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Galaxy Evolution and CosmologyGalaxy Evolution and Cosmology

4% baryons

73% dark energy
23% dark matter

Λ Cold Dark Matter
Reiss+ 19

Hubble 
Tension
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EBLA complete theory of galaxy evolution and 
cosmology needs to explain these backgrounds



EBL Measurements (I): Direct DetectionEBL Measurements (I): Direct Detection

DIRBE imaged the sky in 10 photometric 
bands from 1.25 to 240 microns with a 

beam size of 0.7x0.7 sq. degrees 



Zodiacal light, visible under the right conditions: typically 
after the sunset in Spring and right before sunrise in Autumn

(approx. 10% dark site moon-less night sky)

Driver 21

A 1 per cent systematic error in the subtraction of the Zodi can lead to a 100 
per cent error in direct measurements of the EBL (Berstein 2007)

EBL Measurements (I): Direct DetectionEBL Measurements (I): Direct Detection
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Stars + AGNs Dust + AGNs
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M31 view from the UV to the far-IR, Credit: NASA & ESA
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Galaxy number counts in deep fields
e.g. Madau & Pozzetti (2000),

Driver et al. (2016)

EBL Measurements (II): Galaxy CountsEBL Measurements (II): Galaxy Counts

Driver+ 16
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optical

M31 view from the UV to the far-IR, Credit: NASA & ESA
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EBL Measurements (III): ModelsEBL Measurements (III): Models

TheoreticalObservational

Direct galaxy 
observationsDirect galaxy 

observations
(e.g. Franceschini+ 08, 

Domínguez+ 11, Helgason+ 12, 
Stecker+ 16, Franceschini+ 17, 

Saldana-Lopez+ 21)

Theoretical
(e.g. Gilmore+ 12; Inoue+ 13)

Indirect galaxy 
observations

(e.g. Kneiske+ 02, Kneiske 
& Dole 10, Finke+ 10, 

Andrews+ 18, Finke+ 22)



EBL Measurements (III): ModelsEBL Measurements (III): Models

z = 0

Galaxy counts from Driver+ 16 Local EBL



EBL Measurements (III): ModelsEBL Measurements (III): Models

Strong divergence
EBL evolution



EBL Measurements (III): Saldana-Lopez+ 21EBL Measurements (III): Saldana-Lopez+ 21

Herschel observations for all galaxies,
not necessarily detection



EBL Measurements (III): Saldana-Lopez+ 21EBL Measurements (III): Saldana-Lopez+ 21



EBL Measurements (III): Finke+ 22EBL Measurements (III): Finke+ 22

Madau & Dickinson 2014

Evolving EBL



Ilustration: Nina McCurdy & Joel Primack

Telescopes: Fermi-LAT and 
Imaging Atmospheric 
Cherenkov Telescopes 

(IACTs)

Pair-production interaction

Extragalactic source:
e.g. Blazar

Blazars: AGNs emitting at all wavelength
with energetic jets pointing towards us.

Reverse of most known electron-positron
annhilation process

EBL Measurements (IV): Gamma-ray AttenuationEBL Measurements (IV): Gamma-ray Attenuation



Fermi-LAT

VERITAS, Arizona (USA)

MAGIC, La Palma (Spain)H.E.S.S., Namibia

All-sky, Energy range
100 MeV – 100s GeV

IACTs
Small field of view, 

High sensitivity, Energy range 
100 GeV – 10s TeV

CTA North, La Palma (Spain)

EBL Measurements (IV): Gamma-ray AttenuationEBL Measurements (IV): Gamma-ray Attenuation



EBL Measurements (IV): Fermi-LATEBL Measurements (IV): Fermi-LAT

1. Tracking system:

- converts an incident gamma ray to an electron-positron pair

- reconstructs the gamma-ray direction from the tracks of the pair

2. Calorimeter:

- measures the photon energy

3. Anti-coincidence detector:

- limits the cosmic-ray background

● Wide field of view (2.4 sr, 20% of 
the sky)

● Large effective area (~0.9 m2 
above 1 GeV)

● Low dead time (~27 μs)

Launch June 11, 2008



EBL Measurements (IV): Fermi-LATEBL Measurements (IV): Fermi-LAT

2000

2018

Fermi-LAT All-Sky Map Above 1 GeV
2000



EBL Measurements (IV): Fermi-LATEBL Measurements (IV): Fermi-LAT

3FGL

1FHL

2FHL

3FHL

4 years (P7Rep), 3033 sources

3 years (P7), 514 sources

6.7 years (P8), 360 sources

7 years (P8), 1556 sources

8 years (P8), 5065 sources

4FGL
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 12 years (P8), 6658 sources

4FGL-DR3



 length

  cross section density of the medium

EBL Measurements (IV): Gamma-ray AttenuationEBL Measurements (IV): Gamma-ray Attenuation



Domínguez+ 11

EBL Measurements (IV): Gamma-ray AttenuationEBL Measurements (IV): Gamma-ray Attenuation

Intrinsic



Desai+ 19 (see also Abdollahi+18, 
Domínguez+ 24)

EBL Measurements (IV): Gamma-ray AttenuationEBL Measurements (IV): Gamma-ray Attenuation

Optical Depths from Fermi-LAT and IACTs

See Joshua Baxter’s talk later today 
on an update of these measurements



Extragalactic Background Light (Local)Extragalactic Background Light (Local)

Saldana-Lopez+ 21

Domínguez+ 24

Galaxy counts, EBL models, and 
gamma-ray attenuation data agree 
but direct detection tends to be at 

larger intensities,
zodiacal light contamination?

Lauer+ 22 from New Horizons



Extragalactic Background Light (Local)Extragalactic Background Light (Local)

Saldana-Lopez+ 21

Domínguez+ 24

Postman+ 24 from New Horizons

Galaxy counts, EBL models, 
gamma-ray attenuation data, and 

now direct detection, all converge!

Galaxy counts, EBL models, and 
gamma-ray attenuation data agree 
but direct detection tends to be at 

larger intensities,
zodiacal light contamination?



Extragalactic Background Light (Evolution)Extragalactic Background Light (Evolution)

Domínguez+ 24

EBL models and gamma-ray attenuation data 
agree within 1sigma in the UV/optical and within 

2sigma in the near IR



EBL photon density evolution

Optical DepthsOptical Depths

 distance   cross section

See Domínguez & Prada 13,
Biteau & Williams 15, Gréaux+ 24

The cosmology dependence is on the distance 
and EBL photon density evolution factors



Measuring HMeasuring H
00 with Gamma-ray Attenuation with Gamma-ray Attenuation

Domínguez+ 19

H0 derivation 
fixing Om

H0 & Om free



Results on measuring Cosmology with Gamma raysResults on measuring Cosmology with Gamma rays
EBL model 

uncertainties 
translate into

an increment of 
30% on H0 

uncertainties and 
10% on Om

Simultaneous 
H0 and Om 
derivation

Combination with 
Baryonic Acoustic 

Oscillations



Comparison on HComparison on H
00 Measurements Measurements

Domínguez+ 24

EBL (Om fixed)

Adapted from Reiss+ 19

EBL (H0 & Om free)



Take Home MessagesTake Home Messages

1) After decades of research, different methodologies such us galaxy 
counts, EBL models, gamma-ray attenuation data and direct 

detection techniques are finally converging, at least in the optical, in 
the estimate of how much light there is in the Universe.

2) H0 from gamma-ray attenuation seems to be aligned
(although still at low significance) with the methodologies that 

results in lower values, aka cosmological methodologies.

3) Really compelling synergies between high-energy astrophysics 
and traditional astronomy.



BackupBackup



H0 dependence

Om dependence

Cosmology Dependence on the Optical DepthCosmology Dependence on the Optical Depth
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