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\ Fermilab accelerator complex
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DEEP UNDERGROUND
m— NEUTRINO EXPERIMENT
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60-120 GeV proton beam
at 1.2 MW, upgradeable
to 2.4 MW

(1 Optimized for CP
violation sensitivity
Neutrino and antineutrino
modes (~ GeV range).
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DUNE Near Detector

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

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

] Located at
SURF’s 1478 m
level with 1300
km baseline.
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DUNE Far Detector
\ Also works for Supernova and Proton Decay
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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
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BSM Physics

Focus on NSI
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Different kinds of neutrino BSM interactions

NSI can affect neutrinos in production, detection and propagation processes
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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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General concept of (GLOBES) simulation

REnfrﬁ?: Cross Initial / final
esolution . ‘ :
function Section flavor, polarity :
:  P. Huber at al.
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Different modules in GLOBES

AEDL
Abstract Experiment
Definition Language
Defines Experiments

and modifies them

.
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GLoBES User Interface
C-library which loads
AEDL-file(s) and
provides functions to
simulate experiment(s)
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NSI [imits fromm 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 ¢, and €, by over a factor of 2
depending on the value of the phases.
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Final remarks

1 NSI can significantly impact on the determination of current unknowns such as CPV and
the octant of 0,,. Clean determination of the intrinsic CP phase at long-baseline
experiments such as DUNE is a formidable task;

1 The sensitivity analysis with tens of parameters currently uses a MCMC and can be
improved with Al algorithms;

[0 DUNE-BR has a big potential work on the phenomenology studies and the development
of simulation+analysis tools for the collaboration.

Thank you!
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Appendix
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The SM Lagrangian
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Impact on CP violation sensitivity at DUNE

DUNE (5+5)
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M. Masud and P. Mehta, Phys. Rev. D94, 013014 (2016), 1603.01380.
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Lorentz Violation

G. Barenboim et al. / Physics
Letters B 788 (2019) 308-
315

N\
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Lorentz violating parameters at DUNE

H = Hyvac + Hpmar + Hnsi
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Correlations between the non-diagonal and
diagonal CPT-violating parameters at DUNE

\ 8

. Barenboim et al. / Physics Letters B 788 (2019) 3058-315
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CPT

G. Barenboim et al. / Physics
Letters B 780 (2018) 631-
637
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CPT violation
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Huge disappearance stats at DUNE.
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DUNE sensitivity to neutrino-antineutrino

parameters difference
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Imposter solutions

%.4 0.45 0.5 0.55

What happens if CPT is
not assumed?

For example:

sin%0,, = 0.5

for neutrinos and 0.43
for anti-neutrinos.

The combined analysis
gives 0.467 with 30 and
50 difference for
neutrinos and
antineutrinos
respectively.
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Data set used for CPT violation constraints

e solar neutrino data [Cleveland et al., 1998 Kaether et al.; 2010, Abdurashitov et al., 2009,
Hosaka et al., 2006, Cravens et al., 2008, Abe et al., 2011, Nakano, 2016,
Aharmim et al., 2008, Aharmim et al., 2010, Bellini et al., 2014]: 615, Am3,,
ths

e neutrino mode in long-baseline experiments K2K [Ahn et al., 2006], MI-
NOS [Adamson et al., 2013, Adamson et al., 2014], T2K [Abe et al., 2017a,
Abe et al., 2017b] and NOvA [Adamson et al., 2017b, Adamson et al., 2017a]:

023, Am3,, 013
e KamLAND reactor antineutrino data [Gando et al., 2011]: @12, Am3,, 013

¢ short-baseline reactor antineutrino experiments Daya Bay [An et al., 2017],
RENO [Choi et al., 2016] and Double Chooz [Abe et al., 2014]: @13, Am3,

e antineutrino mode in long-baseline experiments' MINOS [Adamson et al., 2013,
Adamson et al., 2014] and T2K [Abe et al., 2017a, Abe et al., 2017b]: @3,

Amg, 13
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