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Talk Overview

❏ DUNE
❏ Standard Oscillation Picture
❏ Physics Beyond the Standard Model at DUNE

❏ NSI
❏ Simulation tools
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❏ Primary goals
❏ CP phase
❏ Mass ordering
❏ Atmospheric mixing angle octant

❏ SN Burst
❏ Proton decay



Fermilab accelerator complex

❏ 60-120 GeV proton beam 
at 1.2 MW, upgradeable 
to 2.4 MW

❏ Optimized for CP 
violation sensitivity

❏ Neutrino and antineutrino 
modes (~ GeV range).



DUNE Near Detector

Located approximately 575 m from neutrino 
source. Constrain systematic uncertainties for 
long-baseline oscillation analysis



DUNE Far Detector

❏ Approximately 
40 kt fiducial 
mass liquid-
argon Far 
Detector.

❏ Located at 
SURF’s 1478 m 
level with 1300 
km baseline.



DUNE Far Detector
Also works for Supernova and Proton Decay



Neutrino oscillations
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Neutrino vacuum oscillation parameters
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Neutrino oscillation in matter
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Three flavor oscillation probability
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Oscillation probability for different channels

13

Different matter 
density profiles

Normal and inverted 
mass hierarchies



BSM Physics

Focus on NSI
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Different kinds of neutrino BSM interactions
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From P. Coloma presentation



New probabilities with NSI in the 
propagation
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Appearance channel considering NSI
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Oscillation Probability (E) for L ~ 1300 km
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Only diagonal epsilons

Only e-tau epsilons



Event 
numbers 
for 
different 
NSI
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General concept of (GLoBES) simulation

P. Huber at al. 
https://www.mpi-
hd.mpg.de/personalhom
es/globes/



Different modules in GLoBES

P. Huber 
at al. 
https://w
ww.mpi-
hd.mpg.d
e/person
alhomes/
globes/



NSI limits from DUNE and effects on 
sensitivity
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NSI phase sensitivities at DUNE
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DUNE can improve the current bounds on 𝜀e𝜇 and 𝜀e𝜏 by over a factor of 2 
depending on the value of the phases.



Final remarks

❏ NSI can significantly impact on the determination of current unknowns such as CPV and 
the octant of 𝜃23. Clean determination of the intrinsic CP phase at long-baseline 

experiments such as DUNE is a formidable task;
❏ The sensitivity analysis with tens of parameters currently uses a MCMC and can be 

improved with AI algorithms;
❏ DUNE-BR has a big potential work on the phenomenology studies and the development 

of simulation+analysis tools for the collaboration.
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Thank you!



Appendix
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The SM Lagrangian
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Impact on CP violation sensitivity at DUNE
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Lorentz Violation
G. Barenboim et al. / Physics 
Letters B 788 (2019) 308–
315
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Lorentz violating parameters at DUNE
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Correlations between the non-diagonal and 
diagonal CPT-violating parameters at DUNE
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Current bounds:



CPT
G. Barenboim et al. / Physics 
Letters B 780 (2018) 631–
637
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CPT violation
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DUNE sensitivity to neutrino-antineutrino 
parameters difference
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Imposter solutions
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What happens if CPT is 
not assumed?
For example:
sin2𝜃23 = 0.5 
for neutrinos and 0.43 
for anti-neutrinos.

The combined analysis 
gives 0.467 with  and 3𝜎 and 

 difference for 5𝜎 and 
neutrinos and 
antineutrinos 
respectively.



Data set used for CPT violation constraints
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