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Abstract
We investigate the sensitivity of the DUNE ex-
periment to observe such BSO effects as we in-
crease their intensity, for which we include differ-
ent BSO hypotheses. The BSO hypotheses con-
sidered in this work are: neutrino invisible decay
(ID) and full decay (FD), non-standard interac-
tions (NSI), violation of the equivalence prin-
ciple (VEP), and quantum decoherence (QD).
The CP-violating phase parameter, δCP , may
have potential distortions with respect to the
measured value using an incorrect BSM hypoth-
esis. Even when the BSO scenarios are almost
indistinguishable from each other, the measured
value of δCP can be very different from the value
used in the theoretical hypothesis.

Theoretical framework
The BSO models in our work can be described
from the Hamiltonian formalism following the
following equation:

HT = H +HBSO,

where H is the standard oscillation Hamiltonian

H =
1
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U† + diag (ACC , 0, 0) ,

E is the neutrino energy, ∆m2
ij = m2

i −m2
j , mi

is the i−th mass eigenstate, ACC is the potential
in matter, HBSO depends on the model and U
is the PMNS matrix. In addition, we assume in
all cases Normal Ordering.

Experimental Setup and Data Analysis

Deep Underground Neutrino Experiment
(DUNE) will be an experiment with the fol-
lowing specifications: baseline L = 1300 Km,
average matter density ρ = 2.96g/cm3, 3.5
years in neutrino mode (FHC) and 3.5 years in
antineutrino mode (RHC), beam power is 1.07
MW and average energy Em = 2.6GeV.

We use GLoBES for the computational simula-
tion, only δCP and BSO parameter are free in
the fitting. We define

χ2 =
∑
i

(
Ntrue

i −Ntest
i

)2
Ntrue

i

, i ∈ Number of bins,

where Ni is the number of events. We consider
νe, ν̄e appearance and νµ, ν̄µ disappearance.

Conclusions
We observe how the various BSO models can produce
deviations greater than 3 sigma in δCP despite not be-
ing distinguishable from each other. On the other hand,
we also find that even by increasing the intensity of the
BSO parameter and achieving a separation greater than
5 sigma between the true and test models, δCP fit cannot
be distinguished from δCP true.
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BSO Models
In our work it is useful to define ξ as the intensity of each of the BSO models.
Invisible Decay: The mass eigenstates m3 de-
cay to a sterile neutrino νs by coupling with a
Majoron J , i.e., ν3 → νs + J . So

HBSO =
1

2E
Udiag (0, 0,−iα3)U

† , ξ = α3L/Em,

where α3 is the decay parameter of m3.

Full Decay: Here we consider Invisible Decay
and the Visible Decay case where the decay is
given by m3 → m1 + J by the scalar coupling
with J . Furthermore, we assume m1 = 0.05eV.

VEP: We consider that the universal gravita-
tional constant depends linearly on mi, this leads
to a new gravitational potential Φ′

N = γiΦN

which breaks Einstein’s Equivalence Principle .
We take the case γ1 = γ3 ̸= γ2. then

HBSO = 2EUdiag (0, γ, 0)U† , ξ = EmLγ,

where γ = γ2 − γ1.

NSI: The different flavors of neutrinos inter-
act in a non-standard way with matter and this
can be described by

HBSO = ACC

 0 ϵeµ ϵeτ
ϵ∗eµ 0 ϵµτ

ϵ∗eτ ϵ∗µτ 0

 , ξ = 2∥ϵαβ∥ACCL,

where ϵαβ are the NSI interaction parameters
with α, β ∈ {e, µ, τ}.

Q. Decoherence: Neutrinos interact with the
environment in an open quantum system follow-
ing the Lindblad equation,

∂ρ

∂t
= −i [Hm, ρ] +

∑
i,j

Di,jρiλj , ξ = ΓL,

where ρ =
∑

i ρiλi is the neutrino density ma-
trix, λi are the Gell-Mann matrices, Hm is the
Hamiltonian in the mass eigenstate base and
D = −diag(0, 0, 0, 0,Γ,Γ,Γ,Γ, 0) y Γ ≥ 0.

Results
Interesting cases are presented. We define the deviation between true and test model in terms
of number of sigmas as Nσ. If we assume true VEP (top) and NSI electron-muon (middle) with
δtrue
CP = 0◦ and QD (bottom) with δtrue

CP = −90◦ we obtain
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