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The MicroBooNE Detector
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• Micro Booster Neutrino Experiment 

• ~90 tons LArTPC 

• νμ⟶νe appearance experiment 

• Booster Neutrino Beam-line 

• >97% detector up time 

• 5.0x1020 POT (proposal: 6.6x1020 POT)10.4 m

2.3 m

2.5 m
νe,νµ
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LArTPC Operation
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Edrift

"Design and Construction of the MicroBooNE Detector", JINST 12, P02017 (2017)

http://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017/meta;jsessionid=DC657D18996F120301114136AE4ABDB3.c3.iopscience.cld.iop.org
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LArTPC Operation
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"Design and Construction of the MicroBooNE Detector", JINST 12, P02017 (2017)

http://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017/meta;jsessionid=DC657D18996F120301114136AE4ABDB3.c3.iopscience.cld.iop.org
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MiniBooNE Low Energy Excess
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• MicroBooNE 
‣ Same beam 
‣ Similar baseline 
‣ Statistic-dominated

sin22θ
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MiniBooNE 68% CL

MiniBooNE 90% CL

MiniBooNE 95% CL

• MiniBooNE saw a 3σ νe-like excess within [200-600] MeV 
• MiniBooNE’s neutrino result is in tension with a global 3+1 model fit 

• MiniBooNE 
‣ significant BG fraction from γ/e- mis-ID 
‣  statistical error ≈ systematic error 
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1L-1p Event Topology
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• Only 1 proton > 60 MeV & 1 lepton > 35 MeV 
• "Golden" events : low BG (~only intrinsic νe constrained with νμ)

K.E.e = 320 MeV 
K.E.p = 123 MeV

K.E.µ = 73 MeV 
K.E.p = 266 MeV
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A Couple of  Events
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• One colour per wire plane 
• Time on the Y-axis 
• Tracks appear on all three planes 
• Can you find the neutrino?

U-plane 
V-plane 
Y-plane

νe  1e-1p 
K.E.e = 70 MeV 
K.E.p = 314 MeV 
ΔR = 0.44 cm
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A Couple of  Events
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• MicroBooNE operates at the surface ⇒ a lot of cosmics! 
• Can you find the neutrino?  

(Hint : ~20 cm in a 10.4m x 2.5m detector) 
• Goal : sort through the cosmic and reconstruct νe events

νe  1e-1p 
K.E.e = 180 MeV 
K.E.p = 195 MeV 
ΔR = 0.48 cm
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Reconstruction Chain
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Particle ID

3D Vertex Reco

Track/Shower Pixel 
Labelling

Cosmic Tag & ROI 
finding

PMT pre-cuts
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PMT precuts
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PMT cuts used to reject :  
• Random single PE noise 

‣ no time correlation between PE pulses 
• Cosmic Background 

‣ pre-window cut rejects Michel electron from beam window 
• PMT-based noise 

‣ max fraction of light collected by a single PMT 

Efficiency >96% 
Background rejection > 75%

time

PM
T#

time

PM
T#

20 PE in 93.75 ns No signal 2 μs 
before beam

Max single PMT light 
<60% total light

Beam window

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID

time

PM
T#

time
PM

T#
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Cosmic Pixel Tagging
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• Cosmic and other BG cross from the exterior of the TPC 
• Un-contained ν events have tracks crossing to the outside 

• Identify edge-crossing tracks 
• Connect the end-points by following the charge with a 3D path 

finding algorithm.

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID
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Cosmic Pixel Tagging
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Through-going 
Stopping

• Y-plane event display 
• Overlay yellow pixels on top of through-going muons 
• Overlay magenta pixels on top of stopping muons 
• Un-tagged :  

‣ some cosmic remnants 
‣ νe 1e-1p event 

• Draw 3D Region of Interest (ROI) around non-tagged pixels

Ti
ck

Wire

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID

60
 c

m
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Cosmic Pixel Tagging
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Truth label
Track-like 
Shower-like SSNet output

Track-like 
Shower-like

Track/Shower Pixel Labelling
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• Goal : separate track and 
shower to make 3D Vertex 
reconstruction and track/shower 
clustering more efficient 

• Use SSNet to label pixels as 
"background", "track", or 
"shower"Wire signal amplitude

K.E.e = 341 MeV 
K.E.p = 161 MeV

Ti
ck

Wire

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID
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SSNet vs Data

14

• As a sanity check, the SSNet can be ran over a CCπ0 selection 
(MICROBOONE-NOTE-1006-PUB) 

• Here the proton and muon are correctly classified as track 
• The two γ showers are recognised, but the beginning of one is 

classified as track

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID

https://www-microboone.fnal.gov/publications/publicnotes/MICROBOONE-NOTE-1006-PUB.pdf
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3D Vertex Reconstruction
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If track and shower are found (e.g. νe sample) 
‣ remove shower pixels 
‣ Find potential vertex candidate on track parts 
‣ Add vertex for best-matching 3D point at the track/shower 

merging

K.E.e = 341 MeV 
K.E.p = 161 MeVTi

m
e

Wire

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID
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3D Vertex Reconstruction
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Track-only vertex (e.g. νμ normalisation sample) 
• 2D vertex seed for each plane view 

‣ Defect points 
‣ Principal Component Analysis line crossing 

•  Match in 3D
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MicroBooNE Simulation 
Preliminary

μ-
p

U

p µ

HIP

U

MIP

U UFigure 27: MIP (blue) and HIP (red) contours are found in the example 1µ1P event. The HIP
contour clusters a collection of proton pixels which have a high pixel intensity. The
single MIP contour encloses all pixels in this track image as they are all above the 20
ADC threshold.

is farthest away from the corresponding hull side is called the “defect point” and is a location
where the cluster is potentially bending and changing direction. The algorithm iteratively
breaks down all clusters into linear segments until no defects remain.

U

p µ

HIP

U

MIP

U U

Figure 28: The convex hull is computed for the MIP contour (blue). A defect is found on one of
the convex hull edges (purple). A line (green) is drawn perpendicular from the hull edge
through the defect point, the kink location, and crosses through the MIP contour. The
line divides the contour into two unique sets.

The collection of defect points are the first set vertex seeds. An example of the convex hull,
and defect line is shown in Fig 28 and the resulting set of broken, linear clusters is shown in
Fig 29. The second vertex seed is found using a principle component analysis (PCA) which
fits the clusters to a straight line hypothesis. The PCA is a linear approximation which
minimizes the perpendicular distance between the data (the pixel points), and the estimate
(the line). A PCA is calculated for each broken cluster separately. Since all clusters have
been broken into linear segments by removing defects a linear approximation is suitable. The
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PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID
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Particle ID
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• After 3D vertex reconstruction: 
‣ 3D vertex point 
‣ Clusters of pixels attributed to a single track/shower 

• Feed individual particle to a CNN-based particle ID (HiRes GoogLeNet) 
• MicroBooNE 1st publication!  

("Convolutional Neural Networks Applied to Neutrino Events in a Liquid Argon Time Projection Chamber", JINST 12, P03011 (2017))

particle correct ID
e- 77.8 ± 0.7 %
γ 83.4 ± 0.6 %
µ- 89.7 ± 0.5 %
π0 71.0 ± 0.7 %
p 91.2 ± 0.5 %

Time [6 ticks]
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MicroBooNE Simulation 
Preliminary

K.E. p = 303 MeV 
K.E. e = 157 MeV

PMT cut → Cosmic tag → Track/Shower → 3D Vertex → PID

http://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03011/meta;jsessionid=1238492A9F6846527EFC3137FF9741FD.c4.iopscience.cld.iop.org
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Reconstructed Events
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U-plane 
V-plane 
Y-plane

νe  1e-1p 
K.E.e = 70 MeV 
K.E.p = 314 MeV 
ΔR = 0.44 cm
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Reconstructed Events
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νe  1e-1p 
K.E.e = 180 MeV 
K.E.p = 195 MeV 
ΔR = 0.48 cm
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Reconstructed Events
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Reconstructed Events
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Reconstructed Events

νe  1e-1p 
K.E.e = 563 MeV 
K.E.p = 110 MeV 
ΔR = 0.33 cm
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Reconstructed Events

νe  1e-1p 
K.E.e = 563 MeV 
K.E.p = 110 MeV 
ΔR = 0.33 cm
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Summary
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• Fully automated reconstruction chain for low energy events 
‣ Methods for cosmic background rejection 
‣ Finds the neutrino interaction 
‣ Separates individual tracks/showers 
‣ Reconstructs 3D vertex 
‣ ID individual particles 

•  3D track and shower reconstruction coming soon: 
‣ dE/dx, event selection 
‣ Physics!



Thank You!
MicroBooNE
January 2017


