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General Relativity (Curvature)
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Modified gravity (geometrical perspective) 3
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General Relativity (field theory perspectlve)
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massless Spin 2 Field

In 4 dimensions the only Lovelock invariants are :
Cosmological constant / —(
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massless Spin 2 Field

How can the matter fields couple to gravity?
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All you ever wanted to know about generalizations
of gravity, but were afraid to ask. e

aI‘XiV:1807.01 725 A systematic approach to ge.zneralisatim.ls of "' ’ )
General Relativity and their cosmological |

implications

Laviuia Heisenbery

Institute for Theoretical Studv=s, ETH Zurich, Ulauswusstrasse 47, 5092 Zurich, Suntzerland.

Ahstract

A century ago, Einstein formulated his elegant and elaborate theory of General Relativ-

ity, which has so fur withstood & muliitude of empirical tests with remarkable sucvess.

Notwithstanding the triumphs of Einstein's theory, the tenacious challenges of modern

cosmology and of particle physics have motivated the exploration of further generalised

theoties of spacetune. Even though Elnstein’s inlerprelalion of gravily in terus of Lhe

curvature of spacetime is commonly adopted. the essignment of meometrical concepts to

gravity is ambiguous because Cenersl Relativity allows three entirely different, but equiv- &’
\ alent approaches of which Finstein’s interpretafion 18 on’y ane. From a field-theoretical .
™ perspective, however, the construction of a consistent theory fur a Lorentz-invariant mass-
less spin-2 particle uniquely leads to General Relativity. Keeping Lorentz invariance then
implies that any modification of General Relativity will inevitably introduce additional
propagating degrees of freecom into the gravity sector. Adopting this perspective, we will
review the recent progress in constructing consistens field theories of gravity based on ad-
ditional scalar, vector and tensor fields. Within this conceptual framework, we will discuss
theories with Galilenns, wvath Tagrange densities as construoeted hy Horndeski and beyond,
extended to DIOST interactions, or containing generalized Proce fields anc extensions At
thereof, or several Proca ficlds, as well as bigravity theories and scalar-vector-tensor thec-
rics. We will revicw the motivation of their inecption, different formulations, and cssential .
results obtained within these classes of theories together with their empirical viability.

Keywords: Modihied Gravitv, Massive Gravity, Scalar-lensor theories, Generalizea
Proca, Multi-Proes, Scalar-Vector-Tensor theories, Cosmology




