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Measuring Cosmological Parameters
- Why? Are we in the era of “precision cosmology” or are we 

still missing the fundamental physical scenario?

- Methods:  

- CMB —> anisotropies, z~1100

- SN1a — > Hubble Diagram, z~0-1.3

- Baryonic Acoustic Oscillations, z~0.7, 2.3 (but echo of 
sound waves z ~ 1100)

- Weak Lensing —> distortion of galaxy shapes by the 
overall matter distribution

- Clusters of Galaxies (z<1)

- Measurements of the Hubble Constant (Cepheids, 
Lensed quasars

- Quasars as standard candles (z~0-6, our new method)



Physical origin of the acceleration term
Straightforward way: a scalar field:

If the kinetic term is not dominant, pφ ~ -uθ

Definition: w ⌘ p

u

Scalar fields models dominated by V(φ) are known as “quintessence” 

Cosmological constant: w=-1



Observational cosmology
Questions: 
1) Is acceleration due to some sort of dark energy within GR, or to a 
breakdown of GR at large scales ? 
2) If it is due to dark energy, is the density of the dark energy  constant in time 
(and space) ?

Current state: 

- Quite precise measurements of CMB anisotropies, expansion of the Universe, 
distribution of matter

- Until a few years ago, all consistent with a standard “ΛCDM” model 

Goals:  
More precise measurements to either (1) confirm the model with higher accuracy :-( 
or (2) find small deviations indicative of the physical nature of the dark energy



Supernovae

Phillips (1993): 
relationship between peak 
luminosity and decay rate



Supernovae
Perlmutter et al. 1999

Riess et al. 1998



Supernovae

DL =
c(1 + z)

H0 ∫
z

0

dz′�

ΩM(1 + z′�)3 + ΩΛ + ΩK(1 + z′�)2

Scolnic et al. 2018



Observations: CMB
Planck



Observations: CMB

De Bernardis et al. 2000:

first acoustic peak at l~200


—> Flat Universe



Observations: CMB

Planck 2015



CMB: Results

Planck 2015



Baryonic Acoustic Oscillations



Baryonic Acoustic Oscillations



Baryonic Acoustic Oscillations



Baryonic Acoustic Oscillations



Baryonic Acoustic Oscillations



Baryonic Acoustic Oscillations



Baryonic Acoustic Oscillations



Check of the Standard model

DL =
c(1 + z)

H0 ∫
z

0

dz′�

ΩM(1 + z′�)3 + ΩΛ * f(z) + ΩK(1 + z′�)2

f(z) = (1 + z)3(1+w) w = w0 + wa
z

1 + z



Measurements of the Hubble Constant
Riess et al. 2016: Cepheids + Supernovae



Measurements of the Hubble Constant
Riess et al. 2016: Cepheids + Supernovae

H0=74(1.5) km/s/Mpc 
Planck: H0=67.5(0.7) Km/s/Mpc



Strong Lensing

Multiple lenses of a variable source 
(quasar, supernova…) can be used 
as rods to measure the distance of 
the lenses. 



Strong Lensing

Wong et al. 2019



Strong Lensing

Wong et al. 2019



Measurements of the Hubble Constant
Riess et al. 2016: Cepheids + Supernovae



The inner emission regions in quasars

X-rays

UV

Mortlock et al. 2011



L(UV)

L(
X

)
The L(UV)-L(X) relation in small redshift intervals



Match with supernovae

Risaliti & Lusso 2019, Nat. Astronomy



The Quasars + SNe + GRBs Hubble Diagram
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1598 quasars (Risaliti & Lusso 2019)
1048 Type Ia supernovae - Pantheon survey (Scolnic et al. 2018) 
160 GRBs (Demianski et al. 2017)



Quasars as Standard Candles: tests of cosmology
“Cosmographic” fits to the Hubble Diagram



Quasars as Standard Candles: tests of cosmology
physical fits to the Hubble Diagram

SNe+CMB/BAO/WL+QSO

w0-wa plane where w(z)=w0+wa*z/(1+z), w=-1 no evolution 

CMB+BAO+WL

Risaliti & Lusso 2019, Nat. Astronomy



Tension with the Standard model

DL =
c(1 + z)

H0 ∫
z

0

dz′�

ΩM(1 + z′�)3 + ΩΛ * f(z) + ΩK(1 + z′�)2

f(z) = (1 + z)3(1+w) w = w0 + wa
z

1 + z

z < z0 → w = w0

z > z0 → w = w1(z − z0)2



Tension with the Standard model



Tension with the Standard model



Conclusions
The Standard Cosmological model is creaking…

Local value of H0 confirmed in two completely independent ways 

>5 sigma tension with the CMB+standard model prediction 

The expansion at z>2 is different than predicted by the standard model 

Maybe inconsistencies with the standard model within CMB measurements 

Possible new physics include interacting dark sector, “quintessence” models… 
modifications to GR 


