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Intergalactic Magnetic Field (IGMF) : Where is it ? 
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𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA
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𝐵 ~ kG, 𝜆𝐵 ~ 𝑅⊙𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA
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𝐵 ~ kG, 𝜆𝐵 ~ 𝑅⊙ 𝐵 ~ μG, 𝜆𝐵 ~ pc𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA
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𝐵 ~ kG, 𝜆𝐵 ~ 𝑅⊙ 𝐵 ~ μG, 𝜆𝐵 ~ pc

𝐵 ~ 1 − 100 μG, 𝜆𝐵 ~ kpc

𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA
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𝐵 ~ kG, 𝜆𝐵 ~ 𝑅⊙ 𝐵 ~ μG, 𝜆𝐵 ~ pc

𝐵 ~ 1 − 100 μG, 𝜆𝐵 ~ kpc ~ G 𝐵 ~ μG, 𝜆𝐵 ~ 100s kpc

𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA
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𝐵 ~ kG, 𝜆𝐵 ~ 𝑅⊙ 𝐵 ~ μG, 𝜆𝐵 ~ pc

𝐵 ~ 1 − 100 μG, 𝜆𝐵 ~ kpc

➢ Dynamos enhance magnetic fields in structure formation with loss of memory of the original 
strength (Garaldi et al. 2021)

~ G 𝐵 ~ μG, 𝜆𝐵 ~ 100s kpc

𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA
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𝐵 ~ kG, 𝜆𝐵 ~ 𝑅⊙ 𝐵 ~ μG, 𝜆𝐵 ~ pc

𝐵 ~ 1 − 100 μG, 𝜆𝐵 ~ kpc

➢ Dynamos enhance magnetic fields in structure formation with loss of memory of the original 
strength (Garaldi et al. 2021)

➢ Where does the original field comes from ? → Lowest density regions of the Universe = Cosmic voids

~ G 𝐵 ~ μG, 𝜆𝐵 ~ 100s kpc

𝐵 ~ G, 𝜆𝐵 ~ 𝑅⊕

Credit: NASA

IGMF : Where is it ? 
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Credit: IllustrisTNG

IGMF : Where is it ? 

STEP’UP PhD Congress - Jeffrey Blunier – 31 March 2026 10



𝐵 ≳ ? G

𝜆𝐵~ Mpc

Credit: IllustrisTNG

IGMF : Where is it ? 
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IGMF : How to constrain it ? 
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Credit: Fermi

IGMF : How to constrain it ? 
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➢ Blazars = Active Galactic Nuclei (AGNs) with jet pointing towards the observer



IGMF : How to constrain it ? 
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Blazar

Observer

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



IGMF : How to constrain it ? 
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TeV photons

Blazar

Observer

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

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



IGMF : How to constrain it ? 
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TeV photons

Blazar

Extragalactic 
Background Light 

(EBL) photons

Observer

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

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

Saldana-Lopez et al. 2021

Optical + Infrared



IGMF : How to constrain it ? 
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TeV photons

Blazar

positron

electron

EBL photons

Observer

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

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

Photon-photon 
pair-production



IGMF : How to constrain it ? 
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TeV photons

Blazar

positron

electron

EBL photons
Cosmic Microwave 

Background (CMB) photons

Observer

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

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

COBE 1994

Planck 2018
Blackbody 
spectrum 
T ≈ 2.73 K



IGMF : How to constrain it ? 
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TeV photons

Blazar

GeV photons
positron

electron

EBL photons CMB photons

Observer

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

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

Inverse Compton 
scattering



➢ 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

IGMF : How to constrain it ? 
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IGMF in the 
cosmic voids



➢ 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

➢ Possibility to infer lower bound on IGMFs from modeling + observations

IGMF : How to constrain it ? 
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Non-observation 
of secondary 

emission from 
blazars

Neronov & Vovk 2010

𝐵 ≳ 10−16 G

𝜆𝐵~ Mpc

Credit: IllustrisTNG

IGMF : Where is it ? 
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➢ Monte Carlo code for simulating electromagnetic cascades (Pair production, Inverse Compton) 
through the intergalactic medium (IGM) (Berezinsky & Kalashev 2016, Kalashev et al. 2023)

Modeling with the CRbeam code
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Cascade from 
interacting injected 

photons = secondary

Injected photons that do 
not interact with 

EBL/CMB = primary

Injected photons 
at the source

Flux at the 
observer



Selection of blazars for IGMF study

Infinite magnetic field

➢ Total suppression of secondary 
emission

➢ Total flux is only primary

Zero magnetic field

➢ Total secondary emission 
coming to the observer 

➢ Total flux is primary + secondary

STEP’UP PhD Congress - Jeffrey Blunier – 31 March 2026 24



Selection of blazars for IGMF study

Infinite magnetic field

➢ Total suppression of secondary 
emission

➢ Total flux is only primary

Zero magnetic field

➢ Total secondary emission 
coming to the observer 

➢ Total flux is primary + secondary
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➢ Define Δ𝜒2 = 𝜒2(𝐵|𝐸𝑐𝑢𝑡 , Γ, 𝑁0) − 𝜒∞
2 ≤ 2.71 (95% CL) to infer lower bound on IGMF (Blunier, 

Neronov & Semikoz 2025)

Derivation of lower bound on IGMF

❖ 𝐵𝑎𝑙𝑙 > 1.3 × 10−17 G

❖  𝐵0502 > 2.1 × 10−17 G (new source 
!)
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Point Spread Function (PSF) of Fermi Large Area Telescope (LAT)
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Credit: Wikipedia

➢ Fermi-LAT response “spreads” the source signal → Convolution with PSF ”blurry” the image

➢ Importance of modeling the PSF when studying extended sources → Point source and potential 
extended emission can be mixed up



PSF of Fermi-LAT
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➢ Different ways to derive the PSF:



PSF of Fermi-LAT
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➢ Different ways to derive the PSF:

❖ Analytical definition by fitting events from Monte-Carlo simulations with different event 
reconstructions in different energy and inclination angle bins

Credit: Fermi-LAT CICERONE documentation
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PSF of Fermi-LAT
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➢ Different ways to derive the PSF:

❖ Analytical definition by fitting events from Monte-Carlo simulations with different event 
reconstructions in different energy and inclination angle bins

❖ Data-driven from pulsar observations (genuine point sources)

Credit: Fermi-LAT CICERONE documentation
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Blunier et al. 2026

Credit: NASA
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➢ Different ways to derive the PSF:

❖ Analytical definition by fitting events from Monte-Carlo simulations with different event 
reconstructions in different energy and inclination angle bins

❖ Data-driven from pulsar observations (genuine point sources)

PSF of Fermi-LAT

= Initial PSF
= Revised PSF

= Initial PSF
= Revised PSF

Blunier et al. 2026
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➢ Different ways to derive the PSF:

❖ Analytical definition by fitting events from Monte-Carlo simulations with different event 
reconstructions in different energy and inclination angle bins

❖ Data-driven from pulsar observations (genuine point sources)

PSF of Fermi-LAT

= Initial PSF
= Revised PSF

= Initial PSF
= Revised PSF

The two different 
computations do 

not agree !

Blunier et al. 2026



Search for extended emission around Mrk 501

➢ Secondary emission from blazars can create a halo around the source due to different arrival angles
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Vachaspati 2021
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Search for extended emission around Mrk 501

➢ Secondary emission from blazars can create a halo around the source due to different arrival angles
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Vachaspati 2021
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Search for extended emission around Mrk 501

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

➢ Previous reported measurement of IGMF around Mrk 501 with 𝐵 = 1.5 × 10−15 G (Webar et al. 
2025) 

Webar et al. 2025
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Search for extended emission around Mrk 501

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

➢ Previous reported measurement of IGMF around Mrk 501 with 𝐵 = 1.5 × 10−15 G (Webar et al. 
2025) 

➢ Likelihood ratio test between null (no halo) and alternative (with halo) hypotheses with fermipy 
(Wood et al. 2017) ,  TS = −2 ln 𝐿0 − ln 𝐿1 , with the two PSFs

Presence of a 
halo not rejected

Blunier et al. 2026
Webar et al. 2025
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Search for extended emission around Mrk 501

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

➢ Previous reported measurement of IGMF around Mrk 501 with 𝐵 = 1.5 × 10−15 G (Webar et al. 
2025) 

➢ Likelihood ratio test between null (no halo) and alternative (with halo) hypotheses with fermipy 
(Wood et al. 2017) ,  TS = −2 ln 𝐿0 − ln 𝐿1 , with the two PSFs

Presence of a 
halo not rejected

Presence of a 
halo rejected !

Blunier et al. 2026
Webar et al. 2025
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Conclusions

➢ Probing the IGMF with gamma-ray observations may give us an insight on the origin of the cosmic 
magnetism of our Universe

➢ Only lower limits so far: Revision of conservative lower bound on IGMF in the voids of the LSS with a 
set of sources of interest called blazars

❖ 𝐵𝑎𝑙𝑙 > 1.3 × 10−17 G

➢ Identification of a new source, 1ES 0502+675, for IGMF study providing a tighter lower bound

❖  𝐵0502  > 2.1 × 10−17 G

➢ Modelling of PSF of Fermi-LAT is important to probe the measurement of the IGMF that can yield to 
false positive detection of secondary emission halo

➢ Need to improve estimation of intrinsic source spectrum parameters (𝐸𝑐𝑢𝑡) with next generation IACT 
(CTAO) and air shower arrays (LHAASO) for potential measurement of this field
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Back up slides
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➢ Interaction rate per unit path length:

➢ Inverse Compton scattering cross-section:

➢ Breit-Wheeler Pair-Production cross-section:

,

,
,

,

Physics of electromagnetic cascade

STEP’UP PhD Congress - Jeffrey Blunier – 31 March 2026 40



➢ September 2008 – March 2025, P8R3_SOURCEVETO_V3 class → lowest residual CR background

➢ Suppressed diffuse emission background at high galactic latitude |b| > 10°

➢ Fermi Science Tools tool chain gtselect-gtmktime-gtltcube-gtexpmap 

➢ Aperture photometry method for photon counts S with 68% / 95% containment radii 𝑅68
2  / 𝑅95

2  of the 
PSF (Neronov & Semikoz 2025) :

𝑆 = (𝑅95
2 𝐶68 − 𝑅68

2 𝐶95)/(0.68𝑅95
2 − 0.95𝑅68

2 ) for E <  50 GeV

𝑆 = 𝐶95/0.95 for E >  50 GeV (background free)

➢ 4σ detection for sources having ≥ 3 photons with E >  100 GeV in 𝑅68

Computation of Fermi-LAT spectra
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Selection of extreme blazars for IGMF study

➢ Catalog of Very High Energy (E >  100 GeV) AGNs at high galactic latitude |b| > 10° from Fermi-LAT 
telescope (Neronov & Semikoz 2025) cross-checked with available Imaging Atmospheric Cherenkov 
Telescopes (HESS, VERITAS, MAGIC)

➢ 7 extreme blazars extracted with incompatible zero magnetic field fit 
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Sources that do not yield 
IGMF constraint
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Sources that do yield IGMF constraint
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Comparison to previous conservative bounds

➢ Acciari et al. 2023 : Study of blazar 1ES 0229+200 with Fermi-LAT + IACTs observations over 𝑇~10 yr  

❖ 𝐵0229 > 1.8 ×  10−17 𝐺  

➢ Aharonian et al. 2023 : Study of 5 blazars with Fermi-LAT + HESS observations over 𝑇~10 yr  

❖ 𝐵𝑎𝑙𝑙 > 7.1 × 10−16 𝐺, 𝐵0229 > 4.0 × 10−16 𝐺

Aharonian et al. 2023Acciari et al. 2023
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➢ Resolution needed to observe secondary emission with 𝑇~10 yr: 𝜃~10′′

➢ Difference in secondary flux modelling for 10 yr activity time

Aharonian et al. 2023

Comparison with Aharonian et al. 2023
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Blunier et al. 2026



Blunier et al. 2026

Data-driven PSF from Pulsar observations
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Blunier et al. 2026

Data-driven PSF from Pulsar observations
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➢ Scan of the normalization parameter space of the halo up to the worse possible accepted upper limit 
at a 95% confidence level for the analytical and revised PSF of Fermi-LAT

Blunier et al. 2026

Likelihood scan of halo normalization
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