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Intergalactic magnetic field (IGMF)
Ø The IGMF is a fundamental physical quantity broadly connects with 

many cosmological and astrophysical problems

Ø The IGMF could be the seed magnetic field for galaxies and cluster of 
galaxies

Ø The IGMF affects the propagation of extragalactic ultrahigh energy 
photons and cosmic rays

Ø The IGMF affects also the detection of dark matter such as ALPs

The detection of IGMF is challenging, and only lower or upper limits 
were set.



Constraints on IGMF

32010, Science, 328, 73; 2013, A&AR, 21, 62

Ø Faraday rotation of linearly polarized 
radio emission

Ø Angular power spectrum, spectral 
distorsion, polarization of CMB

Ø Gravitational waves from magnetic 
stresses

Ø Deflection of ultra-high energy 
cosmic rays

Ø Cascade of very-high energy photons



IGMF with extragalactic gamma-rays

IGMF will result in delayed emission of very-high-energy photons when they 
produce cascades in the extragalactic radiation field 4



Delayed cascade emission
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Ø Primary TeV photons will be absorbed by 
infrared-optical background and produce 
high-energy e+e- pairs, which scatter off 
background radiation to produce gamma-
ray emission again (cascade)

Ø If there is IGMF, e+e- pairs get deflected, 
resulting in extended halo and delayed 
secondary emission



Constraints from Fermi blazar observations
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GRB 221009A: the most powerful event every 104 yr!

7



8

GRB 221009A: the most powerful event every 104 yr!

Multi-wavelength observations for GRB 221009A from Radio to Gamma-ray.
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GRB 221009A: Insight-HXMT and GECAM
arXiv:2303.01203
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GRB 221009A: Fermi-LAT
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GRB 221009A: DAMPE
GCN #32973

GRB 221009A is out of DAMPE’s FoV at the outburst. DAMPE recorded enhanced 
T0 counts due to side-entrance events
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GRB 221009A: LHAASO

First LHAASO paper about the structured jet of this GRB will be published soon



13

GRB 221009A: HAWC GCN #32683

Upper limit
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A 400 GeV photon from GRB 221009A by Fermi-LAT

Ø 33554 s (0.4 day) after the Fermi-GBM 
trigger

Ø Energy ~ 397.7 GeV

Ø 0.02 deg from the Swift/UVOT 
localization

Ø The highest energy photon from GRBs 
by Fermi-LAT
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Spectrum from Fermi-LAT
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IGMF inferred from 400 GeV delayed photon
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Monte Carlo simulation with ELMAG

Ø Simulations give consistent results with the analytical estimate
Ø The detection of the 400 GeV event has a relatively low probability of ~1%



Very Large Area gamma-ray Space Telescope (VLAST)
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VLAST

Fermi-LAT
Fermi-LAT

VLAST

Improve by a factor of 
~10 than Fermi-LAT



Thank you!

A 400 GeV photon from the direction of GRB 221009A was 
found ~0.4 days after the outburst. If interpreted as delayed 

emission from cascade of TeV photons, the inferred IGMF 
strength is about 4×10-17 G


