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Cosmological Magnetic Field:
Whatis it ?



Cosmological magnetic field: What is it ?

» At the origin of the magnetization of the Universe

» Could have been produced in the early Universe (inflation, phase transitions) or from pollution of the

intergalactic medium from galaxies (winds, SMBH, SNe..)

» We are able to put upper and lower bound on the field strength from observational constraints
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Cosmological magnetic field: Where is it ?

~1—100 pG, A5 ~ kpc
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Cosmological magnetic field: Where is

~1—100 pG, A5 ~ kpc
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Cosmological magnetic field: Where is it ?

~1—100 G, A5 ~ kpc B ~ uG, 15 ~ 100s kpc g8

» Dynamos enhance magnetic fields in structure formation with loss of memory of the original
strength
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Intergalactic magnetic field (IGMF) : Where isit ?

» Dynamos enhance magnetic fields in structure formation with loss of memory of the original
strength

» Where does the original field comes from ? — Lowest density regions of the Universe = Cosmic voids
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Intergalactic Magnetic Field (IGMF) :
How to constrainit ?



IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer

Blazar
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer

» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs

Blazar

Observer

TeV photons . '...
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer

» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer

» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs

EBL photons
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer

» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs

EBL photons
Blazar
electron
vV :
positron
TeV photons
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer

» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs

EBL photons
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer
» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs

» Strong enough magnetic field deflects electron-positron pairs — suppression of secondary emission

EBL photons
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IGMF : How to constrainit ?

» Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer
» Search for electromagnetic cascade generated by high energy photons with E ~ TeVs

» Strong enough magnetic field deflects electron-positron pairs — suppression of secondary emission

EBL photons
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» Possibility to infer lower bound on IGMFs from modeling + observations
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IGMF : How to constrainit ?

» The CRbeam code: Monte Carlo code for simulating electromagnetic cascades (Pair production,
Inverse Compton) through the intergalactic medium (IGM)

1ES 0229+200: B=10"16 G, Az =1 Mpc, ' =1.72, E. s =7.9 TeV

1011

—— |ntrinsic

{ = Primary .

1] Secondary Injected photons

| atthe source
~ 0\ 10712 4
I ]
E |
T B =
-
=
K
W /10713 1

Cascade from
interacting injected
| photons = secondary .
10_14 T T T T T T """'.I\\ T T T o T
10° 1010 1011 1012 1013 1014

AADC Master students’ visit to APC - Jeffrey Blunier — 14 October 2026



IGMF : How to constrainit ?

» Secondary emission from blazars can create a halo around the source due to different arrival angles
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IGMF : How to constrainit ?

» Secondary emission from blazars can create a halo around the source due to different arrival angles

EBL photons

Blazar Halo simulated with CRbeam
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Thank you!
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