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Outline

‣ The Universe Expansion 

‣ Historical Context

‣ Various probes of Expansion and recent 
results

‣ Hubble Constant Tension ?

‣ Gamma-rays to measure distances!

‣ CTA contribution to Cosmology ?
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The Universe Expansion

‣ Historical Context

‣ 1929: Hubble first measure the 
expansion of the universe:

‣ 1990: Launch of Hubble Space Telescope 
with key project to settle the value of 

‣ 1999: SNe-Ia as standard candle 
measure the redshift distance relation 
and reveal the recent acceleration of the 
expansion
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1924: 
Friedman-Lemaître  
equations: 
Evolution of the 
Universe Depending 
on its Content
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2003: Precise 
measurement  
of the  CMB

•Temperature 
fluctuations (DT~10-5) 
are the seed of 
structure formation in 
the Universe.

• The size of the 
fluctuation is directly 
linked to the curvature 
of the Universe. 

• Our Universe is flat !

2006: Nobel Prize
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Precision Cosmology

6

2010: ~600 SNIa
Confirmed the 

Accelerated Expansion
2011: Nobel Prize

WM~0.28
WL~0.72
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The Dark Side of the Universe

95% of the Mass-Energy content of the Universe is unknown!

24% of Dark Matter - non identified particles

71% of Dark Energy - non identified nature
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Photon
Interaction



Hubble 
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(expansion)
Matter Dark Energy

redshift (time)

Flat Universe, and vanishing radiation

Equation 
of state

CMB+SN+BAO
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Cosmology results
• Stage-II (2010): WMAP + SNe + SDSS/2dFGRS BAO  
• SDSS: 50x improvement in curvature/H0/sigma8/w0/neutrino mass relative to 
Stage-II  

- largest improvements in curvature, H0, and neutrino mass precision  
- Stage-II + SDSS: H0 = 67.6 +/- 0.9 km/s/Mpc 

• Planck+Pantheon+DES: additional 20x improvement
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Alam et al 2020
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Hubble Constant Tension ???

• Hubble constant measurements in the 
last 2 decades

• Latest BAO+BBN measurement from 
SDSS in line with CMB

• New Probes: Lensing, GW, Gamma Rays
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Gamma-Ray journey to CTA

11

EBL photons are impacting the gamma-ray spectrum
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EBL optical depth to gamma-rays
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Density of EBL photons

Cross-section

Optical depth
Hubble 

Parameter

Geometry

STARS DUST

EBL light is the 
integral of photon 
contribution as a 
function of wavelength 
and thus is directly 
linked to star formation 
processes across the 
Universe
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H0 dependence
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Grey zone: H0 range 40-95 kms/s/Mpc Dominguez et al 2020
Using Fermi-LAT data



Jean-Paul Kneib - Swiss CTA days - November 24th, 2020

CTA competitive ?
• Proposed follow-up of 50 gamma-ray sources for 830h

• Can we control systematics?

• Constraints of (EBL light, H0 and 
 
) but also Magnetic 

Field and CMB photon interaction …
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Transition 
Between 
medium  
& large  

telescope

CTA collaboration
Abdala et al 2020
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Conclusion

• Cosmology studies use multi-probes (CMB, SNIa, BAO,  
… + lensing, +GW …) to constraints parameters.

• Current H0 tension (local measurement problem or 
new physics?)

• Gamma-Ray contribution to cosmology measurement?

• Likely not by itself ! But possibly useful with multi-
probes approach.

• But sensitive to different physics: EBL light (star 
formation history), B field, possibly more to discover!
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