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NOVA Experiment

International ®
Falls

MN

Minneapolis ®

. Long-baseline oscillation experiment

. Designed to measure oscillation parameters via

v, >V,

. Two functionally identical detectors

. Reduce flux, cross section, and detector
uncertainties

. Measure oscillation of neutrino and antineutrinos to
maximize sensitivity to d.-p

. Rich program of non-oscillation physics as well
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NuMI

o Collected almost 30 X 102" POT of neutrino + antineutrino data since 2013

. Enables systematically limited multi-differential cross section measurements in the Near Detector
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NOVA Flux

. NuMI produces primarily v, to induce U, = U,

Neutrinos / m2/ GeV /5 x 103 POT
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NOVA Detectors

e Alternating planes of PVC “pixels” allow for
3D tracking

e (Calorimetry by photon detection - . = = o =
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Electron Reconstruction
iIn NOVA

 Electrons produce electromagnetic showers

 Electrons, positrons, and photons produce
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Electron Reconstruction
iIn NOVA
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Muon Removed Electron Added
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Muon Removed Electron Added

. ( 200 400 600 800 1000
. |dentify the reconstructed muon :
. Remove hits associated with muon 100 . gy
2t : -
. Overlay a simulated electron with removed >
. . 0 n . -
muon kinematics "
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Muon Removed Electron Added
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. |dentify the reconstructed muon ]
. Remove hits associated with muon 100 - ]
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Muon Removed Electron Added

|dentify the reconstructed muon
Remove hits associated with muon

Overlay a simulated electron with removed
muon kinematics

We're able to produce a high-statistics
sample of ,CC interactions using MRE
technique

Study the effect of hadronic mismodeling on

selection efficiency and background
subtraction

We see consistent selection efficiencies
between MRE MC and data samples
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. First ever double-differential in electron kinematics s F 5 i
. Boosted Decision Tree (BDT) Electron|D combines & s - =
event context and CNN score to aid in electron = [ .
identification - =TT
_ o -0.2 0 0.2
. Template fit correlates shape uncertainties between ElectronID
signal and background components NOvVA Simulation
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Detector Model 5.6 0.21 3 "
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Total 18.2 0.59
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v,CC Inclusive

T Data (Stat. + Syst.) -1

_
o
T T

‘é ----- GENIE v2 - NOvA-tune
T B o e B " A A S W A B S  GENIEv3
0.85<cosf,<0.90 I 0.90 <cosf, <0.94 ] 2
1 ] % o
O
¢ Data (Stat. + Syst.) ol 1 = [
- ==+« GENIE v2 - NOvA-tune ] . °§
2 — GENIE v3 ] _8|~%, | | |
‘>—< AT o 14f I ! '
S i T 7 S S 3l
o 3 I
S [ 7 se  oams z 1
= e
g% L.  F¥ = g |
> @ o6} | e e e
8 0 0.5 1 15 2
g Q? (GeV?)
E
L 2
u® Generator | —S7%— cogez 1B o(E,) %
b|°, GENIE v2 - NOvA-tune 24.1 13.4 1.3
2> T  lalT.l. GENIE v2.12.2 | 243 14.3 | 19.6
g ESE S GENIE v3.00.06 27.4 21.6 3.4
' GiBUU 2019 17.5 16.0 14.7
NEUT 5.4.0 25.1 16.9 | 45.0
NuWro 2019 18.7 15.3 10.0
d.f. 17 12 9
Table: )(2 of model prediction compared to measurement.

Colorado State University D. Doyle | Nulnt 2022



Antineutrino Mode NOVA Simulation
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NOVA Simulation
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NOvVA Simulation

Flux Uncertainties

0.2 ;_ ~— meson inc. - target att. = .... absorption
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_%) 0.16— == pC — KX pC — nucleonX - others
. Flux uncertainties are a dominant source of uncertainty for most I 0.14 — total HP
NOVA ND cross section analyses 8 0.12F
-l u 1%
. . T 0.1
. Comes directly from Hadron Production (HP) model uncertainties T B Lo €
5008 .l r

. Dominated by HP models not constrained by external data

. Further reducing flux uncertainties will greatly benefit all NOvA
cross-section measurements
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. Neutrino-electron scattering is a well-understood process that
can be measured to constrain the flux

. Estimated to reduce flux uncertainties from 10% to 7%

Nz/—e — ¢1/ "Op_e 3 - o

. Kinematically constrained Eeeez <2m,

. Signature is single very forward going electron

«  Challenging v,CC and NC backgrounds
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NOVA Simulation
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Future of NOVA Electron Analyses
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. First ever double-differential

. 10,000 signal events 0.94 < cos@, < 0.97
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- Measurement of v,/v, cross section ratio

. Flux constraint with  — ¢ measurement

do
dcosf,d E,

. Reduce flux uncertainties from ~10% to ~7%

. 700 signal events
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Thank you!




Muon Removed Electron Added

. |dentify the reconstructed muon
. Remove hits associated with muon

. Overlay a simulated electron with removed
muon kinematics

. We're able to produce a high-statistics
sample of ,CC interactions using MRE
technique

. Study the effect of hadronic mismodeling on

selection efficiency and background
subtraction
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