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The History of the Universe
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Most of the history of the Universe is well understood. The two big unknowns are
the very early universe and the present (cosmic) time.
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— Solves the horizon and
flatness problems

— Provides a mechanism
for the production of
perturbations that
source all structure in
the universe (e.g. LSS
or CMB temperature
anisotropies)
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Dark Energy
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Observations suggest that around 70%
of the energy density of the universe
corresponds to Dark Energy (DE).

DE has been traditionally explained by
introducing a cosmological constant
term in the Einstein equations. However,
the amount of fine-tuning required is
extreme.

In quintessence, DE is a scalar field,
though the fine-tuning problem is only
mildly alleviated since one still needs to
explain the initial conditions of the field.
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Quintessential Inflation
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A typical quintessential inflation potential.
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Quintessential inflation identifies
the inflaton and quintessence fields.

— Economical approach (one
single scalar field explains
both the inflationary and
dark energy epochs!).

— Heavily constrained (easily
falsifiable).

— The initial conditions of
quintessence are fixed by the
inflationary attractor.
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Our Setup

= M*e="% in Palatini F(y, R) gravity
[arXiv:2203.05424]. Our choice for F(¢, R) is motivated by renormalization considerations in
QFT in curved spacetime

We consider a simple exponential potential V/(¢)
1
S5 /d4xv [ (1+&¢") R+ ZaR* =~ V,upVup — V(so)} + Smlguw, ¥],
An appropriate conformal transformation gu, — gur = Q°guu gives
1+ £p? % =
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As V() monotonically increases with decreasing ¢, for large negative values of the field the
potential density is approximately constant

Adding a logarithmic running for the coupling constant allows us to have two different values for
& during inflation and during the dark energy era
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The Contributions to the Energy Density of the Field
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The contribution of the quartic kinetic term to the total energy density of the field is
negligible throughout the history of the universe.
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The Model Put to Test
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[arXiv:2203.05424].
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The Parameter Space

Planck data:
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The three points in the figure have
roughly
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Same slice of the parameter space as in the last slide, - p=—6mp
now with the successful dark energy points in red.
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The Barotropic Parameter of Quintessence
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The Barotropic Parameter of the Universe at z ~ 4 — 6
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The barotropic parameter of the universe at Z ~ 4 — 6, i.e., at redshifts corresponding to
galaxy formation, is very close to zero.
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Conclusions

@ Quintessential inflation is an economical way of modelling the history
of the universe. The initial conditions of quintessence are fixed by the
inflationary attractor.

@ Adding a non-minimal coupling term and an R? term (in the Palatini
formalism) rescues the exponential potential, otherwise discarded by
observational data.

@ Solving numerically the full equations in the Jordan frame and
performing a parameter scan of the theory allows us to obtain specific
predictions for the running of wy, to be tested in the near future.
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