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• ND-LAr detects different kinematics 
depending on its position relative to the 
beam axis, we are interested in the 
affects this has on different interaction 
channels

• We study interactions from both 
neutrino and antineutrino beam modes 
and for both electron and muon 
neutrinos

• We explore neutrino energy,  muon 𝑝௭, 
and cos 𝜃 for the different off-axis 
locations and neutrino beams

• POT: 10ଵଽ

• All events examined at truth level from 
GENIE simulation

On-axis and Off-axis Neutrino Detection
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• Events obtained from: 
/pnfs/dune/persistent/physicsgroups/dunelbl/
abooth/PRISM/Production/Simulation/ 
ND_CAFMaker/v7/CAF



Comparing Spectra in Near and Far Detectors – Electron Neutrinos
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• The energy 
distribution of 
electron neutrinos 
greatly differs 
between the near 
and far detectors

• Near detector data 
can be used to 
constrain different 
channels

Caracas, I. DUNE-PRISM: An innovative technique for neutrino oscillation analysis.



• Muon neutrino 
energy distributions 
are more similar 
between near and 
far detectors than 
electron neutrinos, 
but some amount 
of oscillation can 
still be seen

Comparing Spectra in Near and Far Detectors – Muon Neutrinos
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Caracas, I. DUNE-PRISM: An innovative technique for neutrino oscillation analysis.
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FHC vs RHC Muon Neutrino Energy – 0m

FHC 0m RHC 0m

• DIS is most 
prominent in 
FHC

• RES is most 
prominent in 
RHC
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FHC vs RHC Muon Neutrino Energy – 8m

FHC 8m RHC 8m

• DIS is still 
dominant at high 
energy in FHC, 
QE similarly 
prominent as 
RES

• QE becomes 
more in RHC, 
though RES 
continues to 
dominate
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FHC vs RHC Muon Neutrino Energy – 16m

FHC 16m RHC 16m

• QE becomes the 
dominant 
channel, 
particularly at 
low energy, for 
both FHC and 
RHC
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FHC vs RHC Muon Neutrino Energy – 24m

FHC 24m RHC 24m

• QE increases its 
dominance over 
the other 
channels in both 
FHC and RHC
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Muon Neutrino Energy – 0m, 8m, 16m, 24m

FHC

RHC

0m 8m 16m 24m
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FHC vs RHC Electron Neutrino Energy – 0m

FHC 0m RHC 0m

• DIS is dominant 
in FHC

• DIS is dominant 
in RHC, notably 

 is more 
prominent than 



• DIS is 
substantially 
more prominent 
at high energies 
than any other 
channel
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FHC vs RHC Electron Neutrino Energy – 8m
FHC 8m RHC 8m

• DIS remains 
dominant in FHC 
and RHC at high 
energies, RES 
dominates at low 
energies

•  remains more 
prominent than 

 in RHC



8/8/2024 Jarrett Fein12

FHC vs RHC Electron Neutrino Energy – 16m

FHC 16m RHC 16m

• DIS remains 
dominant as 
before in both 
FHC and RHC, 
but QE and RES 
gain prevalence 
at low energies

• The tail occupied 
by high energy 
DIS events is 
less populated
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FHC vs RHC Electron Neutrino Energy – 24m

FHC 24m RHC 24m

• QE and RES are 
dominant at low 
energies, while 
DIS is dominant 
at higher energies

• The high energy 
DIS tail continues 
to shrink
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Electron Neutrino Energy – 0m, 8m, 16m, 24m

RHC

FHC

0m 8m 16m 24m
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Electron Neutrino to Muon Neutrino Ratio
All Channels  ఓ

RHC 𝜈/𝜈ఓ

FHC 𝜈/𝜈ఓ

• The ratio  ఓ varies by interaction channel, 
but it increases for all channels as a function of 
detector position



RHC
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Muon 𝒛 - 0m, 8m, 16m, 24m

FHC

0m 8m 16m 24m

• DIS is dominant on-axis and QE is dominant off-axis, on-axis events span a wider band 
of momenta
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Interaction - 0m, 8m, 16m, 24m

FHC

RHC

0m 8m 16m 24m

• Average interaction angle increases as off-axis position increases, DIS gives way to QE as 
most dominant as position increases



• As off-axis position increases:

– The dominant channel shifts from DIS to QE

– Neutrino energy and muon 𝑝௭ distributions sharpen

– cos 𝜃 distribution widens

• Muon neutrinos interact with much lower energy than electron neutrinos

• Electron neutrinos are more strongly dominated by DIS than muon neutrinos

• A greater portion of detected interactions come from electron neutrinos at further off-axis 
positions, but the statistics on such measurements are much lower

• Off-axis cross-section measurements will help to constrain QE and MEC

• On-axis cross-section measurements are more useful for constraining DIS and RES 

Summary
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Statistics for all Channels, Modes, and Positions
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