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Abstract

By envisaging a 4D space-time manifold described by a line-element ds2 =
ηµνdx

µdxν , Hermann Minkowski had overturned the idea of viewing space and
time disjointly. It is interesting to note that in the flat Minkowski space-time
not only the Minkowski metric ηµν is invariant under proper Lorentz transfor-
mations, the totally antisymmetric Levi-Civita tensor is invariant too. Now in
Einstein’s general relativity, ηµν → gµν(x) in curved space-times with gµν , the
space-time dependent metric tensor, becoming dynamical. Analogously, in the
present study, it is postulated that the Levi-Civita tensor eµναβ → wµναβ ≡
ϕ(x)eµναβ takes a dynamical role. It is shown that this geometrodynamical
four-form field, w̃ = 1

4!wµνρσd̃x
µ ∧ d̃xν ∧ d̃xρ ∧ d̃xσ, augments general relativ-

ity by leading naturally to torsion as well as a Chern-Simons extension of the
theory. Also, it can be demonstrated that the unique scalar-density ϕ(x) asso-
ciated with w̃ can be used to construct a generalized exterior derivative that
converts a p-form density to a (p+1)-form density of identical weight.

In order to put observational constraints on the four-form field w̃, we first
note that the associated scalar-density ϕ(x) corresponds to a pseudo-scalar
field too (like the axion) in the Minkowski space-time, and we had previously
shown that such an ultra-light pseudo-scalar perhaps is the prime candidate for
dark matter (DM). The quantum evolution of a self-gravitating Bose-Einstein
condensate (BEC) of such ultra-light dark bosons can naturally give rise to the
formation of supermassive black holes (SMBHs) on time scales of only ∼ 108

years, thus settling a nagging problem concerning the frequent discovery of
several billion solar mass heavy SMBHs at epochs when the universe was barely
a billion years old. Furthermore, perturbations in the DM BEC induced by the
tidal forces of interacting galaxies can not only cause bursts of star formation
in the galactic nuclei but also result in nano-Hertz gravitational wave (GW)
generation that may be constrained using Pulsar Timing Arrays.
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