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Blazars: AGN with Jet Aligned to Our Line of 
Sight

Blazars are a special subclass of quasars. 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 (Beckmann & Shrader, 2012)

Doppler Amplification: The radiation from 
the jet is amplified due to the relativistic 
motion.  

Strong Gamma-Ray Sources:  Blazars are 
dominant extragalactic sources in the 
gamma-ray sky. 

Polarization: The radiation from blazars is 
often polarized, especially in the radio and 
optical bands. 



Multiwavelength Emission from Blazars

Padovani et al. A&A Review, 2017
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The origin of emission
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IceCube Collaboration 2018



All-sky distribution of the alerts

IceCube collaboration 2023



Next major neutrino source candidate ?
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PKS 0735+178 ?

is one of the brightest BL Lac objects, in the sky. 

is the fifth radio brightest BL Lac in the Roma-BZCat 

catalogue (5th), with a flux density of 2.3  Jy at 1.4 GHz. 

is a prominent source in the high-energy gamma-ray 

band, ranking 19th among nearly 1,500 IHBL blazars in the 

Fermi 4LAC-DR2. 

its optical spectrum is featureless. A lower limit of the 

redshift . A more recent estimation .z ≥ 0.424 z ∼ 0.65



MW lightcurve of PKS 0735+178
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Broadband SED

Sahakyan, Giommi, et al., MNRAS, 2023



Simulator  Of   Processes  in Relativistic  AstroNomical Objects 
(SOPRANO)

A new python/C based fully time-dependent numerical self-consistent code

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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PKS 0735+178: SED modeling
Both electrons and protons are injected 

in the radiating region continuously 
with distribution function of

a proton-synchrotron model in which the high 
energy component is mostly produced by proton 
synchrotron. 

a hybrid model in which the low and high energy 
peaks are explained by leptonic processes and the 
maximum proton luminosity is constrained by the 
radiation in the X-ray band from the secondaries 
produced by the Bethe-Heitler and photo-pion 
processes.

Sahakyan, Giommi, et al., MNRAS, 2023



PKS 0735+178: SED modeling

a hybrid model where we also con- sider 
the presence of an external radiation field 
as target for proton- photon interactions 
and inverse Compton scattering by 
relativistic leptons

Sahakyan, Giommi, et al., MNRAS, 2023



a bright BL Lac type blazar (2.2 to 5 Jy in the radio band) is located within the 
localization area of IceCube-211208A slightly expanded from the nominal 90 percent 
error region to take into account systematic uncertainties. 

the SED of PKS 0735+178 is of the IHBL type and is similar in shape and intensity to 
those of TXS 0506+056, the source so far considered as the most likely neutrino 
candidate. 

PKS 0735+178, like TXS 0506+056, PKS 1424+240 and GB6 J1542+6129, is most likely a 
masquerading BL Lac. 

At the time of the arrival of the IceCube-211208A neutrino, PKS 0735+178 was 
undergoing the largest 𝛾-ray, X-ray and optical flare observed since 2008. 

Three independent observatories detect additional neutrinos at different level of 
significance with position consistent with that of PKS 0735+178 within a short time of 
IceCube-211208A and during the 𝛾-ray flare.

PKS 0735+178 can be considered one of the best VHE neutrino 
source candidates detected so far.



Summary
The concomitance of the opening era of multimessenger astrophysics and the on-going data revolution, 

triggered by the recent, but rapidly growing adoption of open scientific data policies, is causing a shift 

from the paradigm of physical interpretation relying on data from a single observatory to a more 

complete approach based on the use of multi-frequency, multi-temporary and multimessenger data, a 

new research frontier holding the potential for a large expansion of the discovery space.


