
June 13th New Perspectives '16  -  David Caratelli  -  Columbia University 1

MicroBooNE in 10 Minutes:
Neutrinos in HD

David Caratelli, Columbia Universty
Representing the MicroBooNE Collaboration

New Perspectives '16 @ Fermilab.
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What are Neutrinos?

Neutral leptons. Very small mass.
Interact via weak force.
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Why Build MicroBooNE?

LSND : Liquid scintillator neutrino detector.
Studying νμ → νe oscillations.

Notice excess of νe events consistent with

 ~ 1 eV2 mass-splitting.

(much larger than “standard” mass-splittings)

PRL 110, 161801(2013)

PRD 64,112007 (2001)

MiniBooNE : Mineral Oil Cherenkov detector.

Goal: address LSND anomaly.

Same L/E but different beam, Energy, Baseline.

Excess of events, but at low energies

→ “Low Energy Excess”

MicroBooNE's goal:
Address MiniBooNE's low energy excess.
Same beam, same baseline, different detector.

Use Liquid Argon Time Projection Chamber
Technology to suppress backgrounds.
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The MicroBooNE Experiment

MicroBooNE is an international collaboration.

Located @ Fermilab.

Largest LArTPC currently operational.

Part of Short Baseline Neutrino program.

… and more!

supernova

PRL 110, 161801(2013)
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Where do the Neutrinos come from?

Booster Neutrino Beamline.

Running in neutrino mode.

Collected > 3E20 POT 
Out of 6.6E20 since October
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BNB Neutrino Flux [simulation] MicroBooNE: events in time with beam
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The MicroBooNE Detector

170 (90 active)Ton Liquid Argon Time Projection 
Chamber. 

ν interact with Ar nucleus → charged particles.

Ar is ionized → trail of e- which follow particle 
trajectories.

Uniform 273 V/cm drift-field moves charge towards 
anode.

be
am
 d
ir
ec
ti
on
 

drift coordinate
2.56 m

be
am
 c
oo
rd
in
at
e 
: 
10
.3
2 
m

v
e
r
t
i
c
a
l
 
c
o
o
r
d
.

2
.
3
2
 
c
m

 E field
 273 V/cm

Ne
ut
ri
no
 i
nt
er
ac
ts
 w
it
h 
Ar

ν

Charged particles 
ionize argon

ν

ν ν

ν

ν

Drift speed: 1.1 km/s
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The MicroBooNE Detector

Detector equipped with 32 8” PMTs.

While ionization electrons slowly drift…
… cosmic rays are constantly coming through the detector [5 
kHz rate].

Scintillation light reaches PMTs instantaneously.

PMT system can provide timing of interactions
→ separate cosmic muons from neutrino-induced tracks.

Requires matching PMT and TPC information.

+ PMT signals used to generate Trigger.
ν

8” PMTs

isotropic UV 
scintillation light. 

MicroBooNE Talk @ Session 3:
“Flash Track Matching Development in MicroBooNE” – Rui An



June 13th New Perspectives '16  -  David Caratelli  -  Columbia University 8

The MicroBooNE Detector
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3 wire-planes to read out signal.

Each produces 2D projection.

“triangulate” to get 3D image.

COSMIC DATA : RUN 4468 EVENT 1293. JANUARY 10 2016.
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Addressing the Low Energy Excess

MiniBooNE's most significant backgrounds to νe appearance are from photons.

Electrons and photons are indistinguishable in a Cherenkov detector.

Calorimetry + topology information from LArTPC → e / γ separation.

Photons pair-convert to e+/e- pair. Can leverage:

1) Displacement from neutrino vertex of EM shower.

2) Twice as much energy deposited in first few cm of EM shower.

e / γ separation in ArgoNeuT detector.
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Cross-Section Program
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MicroBooNE Talk @ Session 3:
“Measuring Nucleon Structure from Neutrino 
Interactions in MicroBooNE” – Katherine Woodruff

Ar nucleus

Run 3469 Event 53223, October 21st, 2015
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Reconstruction
MicroBooNE's high-quality neutrino-images provide lots of information.
To fully take advantage of this information requires sophisticated reconstruction techniques.
MicroBooNE is developing tools to automatically extract physics from LArTPC detectors.
Addressing challenges such as a long drift-window and large cosmic-ray flux will benefit LArTPC community.
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MicroBooNE Talks @ Session 8:
“Deep Learning MicroBooNE” – Victor Genty.

“Reconstruction in MicroBooNE Using OpenCV Image 
Processing” ­ Ariana Hackenburg.

New technology → new challenges → new ideas.

Lots of exciting work inspired by other fields.

Place for young collaborators to make impact.

3D reconstructed event
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What we've been up to ... and the road ahead!
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Lots of detector R&D to get to where we are.
TPC construction, electronics, Ar filling + purification, drift HV, 
etc…

Started taking Beam data in October 2015.
First neutrinos just a few weeks later!

MicroBooNE candidate neutrino

Induction Plane 0

Induction Plane 1

Collection Plane

Summer Upgrades



June 13th New Perspectives '16  -  David Caratelli  -  Columbia University 13

    mu
on

 

e



June 13th New Perspectives '16  -  David Caratelli  -  Columbia University 14

Backup : why argon?
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Table by Mitch Soderberg
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Backup : MicroBooNE electronics

MicroBooNE operates with cold electronics to enhance Signal-to-Noise.

Analog-to-Digital conversion, signal compression, and data-handling in warm.
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noise goes down w/ Temp
As by design!

slight increase after 
fill [LAr dielectric]
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Backup : data rates

TPC sends us lots of information:

1 event → 4.8 ms of data.

16 bit / data-word x 2 MHz sampling-rate x 4.8 ms readout x 8,256 channels x 5 Hz BNB rate → 800 MB / second.

Huffman compression (lossless) to reduce data-rate.

Why read out for such a long time?

Electron ions drift “slowly” in argon. At 270 V/cm field e- speed is 1.1 km/sec. Drift entire width of TPC [2.56 m] in ~2.3 
ms.
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Backup : trigger
MicroBooNE triggers on BNB & NuMI signals from Accelerator division.

Most Beam spills are empty. No interaction occurs in the detector.

Apply PMT-based trigger to only select events with activity in coincidence with the beam-spill.
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MicroBooNE: events in time with beam

If flash of light in coincidence with beam → trigger the readout.

PMT trigger ensures manageable data-rates!
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Backup : MicroBooNE's Light Collection System.

PMTs coated with Tetraphenyl 
Butadiene .

Shifts UV scintillation light to 
visible range detectable by 
PMTs
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Backup : what happens to ionization electrons in a TPC?
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Wion = 23.6 eV

Ion Recombination
JINST Vol.8 P08005

Impurities absorb drifting 
electrons
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Backup : argon purity
Argon in TPC needs to be pure:

Impurities [H2O and O2] absorb drifting electrons and 
attenuate our signal. N2 absorbs scintillation light.

Argon filling occurred after gaseous purge. 

 

e
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Backup : the laser system
MicroBooNE has a laser! 

Creates a narrow, straight column of ionization 
charge.

Studying the detector's response to the laser signal 
can help study space-charge effects*

*non-uniformities in E-field which may distort image seen on wires.

Also, use laser to measure drift velocity!
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laser track!



June 13th New Perspectives '16  -  David Caratelli  -  Columbia University 22

Backup : Michel Electrons
Michel electrons [decay product of stopping muons] are a great source for studying detector response to low [0-50 
MeV] electrons

 

e
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Backup : Full event display! Event 0! 

 

e
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Backup : MicroBooNE @ LArTF!

 

e

Neutrinos!
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