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Cosmology (in physics) is the study of the universe's 
origin, evolution, composition, structure, and eventual fate

In Cosmology/Astrophysics we study the past to understand the future (as geology, antropology, …)



LCDM 
concordance 
model

Hot Big Bang
+

Flat à Inflation
+

Excess of mass à Cold Dark Matter (CDM)
+

Accelerated expansion à Cosmological Constant 
(L as the simplest Dark Energy model)

Sole successful cosmological model!
High predictive power!



Energy content of the Universe Today
4-5% Astrophysics

Well Known!!

vs

95-96% Dark Universe
Observationally 

needed but
Not well understood!



LCDM 
Open 
problems

Hubble tension
(early vs late)

Sub-structures
(s8, stronger 

lensing, distribution, 
…)

Evolving 
DE(z)

High 
resolution 

(DM nature)



Approaches to work in moderm Cosmology
Instrumentation

Telescopes 
(NRT)

Satellites 
(LiteBird)

Detectors (Hyper 
Kamiokande)

Particle colliders 
(CERN)

Observation

Observational 
Proposals 
(Herschel, 

ALMA, Hubble, 
...)

Experiments 
(QUIJOTE, 
JPAS, ...)

Missions 
(Planck, Euclid, 

Lite Bird, ...)

Data Analysis

Astrophysics is 
moving toward 
this approach

ALL data is 
publicly available 
in Astrophysics

More effective 
work for a small 

group

Stronger profile 
for PhD future 
career options
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Main Cosmological Observables
CMB

Gravitational
Lensing

Galaxy
Clusters

Galaxy
clustering

Barionic
Acustic

Oscilations

SuperNovae

Shear

Magnification
Bias
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CMB
Neural Networks



Component 
Separation

Retrive the cleanest CMB image possible 
from a noisy background
CENN (CMB Extraction Neural Network)



Total Intensity (CENN-T)
Casas et al. 2022b

Polarization (CENN-Pol)
Casas et al. 2025 (submitted)



Point Source 
Detection

Extragalactic sources (Compact Sources) 
contaminates the small scales of CMB 
images.
Astrophysical interest by their own 
(Radiogalaxies, Blazars, IR Late-types, …)
PoSeIDoN (Point Source Image Detection 
Network )



Total Intensity
PoSeIDoN (single frequency)
Bonavera et al. 2021

Multi-PoSeIDoN (multi-frequency)
Casas et al. 2022a



Polarization: POSPEN (POint Source Polarization 
Estimation Network) [Casas et al. 2023]



Foregrounds: Synchrotron emission
Casas et al. 2025 (to be submitted)



Magnification Bias



Magnification Bias

• A (weak) gravitational lensing 
effect.

• In our case, it produces an 
excess of background sources 
around massive galaxies 
(lenses)

• It’s a cosmological probe!
• Depends on total matter, 

cosmological distances and 
cosmological parameter.



Cosmological parameters (single redshift bin)

Gonzalez-Nuevo et al. 2021
Fernandez-Fernandez et al. 2024
Cueli et al. 2024

Independent & 
complementary



Tomography (LCDM vs wCDM)

𝒘𝟎 = −𝟏. 𝟏𝟕"𝟎.𝟐𝟔&𝟎.𝟑𝟐

𝒘𝟎 = −𝟏. 𝟕𝟔"𝟎.𝟎𝟕&𝟎.𝟎𝟔 𝒘𝒂 < −𝟎. 𝟓 
(95% CI)L à w0=-1; wa=0

Bonavera et al. 2021
Bonavera et al. 2024
Bonavera et al. 2025 (submitted)



Mass density distribution (DM nature)

Einstein “gap”

10 kpc

100 kpc

1 Mpc

Fernandez et al. 2021; Crespo et al. 2022
Crespo et al. 2024; Crespo et al. 2025 (submitted)

Central
excess

Satellites 
distribution



Astrophysics (HMF, neutrinos)
Observational constrainst
of the HMF
Test of its universality
Cueli et al. 2021
Cueli et al. 2022

LCDM with massive neutrinos 
(nCDM)
Cueli et al. 2024

nCDM
∑𝑚* < 0.22 𝑒𝑉 

at 68% CL



Conclusions

Young, small but very 
active group!

Cosmology is in crisis à
Research opportunities!

More research ideas than 
manpower!


