
PRECISION COSMOLOGY 

10 June 2021  |   Matteo Costanzi - University of Trieste / INAF

Seminar:



GENERAL FRAMEWORK: 𝛬CDM MODEL

ASSUMPTION OF 𝛬CDM:

● Gravity is described by GR

● Particles and forces are described 
by QFT

● The cosmological principle is valid

● The Universe underwent 
accelerated expansion at early 
times (Inflation)

● Most matter is made up by a 
collisionless particle (Dark Matter)

● The Universe is undergoing an 
accelerated expansion (𝛬) 



Galaxy Surveys, 
BAO & RSD

Hubble Diagram (with SNIa)

Cluster Cosmology

Gravitational waves
Gravitational lensing

21cm Cosmology

GENERAL FRAMEWORK: COSMOLOGICAL PROBES



GENERAL FRAMEWORK
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Growth of density perturbation Expansion history

● What can we measure with cosmological probes:

Freim
an+08

A good strategy is to combine early (i.e. 
CMB) and late time Universe probes to 
maximize the redshift leverage 
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Big Bang Nucleosynthesis

CMB

Model
predictions



2 pt. Correlation Function

Power spectrum

Overdensity field
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STANDARD RULER (BAO)



REDSHIFT SPACE DISTORTIONS 

Real Space Redshift Space

f = growth rate
𝝈8 = amplitude matter power spectrum
       on 8 Mpc/h scale



Gravitational
(strong and weak)

lensing



Time delay cosmography

Credit: Tommaso Treu



Gravitational
(strong and weak)

lensing



CLUSTER COSMOLOGY

Credits: Vikhlinin+ 2009 

Cluster mass function:

● Most massive bound objects in the 
Universe: 
M ≃ 1013 - 1015 M

⊙
 and R ≃ 1 - 5 Mpc

● Multi-component systems: 
galaxies and stars (~5%), ICM (~15%), 
DM (~80%)

From Borgani, Guzzo 2001

Evolution of the clusters population in 2 simulations

time





CMB Temperature Fluctuation power spectrum

Acoustic 
Oscillations

size Hubble radius @ decoupling



From acoustic 
density perturbations

From primordial 
gravitational waves or 
lensing

 Polarization pattern



21cm COSMOLOGY

21cm intensity mapGalaxy distribution HI power spectrum

Credit Castorina+2016



GRAVITATIONAL WAVES:



Laser Interferometer Gravitational-Wave 
Observatory (LIGO):  l~4km → 𝚫l~10-16cm 

Typical relative deformation:



● GW170817: Ns-Ns merger

EM transient observed in coincidence with the GW 
event → Host galaxy identified (NGC 4993)

STANDARD SIRENS:

Wave’s frequency sweep and amplitude depend 
on M = (m1m2)

3/5/(m1 +m2)
1/5, and luminosity 

distance:







H0 FROM sBH MERGER

LISA space interferometer



𝛬CDM: CURRENT STATUS

Several cosmological probes point towards a consistent model of flat 
𝛬CDM, but the two dominants components of this model lack a 
fundamental theory to connect them with the rest of physics: 

● What is the nature of Dark Matter?

● What is the cause of observed cosmic acceleration?

○ Is it Dark Energy or a modification of general relativity?

○ If it is Dark Energy, is it constant (𝛬CDM) or evolving (wCDM)?

The 𝛬CDM universe

Moreover, tensions between 
parameters derived from early Universe 
probes (e.g. CMB) and low-redshift 
probes (e.g. SN, cosmic shear, galaxy 
clustering, cluster of galaxies) 







Scalar field potential



f(R) MODEL:




