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AGNs

luminosity of nuclei & stellar
luminosity

jets on ∼kpc scales showing
non-thermal emission

super massive black holes,
accreting interstellar gas

high energetic outflows
perpendicular to accretion disc

Blazars

highly relativistic, i.e doppler
boosted

very broad and flat spectral
energy distributions (SEDs)

strong time variability on a
wide range of timescales

Jet of M87
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from jets to blobs

Jet of M87 - X-ray: NASA/CXC/MIT/H.Marshall et al., Radio: F.Zhou,
F.Owen (NRAO), Optical: NASA/STScl/UMBC/E.Perlman et al.
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SSC-models
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SSC - models

leptonic model explaining first peak by synchrotron emissions of
electrons

high energy photons are produced by inverse Compton scattering

scattering by the very same electron population that emitted the
photons
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SSC - electron distribution

very basic approach

assume some (multiple) broken
powerlaw

parameters are γmax ,γmin,γ ibreak ,s i

self consistent approach (e.g. Weidinger et al. 2010)

injection of particles at some γinject

self consistent acceleration and
cooling
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Spatially resolved model
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Spatially resolved model

VLBI image of the jet of NGC1052; M. Kadler, Universität Wuerzburg
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low state Makarian 501
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spatial distribution
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synchrotron radiation of a single electron

using νc = 3γ2qB
4πmc :

Pν(γ, ν) =

√
3 q3B

m c2
·
ν

νc

∫ ∞

ν
νc

dη K 5
3
(η)

small ν∝ ν
1
3

synchrotron self absorption by a powerlaw distribution

equivalence of brightness and kinetic temperature leads to a flux

Fν ∝ ν
5
2
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electron distribution development
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Electron distribution at different distances to the shock.
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electron distribution development
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radio spectrum
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adiabatic expansion
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short time variability
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short time variability
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Conclusion

talked about:

self consistent spatially resolved SSC modell

access to radio information via adiabatic expansion

modelling of time variability with different approaches treating light
travel times correctly

not talked about:

implementation of shock acceleration

possibility of including realistic scattering parameters obtained from
PIC simulations

compare predicted morphology to VLBI observations

spatial resolution brings new oportunities, but new problems, too
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Thank you
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Spatially resolved model

expanding the two zone to a N-zone model

modelling the jet propagating through the zones

describing acceleration via scattering around the shock (Fermi I
process)

calculating the SEDs in each zone and sum up taking into account
light travel times

to
 A

G
N

 c
or

e

Z

shock position
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Spatially resolved model - Fermi-I

shock is represented by jump in bulk velocity u between
neighboured zones

in shock frame: uu = −VS , ud = VP − VS , R = uu
ud

scattering is controlled via the probability for an electron to change
its propagation direction

S. Richter and F. Spanier (Uni Würzburg) Spatially Resolved SSC May 5, 2020 21 / 19



Spatially resolved model - Properties

electron distribution
advection through the zones

potentially change of direction due
to scattering

mimics Fermi I

additional acceleration by Fermi II
process

losses due to synchrotron radiation
and invers compton scatering

solving the Vlasov equation

photon distribution

production of photons via synchrotron radiation
energy gain via inverse Compton scattering
losses because of synchrotron self absorption
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