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Cosmic Microwave Background

Planck 2015 CMB+polariza�on. h�ps://www.cosmos.esa.int/web/planck/picture-
gallery
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Large Scale Structure

Illustris Simula�on: www.nature.com/ar�cles/nature13316
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The standard .CDM Model

● ΛCDM is s�ll best �t to observa�ons.
● Impressive agreement with data.
● CMB + BAO + WL  agree well.  

● However some ques�ons remain:

● Cosmological constant problem.
● H0 from local measurements.
● σ8: amplitude of ma+er ,uctua�ons. 

● Growth of structure, s�ll unconstrained.

Planck 2018 results: arxiv:1807.06209
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Modi�ed Gravity

GR (LCDM)

K-essence

Quintessence

f(R)

DM-DE coupling,
Neutrino coupling

Variety of models:

GW170817 + EM counterpart: ruled out several sectors

Equivalence 
principle

San�ago Casas



Euclid space satellite & SKA telescope

Images: Euclid France Communica�on, www.skatelescope.org

●  All-sky surveys 15.000-20.000 square degrees.

● ~107 galaxy redshi=s , ~109 galaxy posi�ons and shapes.

● Euclid: photometric and spectroscopic Galaxy Clustering, photometric 
Weak Lensing.

● SKA: spectrosopic and con�nuum Galaxy Clustering, HI intensity mapping, 
radio Weak Lensing.
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Weak Lensing

● De,ec�on of light depends on growth of structure,

expansion of the Universe,

and speci�c theory of gravity.

● Measuring the cosmic shear correla�on

func�on is a powerful tool for

cosmology. 

 

 

Image credit  en.wikipedia.org/wiki/Weak_gravita�onal_lensing

Cosmic Shear
Expansion Modi�ed 

Gravity

Growth of 
Structure
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Baryon Acous�c Oscilla�ons and
Redshi: Space Distor�ons

● Scale at recombina�on is also observed in large scale structure.
● Galaxy veloci�es, nonlinear growth → distor�ons in redshi= space.

Image credit:   h�p://sci.esa.int/euclid/46681-baryonic-acous�c-oscilla�ons-bao/

Modi0ed 
Gravity

San�ago Casas



SKA1 vs. Euclid

● SKA1 at lower z, Euclid at higher z. 
● SKA1 provides independent points →  breaking degeneracies in systema�cs.
● Cross-correla�ons.

● Constraints on geometry and growth 

                                                            → project onto constraints on Dark Energy.

Figure :  SKA1 Redbook: h�ps://arxiv.org/abs/1811.02743

San�ago Casas



 Combina�on of GC and WL
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● Galaxy clustering sensi�ve to “�=h forces” μ.

● Weak lensing measures “light de,ec�on” Σ.

    S. Casas, M. Mar�nelli, V .Pe�orino, M. Kunz; arXiv: 1703.01271, Phys.Dark Univ. 18 73-104.



Forecasts for Modi<ed Gravity

    S. Casas, M. Mar�nelli, V .Pe�orino, M. Kunz; arXiv: 1703.01271, Phys.Dark Univ. 18 73-104.

● SKA1 forecasts to be updated with new Redbook speci�ca�ons.

● Impact of cross-correla�ons on Modi�ed Gravity needs to be studied.

● SKA1 will deliver complementary constraints to DES and DESI.

● SKA2 as planned would be more powerful than Euclid.
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Forecasts for In=a�on-Dark Energy

S. Casas, M. Pauly, J. Rubio; arXiv:1712.04956; Phys.Rev. D97 (2018) no.4, 043520

● Some models predict 

connec�ons between late 
and early Universe.

●  SKA2 constraints 

primordial Universe 

parameters, be+er than 

Euclid and CMB 
measurements alone.

● To be tested for SKA1, 

using combina�on of 

Intensity Mapping and 
21cm line.
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Conclusions

• ΛCDM still passing multiple tests.

• Euclid+SKA will be powerful probes of the 

expansion of the Universe, lensing and clustering 

of galaxies.

• Gain information on the gravitational potentials, 

DE evolution and GR at very large scales. 

• Many challenges ahead in terms of analysis and 

theory.

Thanks!
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