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Vector fields in gravity and/or cosmology

Why to introduce them? Why not?

Let’s be pragmatical:
there are much more vector fields in nature
than fundamental scalar fields

Despite of these problems: The role of vector fields In
————llty, JTaVitation, astrophysics, and
¥ cosmology has attracted a

Ghosts, anisotropies lot of interest in recent years
In cosmology, etc. )
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erms that break

é Internal gauge symmetries
Proca theory In

curved spacetime

Principle of construction:
According to the structure of the

irreducible representations of
the Poincare group

B, has four degrees of freedom;
but only three can propagate . |

Then, it must be degenerate by construction

Its decoupling limit reduces to the Horndeski theory, so it’s healthy




Generalized Proca theory In astrophysms and cosmology
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Dark energy#h

Com pac objects

Too much anisotropy

~ Restoration of the isotropy ...__

N, Cosmic triad

Dilution by a companion
scalar field



L o ~» Particular case of the most general
spherically symmetric configuration:

Except for the suppression of the
spatial components against the This 1s the main motivation for the
temporal one, all the other options |construction of the generalized SU(2)
require global invariance of the Proca theory (GSU2P)

action under SU(2)
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GSU2P ety GlObally invariant under internal SU(2)

Spherically symmetric

configuration It spontaneously breaks:

o _ _ 1. the internal SU(2) symmetry
This Is, anyway, extraordinarily

reasonable: it seems to be nature’s
strategy to produce all patterns &~
we see In condensed matter
systems (fluids, superfluids, solids,
supersolids)

2. the Lorentz rotational symmetry

3. the Lorentz boosts

A. Nicolis, R. Penco, F. Piazza, and R. Rattazzi, JHEP 2015



Building the GSU2P

Implemented by (in strict order):

- The construction of Lorentz-invariant and group-invariant
Lagrangian building blocks

- The primary constraint enforcing relation

- The secondary constraint enforcing
- The covariantization

- The remotion of redundant terms via total derivatives

- The decoupling limit and its healthiness

E. Allys, P. Peter, and Y. Rodriguez, Phys. Rev. D 2016 Healthiness: either second-order field
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SZV =V,B + VVBZ

The GSU2P and beyond : )
AL, =V,B, -V, B

(up to six space-time indices
in the Lagrangian building
blocks before contractions)
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A novel mechanism to implement inflation

- Let’s split artificially our vector field fluid into two components: one
corresponding to the Yang-Mills term and the other corresponding to the

new Proca terms.

- What would happen if, due to the dynamics of the vector
field, pyy — o0 ?

- That means a singularity in the energy-momentum tensor which must be
avoided. How?: p,p — —oc0 sothat p,p/pyym — —1 . Fine tuning??:

yes, but the system could “self tune”.

Y. Rodriguez and A. A. Navarro, Phys. Dark Univ. 2018



A novel mechanism to implement inflation

- What about the pressure?: since Py = py /3 , we have again a
singularity in the energy-momentum tensor unless P.p— —o0 ,l.€.,

P.p/Pyy — —1

- The only possible consistent way to do this is if the new Proca
component behaves as radiation: P,» = p,,p/3.

- The new Proca component: a radiation-like component with negative
energy density and pressure.

Y. Rodriguez and A. A. Navarro, Phys. Dark Univ. 2018



A novel mechanism to implement inflation

- No. 0 divided by 0 could be anything:

L Py + Pap
- PY M + PnP
- The actual value of the equation of state parameter depends on the

characteristics of the model.

- A realization of this scenario, with w = —1, i.e., ¢ = 0 and self tuning will
be presented in the following.

Y. Rodriguez and A. A. Navarro, Phys. Dark Univ. 2018



.1 .
Constant-roll inflation (' = ;//*")
as a non-eternal asymptotic
behaviour (v, — 52,)
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Cosmic triad: B, (t) =0

Bia(t) =a(t)(t)dig 05,

Almost all the available parameter space -
exhibits a non-eternal asymptotic @ ¥ Y9/
behaviour that corresponds to an
inflationary solution with ¢ = 0.

05

These results can be made |
consistent with the gravity waves — 1.0t
speed constraint!
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Inflation exit

When T, and Yy, approach 0,

solutions leave the asymptotic
behaviour and inflation ends 2.0
through oscillations of 1) around 0 l
and oscillations of € around 2 (like 0.5
a scalar inflaton decaying into 0
radiation).
-5.0
-10.0
This scenario is free of ghosts and
Laplacian instabilities in the tensor —-20.0
sector since it behaves as general
relativity at the perturbative —400
(tensorial) level at least up to second €00

order.

X
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Inflation exit

The Hubble parameter
contourplot reveals there are
no Big-Bang singularities!

The amount of constant-roli
inflation is enough to solve the
classical problems of the
standard cosmology.

N =~ —6 lIl ‘yznz‘

J. C. Garnica, L. G. Gomez, A. A. Navarro, and Y. Rodriguez, Ann. Phys. (Berlin) 2022
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Equations of state parameters

- Analytical results demonstrate that, in the asymptotic limit, when y — G«
and r — oo , the system reveals the following behaviour for energy
densities, pressures, and equations of state parameters:

PY M — OC Pnp —7 —OO
Pyy — o Pnp 0 L Pyy + Pop
1 1 = >
wym = Pyy/pym — 5 wnp = Php/pnp — ; PY M T PnP
IOTLP//OYM ? 1 PnP/PYM s —1]

- This Is consistent with our previous expectations!

Y. Rodriguez and A. A. Navarro, Phys. Dark Univ. 2018
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Some open questions

Technical questions: - Does the theory propagate the right

number of degrees of freedom In
curved spacetime?

- Stability issues (partially studied in [1] and [2])

- The cutoff scale of the theory

Consistency with observations: - Does the theory respect the equivalence

principle?
- The causal structure of the theory

- Does there exist a screening mechanism?

- Applications to dark energy (partially

explored in [3])
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