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Big Bang Quantum 
fluctuations

t~10-35s

CMB (t=3.8 105 yr )

Structure formation
 (t=7 104 yr)

   ???     

t=13.8  Gyr

ΛCDM cosmology

❑ Origin, evolution and structure  
of the universe on large scales

❑ Simple (six-parameter) model.

❑ Excellent fit to CMB, LSS, 
SNIa… data
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Big Bang Quantum 
fluctuations

t~10-35s

CMB (t=3.8 105 yr )

Structure formation
 (t=7 104 yr)

   ???                 Inflation?   Radiation                Matter                  Dark energy    

t=13.8  Gyr

ΛCDM cosmology

Open questions
❑ Initial singularity

❑ What is the mechanism of inflation?

❑ What is the nature of dark matter? 

❑ What is the nature of dark energy?
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IPARCOS
Research lines 

Singularities
Quantum 
gravity   

Inflationary 
mechanisms

Dark matter models
LSS formation/N-body
Precision cosmology

Dark energy models
Modified gravity/GW

Galaxy surveys

Several aspects of gravity at the 
classical and quantum level: 

black-holes, neutron stars, etc
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Quantum 
Fields 

& Gravity

▪ QFT in curved spacetimes

− Black holes: Hawking radiation

− Semiclassical gravity effects: black stars

− Cosmology: quantization of primordial fluctuations

− Schwinger effect

▪ Quantum gravity

− Non-perturbative quantization methods

− Loop Quantum Gravity/ Loop Quantum Cosmology

− LQC predictions vs CMB data
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Quantum  
Unimodular 

Gravity 

String Theory &
AdS/CFT duality

Carmelo Pérez Martín
Rafael Hernández Redondo

Francesco Aprile

▪ Unimodular Gravity = GR classically, but they 
differ as QFTs: Unimodular Gravity solves in a Wilsonian way  
part of the Cosmological Constant problem, GR doesn’t.

▪ Pressing problems being analyzed:
       -Quantization of Unimodular supergravity. 

       -How does Unimodular Gravity arise within the AdS/CFT duality? 

▪ Integrable structure of the AdS/CFT duality.

▪Modern Bootstrap program: new generation of 

techniques in strongly-coupled CFTs. Use this detailed knowledge of 
CFTs  to understand quantum properties of holographic gravity.
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teorica.fis.ucm.es/bootstrap2024/   1-19 July 
Bootstrap String Theory on curved space



Inflation:
the origin of 

cosmic structure         

Mindaugas Karciauskas
Javier Rubio

Jose Jaime Terente Díaz (PhD)
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▪ What is the fundamental theory behind inflation?

▪ Intersections between inflation and the Standard 
Model of Particle Physics. 

− The Standard Model Higgs as the inflaton
− The stability of EW vacuum in the early Universe
− Primordial Black Holes from Higgs criticality
− The role of gauge fields
− Initial conditions for the hot Big Bang
− Classical lattice simulations



7

Instituto de Física de Partículas y del Cosmos

José A. R. Cembranos
Antonio Dobado

Luis J. Garay
Antonio L. Maroto 

Javier Rubio
Juan José Sanz-Cillero

Héctor Villarrubia-Rojo
Mindaugas Karciauskas

Clara Álvarez-Luna (PhD 23) 
Álvaro García Cendal (PhD)

Alfredo D. Miravet (PhD)
Álvaro Parra-López (PhD)

Dark matter 
models

▪ Dark matter models

− Extra dimensions (branons)

− Heavy (TeV) dark matter

− Ultra-light dark matter (different spins)

− Gravitational production / Non-thermal production

▪ Dark matter detection

− Indirect detection: gamma, neutrino, antimatter, 
gravitational waves,…

− Structure formation

− Direct detection

EUCAPT 
(European Consortium 
for Astroparticle Theory)



▪Models with extra fields

− Scalar: quintessence, Horndeski…  

− Vector: vector-tensor, Proca, modified EM, …

− Higher-spin

▪ The fate of the universe 

− Future singularities and abrupt events

▪ Vacuum energy

− Cosmological perturbations and the quantum vacuum
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▪Modified gravity

− F(R), (cosmology, Black holes, neutron stars)

− Massive gravity (bigravity)

− Metric-affine gravity 

− Testing MG with stars and substellar objects

− Theories breaking fundamental symmetries

− Gravity waves in GR and MG (LISA science group)

▪ Interacting dark sector

− Dark matter-dark energy models
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Testing 
gravity with 

galaxy 
surveys

▪ Galaxy surveys

− Measuring the equation of state of dark energy

− Testing ΛCDM and GR  

− Tomographic surveys (J-PAS and Euclid)

− Forecasts for modified gravity

▪ Weak lensing surveys 

▪ Radio galaxy surveys (SKAO)
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DM & Modified 
gravity at 

subcosmological 
scales

▪ Physics of low-mass objects (white dwarfs, stars, 
and planets)
▪ Neutron stars

− QCD equation of state

− New gravitational interactions/Phenomenology

▪ Dark matter halos

− Morphology study (torsion of stellar streams)

− Analysis of SPARC rotation curves

▪ Einstein Telescope

− QCD studies for neutron stars

− Strong interactions 
from n-star mergers



12

Instituto de Física de Partículas y del Cosmos

Diego Rubiera-Garcia
Mercè Guerrero (PhD 23)

 
Black holes and 
other compact 

objects

▪ Theory
− Regular black holes out of various matter sources
− Shortcut methods for solving field equations of modified 

gravity
− Rotating black holes of modified gravity
− Alternative compact objects: wormholes, bounces, 

boson/Proca stars…

▪ Phenomenology
− Shadows from accretion disks: background geometries, 

multiple critical curves, additional light rings, modelings for 
the geometrical, optical and emission properties of the 
disk…

− Gravitational waves: generation and propagation. Echoes of 
horizonless compact objects

− Limiting masses of stellar and sub-stellar objects
− Imprints from additional geometrical structures in energy 

levels
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Compact objects 
in alternative 

theories: 
gravitational 

waves,…

▪ Quasinormal modes of compact objects

− Black holes, neutron stars, wormholes, etc...

− Alternative theories of gravity:

− Einstein-Gauss-Bonnet, scalar-tensor-theory, ...

− Imprint on the spectrum of quasinormal modes

− Analysis of the stability, hyperbolicity, isospectrality

− Universal relations of neutron stars

− Einstein Telescope



Instituto de Física de Partículas y del Cosmos

14

IPARCOS 
Theoretical Gravity 

and Cosmology

People

▪ Members (with PhD): 21
Senior researchers:

Francesco Aprile
José Luis Blázquez Salcedo

Antonio Dobado
Luis J. Garay

Rafael Hernández Redondo
Felipe J. Llanes-Estrada

Antonio L. Maroto
Mercedes Martín-Benito

Prado Martín-Moruno
Francisco Navarro-Lérida

Carmelo Pérez Martín
Diego Rubiera-Garcia

Javier Rubio
José A. R. Cembranos

Juan J. Sanz Cillero

Postdoc and junior researchers:

Clara Álvarez-Luna
Jacobo Asorey

Adrián Casado Turrión
Mindaugas Karciauskas
Héctor Villarrubia-Rojo

Aneta Wojnar
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▪ Current PhD students: 8

Álvaro Álvarez Domínguez
Antonio G. Bello-Morales

Teodor Borislavov Bassilev
Álvaro García Cendal

Darío Jaramillo-Garrido
Alfredo D. Miravet

Álvaro Parra-López
Jose Jaime Terente Díaz

  

▪ 7 theses in 2023: 
Clara Álvarez-Luna, Valentin Boyanov, Adrián Casado, 
Mercè Guerrero, Eva Lope Oter, Rita Neves, Alexandre 
Salas

▪ TOTAL: 29

IPARCOS 
Theoretical Gravity 

and Cosmology

People


