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MicroBooNE: First LArTPC detector in the SBN program up and running!


MicroBooNE	
  
SBND	
  

(Booster	
  Neutrino	
  Beamline	
  at	
  Fermilab)	
  

Primary physics goals:



•  Resolving the nature of the low-

energy e-like event excess observed �
by MiniBooNE.


•  Measuring neutrino-argon cross 
sections in the QE and RES range.
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e or ữ?


(see next talk 
by C. Adams)




Cross section data on liquid-argon
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Energy range: 


200 MeV – 2 GeV


(QE & RES)


1 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

A. Schukraft, G. Zeller

00 150 200 250 300 350

 X-µ → N µν

 X+µ → N µν

100
 (GeV)νE

 / 
G

eV
)

2
 c

m
-3

8
 (1

0
ν

 / 
E

C
C

σ

CDHS, ZP C35, 443 (1987)
GGM-SPS, PL 104B, 235 (1981)
GGM-PS, PL 84B (1979)
IHEP-ITEP, SJNP 30, 527 (1979)
IHEP-JINR, ZP C70, 39 (1996)
MINOS, PRD 81, 072002 (2010)
NOMAD, PLB 660, 19 (2008)
NuTeV, PRD 74, 012008 (2006)
SciBooNE, PRD 83, 012005 (2011)
SKAT, PL 81B, 255 (1979)

T2K (Fe) PRD 90, 052010 (2014)
T2K (CH) PRD 90, 052010 (2014)
T2K (C), PRD 87, 092003 (2013)
ArgoNeuT PRD 89, 112003 (2014)
ArgoNeuT, PRL 108, 161802 (2012)
ANL, PRD 19, 2521 (1979)
BEBC, ZP C2, 187 (1979)
BNL, PRD 25, 617 (1982)
CCFR (1997 Seligman Thesis)

Argon: target material for many future 


detectors





Need more experimental data to learn 

about nuclear effects and neutrino 

energy reconstruction
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(for ≈ 6 months)

Only existing ν-Ar data




First CC inclusive study in MicroBooNE


Practicing our first analyses on MC data


using fully-automated event reconstruction


MicroBooNE	
  as-­‐designed	
  MC	
  preliminary	
  

For	
  5.3e19	
  POT	
  

•  We select contained tracks of minimum 75 
cm length with an interaction vertex at the 
start point�



•  We derive a cross section according to:�
�
�
�



•  We add rough estimates for systematic 
uncertainties
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(for ≈ 3 months)
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(for ≈ 3 months)


We are on the surface: �
a lot of background from 
cosmic muon tracks
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(for ≈ 3 months)


Efficiency * Acceptance:

Contained events only here
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Average energy:





(for an analysis threshold of 400 MeV)
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First CC inclusive study in MicroBooNE


Practicing our first analyses on MC data


using fully-automated event reconstruction
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•  We select contained tracks of minimum 75 
cm length with an interaction vertex at the 
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•  We add rough estimates for systematic 
uncertainties


	
  
11/20/15	
   Anne	
  SchukraD,	
  Fermilab	
  

(for ≈ 3 months)


MicroBooNE 
simulation 
preliminary




First CC inclusive study in MicroBooNE
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MicroBooNE as-designed MC, 5.3e19 POT
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MicroBooNE simulation


preliminary


(for ≈ 3 months)


Flux-integrated


Single-differential


Muon momentum




CC 0π in MicroBooNE


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
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MiniBooNE	
  

	
  	
   νμ	
  
CC	
  inclusive	
   CC	
  0π	
   NC	
  elasIc	
   NC	
  single	
  π0	
  

26553	
   16997	
   2596	
   1719	
  

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

First	
  analyses	
  

Ultimate goal: double-
differential cross sections 
a la MiniBooNE

3 years
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≈ 900 events


Reaching ArgoNeuT 
statistics: 

< 1 months


(see talk by �
O. Palamara)




NC π0 in MicroBooNE


Why is this interesting?

   


•  Background for νe appearance 
search


•  Calibration with π0 mass peak

•  Very different pion absorption in 

Ar vs C – first chance to measure 
these effects!
 NC	
  single	
  π0	
  

≈	
  3	
  months	
   886	
  

≈	
  6	
  months	
   1771	
  

≈	
  3	
  years	
   11688	
  

ARer	
  Eff.	
  

89	
  

177	
  

1169	
  

Expecting low efficiency:

The fraction of events with both 
photons from the π0 decay contained 
in the fiducial volume and above 
detection threshold is rather low
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ArgoNeuT	
  

(123 events)


MicroBooNE	
  



The MicroBooNE detector
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Anode wire plane


High voltage 
feedthrough


Cathode




The MicroBooNE detector
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Anode wire planes


High voltage 
feedthrough


Cathode


E	
  =	
  500	
  V/cm	
  
ν	
  

DriD	
  

IonizaWon	
  e-­‐	
  

ScinWllaWon	
  light	
  

(32 8” PMTs 
behind anode 
wire planes)




The MicroBooNE detector
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The MicroBooNE detector
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R&D in MicroBooNE
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Longest drift distance in a 
LArTPC neutrino detector


2.5	
  m	
  

Cold electronics


Usage of surge 
protection devices


2 UV lasers for electric 
field calibration


Piston purge


Air	
  

Argon	
  gas	
  



MicroBooNE construction


TPC	
  construcWon:	
  2013	
  

3	
  mm	
  wire	
  spacing	
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Argon purity


Liquid-argon drift electron lifetime after a two week filtration process.


Design goal


Measurements taken with a purity monitor inside the cryostat.


< 50 ppt of O2
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Electron drift time from cathode to anode (2.5 m): 

2.3 ms (@ 70 kV cathode voltage)




First cosmic tracks!


At cathode voltage -58 kV




Cosmic muons in 3D


Fully automated reconstruction

4.8 ms recorded event length


~ 2.3 ms drift time


2.
3 

m



MicroBooNE is at the surface.

Neutrino interactions will be 
overlayed by multiple cosmic 
muon tracks.
11/20/15	
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We are receiving Booster 
Neutrino Beam (BNB) 
since Oct 15, 2015!


Very stable data taking:


(BNB only)


Beam on!
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The neutrinos are coming


Duration of a 

readout event: 4.8 ms

�
Duration of a 

beam spill: 1.6 μs


•  Not every beam spill will produce a neutrino interaction in the detector. �
Most events contain only cosmic induced tracks.�



•  Cosmic muon tracks come randomly. �
Neutrinos come during the beam spill window.
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Preliminary

Timing of 
scintillation light 
signals detected 
with the PMT light 
system.




The neutrinos are coming


Duration of a 

readout event: 4.8 ms

�
Duration of a 

beam spill: 1.6 μs


•  Not every beam spill will produce a neutrino interaction in the detector. �
Most recorded events contain only cosmic muon tracks.�



•  Cosmic muon tracks come randomly. �
Neutrinos come during the beam spill window.
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Preliminary

Timing of 
scintillation light 
signals detected 
with the PMT light 
system.




First fully automated reconstruction & selection


•  Reconstruct events in 2D & 3D


•  Select neutrino-like topology�



•  Aiming for: minimum reconstruction effort, and high purity, but not high efficiency


Clear excess of selected events over background.


11/20/15	
   Anne	
  SchukraD,	
  Fermilab	
   32	
  

Number of events
 Optical + 3D-based
 Optical + 2D-based

Non-beam background 
(expected from off-beam measurements)
 4.6 ± 2.6
 385 ± 24

Total observed 

(during beam)
 18
 463


Fully automated selection

MicroBooNE	
  preliminary	
  
1.86e18	
  POT	
  (BNB)	
  



First neutrino events


55 cm
Run 3469 Event 53223, October 21st, 2015 

(collection plane view)
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First neutrino events


12.5 cm
Run 3470 Event 61421, October 21st, 2015 

(collection plane view)




First neutrino events


75 cm
Run 3493 Event 41075, October 23rd, 2015 

(collection plane view)




First neutrino events


75 cm
Run 3493 Event 41075, October 23rd, 2015 

(collection plane view)
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First neutrino events


75 cm
Run 3493 Event 41075, October 23rd, 2015 

(collection plane view)


70 cm
Run 3493 Event 41075, October 23rd, 2015 

70 cm
Run 3493 Event 41075, October 23rd, 2015 

(induction plane view (V))
 (induction plane view (U))


Same event in all three 
anode plane views.




Summary


•  MicroBooNE sucessfully started operation and is observing �
beautiful neutrino interactions.�



•  We have started work on several cross section channels and are 
getting prepared for our first data.


•  We will be able to produce interesting physics results using the data 
accumulated during the first few months.
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