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EBL and B-field constraints from GeV-TeV observations
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Gamma-ray propagation on cosmic scales
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Cosmic web: relevant scales

Our supercluster (d < 100 Mpc)
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Credit: Hacksteint MNRAS ‘18 (Cosmic V-web constrained sim. / CLUES) Credit: Tully+ Nature ‘14 (Cosmic V-web)



200 Mpc

Cosmic web: relevant scales
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200 Mpc

Cosmic web: relevant scales
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200 Mpc

Cosmic web: relevant scales

Clusters
Sheets —
Voids
o
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Milky Way «
w =1 Mpc
A
P l Structure Volume filling fraction VFF, cubic w/l=0.1 VFF, simulation
‘.5 Clusters (w/1)? 0.1% 0.5%
3 Filaments 3(w/D)2(1 —w/l) 2.7% 5%
3 Sheets 3(w/1)(1 — w/l)2 24.3% 18%
-
x Voids (1 - w/l)? 72.9% 6%
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200 Mpc

Cosmic web: contents
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200 Mpc

What’s in the voids?
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Credit: Hacksteint MNRAS ‘18 (Cosmic V-web constrained sim. / CLUES) Credit: Fukugita & Peebles ApJ ‘04 (Cosmic energy inventory)




200 Mpc

What’s in the voids?
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What’s in the voids?

Energy, E [MeV]

10-12 g8 104 1 10* 108 1012
| I I | | I I
102 -
1 Q
— Iy
iy \
I \
o \
7
A 5| crs i cB, Cob - § CGB ENB ECRB
E 10 10MHz — 10GHz 104 —2mm 0.1~ 10im 2MeV — 1 TeV 0TeV — 3Pc 0.2 — 200 EeV
1
= 3
=
B 4 )
= 1074, v\ p
> %;FE i
1076 oF é“ga 8= EF ol
2 ‘fj io"? gl g; ==
A S = i ! o
3 | B 8 4 : 5/ =5
10° 10° 1013 10" 10% 10% 10%

Credit: JB (The MM EGAL spectrum)

Frequency, v [Hz]

10.5281/zenodo.7842239

DOl

Voids

10
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Probe of O-IR extragalactic background light in voids
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TeV y-ray flux suppression
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New y-ray reconstruction of the COB and CIB

Fully model-independent reconstruction using STeVECat database

i.e.

EBL Intensity, vI, [n\W m2sr 1]
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268 TeV spectra (HESS/MAGIC/VERITAS) from 45 sources a z=0.02 - 0.94

from Cosmic Optical Controversy
see Driver 21

to Cosmic Optical Convergence
Aspen Winter Meeting, April 2024
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https://sites.google.com/view/aspen-2024-diffuse-universe/aspen-2024-meeting

Diffuse components and Hubble constant

Ratio of model-independent EBL from TeV spectra and from accumulated galaxy flux at z = 0 (Gréaux+ 24)

Unresolved diffuse components = small fraction of the EBL:  fairr < 20% at 95% C.L. for vI) = vIICt x (1 + fasr)

[
— already constraining for intra-halo / circum-galactic light models
— not constraining (yet?) for relic radiation from reionization (few tenths of n\W m2 sr'', Cooray+ ApJ ‘12)
e y-ray optical depth oc d oc ¢/ H, while IGL = sum of observed flux: Hy = 67 T kms™ ' Mpc ™! x (1+ fairr)
Model of galaxy luminosity density & star formation history 0.8F ~ ; \ :
(Saldana-Lopez+ 2021) N . 3?::"(;'_:8)
vs optical depth inferred from GeV and TeV spectra 0.60 \ 3 (Fiani3

(Fermi-LAT 2018, Desai+ 2019)
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Status of COB-CIB models: a TeV appraisal @ z< 1

Lowest tension with direct measurements and galaxy counts @ z=0 Lowest tension with TeV y rays
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Probe of the intergalactic plasma in voids

1 TeV Credit: JB & Meyer Galaxies ‘22
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Gen. 2: paire‘e

e Diffuse in{B?
rL(ve = 10%) ~ 0.5 Mpc(Bjgy/107° G) 1

e Excite electrostatic instability of beam (~ 1022 cm™)
intergalactic plasma (~ 107 cm3)

- |nefficient E-loss mechanism due to
€ background MeV e (Yang+ ApJ ‘24)
€ non-linear feedback (Alawashra & Pohl ApJ 24)
€ B>10"" G (A/1 pc)” (Alawashra & Pohl ApJ '22)

e Inverse Compton on CMB photons
T, (7. = 10°) =~ 0.75 Mpc

Gen. 3: GeV gamma-ray
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Declination

Absence of secondary signal

Discovery of extreme TeV blazars in 2006
Hard TeV photon spectrum when corrected for absorption

Intrinsic emission expected in the GeV band,
not seen in 2010 nor in 2024
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Magnetic fields in voids

HESS. + Fermi, Status and expectations
(this work)
— =S Current-generation: B > 10-100 fG,
@Dt =10%yrs . .
T8 CTAOQ discovery at 50 up to 300 fG (CTAO JCAP ‘21)
Previous limits Patchy B-field generation models disfavored:
s Fermi+1ACTS, tmax = 10yrs 0 . ‘
S T, FRGIC foce 0 VFF < 0.67 excluded at 95% C.L. (Tjemsland+ ApJ ‘24)
BN VERITAS, fme: = 107yrs Primordial # -  Astrophysical
I Sensitivity Projections @ 0
] CTA, fmax =107 yrs ,‘ -
F Credit: H.E.S.S. ApJL ‘23 .
1.5
2.5
. EPFL Bernoulli Center S8 S . ; . A a5
g April Program : . , W J'P = 2 .
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https://indico.cern.ch/event/1334236/

Conclusions and outlook

a

]

Model-independent measurement of Extragalactic Background Light:
O-IR backgrounds at z = 0 with 10-25% precision depending on A

Precision on Hubble constant: 5% (model-dep.) to 10% (model-indep.)
assuming no unresolved diffuse component in galaxy counts
— could become relevant if Hubble tension not solved by JWST observations

Probe of UV emissivity at high z (e.g. z~ 6 in Fermi-LAT Science ‘18)

room for improvement with archival and upcoming CTAO data? Voids

— timely in the context of JWST observations Web

opportunity to probe B-field in voids (and study the intergalactic plasma)
little room left for plasma instabilities as main E-loss or p-diffusion mechanism

— comparison with models goes in the direction of primordial origin of B-fields,
but without clearly preferred mechanism and (!) without irrefutable observations

growing body of studies of cosmic-web impact on propagation (e.g. Bondarenko+ A&A ‘22, Abdalla+ MNRAS ‘24)
- timely in the context of LSST and Euclid observations

Jonathan Biteau
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Upcoming EBL workshop in Paris area

AstroParticle Symposium
Université Paris:Saclay

November 12" to 15", 2024
Limited # of on-site attendants
Remote participants also welcome

Please reach out if interested!

0202020
EEAAS

Jonathan Biteau
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Overview of COB-CIB constraints at z=0
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vI, [M"Wm™2sr!]

What’s in the voids?

Energy, E [MeV]
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Missing baryons
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Cosmic energy inventory
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