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1. LSND Experiment

• νμ→νe appearance

• A liquid scintillator detector 

• Short-baseline (30m from 
source)

• Found excess signal at low 
L/E

NS63CH03-Shaevitz ARI 27 September 2013 13:40
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Figure 6
The LSND L/E distribution for events with Rγ > 10 passing the electron selection criteria. Modified from
Reference 7.

oscillations by measuring the rate of νe n → e− p (or ν̄e p → e+n) charged-current quasi-elastic
(CCQE) events and testing whether the measured rate was consistent with the estimated back-
ground rate. For these events, the incoming ν/ν̄ energy was approximated according to the QE
formula:

EQE
νmode/ν̄mode

=
2(M ′

n/p )Ee − [(M ′
n/p )2 + m2

e − M 2
p/n]

2[(M ′
n/p ) − Ee +

√
E2

e − m2
e cos θe ]

. 8.

Here, M n, M p , and me are the neutron, proton, and electron masses; Ee and cos θe are the energy
and angle of the outgoing electron, respectively. The adjusted neutron/proton mass is defined as
M ′

n/p = M n/p − EB, where the binding energy, EB, is 34 ± 9 MeV.
Numerous papers that were published during this period documented the oscillation analyses

with various data samples and stages of analysis. The first oscillation paper, on the neutrino mode
search, was published in 2007 (9); it showed that there was no excess of events with EQE

ν >

475 MeV, a finding that was somewhat inconsistent with the LSND result for antineutrinos.
Two years later, another report (35) revealed an unexplained excess of νe events for MiniBooNE
neutrino running below 475 MeV, prompting speculations of CP violation such as that included
in 3+2 models. At that point, MiniBooNE switched to mainly antineutrino mode running; initial
results were presented in 2009 (10) and 2010 (36). The antineutrino oscillation results for the full
data sample, which recently became available (11), show an antineutrino excess that is consistent
with the LSND signal region.

The MiniBooNE oscillation search had two main components. The first component used
analysis cuts to isolate a fairly pure sample of electron neutrino events, and the second component
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1. MiniBooNE Anomaly

• νμ→νe appearance

• A liquid scintillator detector 

• Short-baseline (541m from 
source)

• Found excess signal

NS63CH03-Shaevitz ARI 27 September 2013 13:40
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Figure 7
MiniBooNE (a) neutrino mode and (b) antineutrino mode EQE

ν distributions for νe charged-current
quasi-elastic data ( points with statistical errors) and background (histogram with systematic errors). Modified
from Reference 11.
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2. TPC Principles
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2. Why use liquid argon?

• Dense (1.4 g/cm3)

• Abundant (1% of the atmosphere)

• Ionization yield of 5500 e/mm for a MIP

• Promt Scintillation (ns)

• Liquid at 87K

Wednesday 2 July 14



2. Liquid Argon TPC Performance

6
20*

Note:*aspect*ra2o*compressed*~10x*horizontally*
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3. The MicroBooNE Detector

• 2.5m x 2.3m x 10.2m liquid Argon TPC

• 80t fiducial volume

• 2.5m drift length

• 3 wire planes 0° ±60°

• 3mm wire pitch

• 36 8’’ Photomultipliers

• Located in the BNB at Fermilab
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• 2.5m x 2.3m x 10.2m liquid Argon TPC

• 80t fiducial volume

• 2.5m drift length

• 3 wire planes 0° ±60°

• 3mm wire pitch

• 36 8’’ Photomultipliers

• Laser Calibration System

3. The MicroBooNE Detector
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E-Field
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3. The MicroBooNE Detector
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4. Physics: e/𝛾 separation
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3. Conclusion

• MicroBooNE will determine the origin of the MiniBooNE 
low energy signal excess

• MicroBooNE will perform cross-section measurements

• MicroBooNE will provide valuable R&D towards kilo-ton 
scale LAr TPCs

• MicroBooNE will start data taking end of the year

• MicroBooNE together with a far and near detector could 
bring light into the short-baseline neutrino anomalies

19
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1. LSND and MiniBooNE Anomaly
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4. Physics: Oscillation
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