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2.Group field theory cosmology

3.Emergent scalar field dynamics on curved spacetime from GFT:
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perturbations
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e Extract effective hydrodynamic equations: averaged form of the equations of motion
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3. Emergent scalar field theory on curved spacetime from GFT

Background level

Evolution equation for the background
GFT phase
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e Function of the clock and
the scalar field momentum

® Minisuperspace

Expectation value of the scalar field
operator

(8) = o= N0

e Study the dynamics of the background
homogeneous scalar field (necessary for
the scalar perturbation treatment )

eLarge volume regime (large GFT densities): this
can be matched to GR results

~ For the small volume regime: we have a™~
quantum bounce replacing the classical
singularity
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Matter field dynamics near the bounce Background level

1 0
/ Inversion relation: g, = (a3f(7r¢,xo)> ¢y + % ‘3 Clock is perfect

éyAssume an effective d’Alembert

W] J , Fundamental dynamics of the GFT phase: operator;
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And additional terms ...

Read off the metric gy = Ca'’f*, g;=a’s; Modification with respect to the
initial assumptions/classical system
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What do we make of this? [ Near the

bounce

b0 — 3H+2j—i Do+ 8oo (R + Em*) ¢y =0.

[J Non-minimal coupling: standard field theory on curved spacetime tells us that such coupling to
gravity occurs due to the natural presence of strong gravitational interaction between the
geometrical degrees of freedom and those of matter.
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b — 3H+2]7 do + 8o (R+ Em?) ¢y = 0.

[J Non-minimal coupling: standard field theory on curved spacetime tells us that such coupling to
gravity occurs due to the natural presence of strong gravitational interaction between the
geometrical degrees of freedom and those of matter.

.-~ . OEmergent mass or an effective potential:

e Our model naturally incorporates inflation driving
the expansion of the universe.

e Chameleon mechanism: in the presence of other matter fields
these scalars can acquire an effective mass parameter that is
environmentally dependent.
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What do we make of this?

Modification with respect to classical
system (massless minimally coupled
scalar field ) |
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4. Scalar perturbations: Prescription to extract a field theory on curved
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4. Scalar perturbations: Prescription to extract a field theory on curved
spacetime

Perturbed level:

1 pi=pytop, 0, =0,+00. ‘

Near the
bounce

[ Dynamics of the homogenous [J Expression for the perturbed
scalar field scalar field

M Background effective metric [J Dynamics of the perturbed GFT

M No condensate parametrisation density and phase

entering the formulation

We need to get \
rid of the
condensate |

\ parametrisation /

Goal Express ‘the effective evolution equatron of the perturbed scalar field 2 as
a freld theory on curved spacetrme ‘
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/., Express the coupled dynamics of the perturbed GFT phase and density in terms of only one of
them

5 =

50+ 26022 + 2| (C1- 1) 21601| = a,v250.
Po - :
¢

.. , Find the solution to the above differential equation + derive an inversion relation

- ;7])_1 P160] .

oN

00 = (‘P(xo, ﬂ¢) + O(x, 71'¢)>_1 o) O = 5(@))6 = [N
0

o + Noa%éé’]

=T,

-Using the inversion relation, extract the effectivedynamics of the inhomogeneous scalar field:

o wrd L\, [F+d (PrdP LW+d A o,
56— | 2 S5¢h — 0 | 5p = —LV25¢ . |
Y+d P+d (P+D2 AL P+D A A

14



4. Scalar perturbations: Prescription to extract a FT on curved spacetime

/., Express the coupled dynamics of the perturbed GFT phase and density in terms of only one of
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& Modified dispersion & Extract the Bardeen Potentials from
relation the effective dynamics

Indications of possible

phenomenology



What did we achieve?

Starting from a full quantum gravity setting: we extracted an effective scalar field

theory on a curved spacetime.

At early times, this resulted in the emergence of possibly:
Non-minimal coupling to gravity at early times —> Modified theory of gravity

Mass/matter or potential term that can be studied in the inflationary scenario or
Chameleon mechanism

The ground now is set for phenomenology and contact with observations!




Open questions and outlook

Identify modified gravity theories that are produced from the effective dynamics outlined
above .

Classity such theories according to the QG parameters.

Phenomenological investigations: Study the Inflationary potential, Mass term
(chameleon mech.), the modified dispersion relation (dissipation effects) ..

Canonical quantization of the scalar field : study all phenomena that a standard QFT
theory produces: Correlation functions, CMB spectrum —> observational cosmology.




Thank you for your akttention!
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