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DUNE Components
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Measuring Neutrino Oscillations
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Measuring Neutrino Oscillations

Figure credit: C. Wilkinson
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Measuring Neutrino Oscillations
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Measuring Neutrino Oscillations
rarch

Near Detector Suite

11 2022/02/23 | Luke Pickering | DUNE Long Baseline Oscillations | LLWI 2022




DEEP UNDERGROUND NEUTRINO EXPERIMENT

Measuring Neutrino Oscillations
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e See D. Cherdack talk, up next
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Measuring Neutrino Oscillations
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Measuring Neutrino Oscillations
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PMNS Oscillation Sensitivities
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Eur. Phys. J. C 80, 978 (2020)
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Unprecedented oscillation parameter sensitivity
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Low Exposure Mass Ordering Sensitivity
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e Unambiguous Mass Ordering determination early in the physics programme
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Appearance Sensitivity

Eur. Phys. J. C 80, 978 (2020)
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e Unique access to MO + CPV in one experiment!
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Appearance Sensitivity
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Moving Beyond Sensitivities Near observations

. Tradltlonally

Use models to 'unfold' near
detector observations.
Apply oscillation hypothesis
Compare to far detector
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Moving Beyond Sensitivities Near observations
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Moving Beyond Sensitivities Near observations
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- Use models to 'unfold' near
detector observations.
- Apply oscillation hypothesis
- Compare to far detector
observations

S>3
o
Q.
O o
=0
e
o
S

e \What happens if the model is wrong?
- Inflate errors — degrade sensitivity
- Bias measurements

sisayjodAH
uone||I9sO

» Case study: What if we mis-model
neutrino energy fraction to protons but
don't notice at the near detector?

25 2022/02/23 | Luke Pickering | DUNE Long Baseline Oscillations | LLWI 2022

Far detector prediction




DUNE ND CDR: FERMILAB-PUB-21-067-E-LBNF-PPD-SCD-T JEEP UNDERGROUND NEUTRINO EXPERIMENT

Moving Beyond Sensitivities

e Traditionally:
- Use models to 'unfold' near
detector observations.
- Apply oscillation hypothesis
- Compare to far detector
observations

e \What happens if the model is wrong?
- Inflate errors — degrade sensitivity
- Bias measurements

» Case study: What if we mis-model
neutrino energy fraction to protons but
don't notice at the near detector?
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Precision Reaction-independent
Spectrum Measurement
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DUNE-PRISM Near Detector
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DUNE-PRISM Near Detector
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DUNE-PRISM Near Detector
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Off Axis at the Near Detector
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Off Axis at the Near Detector
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Off Axis at the Near Detector
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Off axis position (m)
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Off Axis at the Near Detector
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Off Axis at the Near Detector

X10

A~ _9
g = x10
~—’ O N
= 2 > 60}
S 30 ) ) - N &
.a (5 B ‘b @ @ o @
o > O 0
o ) ~— N o @ R \\ Q
z O w S AN
= 5 40+ v l
g 2V A ON | |
@) g — i
E: o P\
= ol -
k= 20
10 45 S |
3 )
Z. Q -
N L
g O 1 1 1 I | . |
0 O N
E, (GeV) S/
36 2022/02/23 | Luke Pickering | DUNE Long Baseline Oscillations | LLWI 2022




DEEP UNDERGROUND NEUTRINO EXPERIMENT

Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Predicting Oscillations with the Near Detector
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Why PRISM? Near observations
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Far detector prediction
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Far detector prediction
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Summary

ROBERT RATHBUN WILSON

o Uhpreoedented sensitivity to PMNS oscillations
- PRISM insures against poor interaction modelling
- CPV and Mass Ordering in one experiment

¢ Wide physics programme beyond standard oscillations
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Backups
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Disp Samples
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PRISM Appearance
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Disappearance Hypotheses
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Macdonald's Plots
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Sensitivities for different scenarios
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Discrete Fourier Transforms
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Approximate function as a linear sum of
sines and cosines
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Discrete Fourier Transforms
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e Approximate function as a linear sum of
sines and cosines
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Discrete Fourier Transforms
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e Approximate function as a linear sum of
sines and cosines
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Amplitude (A.U.)

Discrete Fourier Transforms
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Approximate function as a linear sum of
sines and cosines
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