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Due primarily to the puzzles of dark energy and dark matter, exploring the large scale structure of

gravity and its possible extensions remains an important research avenue. The traditional approach

to constructing models of the dark sector involves writing a Lagrangian and deriving its consequence,

with little concern for whether it possesses a UV completion or is equivalent to other known models.

Our understanding of the structure of scattering amplitudes in quantum field theory has seen
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remarkable development over the last decade, and these advances now give us new tools to directly

address many of the shortcomings of these traditional approaches.

For example, dispersion relations can give us constraints on the parameters of low energy effective

field theories that derive from the necessity of a well-behaved UV completion [1]. These have

already been fruitfully applied to massive gravity models [2] and other dark energy models with

propagating massive high spin fields in order to narrow the range of parameters which may possess a

UV completion [3–8]. Another recent class of constraints comes from demanding causality directly

at the level of the S-matrix [9], and these have also started to be applied to massive models [10, 11].

Other techniques for classifying possible interactions directly from the S-matrix have allowed us to

answer the question of whether the strong coupling scale for interacting massive high spin theories

can be raised [12, 13], and whether there are Higgs mechanisms for gravity [14].

A natural advantage of amplitudes based methods is their independence of the Lagrangian and

other unphysical choices such as field redefinitions and the adding and removing of non-dynamical

auxiliary fields. Such methods can therefore quickly determine if new proposals are equivalent to

other known models, as was recently done in [15] for the 4D Gauss Bonnet model proposed in [16].

A related set of questions apply to other double copy relations between gravitational and gauge

theories, including the exact classical relations between metrics in Kerr-Schild form [17–21] (and

general type D spacetimes [22]) and gauge field theories, and perturbative radiation scattering

relations between such theories [23–30]. Extending these relationships beyond GR (for example

to relationships between degrees of freedom representing the longitudinal modes of massive gauge

fields and those of massive gravity), perhaps using the soft bootstrap approach [31, 32], might open

up fascinating avenues for the study of cosmology in such theories.

Modern amplitude methods additionally provide the framework for a variety of state-of-the art

binary inspiral calculations relevant to gravitational wave searches such as LIGO. Using techniques

such as generalized unitarity, spinor-helicity methods, and effective field theory [33–36], the relevant

amplitudes can be systematically constructed and then recast in terms of the observables relevant

to such experimental efforts. Extending these methods to beyond-GR theories in order to provide

points of comparison is a natural goal.

A successful program to explore and classify cosmological models from an amplitudes point of

view has the potential to substantially improve our understanding of the space of possible dark

energy and dark matter models, including their possible astrophysical signatures [37].
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