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Motivation
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MiniBooNE
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MiniBooNE Detector
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Particle Detection and Identification in MiniBooNE
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CC� + and CCQE Events in MiniBooNE
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CC� +/CCQE Ratio Measurement

Measure the CC� + to CCQE cross section ratio rather than the absolute CC� +

cross section in order to eliminate flux uncertainties.

Monte Carlo used to predict the cut efficiency and signal fraction as a function 
of energy for each sample.

Use these to correct the raw numbers of events in each sample to true number 
of events of each type.

f = signal fraction = (signal events passing cuts)/(events passing cuts)

> = cut efficiency = (signal events passing cuts)/(signal events)

U = Energy unsmearing matrix (I’ll discuss this in a moment)



Observed Ratio and Corrected Ratio
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Event Selection

Our event selection is quite simple.

CC� + events are identified by:
1. The outgoing muon
2. The decay electron at the end of the 
muon’s track
3. The decay positron at the end of the 
pion’s track

CCQE events are identified by:
1. The outgoing muon
2. The decay electron at the end of the 
muon’s track

These simple cuts are very effective at 
selecting the event samples.

Additional cuts are used to improve purity.
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CCQE Sample

0.5 %Multi-pion (light purple)

1.1 %CC� + coherent (green)

18.3 %CC� + resonant (blue)

6.1 %Other

2.0 %NC� 0 (dark purple)

72.0 %CCQE (red)

1.0 %DIS (light blue)

86.8%CC� + total

5.2 %CCQE (dark green)

5.9 %CC� + coherent (dark blue)

1.6 %Other

1.5 %CC� 0 (light green)

3.8 %Multi-pion (light purple)

80.9%CC� + resonant (red)

CC� + Sample
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Energy Unsmearing
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Energy Unsmearing
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True E Normalize by 
reconstructed 
energy

Unsmearing matrix

Migration Matrix
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Results
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Summary
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A paper is available at arXiv:0904.3159v1 [hep-ex] and has been 
submitted to PRL.
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