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Theoretical modelling of the Universe

General Relativity

/ Pl Vi R + Lmatter

l varying the action

geometry = matter
Einstein tensor
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Homogeneity & Isotropy

Friedmann Lemaitre Robertson Walker
(FLRW) solutions

ds® = —dt* + da(t)*0;;dx" da’




Challenges

» Cosmological and black hole s e
singularities -, failureof GR { -~
for gravitational phenomena at | |
uv?

* Quantum theory of gravity e
-~ —,UV completion? SR ¢ ..

» Cosmological Constant
Problem

» The necessity of Inflation?
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Modified Gravity
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ac d new additional f1elds to the grav1ty sector

ensor theories (Horndeski 1nteract10ns)
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i theory (scalar-tensor theory)

-

T

-

C.Deffayet, Esposito'-'F'arese,Vikman.
~ Phys. Rev.D (79), 084003 (2009) -
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Horr i theory (scalar-tensor theory)
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 homogeneous & ds? = —dt® + a(t)?0;;dx’dx?

isotropic solution: S :
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o Sitter solutions
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i Vektor-Tensor Theories = 7?2

. how do they couple???
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g alized Proca. actmn

7 % LH&]Beltran e
irved space-time requires the ~ Phys.Lett.B757 (2016) - |
ninimal couplings to gravity 405-411, arXiv:16 10 :..*

G.Tasinato JHEP 1404 (2014)067’ Allys, Peter, Rddrlguez

arXiv:1402.6450 | ]CAP 1602 (2016) 02, 004
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ology with Vector Flelds

Flat Friedmann- Lemaltre S f - : 4 .~
Robertson-Walker background .

Homogeneity & Isotropy




Cosmology in Multi-Proca

Broken SU(2) symmetry Aa’
H L.H & J.Beltran,
arXiv:1610.08960
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(New f1e1d ‘configuration!)

(Not so far cons1dered in the literature!)




or theoretical consistency)

N (. de han G.. Gabadaze, m$m,.,R.A. Rosen = i . "
- A.d.Tolley, PRL106 (2011) JHEP1107 (2011)



N
N
\

2
9
2
f

"
B

= —NZdt* + a6y, do'da?

= J%dtz + ajoydatda’



Modified Gravity.

GRAVITON { 9w }

' §’V1 houtadding additional degrees

beyond Riemanian geometry



Yy ' ~ Relativistic Particle =

A free lativistic particle - ‘i
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,moves with constant velocity e Ty
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M. Born and L. Infeld. .
Proc.Roy.Soc.Lond.
Al44 .(1934) *
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S. Deser é,nd*ibbons,

CQG15 (1998)

her order curvature terms to be tuned to avord'

b
ghosts

ontal 1S terms of quadratic and hrgher orders mew
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. large freedom in the choice of X,, and no
K immediate criterion.
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Determinantal actions for Vify:
were considered by Eddington' S
(1924) as a purely affme theory

-
e metric enters as an aux111ary fleld i

‘ rated out.




D. N. Volli D
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' ended Born-Infeld gravity
We can rewri . |

\' action as | 3, ‘ L

+A72Ry) = A4/d4x\/—gdet \/5?‘1, + AT29M Ry - :

Qav = Sav T /\_ZR{W._(F)
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Thi 1ds of the massive gravity potential:
| -

C. de Rham, G. Gabadaze, |
A.dJ.Tolley, PRL106 (2011) -

S.F. Hassan, R.A. Rosen SR s o
HEP1107 (2011) . MR 0 .
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ixtended Born-Infeld gravity =~
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[N] + 3[N2]2 — 6[N1*] ).

Newton’s constant .
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Cosmological solutions -

ds? = —N(t)*dt* + a(t)zdijdxidxj

ds? = —~N?(MoM; ®) /2ds +

a(t)?
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J

J. Beltran J., L. H. and G.dJ. Olmo JCAP 11.(2014) 004
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Abstract

General Relativity has shown an outstanding observational success in the scales where it
has been directly tested. However, modifications have been intensively explored in the
regimes where GR seems either incomplete or signals its own limit of validity. In partic-
ular, the breakdown of unitarity at energies near the Planck scale strongly suggests that
GR needs to be modified at high energies and quantum gravity effects are expected to be
important. This is related to the existence of spacetime singularities when the solutions
of General Relativity are extrapolated to regimes when the involved curvatures are large.
In this sense, Born-Infeld inspired modifications of gravity have shown an extraordinary
ability to regularise the gravitational dynamics, leading to non-singular cosmologies and
regular black hole spacetimes in a very robust manner and without resorting to quantum
gravity effects. This has boosted the interest in these theories in applications to stel-
lar structure, compact objects, inflationary scenarios, cosmological singularities and black
hole, and wormhole physics, among others. We review the motivations, various formula-
tions, and main results achieved within this type of extensions beyond Einstein’s gravity,
including their observational viability, and provide an overview of current open problems
and future research opportunities.

Keywords: Born-Infeld gravity, Astrophysics, Black Holes, Cosmology, Early universe,
Compact objects, Singularities




