
On the connection of radio and W-ray emission of blazars

Abstract
Blazars have their jet pointing towards us and are known for their emission
that covers practically all electromagnetic spectrum frequencies. These
sources, in some cases, exhibit a correlation between W-ray and radio emission,
especially during flaring episodes. Adopting the hypothesis that high-energy
photon emission by relativistic electrons occurs close to the central black hole,
we study the evolution of this population of particles as they move along the
jet and lose energy by radiation and adiabatic expansion. In this scenario,
W-rays are produced early on, when the electrons are still very energetic, while
radio emission at a later time when the emission region becomes optically thin
to synchrotron self-absorption due to expansion. We develop an expanding
one-zone code to calculate the emi�ed spectrum by simultaneously solving
the kinetic equations of particles and photons. We will discuss the parameters
entering our calculations, like the magnetic field strength, the density of
relativistic electrons, etc., in connection to the observational data by applying
our results to the case of Mrk421.

Model Setup

The characteristics of our model are:

I An emi�ing region (a blob of radiative relativistic electrons) which expands
with an expanding velocity uexp.

I The blob of plasma is assumed to be spherical with radius R(t) = R0 + uexpt in
its comoving frame (where R0 is the initial radius of the source) and moves
with highly relativistic speed Vc, giving it a Lorentz factor Γ = (1 − V2)−1/2.
The jet makes an angle to our line of sight \ , thus the relativistic Doppler
factor is X = [Γ(1 − V cos\ )]−1.

I The magnetic field has the strength B = B0
(
R0
R

) s
, where B0 is the initial value

of the magnetic field and s is a free parameter.
I Relativistic electrons with a power law distribution are injected (Qe). The

electrons luminosity are related to Qe by Linje = mec2
∫ Wmax

Wmin
Qe(W, t)WdW where

Qe(W, R) = qe(R(t))W−p = qe0
(
R0
R(t)

) j
W−p, Wmin ≤ W ≤ Wmax, where j can be

positive or negative, and Wmin, Wmax are, respectively, the minimum and
maximum Lorentz factors of the electron distribution..

I The characteristic time scale of the problem is the initial crossing time of the
source, tcross =

R0
c .

Numerical Approach: We developed a numerical code, based on [3] in order
to calculate the temporal evolution of the electrons and photons distribution
function [1]. This code solves two integro-di�erential equations, each
describing the losses/sinks (L) and injection of relativistic electrons (Qe) and
photons in the emi�ing region. The kinetic equation of electrons reads:

mN (W, t)
mt

+
∑
LiN (W, t) = Qe(W, t),∑

Li =
m

mW

[ (
Asyn(W, t) + AICS(W, t) + Aad (W, t)

) ]
where the terms Asyn, AICS, Aad are the loss rates for synchrotron emission,
inverse Compton sca�ering, and adiabatic expansion respectively.

The role of synchrotron self-absorption: The frequency below which the
synchrotron radiation is absorbed can be derived by the condition UassaR(t) ∼ 1
where Uassa(t) is the absorption coe�icient (e.g. [4]).

Figure: A sketch of our model. High
energy emission is produced close
to the central engine; on the other
hand, radio frequencies are
absorbed. The source becomes
optically thin at further distances.
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Magnetic Field

Figure: The dependence on initial magnetic field value
of the distance where the radio frequencies escape. The
figure depicts two di�erent radius profiles. Also, the
W-ray (at the base of the jet) and radio luminosity (at
the distance where the source is optically thin) are
represented. R0 = 1015 cm, Linje0 = 1042 erg s−1, uexp = 0.1
c, Wmin = 1, Wmax = 106, p = 2, X = 10 and zinit = 0.01 pc.

Steady State Emission
1. We assume that blobs with the same initial properties are continuously

created at a distance z0 from the central engine. This is equivalent to a conical
flow with a half-opening angle q = arctan (R0/z0). The distance z traveled by a
blob since its "birth", as measured in the black hole’s rest frame, is related to its
radius R as: z(t) = z0 + Vc(R(t) − R0)/Γuexp.

2. We integrate along the line of sight the SED in order to reproduce the total
steady-state spectrum of the source which is observed.

3. We compare our results with the observational data of the source Mrk421.

Flaring Episodes

We assume a re-acceleration episode in a distance z from the central engine.
The injected electrons distribution has the form:

Qe(W, R) = qe(R(t))W−p
(
1 + Uw2

4(t − t0)2 + w2

)
= qe0

(
R0
R(t)

) j
W−p

(
1 + Uw2

4(t − t0)2 + w2

)
, Wmin ≤ W ≤ Wmax

where U is the value at maximum, w the width of the injection and t0 the time
when the maximum is injected.
These flaring episodes - depending on the set of parameters- reproduce
symmetrical and extended flares.

Application to Mrk421

-15

-14

-13

-12

-11

-10

-9

 10  15  20  25

lo
g

 ν
F

ν
(e

rg
 s

e
c

-1
 c

m
-2

)

log ν (Hz) 

Figure: Steady-state SED of
a fiducial BL Lac source
(thick black line), computed
by superimposing the
emission of 103 blobs that are
produced continuously at
distance z0 = 10−2 pc from
the central engine. All blobs
are initialized with the same
parameters: B0 = 0.3 G,
R0 = 1016 cm, Linje0 = 3 × 1041
erg s−1, uexp = 0.2 c, Wmin = 1,
Wmax = 106, p = 2 X = 10. The
magnetic field and electron
injection luminosity decrease
linearly with radius (s, j = 1).
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Modeling of Mrk 421 2013 flare. Observational data are presented at [2]. The parameter set that
we use in this modelling are: R0 = 1016.6 cm,B0 = 1.25 G, Linje0 = 1043.2 erg s−1, uexp = 0.05 c,
Wmin = 1, Wmax = 105,1, p = 2, X = 10 and zinit = 0.01. Magnetic field decreases as B ∝ R−1 and
electrons luminosity as Linje0 ∝ R−2. For the W-ray flare we used a pulse which was injected at
t0 = 40 tcr0, with a width w = 23 tcr0 and its peak is 60 times larger than the blob’s luminosity at
peak’s time.

Conclusions
I Development of a new one-zone expanding numerical leptonic code.
I Prediction of the localization of radio emission depending on the basic

physical quantities of the source.
I Flares in radio and W-rays may be produced by re-acceleration of electrons at a

large distance from the central engine.
I Close to the central engine radio flares could not be produced.
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