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MicroBooNE	
  
•  Liquid	
  Argon	
  ,me	
  projec,on	
  chamber	
  

(LArTPC)	
  with	
  86	
  ton	
  ac,ve	
  volume	
  
•  Will	
  search	
  for	
  νe	
  appearance	
  in	
  the	
  

Booster	
  Beam,	
  beginning	
  in	
  2014	
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•  Major	
  goals	
  of	
  MicroBooNE	
  include	
  
–  R&D	
  test	
  bench	
  for	
  future	
  liquid	
  Argon	
  detectors	
  
–  Refine	
  measurements	
  of	
  neutrino	
  cross	
  sec,ons	
  
–  Inves,gate	
  the	
  source	
  of	
  the	
  MiniBooNE	
  low	
  energy	
  
excess	
  

Booster	
  Beam	
  flux	
  at	
  	
  
MicroBooNE	
  (mostly	
  νµ)	
  

(Fermilab)	
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π0 → γ + γElectron,  
Photon Muon Proton 

•  MicroBooNE was largely motivated by 
the results of its predecessor experiment, 
MiniBooNE 
•  MiniBooNE results show that 
measurements of !e are in good 
agreement with predictions of 
background for neutrino energies above 
475 MeV 

•   Each weak flavor state (!e, !!, !") is a linear combination of mass states 
•   Because the mass states evolve differently in time, a neutrino of one flavor does 
not remain the same flavor as it travels 
•   The probability that a neutrino of one flavor will oscillate into another flavor is 
given by  
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e- 

hadron(s) 

W- 

•   Neutrinos interact with other particles through the weak force in one of the 
following types of interactions: 

Charged Current (CC)  
can determine the flavor  

of the incident neutrino by  
the charged lepton  

that is produced 

Neutral Current (NC)  
no charged lepton is  
produced, can gain  

no information about  
the neutrino flavor 

!x 

n, p 
Z0 

!x 

time 

P (νµ → νe) = sin2(2θ) sin2(
1.267∆m2L

E
)

•  Muons produce sharp rings in the 
MiniBooNE detector 
•  Both electrons and photons 
produce electromagnetic showers, 
which appear as fuzzy rings in the 
MiniBooNE detector 

•  MiniBooNE cannot distinguish photons from electrons 
•  Even a pair of photons can be mistaken for an electron if the rings overlap, or if 
one of the photons has very low energy and cannot be detected 
•  Therefore, events that produce photons, such as NC #0 events, are a major 
source of background in MiniBooNE 

(!µ!!e)  

•  But,  MiniBooNE results show an unexpected excess of !e with 
energies between 200 - 475 MeV 

(!!!!!)  

π0 → γ + γElectron Muon Proton 

•   Detector volume is filled with 170 
tons of liquid Argon, with 86 ton 
active volume 
•   Charged particles resulting from 
neutrino interactions ionize in Ar 
•   Electric field causes ionization 
electrons to drift towards three wire 
planes 
•   Signals on wire planes give 
information about charged particle 
positions and energy deposition 
(dE/dx) 

•   The Booster Neutrino Beam is located at Fermilab 
•   MicroBooNE will collect data corresponding to a total 
of 6.6 x 1020 POT (protons on target) 
•   BNB flux (right) is dominated by !$ and !$%
•   MicroBooNE will search for !$ to !e & !$ to !e 
oscillations by looking for !e & !e appearance 
•   CC !e (!e) events can be identified by the e- (e+) 
produced in a charged current interaction%

•   The LArTPC produces an even 
more detailed image of the event 
topology 
•   Even low energy protons, which 
are invisible in most detectors, 
can be identified 

•  MicroBooNE can distinguish between electrons and photons by looking at the 
energy deposition in the first few cm of the shower 
•   Electrons have a single MIP (Minimum Ionizing Particle)  
•   Photons have two MIPs since  
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•  Initial state particles: direct 
products of the ! interaction. In this 
case #+ and !- (exiting yellow circle) 
•  Final state particles: those that 
exit the nucleus after the 
interaction. Here, #0 and !- (exiting 
blue circle) 

•  The detector sees only the final 
state particles, not the initial state 
particles!!

•   More accurate predictions for electron-like events in  
MicroBooNE will weight each event according to how 
often its final state is mistaken for 1e + other 

Examples of final states in MicroBooNE: 

•   Neutrino Monte Carlo generators are not all 
the same!  
     -  different generators use different cross  
        section models, models of nuclear  
        processes, etc. 
     -  for some parameters, the user can specify 
        the settings she would like to use.  Other 
        settings are built-in to the generators 

•   Comparing the predictions from different 
generators will help us understand the built-in 
model differences and quantify the systematic 
uncertainties associated with the predictions 

1 e + 1 p 

•  MicroBooNE will be located 470 meters 
from the neutrino production target (70 
meters upstream of MiniBooNE) in the 
Booster Beam line 

1 ! + 2 p 
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MisID 1 photon events
Preliminary 

•   Includes events with  
1e + 0# in the final state, 
and 6% of events with         
1& + 0e + 0! in the final 
state (mis-ID estimate)  
•  Assumes 6.6 x 1020 
POT, 70t fiducial volume, 
and 80% efficiency 

Number of events vs. reconstructed ! energy (E!QE))

Neutrino Generator 

Cross sections 
Nuclear Processes 

??? 

Flux & beam 
information, 
some settings 

Final 
states 

•  Applying the MiniBooNE !e selection (1e + 0# in the 
final state) to MicroBooNE Monte Carlo allows us to 
study the final state nucleons that were not visible in 
MiniBooNE 
•  Looking at more inclusive event samples             
(1e + hadrons) will help boost statistics 

hadron(s) 

γ → e+ + e−

Prelim
inary	
  



LArTPC	
  
Liquid	
  Argon	
  Time	
  Projection	
  Chamber	
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• 	
  	
  Detector	
  volume	
  is	
  filled	
  with	
  170	
  
tons	
  of	
  LAr	
  
• 	
  	
  Charged	
  par,cle	
  tracks	
  ionize	
  Ar	
  
atoms	
  in	
  the	
  detector	
  
• 	
  	
  Electric	
  field	
  in	
  the	
  detector	
  causes	
  
ioniza,on	
  electrons	
  driY	
  towards	
  
three	
  wire	
  planes	
  (ver,cal,	
  +/-­‐	
  60°	
  
from	
  ver,cal)	
  
• 	
  	
  32	
  PMTs	
  also	
  detect	
  scin,lla,on	
  
light	
  from	
  neutrino	
  and	
  cosmic	
  ray	
  
events	
  
• 	
  	
  PMTs	
  provide	
  informa,on	
  about	
  the	
  
,ming	
  of	
  the	
  event	
  Orienta,on	
  of	
  wire	
  planes	
  

(wire	
  spacing	
  =	
  3mm)	
  



LArTPC	
  
Liquid	
  Argon	
  Time	
  Projection	
  Chamber	
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• 	
  	
  Signals	
  on	
  wire	
  planes	
  +	
  ,ming	
  
informa,on	
  from	
  PMTs	
  are	
  used	
  to	
  
reconstruct	
  3D	
  par,cle	
  tracks:	
  

Wire	
  Number	
  

Ti
m
e	
  

dE
/d
x	
  

Orienta,on	
  of	
  wire	
  planes	
  
(wire	
  spacing	
  =	
  3mm)	
  



Experiment	
   LAr	
  Volume(s)	
   Construc,on	
  begins	
   Loca,on	
  

ICARUS	
   600	
  ton	
  (total)	
   running	
   Gran	
  Sasso,	
  Italy	
  

MicroBooNE	
   170	
  ton	
  (total)	
   under	
  construc,on	
   FNAL	
  

LAr1	
  (proposal)	
   60	
  ton,	
  1	
  kton	
   projected	
  ~	
  2016	
   FNAL	
  

LBNE	
   18	
  ton,	
  40	
  kton	
   projected	
  ~	
  2020	
  
FNAL/
Homestake	
  

Looking	
  forward:	
  R&D	
  

•  MicroBooNE	
  and	
  other	
  current	
  LAr	
  detectors	
  serve	
  as	
  R&D	
  test	
  
benches	
  for	
  future	
  large	
  LArTPCs	
  

•  In	
  par,cular,	
  MicroBooNE	
  will	
  contribute	
  to	
  the	
  development	
  of	
  	
  
–  Cold,	
  readout	
  electronics	
  and	
  Data	
  Acquisi,on	
  System	
  

–  Event	
  reconstruc,on	
  soYware	
  
–  LAr	
  purity	
  without	
  evacua,on,	
  etc.	
  

LArTPC	
  experiments	
  in	
  the	
  works	
  

and	
  many	
  more!	
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Measuring	
  ν	
  cross	
  sections	
  
•  Precise	
  measurements	
  of	
  cross	
  sec,on	
  on	
  Ar	
  are	
  essen,al	
  for:	
  

–  Tes,ng	
  exis,ng	
  cross	
  sec,on	
  models	
  

–  Developing	
  bejer	
  neutrino	
  event	
  generators	
  
–  Future	
  LAr	
  experiments	
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Event	
  rates,	
  generated	
  in	
  Nuance	
  
for	
  6.6	
  x	
  1020	
  POT,	
  60t	
  fid.	
  volume	
  

•  Can	
  determine	
  interac,on	
  channel	
  
by	
  looking	
  at	
  final	
  state	
  par,cles	
  

νe	
  CC	
  events	
  have	
  an	
  electron	
  in	
  the	
  final	
  state:	
  

νµ	
  CC	
  events	
  have	
  a	
  muon	
  in	
  the	
  final	
  state:	
  

νµ + n → µ+ p

νe + n → e+ p



MiniBooNE	
  Low	
  Energy	
  Excess	
  

•  Is	
  this	
  excess	
  really	
  due	
  to	
  νe	
  events?	
  Or	
  is	
  it	
  due	
  to	
  
events	
  with	
  a	
  photon	
  in	
  the	
  final	
  state?	
  

•  Powerful	
  electron/photon	
  discrimina,on	
  of	
  LArTPC	
  will	
  	
  
allow	
  MicroBooNE	
  to	
  inves,gate!	
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•  MiniBooNE	
  searched	
  for	
  νe	
  
appearance	
  in	
  Booster	
  Beam	
  

•  Above	
  475	
  MeV:	
  MiniBooNE	
  
results	
  agree	
  with	
  
background	
  predic,ons	
  

•  200	
  –	
  475	
  MeV:	
  MiniBooNE	
  
measures	
  an	
  unexpected	
  
excess	
  of	
  νe	
  events	
  

Unexpected	
  results	
  from	
  MicroBooNE’s	
  predecessor	
  



Advantages	
  of	
  the	
  LArTPC	
  for	
  Particle	
  ID	
  
MiniBooNE	
  

MicroBooNE	
  

(Cherenkov	
  Detector)	
  

(LArTPC)	
  

π0 → γ + γElectron,	
  
Photon	
  

Muon	
   Proton	
  

π0 → γ + γ
Electron,	
  
Photon	
  

Muon	
   Proton	
  



Advantages	
  of	
  the	
  LArTPC	
  for	
  Particle	
  ID	
  
MiniBooNE	
  

MicroBooNE	
  

Electron,	
  
Photon	
  

Electron,	
  
Photon	
  

• 	
  Both	
  electrons	
  and	
  photons	
  
appear	
  as	
  fuzzy	
  rings	
  in	
  the	
  
MiniBooNE	
  Cherenkov	
  detector	
  
• 	
  It	
  is	
  very	
  difficult	
  to	
  dis,nguish	
  
electrons	
  from	
  photons	
  

• 	
  dE/dx	
  in	
  the	
  first	
  few	
  cm	
  of	
  the	
  
shower	
  shows	
  1	
  MIP	
  for	
  electrons	
  
events,	
  2	
  MIP	
  for	
  photons	
  

• 	
  	
  Can	
  tell	
  
electrons	
  and	
  
photons	
  apart	
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Advantages	
  of	
  the	
  LArTPC	
  for	
  Particle	
  ID	
  
MiniBooNE	
  

MicroBooNE	
  

π0 → γ + γ

π0 → γ + γ

• 	
  Bejer	
  image	
  of	
  event	
  topology:	
  
can	
  see	
  separa,on	
  between	
  event	
  
vertex	
  and	
  start	
  of	
  γ	
  shower(s),	
  
separa,on	
  between	
  2	
  γ	
  showers	
  
• 	
  This	
  +	
  dE/dx	
  tool	
  allows	
  for	
  
bejer	
  iden,fica,on	
  of	
  events	
  with	
  
π0	
  in	
  the	
  final	
  state	
  

• 	
  Events	
  with	
  π0	
  in	
  the	
  final	
  state,	
  
(e.g.	
  NC	
  π0	
  events)	
  appear	
  as	
  two	
  
overlapping	
  showers	
  
• 	
  If	
  the	
  two	
  rings	
  are	
  not	
  clearly	
  
defined	
  and	
  look	
  like	
  a	
  single	
  
shower,	
  this	
  can	
  be	
  misiden,fied	
  
as	
  a	
  νe	
  event	
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MicroBooNE	
  Sensitivities	
  

…	
  if	
  electron	
  excess	
  (with	
  e	
  cuts)	
   …	
  if	
  photon	
  excess	
  (with	
  γ	
  cuts)	
  

What MicroBooNE might see… 

Preli
minary

	
  

Preli
minary

	
  

Non-­‐standard	
  neutrino	
  
oscilla,ons!	
  	
  

e.g.	
  sterile	
  neutrinos	
  

Mises,mated	
  γ	
  and	
  π0	
  
events?	
  

New	
  type	
  of	
  ν	
  interac,on	
  
with	
  γ	
  in	
  the	
  final	
  state?	
  νµ → νs → νe
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  Sensitivities	
  

…	
  if	
  electron	
  excess	
  (with	
  e	
  cuts)	
  

What MicroBooNE might see… 

Preli
minary

	
  

Non-­‐standard	
  neutrino	
  
oscilla,ons!	
  	
  

e.g.	
  sterile	
  neutrinos	
  
νµ → νs → νe

Preli
minary

	
  

Sensi,vity	
  for	
  two	
  neutrino	
  
oscilla,ons	
  under	
  the	
  (3+1)	
  
sterile	
  neutrino	
  hypothesis	
  



MicroBooNE:	
  Current	
  Status	
  
•  TPC	
  field	
  cage	
  &	
  wire	
  planes	
  
constructed	
  

•  Electronics	
  tes,ng	
  in	
  progress	
  
•  Cryostat	
  delivered	
  to	
  Fermilab	
  
(March	
  2013)	
  

•  Will	
  take	
  data	
  for	
  2-­‐3	
  
years	
  (6.6	
  x	
  1020	
  POT),	
  
beginning	
  in	
  2014	
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TPC	
  Field	
  Cage	
  

Thank	
  You!	
  


