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° The Extragalactic Background Light
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EBL: sum of all optical

and infrared light from

thermal processes 1in the
universe

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

IGL = EBL
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EBL photons

TeV photons

TN

2013PhRvD..88j2003A, PKS 2155-304 (z=0.116)
Xx?: 7.62, number of points: 18, EBL model: [D11]

& Attenuation characterized by optical depth t:
i 10—10 - =
5 dn
g ] : 1(Ey, 29) dz de (€,2)
= 10-11} Observed spectrum e
S —— Intrinsic spectrum Py
fj }  HESS, MJD 53943.0 - 53946.0 { } ]_—’u
N .

5 — f dHTUW(Ey(lJFZ),e’M)

I T T —~1

<5

10°
Energy, E [TeV]
LG 2022

arXiv:2304.00808



@)
A gamma-ray cosmology answer?
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Y-ray cosmology

Reconstruct EBL using the

absorption imprint on TeV
spectra

Current y-ray measurements
cannot confirm nor 1dinfirm
an excess wrt IGL



@)
A gamma-ray cosmology answer?

Residual EBL intensity [n\W m~2 s 1]
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Y-ray cosmology

Reconstruct EBL using the
absorption imprint on TeV
spectra

Current y-ray measurements
cannot confirm nor 1dinfirm
an excess wrt IGL



° Doto sample
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TeV data: STeVECat, 10.5281/zenodo.8152245
Spectral TeV Extragalactic Catalog

Archival spectra published by IACTs
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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(D|a) = m(gx{Pr(Z)la,@)}

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
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a EBL parameters
O spectral parameters

Pr (D |a)Pr(a)
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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
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Distributions

Complexity: O(Nn?®)



. Benchmarking the frameworks
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EBL parametrization

EBL model: Sum of 8 gaussians

= Free amplitudes a.
= Fixed widths & positions
> Match New Horizons’
band in 400-900nm

8
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p-ray constraints on the New-Horizons excess
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P-ray constraints on the New-Horizons excess

Residual EBL intensity [nW m 2s 1]
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>50 tension between
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With respect to IGL:

e No detected excess
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Conclusion

We propose a new y-ray EBL measurement:

= Bayesian framework
> Marginalize over spectral/nuisance
parameters

= New data corpus, STeVECat
>  Sample size ~tripled wrt previous

= Independant from IGL / direct
> Only use y-ray observations

= Reduced uncertainties with respect
to previous y-ray studies

At 600nm: currently 4c tension between
IGL and New Hor1izons

= 7y-rays compatible with IGL

= >50 tension between y-rays and New
Horizons

Suggests a local origin (zodiacal,
galactic) for the New Horizons excess

% Estimate the 1dimpact of priors

% Investigate other potential biases

Lucas Gréaux
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Autocorrelation time

Autocorrelation time: 7 such
that a chain of length N has
N/T independent samples

2R 1y 2y Lygy2

2H)= (T -G
1 1 o
=mZ(ﬁﬂ>—(fi>(f]>=—2ZCij

. (f) ) C(r)
(F) = (1-+2 Y LL /v) (0)1

(.

-~
7
N—oo

Autocorrelation time, T

p—
-
[€3)

[y
)
N

—
-}
iy

EBL model: Sum of 8 gaussians

(L1 T T T T T T T T

iJ Lol Lol Lol I 1111 H

* Spectrum 0 -

*  Spectrum 1

*  Spectrum 2_5

*  Spectrum 3 E

*  Spectrum 4

e Spectrum5
-== 17=3000 —

102 103 10%

10°

Number of samples, N

Lucas Gréaux

17



@) .
Direct measurements at Ipm
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. Computing EBL optical depth from reference EBL intensity

T from EBL

intensity

(Biteau & Williams, 2015)
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. Evolving the reference EBL template with redshift
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. Evolving the reference EBL template with redshift
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° Reconstruction for low and high redshift spectra

Framework: Bayesian with &, z < 0.04
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Reconstruction for low and high redshift, varying prior

Framework: Bayesian with &, z < 0.04
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° Recaonstruction for low and high redshift, varying prior

Framework: Bayesian, log lambda prior
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