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FIG. 5.7: Event display for a candidate signal event (2021/23/449). The color scale
shows the number of photo-electrons of the clusters, for clusters having at least five
photo-electrons. The leading shower measured energy E� = 618.2 MeV contained
inside the ECAL, and the second shower, converted within the scintillator tracker,
measured energy E� = 139.7 MeV. The clusters within the ECAL have more photo-
electrons than the clusters inside the Tracker region.

FIG. 5.8: Event display for a candidate signal event (2037/17/4807). Both showers
are contained in the Tracker region of the detector. Measured energies for the showers
are E�1 = 393.6 MeV and E�2 = 298.1 MeV . In addition to the short proton track
near the vertex there is additional vertex activity. Depending on the source of the
vertex activity this event can be a signal or a background.

the time difference between the cluster and muon track must be less than 25 ns.

This selection ensures that only clusters that are in the same time slice with the

muon track are used in ⇡0 reconstruction. Secondly, the charge of the cluster, which

is defined as number of photo-electrons divided by number of hits inside the cluster,

must be greater than 3. This selection removes “low-activity” clusters that might

be due to cross-talk. Finally, the clusters in the HCAL are removed, because these

clusters are most likely created by neutrons, not EM showers. If all three conditions
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Measuring nuclear effects in pionic semi-exclusive final states 
using the MINERvA Detector

Nuclear Effects are one of the 
dominant systematics in neutrino 

oscillation measurements

NOvA and DUNE rely on Multi-
GeV neutrino beams leading to 

many-particle final states

By considering xxxxxxxxxxxxx interactions requiring at least one of each 
hadron

nµn ! µ�pp0
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We probe nuclear effects in many-particle final states in a multi-GeV 
neutrino beam
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Measuring nuclear effects in pionic semi-exclusive final states 
using the MINERvA Detector

MINERnA

Work In Progress
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Reconstructed

Fake Data

Nucleon Initial State
and

Final State Interactions

Double Transverse Momentum [1] 
acts as a probe to nuclear dynamics, namely

[1] X-G. Lu et al. Phys. Rev. D92, no. 5, 051302 (2015)


