
Markarian Multiwavelength Data Center (MMDC) 
Modeling blazar broadband emission with convolutional 

neural networks

Narek Sahakyan 
ICRANet Armenia



Blazars: powerful and rare objects
The common model for blazar emission is that these sources are quasars in which a 
relativistic jet is pointing at the observer, or very close to the observer’s line of sight.

Blazars are rare objects. Even when combining data from multiple surveys, 
only about 6,000 sources exhibit blazar-like features among estimated 100 to 

200 billion galaxies.

Why blazars are interesting ?

 High powers: most powerful “non-explosive” sources in the Universe 
( ) ∼ 1049 erg/s

 Fast variability/small emitting region; R ≤ c tvar /(1 + z)

 Broadband emission: from radio to VHE -ray, neutrinosγ

 Dominant sources in HE -ray sky: of 4FGL-DR3 sources are blazars.γ ∼ 55 %
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The origin of emission
Injection or acceleration of 

electrons 
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Tavecchio et al., 2011



Origin of Emission: leptonic



Origin of Emission: protons

 IceCube, Fermi-LAT, MAGIC, 
AGILE et al, 2018
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Simulator  Of   Processes  in Relativistic  
AstroNomical Objects (SOPRANO): Interaction chart

Photons

Protons Neutrons

Neutral pions
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Muons

Electrons Neutrinos

Gasparyan, Begue & Sahakyan, MNRAS, 2022



∂Ne±

∂t
= Qμ + Qpγ→e+e− + Qγγ→e+e−CIC + Csynch

∂Np

∂t
= Cpγ→pπ + Cpγ→e+e− + Csynch − Sγp→nπ + Qγn→pπ

∂Nn

∂t
= − Snγ→pπ + Qpγ→nπ + Cnγ→nπ

∂Nπ±

∂t
= Qpγ→π + Qnγ→π − Sπ + Csynch

∂Nμ

∂t
= Qπ±

− Sμ + Csynch

∂Nν,ζ

∂t
= Qπ±

+ Qμ

Evolution of the particle distribution

Q: sink term
S: source term
C: cooling term

Gasparyan, Begue & Sahakyan, MNRAS, 2022
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MMDC



Interesting story



New data



Gamma-ray data







SED/LC animation



SED/LC animation



Modeling



Modeling



Electron energy distribution vs injection

Sahakyan et al., MNRAS, 2022
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THE MODEL: SYNCHROTRON SELF-
COMPTON



Computational time

37 × 15000/3600/24 = 6.4



Table model

Simulation of  spectra2 × 105



Comparison between the spectra computed by the CNN 
(dotted line) and by SOPRANO



CNN
param = {"log_B"-0.5, "log_electron_luminosity":44.0, "log_gamma_cut":4.4, "log_gamma_min":3.2, 
"log_radius":16, “lorentz_factor":15, "spectral_index":2.0 } 

param2 = {"log_B":1, "log_electron_luminosity":45.0, "log_gamma_cut":4.8, "log_gamma_min":3.4, 
"log_radius":16, "lorentz_factor":25, "spectral_index":2.3 }



SED fitting


