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Abstract: <p>A modified gravity (MOG) theory has been developed over the past decade that can potentially fit all the available data in cosmology
and the present universe. The basic ingredients of the theory are described by an action principle determined by the Einstein-Hilbert metric tensor
and curvature tensor. An additional massive vector field Ï†Âµ is sourced by a gravitational charge $Q=\sqrt{\alpha G_N}M$, where $\alpha$ is a
parameter, $G_N$ is Newton's gravitational constant and $M$ is the mass of a body. In addition, two scalar fields $G(x)$ and $\mu(x)$ are added to
the action principle, where $G(x)$ describes a variable $G_N$ and $\mu$ is the effective mass-range parameter of the the vector field $\phi_\mu$.
For a slow moving test particle in a weak gravitational field, a modified Newtonian acceleration law is derived. This acceleration law reduces to the
Newtonian acceleration law for distance scales $d << \mu^{-1}$. This acceleration law is applied to predict the rotation curves of galaxies and
globular clusters with excellent fits to data for $\alpha=8.89\pm 0.34$ and $\mu=0.042\pm 0.004\,{\rm kpc}^{-1}$ without dark matter. An
application to galaxy clusters with the same values of $\alpha$ and $\mu$ results in fits to cluster dynamics data without dark matter. The colliding
clusters "bullet cluster" is also explained without dark matter. The vector field $\phi_\mu$ coupling to standard model particles is of gravitational
strength and the mass of the vector field is $m_\phi=2.6\times 10^{-28}\,eV$. This makes the vector field undetectable in the present universe. </p>

<p>For early universe cosmology before the formation of stars and galaxies, the mass $m_\phi$, determined by the scalar field $\mu(x)$, is bigger,
$m_\phi >> 2.6\times 10^{-28}\,eV$, and can act as an ultralight cold dark matter photon with gravitational strength coupling to matter. The
modified gravity can fit the cosmological data up to the epoch when stars and galaxies are first formed, and when the $\phi_\mu$ field density
$\rho_\phi$ is significantly diluted compared to the baryon density $\rho_b$. After the commencement of the star and galaxy formation epoch, the
modified gravity without dark matter takes over. A prediction of the matter power spectrum is made of the first formation of galaxies that do not
have dark matter halos. The lack of detectability of the gravitationally sourced dark photon can explain why no convincing detection has so far been
made of dark matter particles in laboratory and satellite experiments.</p>

<p>The modified gravity theory vacuum field equations with a smooth vector field source energy-momentum tensor are solved to produce a black
hole that differs from the Schwarzschild, Kerr and Reissner-Norstr\"om black holes when the parameter $\alpha\neq 0$. A modified gravity solution
is also obtained from a nonlinear regular vector field solution that is regular at $r=0$. This solution can describe a black hole with two horizons as
well as a no black hole solution with no horizon. The black hole MOG solutions possess a photosphere and they cast a shadow against a bright
background. The sizes and deformations of these shadows can be detected by the VLBI and Event Horizon (EHT) project. These observations will
be able to test general relativity for strong gravitational fields.  A traversable wormhole can be constructed using the modified gravity theory with a
wormhole throat stabilized by the gravitationally sourced repulsive vector field.  </p>

<p> </p>
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