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|. Context : blazar emission models

visible light and X-rays, the second one peakingytnays.
origin of this emission is thought to be a region of high dan4il

The spectral energy distribution (SED) of blazars is charaed
by two non-thermal emission bumps, the first one peaking e&&tw
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with a magnetic field and moving in a relativistic jet alignexd
line-of-sight.

region, the origin of the high energy emission is interpieddie

IS entirely dominated by leptons, which produce the high

Interactions.
We have developped a lepto-hadronic code that reprodudls

well.

While there is a general consensus that the low energy burdpas
to synchrotron emission from electons and positrons in thétiag

tely in leptonic or hadronic models. In the first scenari@ ¢mission
bump through inverse Compton scatteritfjtbe synchrotron photons
themselves (Synchrotron-Self-Compton, SSC) df an external

photon field. In the hadronic scenario the high energy bunususlly
attributed entirely to proton synchrotron emission or phoadronic

treme” scenarios and allows to study interesting mixed &ces as
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|1. Description of the code

L eptonic processes

developped by Katarnski et al. (2001). A spherical region (ch

Yebreak » Yemax and the normalization factdge).

following :

only if the emitting particles are®*.
e The internal absorption due 46y pair production is evaluated

of ao-function.

tionary pair distribution is evaluated as well.
e The absorption induced by the extra-galactic backgrou

Franceschini et al. (2008).

Hadronic processes

described above.

codeSOPHIA (Mlucke & Protheroe 2001).

the target photon field.

losses following Micke & Protheroe (2001).
e SOPHIA s called for 10 sampled proton energies. The distr

tions.

to arrive at a steady-state solution.

neration pair spectrum is then evaluated.
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The framework of our model Is the stationary one-zone SS(C cad
rised by its radiudk) moves in the relativistic jet with Doppler factor
o . It is filled with a homogenous magnetic fiel8l and a primary

electron populationggy=E/(mc?)), which is parametrised by a broken
power law (defined by the two slopes », the Lorentz factorge min ,

The leptonic part of the original code has been improved m th

e The synchrotron emission is evaluated computing the exéegia-
tion. The approximation used by Katarski et al. (2001) is valid

the cross-section formula given by Aharonian et al. (200&kead

e The palir injection rate is computed following Aharonianlet a
(1983). A stationary distribution of secondary pairst (Genera-
tion), taking into account synchrotron cooling, is evaashtollo-
wing Inoue & Takahara (1996). Synchrotron emission fromstae

(EBL) on TeV photons is evaluated using the EBL model by

The spherical emitting region is filled with a primary profoopulation
Np(y), parametr_iz_ed by a power law with slopg,, normalization
factor Kp and minimal and maximal Lorentz fact@p min andyp,max-
The proton synchrotron emission is corrected for inteynaly absorp-
tion and the associated first generation pair spectrum isia&es as

In hadronic scenarios, an important role is played by pln@oronic
Interactions. They have been computed using the public &Gatrlo

e Synchrotron radiation from primary electrons and prot@rses as

e The energy of the interacting protons is corrected for syotcbn

of the generated particleg, €, p, n, v&#, y**) are summed and nor-
malized to the number of protons in the bloldfsung p-y interac-

e The spectra of the generated are corrected for radiative cooling

Synchrotron emission from secondary leptons and from teede-

e u* can emit synchrotron radiation before decaying etoThey are
retrieved fromSOPHIA, and their synchrotron emission is evaluatjei.
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[11. Application to PK S2155-304 observations

Figs. 1 to 3 show an application to the data from the 2008 multi-
wavelength campaign on the blazar PKS 2155-304 (Aharonian et al
2009). This data set represents at this time one of the most compjetd
simultaneous SEDs of a TeV blazar: the shape of the high enefgy
bump Is fully characterised by the Fermi and H.E.S.S. dat&S P
2155-304 has been found to be in a low activity state during the
campaign. In the interpretations presented here, the emissiorthe

blob explains only the X-ray tg-ray emission, assuming that from
radio to visible light the emission from the extended jet dommate

We report the modelling of the SED in threefdrent scenarios . a
purely SSC leptonic model, a purely proton synchrotron hadroii‘c

model and a third, mixed, scenario in which both the synchrotr¢n
emission from protons and the inverse Compton component contri
to the high energy bump.

te

The model parameters used in the threfegent scenarios are shown
In Table 1.
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Ficure 1. Modelling of PKS 2155-304 in a SSC scenatrio.
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Ficure 2. Modelling of PKS 2155-304 in a proton synchrotron
scenario.

Lepto-Hadronic Model
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Ficure 3: Modelling of PKS 2155-304 in a mixed lepto-hadronic
scenario.

In all the plots, colour code is as follow : red bold line : primargyn-
chrotron emission; green bold line : inverse Compton emission; blue
bold line : p synchrotron emission; violet bold lineu synchrotron
emission; dotted lines show the synchrotron emission from first gehe;
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V. Model parameters

SSC  Protonsynch Mixed
0 1° 1° 1°
5 30 30 30
Yemin  5x 107 1x10° 1x10°
Yebreak 12x10° 4x10°  6x10°
vemax  1x10°  5x10°  5x10°
et 2.4 22 20
o2 4.32 A5 4.25
Ke 7x10* 31x10° 6.7x10°
Ue  11x102 48x10% 10x1072
Yp.min - 1x 10° 1x 10°
¥ p.max - 5x10°  1x 10
ap - 2.5 20
n=Kp/Ke - 4.8 x 10* 8
Up - 14x10° 92x 107
Ryc 17x10% 50x1014 48x10M
B 0.075 80 022
ug  22x10% 25x10¢ 2x10°°
Liw  8x10%  1x10% 5x10%

Table 1 The table shows the fllerent parameters used in the modelling
of the PKS 2155-304 SED for the threeffdrent scenarios (purely
SSC, synchrotron proton and mixed scenario) plotted in Figso 1
3. Common values of redshit= 0.116, Doppler factop = 30 and
viewing angled = 1° have been used.

The normalization parametég p IS In units of cm3, and represents
the number density of the primary particle distributionyat 1; the
size of the emitting ragiofRgc IS given in cm; the magnetic field is
given in gauss.

The density energiag p g are given in units of ergs cm; the jet lumi-
nosity is given in units of ergss. In the evaluation of the jet lumino-
sity the cold proton content of the jet, evaluated following $aket al.
(2009), has been included.
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V. Conclusions and Per spectives

The code presented here permits to reproduce the observed bldxar |
In different scenarios, spanning a wide parameter space: a lept@nic
hadronic solution can be found assuminffetent physical conditions
(magnetic field, density and distribution of primary padgg) in the
blob. In addition, mixed lepto-hadronic scenarios naturallyeanms
this framework.

The increasing data quality at high energies, provideédoyni in the
GeV range, and by current and planned Cherenkov telescopes In
TeV range, will hopefully help to evaluate contributions frdoath
leptons and hadrons. The next step towards a more realistisiemis
model would be a time-dependent lepto-hadronic code, which col
take Into account constraints from the observed variabiliymf
blazars.
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ration of pairs generated by the associated process.
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