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The Universe until 1923
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The Universe until 1931
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General Relativity (Einsteins perspective)
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General Relativity (Einsteins perspective)

GR =Curvature of space-time



General Relativity (Einsteins perspective)

Is this geometrical description unique?
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General Relativity (Einsteins perspective)

L.H & J.Beltran,
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\ - Universe 5 (2019) 7, 173,
SN arXiv:1903.06830.



Geometrical Trinity of General Relativity

L.H & J.Beltran, T.Koivisto
Universe 5 (2019) 7,.173,

arXiv:1903.06830

equivalent



cal Trinity of General Relathty

u

L. H & J.Beltran, TK01V1st0 |

Umverse 5(2019) 7,17 ' .' s
B arX1V 1903. 068’ il

Curvature



Geometrlcal Trinity of General Relat1v1ty

| L.H & J.Beltran, T. K01V1sto |
4 Universe 5 (2019) 7,.17 | @
arXiv:1903. 06833 t

Curvature ot




Geometrlcal Trinity of General Relat1v1ty '

L.H & J.Beltran, T. K01V1sto ,

Universe 5 (2019) 7,17 . e
arXiv:1903. 0683; ’

Curvature




‘Geometrical o

'

'bj g’ctsl

.

*.

s

-
.

-
» .
'
.
. “
y St
-~
® PR
-
.
' ".
B .
t- .
'@
- .
.
v
‘o
.
. L
LA
|
-
. .
L
-
MY
N -
.

- -
- -
.
-
‘.
- i
‘
.
-
.
: .



.
-

.
-
pan Wy
-
-
-
.-
" .
. -

.

'Geometrical Ofbj _e’ctS : 5




® Torsmn To‘ 7é O

.




Geometrical objects

R _
i
A } T
v R4
Y
] V
Curvature: Rglw #+ 0 Torsion: T,L(LXV 7& ()

A}Q

#

Non-metricity: (7, 7 0



Geometrlcal Trinity of General Relat1v1ty '

L.H & J.Beltran, T. K01V1sto ,

Universe 5 (2019) 7,17 . e
arXiv:1903. 0683; ’

Curvature




Particle Physics Perspective
Electromagnetic interactions i
«w—4— <€ —<—
) SS—Pp

PHOTON particle

ELECTRON L

NN
F et

Gravitational interactions




Particle Physics Perspective

‘What is the most natural candidate for' '
‘. the GRAVITON particle? «
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Facts that we know about gravity:
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is long-range —— particle is massless

exists as a classical theory —— no fermionic parti.cjle'
(only bosonic, spin=0,1,2..)

is attractive ——> not photon-like (no spin=1)

 \Interacts with light — not Higgs boson-like ( no spin=0)
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What is the origin of DM?
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Pulsar Timing Array
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https://en.wikipedia.org/wiki/Pulsar

THE GRAVITATIONAL WAVE SPECTRUM
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Gravitational Waveform
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A systematic approach to generalisations of
General Relativity and their cosmological
implications

Lavinia Heisenberg
Institute for Theoretical Studies, ETH Zurich, Clausiusstrasse 47, 8092 Zurich, Switzerland.

Abstract

A century ago. Einstein formulated his elegant and elaborate theory of Generzl Relativ-
ity, which has so far withstocd a multitude of empirical tests with remarkable success.
Notwithstanding the trinmphs of Einstein’s theory, the tenacious challenges of modern
cosmology and of particle physics bave motivated the exploration of [urther generalised
theories of spacetime. Even though Einstein's interpretation of gravity in terms of the
curvature of spacetime is commonly adopted, the assignment of geometrical concepts to
gravity is ambiguous because General Relativity allows three encirely different, but equiv-
alent approaches of which Einstein’s interpretation is only one. From a ficld-theoretical
perspective, however, the construction of a consistent theory for a Lorentz-invariant mass-
less epin-2 particle uniquely leads to Ceneral Relativity. Keeping Lorentz invariance then
implies that any modificasion of General Relativity will inevitably introduce additional
propagating degrees of freedom into the gravity sector. Adopting this perspective, we will
review the recent progress in constructing consistent field theories of gravity based on ad-
ditional sealar, vector and tensor fields. Within this conceptnal framework, we will discuss
theories with Galileons, with Lagrange densities as constructed by Ilorndeski and beyond,
extended to DHOST interactions, or containing generalized Proca fields and extensions
thereof, or several Proca fields, as well as bigravity theories and scalar-vector-tensor theo-
ries. We will review the motivation of their inception, different formulations, and essential
results obtained within these classes of theories together with their empirical viability.

Keywords: Modified Gravity, Massive Gravity, Scalar-Tensor theories, Generalized
Proca, Multi-Proca, Scalar-Vector-Tensor theories, Cosmology




