
1. Direct modeling of the EBL from sources (IGL): current status (combined number 
counts + luminosity functions; deep and ultra-deep samples)

2. EBL inferences from VHE gamma-gamma opacity measurements. The current good 
convergence in optical-UV-NIR

3. Constraints on the standard model for cosmology: prospects for the CTAO surveys

4. ASTRI and CTAO SST’s looking for the long-λ IR background…

5. … and for possible effects of photon-ALP mixing
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Transparency of the universe at very high 
energies: constraints on cosmology (and 

fundamental physics)



RELEVANT IMPACT OF THE
EXTRAGALACTIC BACKGROUND LIGHT
FOR THE PROPAGATION OF PARTICLES
AND ENERGETIC PHOTONS ACROSS THE
UNIVERSE
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Absorption:
dF/dEOBS= (dF/dEEM) e-

VHE photon + diffuse light
 electron-positron pair 
production VHEEBL  e+e-

𝜆max ≃ 1.24 ൈ 𝜀்௘௏ሾ𝜇𝑚ሿ

Photon-photon interactions and cosmic propagation

THIS PHENOMENON MAKES AN
INTERESTING (AND RELEVANT) BRIDGE
BETWEEN THE VHE AND LOW-ENERGY

SKY (WITH CONSEQUENCES FOR
PHYSICS AND COSMOLOGY)
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The Global Background Radiation & the EBL

CMB
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The Global Background Radiation & the EBL

CMB EBL

Repository of all radiant energy produced by cosmic sources since B.B. 
A. Franceschini 9to40 SST Sesto 2026



5Overview of the various components of the total night sky background at high galactic
and ecliptic latitudes: large foregrounds prevent direct estimate of the EBL



1.   Attempts for direct
estimates of the EBL from 
sources: the InterGalactic

Light, IGL)

A. Franceschini 9to40 SST Sesto 2026
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• Stecker & de Jager (1993)
• Stanev & Franceschini (1998) 
• Malkan & Stacker (1998)
• Kneiske et al. (2002)
• Franceschini + (FRV, 2008)
• Finke, Razzaque, Dermer (2010)
• Kneiske & Dole (2010)
• Dominguez et al. (2011)
• Gilmore et al. (2012)
• Stecker, Scully & Malkan (2016)
• Franceschini, Rodighiero (2017-18)
• Andrews et al. (2018)
• Saldana-Lopez et al. (2021)   

8




















• Finke et al. (2022) 
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Adherent to the data
Based on models

Partially on data



5 recent ultra-deep 
fields selected

@ λ=1.6μm
(Saldana-Lopez +21)

Total sample= 150.000 faint sources

Problem: total area only 900 sq.arcmin

Serious potential problem of excess
cosmic variance at low redshift

… but good to estimate EBL at high-z

A. Franceschini 9to40 SST Sesto 2026



• Note that a simple integral of the deep number
counts at various wavelengths

where 𝑁ሺ𝑆ఔሻ are the differential counts of sources, 
that is number of sources per units sky area (e.g. 
sr-1) and unit differential flux density (e.g. Jy-1) 

𝐼ఔ ൌ න 𝑑
ஶ

଴
𝑆ఔ𝑁ሺ𝑆ఔሻ ⋅ 𝑆ఔ

Better is a wedding-cake approach
combining deep redshift surveys with 
source number counts on wide areas

A. Franceschini 9to40 SST Sesto 2026
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Source number counts, 
P(D), d(z), luminosity

functions (AF+)

Deep extensivesource counts

Probability
distributions
of deflections

Redshift 
distributions

for flux-limited
samples



… But in addition to the source 
background (IGL), we expect

additional – possibly relevant -
contributions by:

• Faint extended emissions in the outskirts of standard 
objects (like galaxy halos)

• Light from low-luminosity sources (otherwise
undetectable)

• Truly diffuse processes (as emerging from the Big 
Bang, e.g. from decaying primordial particles)

A. Franceschini 9to40 SST Sesto 2026



2.    A way to constrain
the TOTAL Extragalactic

Background Light is
offered by 

- opacity measurements
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The free-form analysis (Baxter+ 2026, 
Greaux+2024 using a Bayesian statistics)
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Based on the STeVECat catalogue 
(Greaux et al. 2023) including 260-286 
VHE extragalactic spectra with at least 
4 spectral points and spectroscopic
redshifts z>0.01, the largest database 
of archival data from extragalactic 
sources to my knowledge. Including
Fermi LAT data.

Intrinsic spectral fit of each source with  
log-parabola model:𝑓 𝐸 ൌ

ൌ 𝑓଴  
𝐸
𝐸଴

ି௔ି௕ ௟௢௚ ா ாబ⁄ ି௖ ௟௢௚మ ா ாబ⁄ ିௗ ா

 

a, b, c, d  are best-fit parameters

𝑓௢௕௦ 𝐸 ൌ 𝑒ିఛಶಳಽ ா,௭ 𝑓ሺ𝐸ሻ



EBL intensity versus the - optical depth
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𝜏 𝐸, 𝑧 ൎ න 𝑑𝑧′
𝑑𝑙
𝑑𝑧′

න 𝑑𝜀
4𝜋
𝑐

𝜈𝐼 𝜈, 𝑧
𝜀ଶ 𝜎ఊఊሾ𝐸 1 ൅ 𝑧ᇱ , 𝜀ሿ

ஶ

଴

௭ᇲ

଴

with the differential distance element:
ௗ௟

ௗ௭ᇱ
ൌ ௖

ுబ

ଵ
ଵା௭

 ൅ ௠ሺ1 ൅ 𝑧ሻଷ ି଴.ହ

(eq.2)

Evolution with z of the EBL parametrized as: 𝜈𝐼 𝜈, 𝑧 ൌ 𝜈଴𝐼 𝜈଴, 0 ൈ ሺ1 ൅ 𝑧ሻ௙೐ೡ೚೗

The EBL spectral intensity at z = 0 modelled as a 
sum of Gaussian functions of l = ln(λ/λref ), with 
fixed means (li) and deviation σ, leaving the 
amplitudes (ai) free to vary:

𝜈𝐼 𝑙, 0 ൌ ෍ 𝑎௜ 𝑒𝑥𝑝 െ
𝑙 െ 𝑙௜

ଶ

𝜎ଶ
௜

Once defined 8 values for the central wavelengths li , 8 Gaussians are defined by the 8 
amplitudes ai, making altogether 9 best-fit parameters, including the evolutionary 
parameter 𝑓𝑒𝑣𝑜𝑙 . The best fitting analysis of the 260 spectra is performed based on a 
Bayesian MCMC.

EBLEBL
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Baxter+ 2026

Physical model

Empirical model



Consistent with the 2017 view of 
the local IGL  

AF & Rodighiero 2017A&A...603A..34
(+ tables in 2018A&A...614C...1)
[improved model in the MIR and FIR]
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This analysis contributes in resolving a long standing problem with various
claims of a large EBL excesses in the optical-UV with respect to the source 
background, in particular that based on observations by the LORRI instrument in 
the New Horizon probe outside the Solar Sistem (Lauer+ 2022), but consistent with 
the re-analysis by Postman+ 2024.

Constraint on the 
excess diffuse EBL in 
the optical above the 
faint source contribution
𝜈𝐼 𝜈 ௦௢௨௥௖௘௦ :

 𝑓ௗ௜௙௙ ≡ ఔூ ఔ ೟೚೟ೌ೗
ఔூ ఔ ೞ೚ೠೝ೎೐ೞ

<20%

𝜈𝐼 𝜈 ௧௢௧௔௟ from 𝛾-rays

Similar, or even worse, conflicts arose from IRTS and COBE-DIRBE surveys.        
These also currently appear to be resolved!
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A similar approach, on a large sample of 1576 Fermi AGNs, adopted by Banerjee + 
2026 to infer the evolution of EBL with z  and the history of star formation



At this stage, we can claim that we know the EBL in the optical and near-IR 
sufficiently well to start playing with constraints of the cosmological parameters, 
essentially H0 and ௠.

Note that (Dominguez + 2024): 

𝜈𝐼 𝜈 ௦௢௨௥௖௘௦ is independent on H0  and ௠ (because integral of counts)

𝜈𝐼 𝜈 ௧௢௧௔௟ (from ϒ-rays) depends on 𝑓ௗ௜௙௙ and   ଵ
ுబ ሺ଻଴  ಼೘

ೞ /ெൗ ௣௖ሻ
because of the distance

measure (see eq.2) 

3.   Constraints on the standard model for 
cosmology: prospects for the CTAO surveys

𝜈𝐼 𝜈 ௧௢௧௔௟
𝜈𝐼 𝜈 ௦௢௨௥௖௘௦

ൌ
1 ൅ 𝑓ௗ௜௙௙

𝐻଴ ሺ70  𝐾𝑚
𝑠 /𝑀ൗ 𝑝𝑐ሻ

𝐻଴~67ି଺
ା଻ ሺ1 ൅ 𝑓ௗ௜௙௙)  Km/sec/Mpc

(Greaux+)
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EBL intensity versus the - optical depth
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Once defined 8 values for the central wavelengths li , 8 Gaussians are defined by the 8 
amplitudes ai, making altogether 9 best-fit parameters, including the evolutionary 
parameter 𝑓𝑒𝑣𝑜𝑙 . The best fitting analysis of the 260 spectra is performed based on a 
Bayesian MCMC.



Also from eq. (2), we see there is a residual dependence on the ௠ parameter too, 
assuming a flat geometry (௠+  ൌ 1ሻ.

However the ௠ dependence emerges only at redshifts significantly higher than 𝑧 ൎ 0.5, 
with a scaling with the distance:  𝑙 ൎ ௠𝑧ିଷ ଶ⁄ . Dominguez+2024 find:
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4.   ASTRI and CTAO SST’s for the long-λ IR 
EBL background

The EBL very poorly known longward 10 μm
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IR vs. optical global 
emissivities

• All inferences based on optical-UV-NIR (like those
derived from HST & JWST and Fermi obs.) are highly 
uncertain and do not constrain the whole history at all !
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well sampled by HST & JWST

A. Franceschini 9to40 SST Sesto 2026



IR vs. optical global 
emissivities

• Large extinction corrections affecting the
optical-UV light from cosmic sources.

2
9

𝑆𝐹𝑅ூோ ൌ 16 ൈ 𝑆𝐹𝑅௎௏

𝑆𝐹𝑅ூோ ൌ 6.3 ൈ 𝑆𝐹𝑅௎௏

𝑆𝐹𝑅ூோ ൌ 2.5 ൈ 𝑆𝐹𝑅௎௏
Extinction correction
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All the radiation absorbed in the optical-UV-NIR is re-
radiated thermally in the Infrared.

3
0

The ULIRG Arp 220
is a local analogue

Infrared-luminous 
high-redshift 
sources (ULIRG) 
were very 
prominent in the 
past. They were the 
ancestors of local 
massive galaxies.
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Once again, - measurements needed 𝜆max ≃ 1.24 ൈ 𝜀்௘௏ሾ𝜇𝑚ሿ

To constrain the 
EBL at the 
longest
wavelengths, you
need to probe 
sources  at the 
highest energies, 
that you can do 
for the most local
ones (z<0.03).

This is clearly
matter for the 
SST arrays

z=4

z=0.003

z=0.03

to infer the total IR EBL 
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Best promising: local AGN +

• IC 310
• M 87
• Centaurus A core (too faint for CTA? but well 

suited for LHAASO)
• Markarian 501  (??)
• Low-z GRB’s (e.g. GRB 221009A)
• NGC 4278 (VHE detection by LHAASO)
• NGC 1275
• + low-z starbursts

A. Franceschini 9to40 SST Sesto 2026



Perseus
clusterInternal

absorption
NB: foreground opacities in the direction of 

Perseus clus.



Top panel: Photon–
photon absorption 
correction to be 
applied to the IC310 
spectrum for three 
IR EBL adopted 
intensities. The 
intermediate curve 
corresponds to the 
FR2017, and the 
upper and lower 
curves
to IR EBL intensities 
a factor two higher 
and lower between 
10 and 100 μm. 
Bottom panel: As in 
Fig. 6, for the three 
IR EBL models. 

Simulation for x2 variation in IR-EBL

A. Franceschini                                        9to40 SST                      Sesto 2026



IC310 and NGC1275 in the core of Perseus

ASTRI psf



• Several extensions of the Standard Model (e.g. Superstring theories) 
suggest the existence of axion-like particles [ALPs]

De Angelis, Bonnoli, Tavecchio, Galanti, Cenedese +
• Very light spin-zero neutral pseudo-scalar bosons with a two-photon 

coupling  (𝑔௔ఊఊ).
• As a consequence, photon-ALP oscillations may occur in the presence of 

an external magnetic field B.
• So VHE photons from cosmic sources may travel part of their path as ALPs 

(unabsorbed), further converted to  by interaction with Galactic B fields.
• Effect possibly reducing - and testable at the highest TeV energies.

Testing the -ALP oscillations
effects in the cosmic -transparency
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5.   Refined tests of the 
Standard Model

A. Franceschini 9to40 SST Sesto 2026
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NO CORRECTION
STANDARD EBL CORRECTION
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𝜉 ≡
𝐵

1 𝑛𝐺 𝑔௔ఊఊ ⋅ 10ଵଵ𝐺𝑒𝑉 ൎ 1with
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But! :
spectral coverage 
as a function of  z

HBL

FSRQ
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0.1 0.2EBL

EBL

I
I







  

Error analysis: 𝑒𝑚 ൌ 𝑒ఛಶಳಽ𝜎௦௧௔௧
ଶ ൅ 𝑆௘௠𝑒ఛಶಳಽ𝜎ா஻௅

ଶ

with                                           , 𝜎ா஻௅ ൌ
𝛿𝜏ா஻௅
𝜏ா஻௅

𝜏ா஻௅
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ALP mixingALP mixing

LIV (various energy scales)LIV (various energy scales)

ALP mixingALP mixing

LIV (various energy scales)LIV (various energy scales)

Vercellone+ 2022



Summary
1. The  interaction process offers great opportunities for physics, 

astrophysics, & cosmology.

2. Direct modeling of the IGL (EBL from sources, with combined 
number counts + luminosity functions; deep and ultra-deep 
samples):  fair overall agreement

3. Total EBL measurements based on gamma-gamma opacity data 
have converged for the first time in showing that there is no much 
room in excess of the source (IGL) background, hence resolving 
some old issues.

4. Constraints on the standard model for cosmology: currently not 
effective, but good prospects for the CTAO surveys

5. ASTRI and CTAO SST’s very promising for constraining, for the 
first time, the long-λ IR EBL and possible photon-ALP mixing.

A. Franceschini 9to40 SST Sesto 2026


