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° The Extragalactic Background Light

Energy, € [eV]
10! 1 101 10—2

[T T Tl I [reer T I [rrrr T I [reerr T I

- —-—- A priori model (Gilmore+ "12, fixed) . .
B —— Phenomenological model (Andrews+ "18) = EBL: sum of all opt1 cal

B ---- Empirical model (Saldana-Lopez+ '21) 1 and dinfrared 1i ght from
- Vv Direct estimate - thermal processes in the

O Measurement universe
s A Galaxy count

IGL: integrated galactic

10! |- - light, resolved galaxies,
B i expected to make up most
B H of the EBL
i ) IGL = EBL

EBL Intensity, vI, [n\W mZsr1]

GAMA-COSMOS/G10-HST (Driver+ “16)
AKARI (Matsuura+ “11)

GALEX-SDSS (Chiang+ "19) Spitzer/MIPS (Pénin+ '12)

1 — GAMA-DEVILS-HST (Koushan+ 21) Planck /HFI-COBE/FIRAS (Odegard+ "19)
| | | Lol | Lol | Ll

101 | 10! 102
Wavelength, A [pm]

> Diffuse components?

vIEBL = pIICL x (1 + fuig)

(O 3. Biteau, 10.5281/zenodo.7842239 Lucas Gréaux



Energy, € [eV]
10! 1 [ 102 ) _
I TTT T T T T 7 TTTT T T T 1 L — = Direct meas.: light after

— —— A priori model (Gilmore+ "12, fixed) - subtraction of foreground
B —— Phenomenological model (Andrews+ "18) .

---- Empirical model (Saldana-Lopez+ '21) . . .
i Direct estimate New Horizons probe:

T Measurement Suggested a 50 excess wrt
i
2 - A Galaxy count . IGL, from beyond Pluto’s
| (]

& orbit (Lauer+ ‘21, ¢22)
% 10!

= - D Optical controversy
] —

S B

.'a — [£] Pioneer 10
g B ,

-0 AR T =

(S .

. Uranus

a B \ .} =) Neptune

/ GAMA-COSMOS/G10-HST (Driver+ ‘16) Qnew bigrizons, ? Eris
/ NH/LORRI (Lauer+ '22) AKARI (Matsuura+ “11) I pioneer 1 /
GALEX-SDSS (Chiang+ '19) “
1K Planck/HFI-COBE/FIRAS (Odegard+ '19)
w B! Lol Lol I Lol | L v 5
10! 1 10! 102

Wavelength, A [pm]

J. Biteau, 10.5281/zenodo.7842239

NASA's Eyes Visualization



@) . .
The cosmological optical convergence?
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EBL photons
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EBL measurements from gamma-ray cosmology
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EBL measurements from gamma-ray cosmology

EBL Intensity, vI, [nW m2Zsr1]
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Y-ray cosmology:
Reconstruct EBL using the
absorption imprint on TeV
spectra

v Compatible with IGL
X Lack precision

Y-ray measurements could
not confirm nor infirm an
excess such as 1initially
shown 1in Lauer+ €21/¢22



@)

@)

Data sample

TeV data: STeVECat, 10.5281/zenodo.8152245

Spectral TeV Extragalactic Catalog

Archival spectra published by IACTs
(H.E.S.S, MAGIC, VERITAS and other)

Selected spectra: at least 4 points,
sources with solid redshift > 0.01

> 268 spectra (86 for B&W’15)

GeV data: Fermi-LAT

Contemporaneous Fermi-LAT observations
used as priors for spectral index and
curvature

> 64 contemporaneous spectra

Fermi-LAT study by M. Nievas-Rosillo

Lucas

Gréaux

Extragalactic sources observed at TeV up to 2021-12
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https://zenodo.org/record/8152245

. shortcomings of the Frequentist analysis
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With D observed data, Likelihood:
Frequentist framework

Pr(Dla) = qux{Pr(1)|a’CD} e Find best parameters a for a set of
spectral models (minimization)

= max Iﬁ[Pr(l)k|a Qk) e Update the set of spectral models
e X ’ e Repeat until convergence

@) Lucas Gréaux B. Biasuzzi+, arXiv:1906.07653 10
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The Bayesian Framework as an answer

a EBL parameters
0 spectral parameters

¢model(E, s Ay @) = ¢ELP(E, @) X e_T(E’Z9a)
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Eq

With D observed data, Likelihood:
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/d@Pr(Dla,@)

/d@ l_[Pr(Dk la, 0;)
k

Bayesian framework

Pr (D |a)Pr(a)
Pr (D)

Pr(a| D)

Compute the full probability distribution
and marginalize over non-EBL parameters

Sampling with MCMC

Uninformative priors

All spectra as log-parabola with
exponential cutoff

Nuisance parameters

> Bias on the energy scale, ¢

g 04040

¢a-model(E7 Z,Q, @, 8) = ¢model (E X 65, 2 s @)
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° Model Independent EBL parametrization

EBL model: Sum of 8 Gaussians Energy, € [eV]
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The cosmological optical convergence
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. Reliability of the reconstruction

Negligible impact for:

Parameterized EBL
redshift evolution

Nuisance parameter
on energy scale

Variation of the
reconstruction method

Assumption on GeV-TeV
spectral correlation

Bias from highest
energy flux point

Dividing dataset in
two parts
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Hubble constant measurement

y-ray data oc 1/H, IGL intensity

(B zp) = f dz (z) f dean(ez)
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Conclusion

New y-ray EBL measurement © EBL from y-rays 1indistinguishable

) from IGL
> Submitted to ApJL

& Constraint on diffuse components:
. fd1.ff < 20% at 95% C.L.
= Bayesian framework
>  Marginalize over spectral/nuisance = |-|0 =67 + 7 km s™? Mpc'l x (1 + fdiff)
parameters
IGL precision of ~1% expected for LSST,

= New data corpus, STeVECat X
Euclid, JWST

>  Sample size ~tripled wrt previous

Reionization contribution expected at

= Independent from IGL, direct meas., ~0.1-1 nW m? sr™t (~0.1-1% of EBL)
and reference models . .
% Current Y instruments’ precision:

>  Only use y-ray observations
#1.3 nW m-2 sr-1

= Reduced uncertainties with respect % CTAO should bring exciting results
to previous y-ray studies

Lucas Gréaux 16
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The cosmological optical controversy
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Direct measurements at Ipm

| | L | | L
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O
|GL measurements

IGL: integrated
galactic light,
resolved galaxies,
expected to make up
most of the EBL

Measured from galaxy
surveys, contribution
mainly derived from
intermediate-magnitude
galaxies

logio (N) & m [deg™ (0.5 mag ™" )]

GAMA SDSS r

ACS ERS F606W
ACS HUDF F606W

UVUDF F606W

15 20 25 30
r magnitude (AB mag)

Lucas Gréaux

pLOmM[WHz" m2deg? (0.5 mag™')]

-31

A | R )

15 20 25 30
r magnitude (AB mag)

S. Driver, 10.3847/0004-637X/827/2/108
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° Hubble constant from gamma rays

oc 1/H, IGL intensity

vy-ray data
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> VHE y-ray vs IGL at z
> Model 1independent

=0

7 km s Mpc™ x (1 + f

> Coherent with D24 for low z

A. Dominguez, 10.1093/mnras/stad3425
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EBL measurements from gamma-ray cosmology

Energy, € [eV]
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° From samples to probability distributions

With n free parameters and N spectra:

Samples

N
Pr(D|a) = /d@ | |Pr(Diia 60

k=1
Complexity: O(N3n3)

N
Pr(D|a) = l_[/dOkPr(Dkla,Hk)
k=1

Distributions

Complexity: O(Nn?®)



Autocorrelation time

Autocorrelation time: T such
that a chain of length N has
N/t independent samples
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EBL model: Sum of 8 gaussians
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Reconstructed spectral parameters

Reconstruct two values of interest from - Median (reconstructed parameter p)
posterior distribution of each spectrum - cdf(0) = P(p=<0)
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Reconstructed spectral parameters: curvature & energy cutoff

On the scale of the dataset, reconstructed spectra are physical
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Gamma-ray spectral residuals

Reconstructed 3 I _:
0.6 —E distribution = :g 3
Distribution of spectral residuals g5pE_— Standard normal 15 B
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