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Einstein’s formulation of general relativity as a theory based on the geometry of curvature was a necessity due to Riemannian geometry being the only fully developed framework at the time [1]. However, less than a decade after this time, Einstein was able to consider an important alternative geometry, where torsion would substitute curvature in the geometric deformation produced by gravity [2]. At this time and over the following decades the work of Roland Weitzenböck, Élie Cartan, Luther P. Eisenhart, Herman Müntz, Jakob Grommer and Cornelius Lanczos was pivotal to this quest. Einstein’s original motivation was to formulate a theory in which electromagnetism would form part of a fuller theory in which gravity would simply be part of the unification. However, it was not long until it was found out that the extra degrees of freedom in the new torsional theory of gravity were not reconcilable with electromagnetism since they were already associated with the local Lorentz group. This prompted Einstein and some others to largely abandon the theory.



After a number of revivals, the foundations of teleparallel gravity has been significantly improve both in formulation and understanding, and is now able to produce a competitive teleparallel equivalent to general relativity (TEGR) [3]. This theory is guaranteed to produce all the classical results of general relativity. However, it may have a more tame quantum limit opening the possibility of a more behaved quantum theory of gravity. Another facet of this formulation of gravity is its numerical efficiency since it is algebraically different [4]. This comes into play when performing simulations within numerical relativity which can take months to run in certain circumstances such as template production for black hole observatories. TEGR is very interesting theoretically as well because it revives gravity as a force again bringing it closer to our understanding of electromagnetism. Another crucial aspect of TEGR is that it organically contains a Gibbons-Hawking-York boundary term in its action giving it a well-defined Hamiltonian expression giving it some advantage over general relativity in this respect.



In recent decades there have been numerous proposals for modifying TEGR, similar to general relativity there are many directions in which to consider different formulations of gravity. While quantum aspects of the theory have not been well developed yet, there has been a strong impetus to study possible generalizations using the scalars associated with the theory such as its TEGR Lagrangian which is called torsion scalar. This theory also produces novel scalars such as the boundary term which represents the difference between the TEGR and Einstein-Hilbert action Lagrangian terms. On the other hand, teleparallel gravity also produces scalars that appear in all gravitational frameworks such as the Gauss-Bonnet term among others [5]. Teleparallel gravity has been probed for its extensions into the field of scalar-tensor theories where a scalar field is coupled with some of the contributions to the gravitational sector. Primarily this has occurred in the cosmological section due to this being a key area for modified gravity to succeed in. One such theory in this regime is the recently proposed teleparallel analogue of Horndeski theory which is a teleparallel version of Horndeski’s famous theory of gravity which has almost become synonymous with modified gravity in regular curvature-based theories of gravity [6].



Teleparallel gravity [7] and its modifications continues to produce intriguing and novel results, one area that has lacked significant progress in the literature is that of astrophysics which is a poorly studied arm within the theory. Much work is still needed to understand the nature and behaviour of black holes in teleparallel gravity. We also do not yet fully understand how astrophysical dark matter may or may not play a role in these modified teleparallel theories of gravity.



This special issue of Universe is taking place at a timely moment when teleparallel gravity appears to be entering a critical point in its development with several foundational questions coming to the fore and, on the data analysis side, serious tools being developed to better probe its observational impacts in precision cosmology [8]. To this end, we have ten interesting articles that touch on the various topics across teleparallel gravity. On the quantum gravity side, the issue has an article that proposes an approach in which special relativity is slightly altered to improve the quantum gravity behaviour of TEGR [9], while another explored the possibility of using recent arguments of entropy to produce a quantization of gravity in various settings [10]. Staying on the foundations side of things, in another article the range of possible variational principles from which teleparallel theories can be dynamically formulated is investigated [11], which is complimented by another article which explored the fate of symmetries in the various formulations of teleparallel gravity [12].



In the astrophysics regime, the problem of black holes in teleparallel gravity is probed through the weak field in   f ( T )   gravity with interesting solutions and predictions being found [13]. Perturbations in the setting of spherical symmetry is again used in another article which studies more general approaches to producing such solutions [14]. Finally, the quasinormal modes of a Schwarzschild black hole are examined in another article on the topic [15]. On the cosmology side of things, the issue has three articles touching on several critical points in the development of any theory of gravity, namely the behaviour of teleparallel gravity in light of inflationary processes [16], together with the possible quantization through a minisuperspce approach [17], and the production of particles and the stability of this process in the matter coupling scenario of the theory [18].
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