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Basics of MicroBooNE
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MicroBooNE Detector
• Liquid argon time projection chamber based at the Fermi National 

Accelerator Laboratory in Illinois, USA.

• Operated for 2015-2021 (7 years total, 5 years with neutrino beam data)

• Contains 170 t LAr with an active fiducial volume of 90 t at 87 K.

MicroBooNE field cage holding the time 

projection chamber.

Image of the cryostat that houses the field cage (top) and 

diagram of the field cage and cryostat (top) JINST 12 P02017

https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017
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MicroBooNE Detector
• Instrumented with:

o 8,256 readout wires across 3 readout planes.

▪ Wires are separated by 3 mm spacing on each plane.

o 32 Hamamatsu 5912-02MOD PMTs of diameter 200 mm

MicroBooNE cryostat with insulating foam covering it. 

Anode plane containing the three wire planes for the charge 

readout (top) and the PMT system (bottom).

JINST 12 P02017

https://iopscience.iop.org/article/10.1088/1748-0221/12/02/P02017
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Liquid Argon Time Projection Chamber

Sample neutrino interaction demonstrating the liquid argon time projection 

concept with a wire readout system. MicroBooNE’s PMTs, to detect 

scintillation light, are behind the photons.

JINST 15 T08008

• Charged particles induce ionization electrons 

and scintillation light in the argon.

• Scintillation light provides a timestamp of event.

• The ionized electrons drift due to an electric field 

(274 V/cm for MicroBooNE).

• MicroBooNE uses three wire planes (U, V, Y).

• U and V are 60 degrees rotated from Y and 

measure signals through induction (bipolar).

• The Y plane measure charge through collection 

(unipolar). Collection

Induction

PMTs

https://iopscience.iop.org/article/10.1088/1748-0221/15/08/T08008/pdf


MicroBooNE's Detector Physics Program and Stability 6

Detector Physics for Neutrino Analyses 

(2015-2020)
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MicroBooNE Physics Program
MicroBooNE has three goals:

• Investigate the MiniBooNE anomaly.

• Measure neutrino-Ar cross sections.

• Prototype the liquid argon detector technologies.

Has analyzed (unblinded) approximately half of its data.

Sits ~500 m on-axis of Booster Neutrino Beam (BNB) and 

sees off-axis NuMI beam, observes 0.2-2.5 GeV neutrinos.

Cross section measurement using the BNB of the muon 

neutrino CCQE cross section compared to various event 

generators (PRD 108, 053002) Total BNB exposure data collected as a function of protons on target. 

Rate of electron neutrinos from the BNB in the 

MiniBooNE anomaly rage selected compared to the 

rate measured by MiniBooNE (PRL 128, 241801)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.053002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.241801
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Calibration of Charge
MicroBooNE uses a multi-step calibration based on a method employed by MINOS.

• Apply corrections to the electric field (JINST 15 P12037)

• Equalize charge collected as a function of height (Y) and length (Z)

• Using that calibration, now measure charge as a function of electron drift direction (X)

• Apply a calibration to normalize data collected as a function of run time (time-dependent changes in purity).

JINST 15 P03022 

Corrections as a function of height and length (left) used to equalize 

dQ/dx as a function of position (left) and the time-dependent 

correction (right). 

Inactive wires lost early during 
commissioning due to shorted U 
channels (left) and shorted Y channels 
(right). Both are shorted to V channels

https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12037
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022/pdf
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Calibration of Charge: Purity
Electronegative impurities like oxygen and water can capture free drifting electrons. 

Measure by comparing the charge detected on the readout planes based on the drift distance traveled.

o Common to use the ratio between the charge collected at maximum drift distance traveled (Qc, t=2.2 ms) and

no distance traveled (Qa, t=0 ms).

o Sometimes referred to as a drift electron lifetime, which is modeled by an exponential decay.

MicroBooNE measured a high ratio, even at the lowest it was above the DUNE Technical Requirement (3 ms)!

JINST 15 P03022 

Maximum charge loss between the cathode and the anode (readout planes). The ratio is commonly

above 1, due to detector effects like the space charge effect.

https://www.mdpi.com/2410-390X/5/1/2
https://iopscience.iop.org/article/10.1088/1748-0221/15/08/T08008/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12037
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Charge->Energy Calibration
• Scale the charge collected so that stopping muons at 

high kinetic energy (residual range) match expectation. 

• Uses the modified Box model to model recombination.

JINST 15 P03022 

Most probable value of energy deposited (dE/dx) as a function of a stopping muon’s kinetic 

energy (left) and comparison of the kinetic energy measured for stopping muons using 

calorimetry and track range (right). 

https://iopscience.iop.org/article/10.1088/1748-0221/15/03/P03022/pdf
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Charge Readout Uncertainties
• Discrepancies were observed as a function of tracking 

variables (x, y, z, and angle) in terms of the waveforms 

in data and simulation.

• Detector uncertainties regarding charge use the 

difference as a standard deviation.

Ratio of total charge and width of reconstructed waveforms as a function of 

drift distance between data and simulation. Waveform modification process (top) with example in 

case of overlapping signals (bottom)

EPJC 82454.

https://link.springer.com/article/10.1140/epjc/s10052-022-10270-8


MicroBooNE's Detector Physics Program and Stability 12

Light Readout Uncertainties
Various unknown modeling questions and time-dependent issues.

• Run to run variations causing a significant drop in light yield.

o Separate variation of the simulation is applied by altering 

the attenuation length to match.

• Altering of the Rayleigh scattering length from 60 cm->120 cm

• Overall, 25% decrease to the light yield.

Photoelectrons measured from cosmic-ray 

muons as a function of initial operation.

MICROBOONE-NOTE-1120-TECH 

https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1120-TECH.pdf
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Detector Physics with the Neutrino Beam 

(2015-2020)
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Light Readout System and the Beam
• Light readout system determines the timestamp of the interaction and allows matching to the beam.

• MicroBooNE has demonstrated a timing resolution with 1.73 ns intrinsic timing precision. 

BNB diagram of acquiring the time from the resistive wall monitor (top left), distribution of the 81 proton bunches matching to detector, and the timing 

resolution extracted from matching beam bunch information to the light information (right).

arXiv:2304.02076

https://arxiv.org/abs/2304.02076
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Beam Structure and Application to 

Physics

arXiv:2304.02076

• Improve neutrino event selection:

o Using beam structure information provides 

95.5% signal efficiency for CC1μ events and 

rejects 47% cosmic background.

• Can improve searches beyond the Standard 

Model, such as Heavy Neutral Leptons.

https://arxiv.org/abs/2304.02076
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Measurement of Diffusion
• Measured the longitudinal diffusion using externally tagged tracks.

o Direct measurement of effect seen on differences in widths of hits (Slide 8)

Measurement of the diffusion compared to theory and 

other experiments.

Diagram of the impact diffusion has on 

the width of waveforms detected on the 

collection plane.

JINST 16 P09025

https://iopscience.iop.org/article/10.1088/1748-0221/16/09/P09025
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Detector Physics after Neutrino Beam Data 

(2020-Current)



MicroBooNE's Detector Physics Program and Stability 18

MicroBooNE Tests with Radioactive Sources
• Tested the ability to use radioactive source to calibrate by:

o Adding 500 kBq to the input line.

• However, filter (Cu-0226 S) blocked the radon.

o TPC could only observe it when the filters were bypassed.

JINST 17 P11022

Simulated event of an event added of a Bi-Po 

candidate that would come from the radon.

Number of events measured as a function 

of the filter usage and time since 

deployment.

• Analysis then developed for ambient radon (arXiv:2307.03102):

o Measured at 95% CL at 0.38 mBQ/ke

o Proof of principle of DUNE’s 1 mBQ/kg requirement for 

MeV-scale physics.

https://iopscience.iop.org/article/10.1088/1748-0221/17/11/P11022/pdf
https://arxiv.org/abs/2307.03102
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MicroBooNE Detector High Voltage Tests

Scan of the high voltage was done as the electric field operated at 

274 V/cm, but had a planned field of 500 V/cm.

Discharged at high voltage values greater than 70 kV during 

commissioning encouraged the detector to operate at this lower 

electric field.

Ramped up the detector to 128 kV (500 V/cm) and achieved the 

nominal electric field after a series of short discharges.

A third day also tested the ramp up and it also stabilized.
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MicroBooNE Light Readout SPE Rate

• ProtoDUNE-SP and MicroBooNE saw 

increase of single PEs.

• High voltage scan can probe single PE 

production as a function of electric field.

o A major hypothesis to explain the 

increased rate! 

JINST 15 C03034

https://iopscience.iop.org/article/10.1088/1748-0221/15/03/C03034/pdf
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MicroBooNE Liquid Argon Measurements

Xe-like
Kr-like

N2-like

• Argon was sent for analysis at CIEMAT to investigate light loss.

• Nitrogen contamination not enough to explain light loss observed over time.

Mass peaks of the analysis, the grey bands are places where the measurement method is not sensitive. A second 

sample was taken and will be analyzed using a different method to fill in the missing bands soon.

arXiv:2303.00816

https://arxiv.org/abs/2303.00816
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MicroBooNE Detector Decommissioning

• MicroBooNE has been emptied of argon over.

o Took around 3 months and now all argon empty as of a couple of weeks ago.

Argon being vented out of the building housing MicroBooNE
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MicroBooNE Detector Decommissioning

JINST 16 P06043

Current Plan:

• Understand characteristics of the instrumentation after 

operation.

o Wire readout plane characteristics.

▪ Both lost wire and current wire properties.

o Investigate the PMTs for signs that point to loss of 

light yield.

o Inspect the detector hardware and feedthroughs.

o Suggestions from the community!

Active surface of the readout planes if a 

reconstructed hit requires three live wires.

https://iopscience.iop.org/article/10.1088/1748-0221/16/06/P06043
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Conclusion
• MicroBooNE is a robust detector that has taken data 

over 7 years.

• Designed many calibration concepts and 

uncertainties to address light and charge readout 

performances.

• Targeted detector physics studies that test our ability 

to measure signals in liquid argon.

• Exciting new programs in neutrino and detector 

physics with:

o the current (both unblinded and blinded) data 

o future data from the decommissioned 

instrumentation!

• Please provide feedback on interesting studies for 

decommissioning (microboone_info@fnal.gov)

Full dataset cross sections and oscillation analyses 

coming soon!

October 2023 Collaboration Meeting at Kansas State University

mailto:microboone_info@fnal.gov
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Backup Slides
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MicroBooNE Signal Processing

JINST 13 P07006
JINST 13 P07007

• Signal processing does:

o Noise filtering->1D deconvolution->2D deconvolution

o Colloquial “hits” come from total charge collected in waveforms post processing.

Waveform comparisons between 

simulation and data. Event display showing each step of 

signal processing.

https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07006
https://iopscience.iop.org/article/10.1088/1748-0221/13/07/P07007
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