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- Quantum fields in curved spacetimes

.- Semiclassical Einstein’s equations
‘ - Gy + NGy = 8nG(TL* +(T))




' Quantum fields in curved spacetimes
| Semiclassical Einstein’s equations

Gl + Mgy = 81G (TG +(Ty))

Einstein’s tensor. Responsible for the
curvature of the spacetime. Purely
classical.



' Quantum fields in curved spacetimes
‘ Semiclassical Einstein’s equations

Guy + Agyy = 81G(TE* + ()

d

Vacuum expectation value of the stress-
energy tensor. It contains information about
the QFT. Purely quantum.
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D Quantum fields in curved spacetimes

1. Energy of the particles F « Li (no quantum gravity)
P

2. Negligible backreactions |(T,, )| < Liz (no changes in the
1E

geometry from QF)
3. Low curvature R « Liz (the backg
2 ,

quantum fluctuations)

w 1S fixed, i.e., no

TRANS -
Does this always hold?

SR 3§ PLANCKIAN
reaks down here EEEEEEE————————
........... PROBLEM IN

COSMOLOGY



03
Cosmology




A quick overview of the problem

The standard study of the Cosmos using QFTCS give rise to one of the %
most impressive predictions in Cosmology, the Cosmological Microwave
Background (CMB) and its power spectrum
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And what about the trans-Planckian problem?




In this t Hecioll




1. Energy of the particles E < Li (no quantum gravity)
|

1) Near L, quantum gravity effects are expected .
ii) The expression for “the energy of the particles”, what is called standard
dispersion relation should be changed. In the literature this is done by
introducing ad hoc the so called modified dispersion relations (MDRSs).

iii) Is the CMB compatible with this change?




2. Negligible backreactions |(T,,)| <« Liz (no changes in the geometry from
P
QF)

i) Under what circunstances the backreactions are negligible?

i) Physical quantities (like (T,,,) and (¢?)) are divergent, therefore,
must be regularized and renormalized. We have developed a new

regularization method and we are collaborating with other members of
IPARCOS

iii) Semiclassical gravity is not a perturbatively renormalizable theory
with the standard disperssion relation. What happens in the presence
of MDRs?

-
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1

Z (the background g, is fixed, i.e., no
P

quantum fluctuations)

3. Low curvature R <

Since quantum gravity effects are expected to appear at scales
near Lp, our porpouse for future work is to include them. How? We
plan to develop a MDR coming from a quantum theory approach,
namely, from Loop Quantum Gravity.

In this approach, spacetime itself becomes quantum and, therefore,
we expect that a natural dispersion relation arises from the theory.
In this scenario, we could test the robustness of the Power
Spectrum and the renormalizability of the resulting semiclassical

: ‘ limit
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Cosmological spacetime FLRW

ds? = —dt? + a*(t)dx*

» Cosmological redshift

Leis (t) - a(t) Lcom

kcom
ks (t) = a(t)




Canonical quantization: Real scalar field

(@-m?)p=0

After the expanssion in modes, the temporal satisfies

with
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MDRs:
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Density of states

k
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pr ~ cosh
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