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Neutrino Cross Section Physics

Neutrinos oscillation provides evidence
of physics beyond the Standard Model.
Big push to measure oscillation
parameters with different
baselines/detector technologies.
Good cross section physics enables
good oscillation physics.

Figure: Neutrino cross section
measurements [1].
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Direct Hyperon Production
The focus of this talk is on direct (Cabibbo suppressed) hyperon production: W boson
converts an up quark into a strange quark inside a nucleon:

Figure: Direct hyperon production. N = p; n, Y = �; �0; �−.

Other production mechanisms are resonance excitation/decay and deep inelastic
scattering.
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Direct Hyperon Production

This process is very poorly constrained
by existing measurements.
Sensitive to a range of effects:
�ν-nucleon cross section parameters
and unique final state interactions.
Measuring multiple channels can help
disentangle these effects.
Only generated by anti-neutrinos.

Figure: Predictions from NuWro compared with
entire � production dataset [2].
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LArTPCs

Figure: Operational principle of the MicroBooNE
LArTPC.

Figure: Example (signal) event display.
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Flux

Hyperon production is purely �ν driven, influences
our choice of flux.
BNB has run exclusively in neutrino mode for
MicroBooNE’s data taking period.
NuMI has run in a mix of neutrino/anti-neutrino
mode.
Off axis! stronger �ν flux even when in neutrino
mode.
We use NuMI.

Figure: Fluxes from BNB (top) [3] and
NuMI (bottom) [4].
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The Analysis

We wish to measure � production in �νμ
interactions:

�νμ + Ar! μ+ + � + X (1)

Search for the �! p +π� decay,
leaves a very distinctive “track + V”
topology.
Expect 12 interactions among 650k
triggers before applying any selection
in data from our 1st year of data taking.
Challenging selection!

Figure: Selected signal event from MicroBooNE
simulation.
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Selection Strategy

Selection identifies a muon candidate
and a pair of tracks consistent with a
proton and pion.
Check if the kinematics of the proton +
pion are consistent with a � decay.
Do the proton + pion form a separate
“island” of activity to the muon?
See MicroBooNE public note 1097 for
details.

No selection:
Signal = 12 events.
BG = 650k events.

Figure: Selected signal event from MicroBooNE
simulation.
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Preselection and Muon ID

Apply a preselection to remove any
events outside fiducial volume or with
fewer than three tracks.
Vast majority of the time muon is longest
track.
Muon is longest track satisfying PID and
quality requirements.

After preselection + Muon ID:
Signal = 2.7 events.
BG = 3000 events.

Figure: Log-likelihood ratio PID used in muon
selection [5].
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Decay Track Selection

Want to calculate useful quantities like
invariant mass.
Need the pair of tracks belonging to
the �! p +π� decay for these things
to mean anything.
Need to get the tracks in the right
order.

Figure: Selected � event from MicroBooNE
simulation.
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Decay Track Selection

Employ an array of BDTs
that utilises 7 variables to
produce a response score
for each combination.

Variables used include
PIDs, track/shower
classi�cation scores.

Select correct pair of tracks
in � 95% of signal events.

Figure: Some variables used in decay track selection.
Correct combination. Wrong combination.
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