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Compute the stochastic gravitational wave background
producee by the perturbations of a scalar spectator field...
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Many BSM models introduce new scalar fields, such as:
axions or ALPs,
moduli,
dark sectors,
scalar singlets,
curvatons,
or spectator fields.
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All of them can leave a gravitational signature!
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C O S M O L O G I C A L  P R I N C I P L E

The universe is homogeneous and isotropic...
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C O S M O L O G I C A L  P R I N C I P L E

K = 1, close universe
K = 0, spatially flat universe
K = -1, open universe

         is the scale factor; measures the
expansion of the universe
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Baumann (2022)
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An accelerated expansion era in the early universe...
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An accelerated expansion era in the early universe...

I N F L A T I O N
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Mukhanov (2005)



An accelerated expansion era in the early universe...
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After the end of inflation, the universe is left empty, requiring
a reheating era...
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I N F L A T I O N

T model:

Compatible with CMB measurements under certain
choice of parameters

Kallosh & Linde (2013), Ellis et al. (2022)
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I N F L A T I O N

Around the minimum,



I N F L A T I O N

is the Hubble parameter; it measures the
velocity of expansion
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E A R L Y  P A R T I C L E  P R O D U C T I O N

Kolb & Long (2024)
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E A R L Y  P A R T I C L E  P R O D U C T I O N
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E A R L Y  P A R T I C L E  P R O D U C T I O N

Parker time

Parker & Toms (2009)
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Particle production occurs when the quickly change in the
frequency does not allow the modes to adjust to this
variation.

When the latter occur, the vacuum defined in one moment
does not coincide with later times, this maladjustment
manifests as particle creation.

18Birrell & Davies (1982)
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G R A V I T A T I O N A L  W A V E S
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G R A V I T A T I O N A L  W A V E S

Propagating perturbations of the spacetime metric
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G R A V I T A T I O N A L  W A V E S

Propagating perturbations of the spacetime metric

Domènech (2021)



22

G R A V I T A T I O N A L  W A V E S

Energy density of produced gravitational waves

Maggiore (2007)



23

G R A V I T A T I O N A L  W A V E S
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G R A V I T A T I O N A L  W A V E S  

Quadrupole moment



G R A V I T A T I O N A L  W A V E S  

24Maggiore (2007)
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Master Formula



G R A V I T A T I O N A L  W A V E S  

Contains all the
temporal dependence

Contains all the spectral
information of the field
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Master Formula
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C O N C L U S I O N S

The GWs are fundamental to study the early universe
We study two scenarios of early particle production 
We developed a method to compute GWs spectral
with the Master Formula 
The Master Formula factories the time dependence
from the particle production mechanism
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The gravitational spectrum of a scalar fields minimally
coupled to gravity is                      , on super horizon scales
The computed signals are not inside of any sensibility
curve
This motivates the search of HFGWs with new experiments

C O N C L U S I O N S
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I N F L A C I Ó N

Las longitudes de onda son estiradas fuera del horizonte causal
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P R O D U C C I Ó N  T E M P R A N A  D E  P A R T Í C U L A S

Excitación del vacío a estados de multipartículas en el
marco de una teoría cuántica de campos en espacios curvos

Producción Gravitacional



P R O D U C C I Ó N  T E M P R A N A  D E  P A R T Í C U L A S
Precalentamiento

Etapa no perturbativa después del final de la inflación.

Consiste una producción eficiente de partículas que sruge
por la amplificación de excitaciones impulsada por
acoplamientos entre el inflatón y otros campos
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