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Constraints on the extragalactic 
magnetic field strength based on 145 

months of Fermi-LAT observations and 
observable blazar spectrum modelling

Egor Podlesnyi, Timur Dzhatdoev, and Vladimir Galkin
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The talk is based on our MNRAS paper. The code underlying the ELMAG 
extragalactic cascade simulations and the analysis is accessible on Zenodo.

https://doi.org/10.1093/mnras/stac2509
https://doi.org/10.1093/mnras/stac2509
https://doi.org/10.5281/zenodo.6483355
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Geometry of the extragalactic electromagnetic cascade
Dolag et al. (2009)

Neronov & Semikoz (2009)

collision with the background 
photon of the Extragalactic 
Background Light (EBL), 

e+e–-pair production
(only electrons are shown)

inverse 
Compton 
scattering 
on CMB

http://dx.doi.org/10.1088/0004-637X/703/1/1078
http://dx.doi.org/10.1103/PhysRevD.80.123012
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Used by 
Ackermann et al. 
(2018); simplified 
one-dimensional 
approach of the 

electron deflection 
angle calculation, 

small-angle 
approximation

Used by us;
full three-

dimensional 
approach of the 

electron deflection 
angle calculation, 

no small-angle 
approximation

2012

2020

http://dx.doi.org/10.1016/j.cpc.2011.12.025
https://doi.org/10.1016/j.cpc.2020.107163
https://doi.org/10.3847/1538-4365/aacdf7
https://doi.org/10.3847/1538-4365/aacdf7
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initial collision with the 
background photon of 

the Extragalactic 
Background Light 
(EBL), e+e–-pair 

production

final inverse 
Compton 
scattering

We observe a mixture of:
1) survived (unabsorbed) primary 

γ rays,
2) cascade (secondary) γ rays.

Relative contributions of them are 
unknown.

We consider the EGMF correlation 
length of 1 Mpc and θjet = 6°.
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Neronov & Semikoz (2009)

Elyiv et al. (2009)

In basic instrumental observational gamma-ray 
analysis only those gamma-rays, which were 

detected inside the characteristic angular 
resolution Ө68%, are attributed to the source of 
interest (point-source analysis). This spectral 

method is adopted in our work.

See, however, Manuel Meyer’s presentation for 
the example of the full 2D angular-spectral 

analysis.

http://dx.doi.org/10.1103/PhysRevD.80.123012
http://dx.doi.org/10.1103/PhysRevD.80.023010
https://indico.ict.inaf.it/event/2136/contributions/13587/
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energy of observable γ-rays E

energy of primary γ-rays E0

deflection angle Ө

convolution with the angular resolution (PSF) of 
Fermi-LAT and IACTs (0.1॰)

E0

E

ELMAG 3.01 output
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profiling over source intrinsic 
spectrum parameters and 

convolving with the intrinsic 
spectrum with reweighting 

coefficients W

E0

E

SED = E
2  dN / dE
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Spectral energy 
distribution (SED) 

examples for 
various strength of 

the EGMF 
observable with 

Fermi-LAT
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Contemporary EGMF strength 
lower limits (95% CL) by 
Ackermann et al. (2018) are 
subject to critical assumptions, 
which, we believe, led the 
authors to the claimed values 
of the lower limits on the 
EGMF strength B.

10

We compare our results for the 
case of steady sources!

Ackermann et al. (2018)

https://doi.org/10.3847/1538-4365/aacdf7
https://doi.org/10.3847/1538-4365/aacdf7
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The cascade contribution is just a 
slight addition to the survived 

component of the observable SED

+ neglection of the possible cascade 
contribution to the Imaging Atmospheric 

Cherenkov Telescopes (IACT) spectra 

Some important assumptions by
 Ackermann et al. (2018) 

11

https://doi.org/10.3847/1538-4365/aacdf7
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1ES 1101-232:
(i) power law & B = 10−14 G,
(ii) log parabola with exp cutoff & B = 10−16 G 
give almost coinciding observable SEDs

In the range of 1–30 GeV in case i) the observable 
SED is dominated by the survived primary 
component. Contrary to case i), in case ii) the 
observable spectrum is dominated by more than 
one order of magnitude by the cascade 
component.

In case i), at the same time, the cascade and 
survived primary contributions are very similar at 
energies above 300 GeV.

Thus, assumptions of Ackermann et al. (2018) 
might be violated.

12

cascade contribution is 
dominant for 10−16 G 

comparable 
contributions of 

survived and 
cascade 

components for 
10−14 G

https://doi.org/10.3847/1538-4365/aacdf7
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Based on combined measurements of 
1ES 1218+304, 1ES 1101-232, and 
1ES 0347-121, the EGMF strength values 
B ≤ 10−17 G are excluded at a high level of 
statistical significance Z > 4σ for all the four 
options of the intrinsic spectral shape.

There are two best-fit solutions.

Contribution of cascade γ rays inside the 
Fermi-LAT PSF can be much greater than 
the contribution of survived γ rays.

Contribution of cascade γ rays to the IACTs 
SEDs should not be neglected.

B = 10−16 G is a viable value of the EGMF 
strength.

13
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Thank you for your attention!

14
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Backup slides
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Systematic effects

(1) the uncertainty of the EBL models,
(2) unknown beaming pattern of the blazars, uncertainties of their jet opening and 
viewing angles,
(3) the unknown duty cycle of the sources,
(4) the uncertainty of the void filling factor (‘voidiness’),
(5) a possible contribution of cascades initiated by ultrahigh energy cosmic rays,
(6) Possible influence of the plasma energy losses,
(7) possible systematic shift in the SED measurements by Fermi-LAT and IACTs, 
stability of the TeV flux over the time activity (highlighted in the presentation by 
Paolo Da Vela)

https://indico.ict.inaf.it/event/2136/contributions/13585/
https://indico.ict.inaf.it/event/2136/contributions/13585/
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Ackermann et al. (2018)

Podlesnyi et al. (2022)

https://doi.org/10.3847/1538-4365/aacdf7
https://doi.org/10.1093/mnras/stac2509
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Monthly Notices of the Royal 
Astronomical Society, Volume 466, 

Issue 3, 21 April 2017, Pages 
3472–3487

23
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For large values of the EGMF strength the 
corrected travel length can become negative ⇒ 
unexpected difference between 10-13 G and 
10-12 G.


