	
  
ICARUS	
  T600	
  

1997	
  
ICARUS	
  50l	
  

2018	
  
SBN	
  @	
  FNAL	
  

(short	
  baseline)	
  

2015	
  
MicroBooNE	
  

early	
  
2020’s	
  

DUNE	
  
(long	
  baseline)	
  

LArTPCs	
  in	
  neutrino	
  beams	
  

…	
  and	
  there	
  are	
  many	
  more	
  LArTPCs	
  in	
  test	
  stands,	
  test	
  beams	
  and	
  as	
  dark	
  maqer	
  detectors	
  


