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MicroBooNE	  Physics	  Analysis	  OrganizaAon	  
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•  Model:	  Strong	  postdoc	  led	  
physics	  groups	  +	  biweekly	  
coordinaAon/strategy	  
meeAngs	  with	  physics	  
coordinators,	  conveners	  
and	  analysis	  tools	  leaders	  

•  Co-‐conveners	  serve	  
staggered	  two-‐year	  terms,	  
reviewed	  annually	  



Physics	  Working	  Group	  OrganizaAon	  

•  Physics	  groups	  
have	  been	  
meeAng	  biweekly	  
for	  the	  past	  2+	  
years	  

•  Websites	  
maintained	  by	  
each	  physics	  
group	  outlining	  
analyses,	  plans,	  
and	  how	  
collaborators	  can	  
get	  plugged	  in	  
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Physics	  Analysis	  OrganizaAon	  (I)	  

•  Physics	  group	  
plans	  	  
developed	  
according	  to	  
the	  amount	  of	  
staAsAcs	  
needed	  and	  in	  
such	  a	  way	  that	  
analyses	  build	  
off	  each	  other	  

11/23/15	   MicroBooNE	  ORR	  -‐-‐	  Data	  Analysis	  Plans	   6	  



Physics	  Analysis	  OrganizaAon	  (II)	  

•  Detailed	  plans	  
laid	  out	  for	  
individual	  
analyses	  defining	  
major	  steps	  and	  
milestones	  that	  
must	  be	  achieved	  
on	  the	  path	  to	  
compleAng	  the	  
analysis	  

11/23/15	   MicroBooNE	  ORR	  -‐-‐	  Data	  Analysis	  Plans	   7	  

νe	  appearance	  analysis	  plan	  



•  OrganizaAon	  

•  Plans	  &	  PrioriAes	  

•  Goals	  
–  Physics	  Impact	  of	  Running	  at	  -‐70	  kV	  
–  Physics	  Impact	  of	  Noisy/Dead	  Channels	  

•  Infrastructure	  for	  Publishing	  Results	  

•  Conclusion	  
	  
11/23/15	   MicroBooNE	  ORR	  -‐-‐	  Data	  Analysis	  Plans	   8	  

Outline	  

MicroBooNE	  ORR	  
Charge	  QuesAon	  4	  



•  Roughly	  50%	  of	  
the	  collaboraAon	  
consists	  of	  
graduate	  students	  
and	  postdocs	  
	  

•  Periodic	  census	  of	  
PIs	  to	  understand	  
planned	  analysis	  
and	  thesis	  topics	  
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•  In	  the	  near	  term,	  
are	  focusing	  our	  
efforts	  on	  highest	  
priority	  analysis	  
topics,	  which	  lie	  in	  
the	  oscillaAons	  and	  
cross-‐secAon	  groups	  
	  

•  These	  physics	  
analysis	  topics	  will	  
drive	  detector	  
physics	  +	  cosmics	  
invesAgaAons	  and	  
improvements	  in	  
reconstrucAon	  
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PublicaAons	  Roadmap	  (I)	  

•  Physics	  group	  
conveners’	  
retreat	  held	  over	  
the	  summer	  

•  Agreed	  that	  our	  
analysis	  plans	  
should	  be	  
developed	  while	  
having	  concrete	  
publicaAon	  goals	  
in	  mind	  
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PublicaAons	  Roadmap	  (II)	  
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Developing	  
infrastructure	  to	  manage	  
interplay	  between	  
different	  analyses	  and	  
required	  analysis	  tools	  
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•  1-‐2	  x	  1020	  p.o.t.	  by	  next	  summer	  shutdown	  
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Expected	  Data	  StaAsAcs	  by	  Neutrino	  2016	  
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•  The	  primary	  goal	  of	  
the	  MicroBooNE	  
experiment	  is	  to	  
address	  the	  
anomalous	  excess	  
of	  events	  at	  low	  
energy	  observed	  by	  
MiniBooNE	  

•  StaAsAcs	  from	  the	  
enAre	  MicroBooNE	  
run	  are	  needed	  to	  
reach	  full	  sensiAvity	  
to	  a	  MiniBooNE-‐like	  
excess	  
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Low	  Energy	  Excess	  Overview	  

MicroBooNE	  Internal	  



•  Huge	  recent	  
advancements	  in	  
low-‐energy	  excess	  
analysis	  
framework	  

•  Way	  beyond	  
simple	  MiniBooNE	  
scalings	  or	  MC-‐
truth-‐based	  
counAng	  exercises	  
using	  assumed	  
efficiencies	  
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Low	  Energy	  Excess:	  Analysis	  Status	  

Current	  

preliminary	  

MicroBooNE	  TDR	  

SBN	  PAC	  Proposal	  

Outdated
	   Outdated

	  

Future	  



•  Aiming	  for	  oscillaAons-‐
relevant	  analysis	  results	  on	  
short	  Amescales	  

•  IdenAficaAon	  of	  the	  first	  NC	  
π0	  event	  in	  BNB	  data	  
–  Demonstrates	  ability	  to	  

automaAcally	  idenAfy	  
showers	  in	  a	  neutrino	  event	  

–  ReconstrucAon	  algorithms	  
need	  not	  be	  highly	  efficient	  
to	  achieve	  this	  goal	  

•  Data-‐based	  demonstraAon	  
of	  e/γ	  separaAon	  
–  Using,	  for	  example,	  

bremsstrahlung	  photons	  
versus	  delta	  rays	  from	  
cosmic	  muons	  

–  Requires	  good	  dE/dx	  
algorithms	  and	  reliable	  (but	  
not	  necessarily	  efficient)	  
shower	  reconstrucAon	  	  
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Low	  Energy	  Excess:	  Next	  6	  Months	  

BNB	  νe	  CC	  MC	  
selecAon	  efficiency	  

MicroBooNE	  
internal	  

Photons	  

MC	  
Electrons	  



•  Building	  off	  
•  Near	  term	  goals	  
– MiniBooNE	  flux	  
check	  

–  BNB	  simulaAon	  
upgrade	  and	  
validaAon	  

•  Medium	  term	  goals	  
–  Kaons	  in	  the	  BNB	  
– Updated	  BNB	  flux	  
paper	  
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Beam	  Physics	  
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•  MicroBooNE	  will	  also	  make	  ν-‐Ar	  cross	  secAon	  
measurements	  in	  the	  100	  MeV	  –	  few	  GeV	  range	  
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Cross	  SecAons	  Overview	  



•  Focus	  on	  νμ	  CC	  inclusive	  as	  first	  result	  
–  Will	  help	  develop	  all	  basic	  tools	  needed	  for	  other	  channels	  
–  Largest	  staAsAcs	  
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Cross	  SecAons	  Strategy	  

MicroBooNE	  



•  MicroBooNE	  will	  also	  contribute	  to	  the	  development	  
of	  liquid	  argon	  detector	  technology	  useful	  for	  future	  
neutrino	  physics	  experiments	  
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Detector	  Physics:	  Next	  6	  months	  

•  Purity	  measurements	  
•  Analysis	  from	  purity	  monitor	  and	  gas	  

analyzers	  complete	  
•  Analyses	  using	  the	  TPC	  from	  cosmic	  rays	  

and	  the	  laser	  are	  ongoing	  
•  Cosmic	  ray	  characterizaAon	  

•  Compare	  observed	  to	  simulated	  
•  Removal	  effecAveness	  

•  Diffusion	  
•  Measurement	  using	  cosmic	  rays	  
•  Important	  for	  future	  detector	  

opAmizaAons	  
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CollaboraAon	  Review	  of	  Drir	  HV	  Sesng	  
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PresentaAon	  to	  
collaboraAon	  at	  
Sep	  4	  Status	  
meeAng	  

CollaboraAon	  consensus	  to	  operate	  
at	  -‐70	  kV	  for	  the	  iniAal	  physics	  run	  



•  Purity	  not	  an	  issue	  for	  MicroBooNE	  
•  Low	  energy	  excess	  

–  DisAnguish	  electrons	  from	  photon	  
conversions	  
•  Calorimetry:	  e/γ	  separaAon	  (looks	  OK)	  
•  Topology:	  γ	  conversion	  separaAon	  from	  

interacAon	  vertex	  
–  ResoluAon	  in	  X	  direcAon	  is	  somewhat	  beeer,	  

diffusion	  in	  X	  direcAon	  is	  somewhat	  worse	  
•  Cosmic	  ray	  background	  up	  to	  ~40%	  higher	  

–  PMT	  system	  important	  for	  rejecAon	  

•  Cross	  secAons	  
–  Proton/pion	  separaAon	  with	  no	  

addiAonal	  cuts	  has	  only	  ~8%	  mis-‐ID	  
•  LArTPC	  development	  

11/23/15	   MicroBooNE	  ORR	  -‐-‐	  Data	  Analysis	  Plans	   24	  

Physics	  Impact	  of	  Running	  at	  -‐70	  kV	  

MicroBooNE	  
internal	  

MicroBooNE	  
internal	  

Photons	  

Electrons	  

Photons	  

Electrons	  

MC	  

MC	  



•  Purity	  not	  an	  issue	  for	  MicroBooNE	  
•  Low	  energy	  excess	  

–  DisAnguish	  electrons	  from	  photon	  
conversions	  
•  Calorimetry:	  e/γ	  separaAon	  
•  Topology:	  γ	  conversion	  separaAon	  from	  

interacAon	  vertex	  
–  ResoluAon	  in	  X	  direcAon	  is	  somewhat	  beeer,	  

diffusion	  in	  X	  direcAon	  is	  somewhat	  worse	  
•  Cosmic	  ray	  background	  up	  to	  ~40%	  higher	  

–  PMT	  system	  important	  for	  rejecAon	  

•  Cross	  secAons	  
–  Proton/muon	  separaAon	  with	  no	  

addiAonal	  cuts	  has	  only	  ~8%	  mis-‐ID	  
•  LArTPC	  detector	  development	  
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Physics	  Impact	  of	  Running	  at	  -‐70	  kV	  
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Physics	  Impact	  of	  Noisy/Dead	  Channels	  

•  Built-‐in	  
redundancy	  due	  to	  
third	  wire	  plane	  

•  Wires	  in	  at	  least	  2	  
planes	  are	  good	  
for	  >95%	  of	  the	  
TPC	  

•  Shower	  
reconstrucAon	  
studies	  ignoring	  
third	  plane	  
indicate	  small	  hit	  
in	  performance	  
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MicroBooNE	  Analysis	  Procedures	  

•  Analysis	  approval	  
procedures	  are	  in	  
place	  and	  have	  
already	  been	  used	  
for	  the	  Amely	  
release	  of	  several	  
MicroBooNE	  
results	  
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NuINT	  2015	  
NNN	  2015	  
NuINT	  2015	  
TAUP	  2015	  
TAUP	  2015	  

Shown	  at:	  



•  More	  than	  “just”	  a	  
few	  event	  displays	  

•  “End-‐to-‐end”	  analysis	  
•  Automated	  
reconstrucAon	  and	  
selecAon	  
–  PMT	  Aming	  
–  2D/3D	  reconstrucAon	  

•  Public	  note	  
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First	  Neutrino	  Events	  (I)	  



First	  Neutrino	  Events	  (II)	  
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•  Simulated	  signal	  and	  
background	  

•  Includes	  all	  the	  basic	  
ingredients	  for	  a	  cross	  
secAon	  
–  ReconstrucAon	  
–  Cosmic	  removal	  and	  
background	  esAmaAon	  

–  Signal	  selecAon	  and	  
efficiencies	  

•  DifferenAal	  distribuAon	  
vs.	  muon	  momentum	  

•  Public	  note	  
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νμ	  CC	  Inclusive	  MC	  Performance	  Study	  (I)	  



νμ	  CC	  Inclusive	  MC	  Performance	  Study	  (II)	  
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•  We	  have	  an	  acAve	  and	  established	  infrastructure	  
for	  data	  analysis	  

•  We	  have	  a	  demonstrated	  ability	  to	  complete	  
analyses	  and	  make	  our	  results	  public	  in	  a	  Amely	  
fashion	  

•  We	  have	  data	  analysis	  plans	  and	  goals	  in	  place	  
looking	  towards	  Neutrino	  2016	  and	  beyond	  
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Back-‐ups	  
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•  Field	  distorAon	  correcAons	  
–  Field	  non-‐uniformiAes	  due	  
to	  space	  charge	  and	  other	  
effects	  

–  CorrecAons	  using	  the	  laser	  
system	  

•  RecombinaAon	  
– Analysis	  with	  cosmic	  rays	  
– Measurements	  at	  different	  
drir	  HV	  values	  
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Detector	  Physics:	  1-‐2	  Years	  Out	  


