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A Reminder of How the NOvVA Detectors Work
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A Reminder of the Beam at NOVA
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A Reminder of the Beam at NOVA
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* Even with a narrow band beam,
NOvVA is still sensitive to many
different nu+A interaction
channels.

* The ND “sees” approximately
equal amounts of interaction
channels. However, the QE and
RES components in the FD are
strongly shaped by oscillations.



Neutrino Energy Reconstruction

Ev — E“range + Eha d
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Neutrino Energy Reconstruction

We rely on the simulation,

which has models for

cross sections and

E, = Eurange + Ehad final gtate interactions (FSI),
to calibrate measured

visible hadronic energy to

true hadronic energy.
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Neutrino Energy Reconstruction
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Sizable differences
in hadronic energy
distributions between
data and MC.

Here the MC is GENIE v2.10.4.

go = Ehaa
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Neutrino Energy Reconstruction

NOvVA employed a modified version of
the “empirical MEC” optional model in
GENIE v2.10.4 to account for the
observed MC discrepancy from data.

These MEC events were then
NOVA Preliminary  reweighted to:

Ev= E“range + Ehad
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Neutrino Energy Reconstruction

Ev = E“range + Ehad ; . -—
Clear improvement if filling the

“gaps”, but also far from perfect.

NOVA Preliminary Much more work to do to improve

0 0‘.2 0.‘4 0‘.6 0;8 0 O‘.2 O.‘4 0;6 O.‘8 0 0‘.2 0;4 O.‘6 O.‘8 1_.0 . . .
0.1<|ql/GeV <0.2 0.2 <|ql/GeV < 0.3 0.3<[ql/GeV <0.4 the modellng of nu+A interactions
in our detectors, and we expect
10 {» this will be a long haul.
0‘ , , ,‘ ,‘ ,‘ , ,‘ : lo
+ 0.5 <|q|/GeV < 0.6 ] ) )
2 04 <laleev=05 5 = NOVAND Data Oo<lalev<ory Direct measurements of final state
z e nucleons are critical to the path
o [Oois 410
S Motner forward.
T E T :'_'_'_P T ; 0
0.7<|qliGeV <0.8 | 0.8 <|qliGeV <0.9 - 0.9<glGev<l |
-+ ? 420
0 0.2 0.4 0.6 0‘.8 0 0.2 0.4 0.6 0.8 %) O.*Z* 0.4 0.6 0.8 l:.O
R “q.” (=E, . . .
260 0" =) 2= Fermilab

9 Jonathan M. Paley



An Injection of Reality

* A MIP deposits about 10 MeV per cell. Our hit detection threshold in a cell is a few
MeV.

 Currently our reconstruction algorithms require 2-4 hits in each view to form 3-d
“tracks” or “prongs”.

* In a very low multiplicity event, the lowest energy MIP we could reasonably
reconstruct is ~40 MeV. Higher for a proton.

+ Particle identification typically requires more than a few hits to distinguish pi from p.
This will likely raise the threshold to at least 100-200 MeV for a MIP, 300-500 MeV for

a proton.

« |dentifying final state particles in the NOvVA analysis is in a nascent but very active
state.

« We have several ND xsec analyses underway that are developing MVA PIDs for
charged particles.

* Another new, very promising approach is to adopt the same convolutional visual
network (CVN) technology used in the oscillation analyses to identifying final state
“prongs”.

* Neutrons are hard, but some progress is also being made in making use of
secondary vertices downstream of the primary vertex.
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Analyses Underway

vy CC inclusive

Ve CC inclusive

NC 1@ semi-inclusive
vy CC 10
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V+e

vy CC Coherent 1t*
Many more...

All of the above with antineutrinos



Looking Forward and Summary

* NOvVA’s high rate of neutrino interactions in the ND and off-axis
narrow-band beam provide excellent opportunities to make
precision measurements of nu+A interactions.

« Within NOVA there is a growing emphasis in improving the
reconstruction and PID (CVN in particular) for ND exclusive channel
XSec measurements.

« NOvVA will soon begin collecting high statistics antineutrino data.

« Stay tuned!
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