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We provide a microphysical model that connects neutrino oscillations to dark energy, which has
predictions of Lorentz and CPT violating neutrino oscillations. We argue that the DE is a BCS
condensate of flavored neutrinos. As neutrinos propigate in their own condensate they naturally
have oscillations proportional to the DE energy density. All that is assumed in this model is a
covariant coupling of neutrinos to gravity and a finite number density of neutrinos in the cosmic
rest frame; this situation yields an attractive channel for the formation of a spin zero neutrino
condensate leading to late time acceleration self consistently. Moreover, the vacuum oscillation has
two predictions: (1) CPT violating oscillations proportional to the DE density (2) A connection
between the evolution of the equation of state of the DE condensate and the neutrino oscillations.
These predictions can be probed independently with future Supernovae and Neutrino Telescopes.

PACS numbers:

I. INTRODUCTION

A+ ∼ A− ≤ 10−5Mp (I.1)

While we know observationally that dark energy (DE)
makes the universe accelerate on large scales and might
require a modification of General Relativity in the
IR, nothing is known about how it may interact with
matter. Rectently Ando, Kamionkowski and Mocioiu
(AKM) proposed a new way to account for DE-induced
Lorentz/CPT violation—introducing neutrino oscilla-
tions that are energy independent[3]. Moreover, ever
since the discovery of DE a number of coincidences have
been identified[1]. A peculiar coincidence exists between
the observed neutrino mass differences between propi-
gation states ∆m2

atm ∼ 10−3eV 2 and the DE density
ρDE ∼ (10−3eV )4. Some authors have exploited this fact
by seeking to make connections between the evolution of
the neutrino density and the quintessence scalar, which
leads to promising phenomenology[1, 2]. However, in all
models that connects neutrino physics to dark energy, a
quesitons still remains:

• Does neutrino oscillations and the emergence of
DE come from the same underlying physical phe-
nomenon?

In this paper we attempt to answer the above question by
providing a mechanism that non-trivialy ties in neutrino
oscillations with the emergence of dark energy. The idea
is straightforward: Due to a generic four fermion coupling
from general relativity a flavored condensate of neutrinos
form a scalar bound state (Cooper-pair) in the early uni-
verse. At late cosmological times, the coupled equations
of the neutrinos and the scale factor generically drives
late time acceleration. Likewise, the effective action of
the condensate interacting with Dirac neutrinos predict
two types of neutrino oscillations:

• Mass oscillations without the need of a see saw

mechanism1, that arises from interaction between
neutrinos and the dark energy condensate.

• Lorentz and CPT violating oscillations that are in-
dependent of energy in contrast to a E−1 decay for
mass oscillations.

The paper is organized as follows: In section II we derive
the four-fermi interaction from general relativity coupled
to free fermions followed by the evaluation of the effective
potential of the neutrino condensate. Section III gives a
description of the mechanism of flavor oscillations. We
conclude with a discussion of precision electroweak tests
of the model and future research.

II. FIELD EQUATIONS

Our starting point is to discuss how a gravitationally in-
duced neutrino BCS condensate forms in the early uni-
verse; due a weak attractive four-fermion interaction and
a Fermi surface. We assume that the early universe is
filled with a finite number density of neutrinos and follow
the dynamical consequences. We will find that conditions
for condensation arise naturally in general relativity. In
fact general covariance plays an important role in the
emergence of the four fermion interaction. A free fermion
field subject to a covariant coupling with the gravita-
tional field induces non-propagating torsion. When we
solve for torsion field we naturally get a four-fermion
contact interaction induced in the Einstein-Hilbert ac-
tion. Due to the symmetries of FRW space-time a self-
consistent Cooper-pairing between fermions of opposite
spin is naturally induced.
To address exactly how the four-fermion interaction
arises we must introduce two independent fields to grav-
ity: the tetrad, eIµ, an orthonormal coordinate basis for

1
This mechanism assumes no Majorana mass terms and a van-

ishing coupling constants of the Higgs to Dirac neutrino mass

terms.


