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2p2h  ??

NOvA’s neutrino flux (shaded blue) lies in 
the transition region between the main 
interaction processes.

810 km

T. Golan

The NOvA Experiment
• Long baseline neutrino experiment:
• High purity (anti)neutrino beam produced at Fermilab
• Two off-axis detectors which are functionally identical to help

reduce systematic uncertainties
• Far Detector:  810km from the source, at Ash River in Minnesota

• Primary goals:
• Observe and measure neutrino oscillations
• Determine the neutrino mass ordering
• Investigate the matter / antimatter asymmetry

Why is a NOvA Zero-Meson 
Antineutrino Analysis 
Interesting?
• High purity sample with low statistical uncertainties
• Study 2p2h processes in the antineutrino sector, and

compare data with current QE and MEC models
• Investigate final-state interactions (FSI) by probing the

low energy region close to the nucleus

Quasi-elastic
Scattering (QE)

2p2h, e.g. Meson 
Exchange

Current (MEC)

Resonant Pion
Production (RES)

Deep Inelastic
Scattering (DIS)

Antineutrino Interactions

MERMAID: Zero-Meson BDT

Outlook
• New measurement of zero-meson antineutrino charged-current interactions in the NOvA near

detector, reporting a double-differential cross section in muon kinematics (longitudinal and transverse
momentum) and single-differential cross sections in the derived variables 𝑄! and 𝐸"

• A range of FSI, QE and MEC models used by different generators can be tested and evaluated with this
measurement

• Next Steps:
• Unfolding and Fake Data studies
• Systematic Uncertainty study
• Unblinding – finally look at real data!
• Further model comparisons

The Sample
• Signal:  Charged-current muon antineutrino event with no true mesons above a threshold energy of

100 MeV (542,576  events)
• Main backgrounds:  Neutral-current events, wrong sign (muon neutrino) beam contamination, and all

events with meson energy > 100 MeV (165,217 events)
• Sample Purity: 76.7%
• Efficiency: 27.6%

𝑑!𝜎
𝑑𝑃#	𝑑𝑃$ %

=
∑&	𝑈%& 𝑁'() 𝑃#, 𝑃$ &	Pur 𝑃#, 𝑃$ &

Eff 𝑃#, 𝑃$ % Δ𝑃# % Δ𝑃$ %	𝑁*+,-.*/	Φ

• Machine-Enhanced RHC Meson Abolition ID – a novel BDT trained to identify events without mesons.
• Trained on multitrack events (e.g. one muon + N hadrons)

• Inputs include: convolutional neural network likelihood scores for particle identification, the width of
any identified shower and the gap between the interaction vertex and the shower

Zero-Meson Event Display

Double-Differential Cross 
Section Measurement

Longitudinal and Transverse Muon Momentum

• The largest discrepancy between models is
at low 𝑃$, where NEUT and GiBUU predict
lower cross sections than GENIE and NuWro

• At medium 𝑃$, the GiBUU cross section is
noticeably larger, with other generators
showing similar performance

• Generators appear to have a similar 
performance at higher 𝑃$
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