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ABSTRACT

Context. M87 is_the first extragalactic source detected in the TeV eathgt is not a blazar. With the increasing performances
of ground-basedCerenkov telescopes, we can now probe the variability inythay flux at small timescales, thus putting strong
constraints on the size of the emitting zone. The large gealsf M 87 is misaligned with respect to the line of sight. Adifaation

of standard emission models of TeV blazars appears negassaccount for the-ray observations despite this misalignment.

Aims. We explain TeVy-ray spectra and fast variability of M 87 by invoking an erfosszone close to the central supermassive black
hole, which is filled with several plasma blobs moving in tagge opening angle of the jet formation zone.

Methods. We develop a new multi-blob synchrotron self-Compton (S8Gjlel with emitting blobs set on a cap beyond the Alfvén
surface in the jet, at a distance-af00r4 from the central engine to interpret the high energies ietkby new TeV observations. We
present a SSC model that is explicitly adapted to deal witelaiewing angles and moderate values of the Lorentz facferred
from (general relativistic) magnetohydrodynamic modélgbformation.

Results. This scenario can account for the recemty observations of M 87 made by the High Energy Stereos@®ystem (H.E.S.S.)
telescope array. We find individual blob radii of aboutdm, which is compatible with the variability on timescaléslays recently
reported by the H.E.S.S. collaboration and is of the ordehefblack hole gravitational radius. Predictions of theyw@gh energy
emission for three other sources with extended optical cayget which could be misaligned blazars still with moderia¢aming are
presented for one Seyfert 2 radiogalaxy, namely Cen A, onelige BL Lac, PKS 052436, and one quasar, 3C 273.

Key words. galaxies: active — galaxies: individual (M 87, 3C 273, CerPKS 0521-36) — gamma rays: theory — radiation mecha-
nisms: non-thermal

1. Introduction Due to the presence of a SMBH in the core and the pres-
, i . ence of the jet, M87 was deemed an interesting candidate for
M 87 is a well-known nearby giant elliptical galaxy<@.00436, e\ emissior. Le Bohec etlal. (2004) reported an upper litmit 0
Smith et all 2000) close to the center of the Virgo clusteiicvh garyeqd with Whipple in 2000 and 2001, simultaneously with X-
shows a myltl—_spectraljet, signature of an active galamtdeus ray flares observed bRXTE HEGRA observed M 87 in 1998
(AGN). Its jet is one of the best known, at all scales, thaks by 1999 for a total exposure of 77 h after data quality selec-
its nearby location and its strong synchrotron radiatioth@ tjon (Aharonian et al. 2003; Beilicke et/al. 2004). A &.gignif-
optical band. M 87 is classified as FR1 based on its radio MQ&znce was recorded and an integrated flEx{ 730 GeV) of
phology. Wilson & Yang|(2002) observed the jet witlhandra 3_?% Crab was measured.
on July 29 and 30, 2000 and detected it up to a distance of pecently| Aharonian et bl (2006) have observed M 87 with
~21” from the core in the X-ray band, which implies that the, o jigh Energy Stereoscopic System (H.E. & Ssfween 2003
jet is not as strongly aligned along the line of sight (se@ al$4 2006 in 89 h live-time with a I3detection and discovered
Reynolds et al. 1996) as in the case of blazars. variations on timescales of about 2 days, 10 times faster tha
At radio wavelengths, an impressive jet, which extends YRat observed in any other waveband. This shows that the emis
to a few tens of kiloparsecs, can be seen. The central engingjhn region is very compact, with a dimension of the order of
thought to be a supermassive black hole (SMBH) with a masspte\y Schwarzschild radii. These observations, thus coirfgm
Mgn ~ 3x 10°Mg (Macchetto4et al. 1997). qu scale length ighe detection by HEGRA (Beilicke etlal. 2005), are particyla
thusrg = GMgy/C* ~ 4.5x 104 cm ~ 1.4 x 10~*pc. Using the interesting since M 87 is the first non-BL Lac extragalactic o
Hubble Space Telescoi{eiST), IBiretta et al. [(1999) observedject ever observed at TeV energy. Radio-loud galaxies @onta
superluminal apparent motions of about-8c beyond 400 pc ‘AGNs with jets like blazars, but the jet emission is lessregip
for the internal knots, between 1994 and 1998, thus confgmiBgosted due to larger viewing angles between the jet and the
th.at.the jetis relqtlwstlc.. They conclude that the jet ieoted 5pserver's line of sight. It is therefore a challenge fonstard
within 19 of the line of sight. models of TeV blazars to explain the very high energy (VHE)
emission of M 87.
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In this paper, we present a modified synchrotron selff,(1 -3 cos@)]‘l, wheregy, is the speed of the moving blob
Compton (SSC) scenario to explain the VHE emission a@f c unit, I, = (1 —,8%)‘1/2 is the blob Lorentz factor ané is
M 87. Classic SSC models (el.g. Gould 1979; Inoue & Takahatee viewing angle. The radiative processes are parametoige
1996;| Bloom & Marscher 1996; Chiaberge & Ghisellini 199%he description of the population of emitting particlesthwine
Katarzyhski et al.. 2001) are applied to blazars, which aparameter&s, yur, ¥, 1 andny from Eq. [1). The value ofmin
beamed sources, and cannot account for the observatioas ofs not crucial for the interpretation of the spectral enedgyri-
diogalaxies like M87. Our goal is to further develop one dfution (SED), nor i3, although it can become very relevant in
these models to reconcile beamed and unbeamed sources ircses where the X-rays have a hard slope with a specffai-di
same framework of models. Such propositions for unification ential indexa < 1 (in the commorf, « v~¢ notation). All these
AGNs have already been studied considering orientafffatts parameters can be constrained when detailed spectral data a
(e.g.lAntonucel 1993; Urry & Padovani 1995), or ratkeray available for a wide frequency range.

power among BL Lac objects, flat-spectrum radio-loud quasar |, the present case, the spectral coverage of the nucleus of

(FSRQs) and FRIs (e.g. Fossatietial. 1998; Ghiselliniet §hg7 s sparse and we need to find other ways to constrain the

1998 Capetti et al. 2000). arameters. One important constraint comes from the \iityab
A short description of the leptonic blob-in-jet model fonTe P ' P fitye

blazars is found in Sedt] 2, and its development and apjditat

to M 87 are described in Se€f. 3 and S&tt. 4. In the framework s

of misaligned BL Lac-like objects, we then try to predict VHE Mp < — Atops 2)

fluxes for objects with opticaX-ray extended jets in Sedt] 5. 1+z

Implications on unification schemes of AGNs are discussed in

Sect[6. where Atgps is the variability timescale in the observer frame,
implying rp/dp < 5x 10°cm for M 87.

2. “Blob-in-jet” leptonic SSC model The region of emission is then assumed to be close to the
SMBH, to fulfill the variability constraint within magnetgh
We intend to model the multiwavelength spectrum of M87 igrodynamic (MHD) jet models. For instance, McKinhey (2006)
the framework of a quasi-homogeneous SSC scenario, succesddels the jet formation zone using general relativistigma
fully used to account for the overall emission of blazarghsu netohydrodynamic simulations, applicable to GRBs, AGNs as
as Mrk 501 and Mrk 421. Our model relies on the basic scgt87 and black hole X-ray binaries. He describes the broaden-
nario presented in Katarzynski et al. (2001, 2003, andeefees ing zone of the jet in the vicinity of the central black holeda
therein) who give the details of the computation of the radiginds the Alfvén surface at50rq. We assume that the emission
tive transfer and emission by SSC processes in a single-sph@he is located slightly above this surface to allow shocic a
ical blob of plasma moving at relativistic speed along the j&ermi acceleration processes to develop in the jet. Thétsasfu
axis. The blob, immersed in a uniform magnetic field, is agicKinney (2006) further constrain some of our parameters fo
sumed to be located inside the jet, close to the central engig distance of100rq from the SMBH, such as the value of the
An inhomogeneous conical extended jet model is also used|i§rentz factod, < 10 of the plasma blobs, the magnetic fi@ld
explain the emission from radio to ultraviolet wavelengibse and the half-opening angigr) of the jet given by his Eq. (24).

Sect. 2.2 in_Katarzynski et al. 2001, for more details). &be The case of M87 is of particular interest since its jet is ex-

sorption by the infrared extragalactic background lighVHiE ptionally well mapped in radio VLBL Biretta eflal. (200s)-

is taken into account and modeled using the estimations-as o . X
scribed in_Stecker et al. (2006) and references thereire er served the core of M87 in VLBI in February 1995 and March

: : X X 999, and showed that the opening angle increases quickty wi
model only nearby active galactic nuclei (AGNs) and hen@thg/ecreasing distance to the core region, at the 0.0:301)

effect can be neglected. Th_e blob-in-jet model is_ partiqqlar cale. Such a widening at the base of the jet was also observed
well adapted to the description of blazars, for which theiget enA at the 0.1 pc~19 000r,) scale by Horiuchi et all (2006)
very close to the line of sight. In the following, the assumeg : he VLBI g Obg yP CA broad
cosmology isHo = 70 kmsMpct for an Einstein-de Sitter =9 the _Space Observatory Programme. A broaden-
ing zone in the jet formation region is found as well in MHD

un'\@gszsvggrr?étﬁaofir?en%%ma%gh of electrons. which is raimulations. Moreover, the recently detected short terd Te

sponsible for the non-thermal emission in leptonic modteds, a variability seems to exclude the extended and outer regisns

. ; 1w fhe source for VHE emission in M87. This is also argued by
number density that can be described by a broken power Ia\'\/Georganopoulos etal. (2005) who present a modified leptonic

Kyt e« model applied to M 87 which takes into account a deceleration
Ne(y) = {Klynz ym'”<\ y<\ Y fem 9 (1) of the inner flow along the base of the jet. So it appears quite
2y Yor SYSYe natural to assume that the VHErays are emitted in the core

widened jet region.
r

mass ancE its energy. These electrons radiate up to the X-ray We can then imagine that there are blobs of plasma, harbor-
range through the synchrotron process, and then re-inteigc ing very high energy electrons and propagating in the widene
their own emitted photons by inverse Compton (IC) scattgrinjet formation zone, that are dragged along with the bulk jgt o
which is the so-called synchrotron self-Compton processs T flow. In the case of misaligned objects such as M 87, this can
synchrotron emission comes from a population of electrdfrs deasily result in one blob moving along the line of sight anasth
ferent from those producing the radio-IR emission of the ekaving about the same Lorentz factor as for blazars, allgpwin
tended jet. to reproduce the TeV emission in the framework of classic SSC

The SSC model has 8 significant parameters. The macmedels. However a model with a single relativistic blob nmayi
physics processes are described by the magnetic Helthe and emitting exactly towards the observer would be stasilyi
radius of the emitting bloly, and the Doppler factof, = unlikely.

whereK; = Kyyp™ andy = E/mc, wheremis the electron
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I _
™ Tp(1 - Bpcosa;)

whereq; is the angle between the velocity vector of bloh n
and the line of sight. If the line of sight is between threebislo
zonesy > 1 (“inter-blob” case), then these blobs have the same Doffigater
/ tor and their contribution to the total flux is equal, whileeth
> jetaxis 4 other blobs have contributions to the total flux that desgea
with increasing blob radius,. If the line of sight is aligned
with the velocity vector of the central blob (“on-blob” case
then the highest Doppler factor&%. In that case the six other
blobs have all the same Doppler factor, and although smaller
than 58 their individual contributions are not negligible in the
total observed flux, especially if the seven blobs are allimpv
along in the same directiinit should be noted that some mod-
els involve acceleration as the jet is collimated (e.g. Bletial.
2002;| Vlahakis & Konigl 2004), that is at the parsec scate. |
such models, a gradient in flow velocity across the width ef th
Fig. 1. Geometric side view of the jet formation zone (“on-blobjet can also be present, but is usually small compared toathe r
case).vj represents the velocity of the jet, the blobs are nundial velocity profile. Therefore we choose here to negleit th
bered from 0 to 6yg_s are the velocities of the blobg,is the transverse gradient, which is of second order for our pwpos
viewing angle with respect to the jet axigy) is the opening an- and we assume that all the blobs have the same Lorentz factor,
gle,ry is the radius of an individual blob a4, is the distance although they are ejected at slightlyfférent angles.
of the blobs from the SMBH. In this sketch, the contributitms Figure[1 describes the geometry of our model in the “on-
the total flux of the blobs2 and 3 would be rejected, since theylob” case. The central blob is moving along the line of sight
lie outside the jet. and the six other blobs are each moving along a directiohtblig
different from the blob 10 by an angl@la. The anglela is given

byda = 2 arcsir(rb/Rcap). The viewing angl® is defined as the

3. Multi-blob model angle between the line of sight and the jet axis for this rhltib
] ) o _ model. The individual radius, assumed equal for all blobs is a
A way to deal with this statistical issue is to assume that thgse parameter of our model. Depending on the observed angle
emission zone is a spherical cap centered on the SMBH, timitg it can happen that in the simulation a blob moves outside the
by the sheath of the jet and filled with several similar hom?et and is therefore neglected.
geneous blobs. Consequently, as mentioned in Aharonidh eta \we can then compute the radiative transfer of each blob in
(2006), we can considerfiérential Doppler boosting in the jetjts own source frame, as explained in Katarzyhski e{ al0f20
formation zone, near the core region. For each blob, the seed photons for the inverse Compton scat-
This cap is located at a given distarRg, from the SMBH,  tering are those generated within the blob from synchrotaen
which is a new free parameter in our model. HoweRgg, can  diation. The total flux in the observer frame is the sum of the
be constrained by MHD simulations (e.g. McKinney 2006) if weontribution of each blob. We neglect the contribution of th
assume that it is located slightly above the Alfvén surfadéch eventual blobs for whicts, < 1, which is possible ife; >
is at about 50-10@ from the SMBH. This surface is continu-arccos[(, — 1)/(I'y8b)]-
ous, but does not need to be homogeneous. We model it with Figure[2 shows the SED of the contribution of the single
a pattern of several blobs, whose individual radii are t%c central blob in the “on-blob” casehin solid ling, while the
smaller than in the case of the “blob-in-jet” scenario. thin dashed line shows the contribution of the six adjactatis
For the sake of simplicity, we assume in this zone the pre&djacent blobs have the same Doppler factor, so they all con-
ence of 7 blobs, one central blob and 6 further blobs distilbu tribute equally to the SED. The bold solid line shows theltota
on a hexagon, located at 1Q0from the SMBH, with macro- flux of the system, which is the sum of the contributions of the
scopic parameters derived fram McKinnhey (2006) as specifisdven blobs. The bold dashed line shows the sum of all the con-
in Sect[2. This choice for the number of blobs is justifiedl®y t tributions in the “inter-blob” case, where the line of sighex-
fact that the resulting diameter of the cap is of the samerordectly between three blobs. iif is suficiently large, the closest
of magnitude as the characteristic size of the emitting Zmme blob to the line of sight in the “on-blob” case completely dom
previous studies. inates the apparent flux. This can be the case in almost all the
The smaller the radius of the individual blob, the more owsituations we study here.
model resembles a continuous zone model. The choice of dis-
crete adjacent blobs leads to two extreme situations: 4. Application to M 87

— “Inter-blob” case: the line of sight passes exactly throtigh 4.1. The observed SED

_ %ﬁ_tt))(le;\ggsanstgr?:et)lli?]téséf sight is exactly aligned with th ér o construct the SED of the core jet, we carefully selected th
: ) ollowing data from the literature. We useray observations
velocity vector of the central blob, called® of 2004 and 2005 by H.E.S.S. (Aharonian €t al. 2006), shown
in black and gray points respectively in the next figures. The

A

The Doppler factor for each blokPin(wherei € [0; 6]) is
now defined as: 2 which is the case for, < rg.
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Fig. 2. lllustrative example of the SED of the multi-blob modelFig. 3. Tentative modeling of the SED of M 87 within a stan-
The thin solid line shows the contribution of the centrallhlo dard blob-in-jet scenario, with, = 3.07 presented by the dashed
the most strongly beamed blob. The thin dashed line shows treen line. The solid blue line shows the SED of M 87 emitted
contributions of each of the six other blobs, and the bolitisolby a single blob moving along the line of sight in the jet forma
line shows the sum of the contributions of all the blobs in th#n region, withd, = 8, which can describe the data. The data
“on-blob” case. The bold dashed line shows the sum of all tip®ints that bring direct constraints to our model are shawn i
contributions in the “inter-blob” case. The closest blobthe black, the other less constraining points are representgrhly.
line of sight ¢hin solid ling is overwhelmingly dominant for The black line in the optical band shows the host galaxy, as-
sufficiently large values ofj. sumed to be elliptic. This contribution was computed usigg r
sults from the code PEGASE (Fioc & Rocca-Volmerange 1997).
The radio data shown by gray empty circles, obtained from the
Whipple upper limit at 400 GeV observed between 2000 atED and with fluxes~10*?ergcnr®s™, come from the ex-
2003 is taken from Le Bohec etldl. (2004). The HEGRA point 4&nded kiloparsec-scale jet and radio lobes. The blackiora
730 GeV obtained in 1998 and 1999 is taken ffom Beilicke et 48dio to UV/X represents a model of the extended inner jet
(2004). (s_ee Katar;ynskl et al. 2001, 2003), with the cwrequmdm
TheChandradata from the nucleus region obtained on Apriflio data with quxes~]éO‘13§rg cn?s™* reported in black. The
20 and July 30, 2000 are taken from Perlman & Wilson (2008¢Mp peaking at10" H23 is due to synchrotron emission and
who conclude that the nuclear X-ray emission originatemfrothe bump peaking at10?*Hz is due to inverse Compton, both
the jet and could extract a 1 arcsecond nucleus spectrunezausffom the VHE zone (see columns 1 and 2 of Table 1 for the corre-
cludingHST-1. TheXMM-Newtondata taken on June 19, 2000sPonding parametersﬁ_{ae_the electronic edition of the Journal
were found in Bohringer et Al. (2001). It should be noted tha for & color version of this figurg.
XMM-Newtondata have the same spectral slope, but a higher
flux density than the&Chandradata, and they do includdST
1 within a 4’ extraction region._Perlman etlal. (2001) providévity recently published (Perlman et/al. 2003). For the ®isd
data taken by the Gemini North telescope at 10 microns in M#e choose to take into account the mean spectral slope of the
2001. The observations by tkSTin the optical and UV bands Chandradata. The radio to opticd)V data are also not simul-
in 1991 are reported in_Sparks et al. (1996). The obsenatidaneous with the-ray data, but this is not problematic since the
of the core of M87 by the VLA in the radio band and by thé&adio contribution is thought to come from the extendedséth
Palomar observatory in the optical band between 1979 ansl 13®aracteristics dierent from the VHE emitting zone.
were found in Biretta et al. (1991).
We also take into account upper limitsyaray by EGRET
between 1991 and 1993 (Sreekumar €t al. 1994), and in UV %yz The SSC models
EUVE (Berghofer et al. 2000). All the other data are taken fronm the case of M 87, the observation angleetween the jet axis
the NASA/IPAC Extragalactic Database (NED). and the line of sight is at most 1¢Biretta et all. 1999). The blob-
Although we do not have simultaneous data, @andra in-jet model cannot describe correctly the VHE emissiorhef t
data of 2000 and the H.E.SBray data of 2004 both correspondsource, as it would require very high Doppler factor, whichat
to low states of activity in their own spectral range. We éfiere  sustainable. This is illustrated in Fig. 3. The dashed gtieen
associate them, assuming that they are representativeypf a presents the best solution for the SED of M 87 within the blob-
ical low state. Indeed, regarding the X-ray data, @leandra in-jet scenario described in Selct. 2 wih= 3.07 assuming =
observations of 2000 correspond also to the lower state -of 4&° (see column 1 in Tablg 1 for the corresponding parameters).
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Fig.4. SED of M 87 within the multi-blob scenario for smallFig. 5. SED of M 87 within the multi-blob scenario, assuming a

blob radius (, = 1.5 x 10'3cm, see column 3 in Tablg 1). Thelow magnetic field B = 10 mG, see column 4 in Tall& 1) in blue

two extreme “on-blob” and “inter-blob” cases are identisate lines. The solid lines show the “on-blob” case while the dakh

because of the small value of. [See the electronic edition oflines represent the “inter-blob” case. The green lines show

the Journal for a color version of this figute. solution for the high state observed by H.E.S.S. in 2005, wit
the same parameters as for the observations of 2004, exarept f
r, = 8.0x 10%cm, Ky = 22 x 10°cm™ andn, = 2.5. [See

the electronic edition of the Journal for a color version bist
Greater values ofy, are not allowed here because of the larggyyre]

value ofg. We can obviously see that this model cannot accoun
for the VHE emission. The well defined X-ray slope deduced
from the observations strongly constrains the second imgex

in the electron energy distribution (see EJ. (1)) and sigafftly o ,itting zone cannot be much smaller than the Schwarzschild

reduces th? param_ete_r sp_ace. ) radius which is a natural scale for the processes in theityaih
The solid blue line in Fid.3 presents the resulting SED emife SMBH. Moreover the emitting zone must be large enough to
ted when one consider a single blob moving along the line gfioy the acceleration of particles to develop. Very smidbls
sight in the jet formation zone with, = 8. The correspond- may disappear rapidly, in 10 minutes due to adiabatic expan-
ing parameters can be found in column 2 of Tdble 1, whese sjon which is especially important in the broadened zonéef t
defined as the angle between the line of sight and the velogly. However a long, stable emission is possible, even froils
vector of the single blob. Obviously this model describ&sdh-  jops, The emitting zone can be located at a stable stationar
servations much better. However, as pointed out in SecLi2, ishock front, above the Alfvén surface. It initiates theedera-
based on aad hocassumption. Moreover, itisflicult o *keep”  tion and thus the radiation of particles of a large numbenils
the generated IC bump below the EGRET upper limit althougilohs continuously crossing the shock, thus providing @sui
we assume a low state for the activity of the AGN. cent background of VHE emission. Density fluctuations in the
Throughout this paper, our results are not fits to the data, hjection of material could then generate flares as seen &.VH
rather solutions of models which are meant to describe best {n fact, the only problem with small blobs is that in this céise
data. Our purpose is to figure out whether our model can descrpaving of the jet is not complete because of the discretinati
correctly the current available data forfferent objects. We do applied in our code.
not intend to fine-tune the parameters of our model but to sort |n order to be more conservative and to fulfill the constraint
orders of magnitude out for these parameters. rp 2 rq, we analyze another possibility with a low magnetic field.
One SED of M 87 generated within the multi-blob model i is presented in Fid.l5 in blue lines with associated patarse
presented in Fid.]J4, with parameters very similar to thelsingn column 4 of Tabl&lL. In that case, the result predicted bytMH
blob model of Fig[B (see column 3 in Taljle 1). Since the fomodels with a strong magnetic field in the vicinity of the cen-
mer is a generalization of the latter, the resulting spectisi tral engine is not strictly fulfilled. However a local decseaof
rather similar, as one would expect. In this case, the véltfeeo the magnetic field can be achieved by a simple expansion of the
individual blob radiugy, is so small that all the blobs are mov-emitting zone. This solution may appear preferable for eons
ing close to the line of sight. The “on-blob” and the “intdob”  vative reasons on the size of the emitting zone.
cases give the same contribution to the SED and are ovenlaid i A satisfactory solution for the high state observed by
Fig.[4. H.E.S.S. in 2005 is also possible in this case within the imult
The blob radius is rather small in this case, resultinglob scenario as shown in Fig. §réen line$. Interestingly we
in a VHE emitting zone smaller than the Schwarzschild rgredict a radical change of the X-ray regime. Clearly thapar
dius. It should be noted that features small compared to teers are not well constrained here due to the lack of anylgimu
Schwarzschild radius, possibly responsible for the VHEsemineous data, especially in the X-rays. However this illissdhe
sion, can develop beyond the Alfvén surface due to turlmdencapability of the multi-blob model to generate spectra trat
or reconfined shocks, but this issue is beyond the scopef thifficiently hard in the TeV range to reproduce the most recent
work. H.E.S.S. data. A slight modification of standard SSC modawls f

However it is commonly believed that the size of the VHE
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Table 1. Parameters used in theffidirent generated SEDs.

Model Blob-in-jet Single blob Multi-blob

in broadened zone
Object M 87 M 87 M 87 M 87 3C273 CenA CenA PKS 05286
Figure (green (blue) A ] @ [7 blue [d(green 8
O 3.07 8 - - - - — —
I'y - - 4.1 10.0 7.4 8.14 20.0 1.5
4% 19 1° 15 15 15 25 25 25
Reap[g] - - 100.0 100.0 100.0 100.0 100.0 100.0
B[G] 1.0 0.5 0.5 0.01 3.0 2.0 10.0 1.0
rp [cm] 1.2x 10" 4.0x 10% 15x 108 28x10% 20x10® 10x10% 80x10' 9.0x 10"
Ky[em™3] | 15x 10 35x 10 77x10 18x10* 18x10°F 90x10° 4.0x10 3.0x 1¢°
ny 2.0 2.0 2.0 1.5 2.0 2.0 2.0 2.0
n, 3.5 3.5 3.5 3.5 4.1 3.0 3.5 2.5
Yrnin 107 10° 10 10 1 30x 107 10 10°
Yor 10 104 10 10 16x1C¢° 5.0x 10 35x10° 5.0 x 10*
Ye 10° 10 10 10 10° 40x10° 6.0 x 10° 10°

TeV blazars appears therefore successful and can accowtt fo ;.
VHE data on the radiogalaxy M 87 that are available up to now. :

10-¢ E 4
5. Predictions for other radiogalaxies with
optical/X-ray extended jets TRt

We now apply the SSC multi-blob model tofigirent sources =
that have the peculiarity to show an extended optical oryjeta
which suggests at least a moderate beaming towards thesebset
as in the case of M87. This allows to confront the multi-blol .|
scenario to other types of AGNs and to predict whether these |
sources can be detectable at VHE or not by pre§en¢énkov ar- —
rays. We choose three AGNs not belonging to the genuinetblaza!®™
class, presented here with increasing viewing angles, thath ;
their fluxes are less and less boosted by relatividfiects. We 101 L L N L ‘
stress that not all the data presented here are simultaa@adus log(v) (Hz) ac 273
that the sources undergo large variations.

g cm

10711 |

Fig. 6. SED of 3C 273 with anticipated VHE flux. The solid blue
5.1. 3C273 line shows the average of the “on-blob” and “inter-blob” esis
. ] (see column 5 in Tabléd 1 for the corresponding parameteng). T

3C 273 (z0.158/ Strauss et al. 1992) is the first quasar that wagshed line represents a simple blackbody model to illtestre
identified as a high-redshift object (Schridt 1963) and test b contribution of the big blue bump component. The upper limit
studied. It hosts a SMBH whose mass is at led&0x10°Mg  obtained in 2005 with the H.E.S.S. telescope array is shown i
as inferred from studies of Balmer lines (Paltanl & TUrlefed_ The blue lower limit shows the expected CTA Sensitimty
2005) and its maximum acceptable viewing angle is abog h of observation Jee the electronic edition of the Journal for

15°(Unwin et al. 1985). o “a color version of this figurg.
Blazars display featureless X-ray contribution but radio-

galaxies can have a much more complex environment at low en-
ergies (e.g. Grandi etal. 2006). However since the purpese h(Collmar et al.. 2000) which are also reportedlin Turler et al

is to model the non-thermal contributions of these objests, .
decided to consider the X-ray contribution as dominatechiey t.(1999)_ We have thus simultaneous data for tig-day bump

jet emission, keeping only a feature in soft X-ray as a sigreat in one of the highest state, which puts an important contoai
of the accretion disk (Grandi & Palumbo 2007). the models. . L

Since this source is highly variable, one needs to be careful "€ nature of the X-ray emission of 3C 273 is still an unre-
to select simultaneous data. The X-ray data presented heregi’lved issue. The high frequency bump, thought to be prgbabl
Bepp@®AX observatiorstaken fronl Giommi et all (2002). we due to IC emission, would present a peak at a rather low fre-
report in red in Figis the upper limit ab3obtained by H.E.S.S. duéncy compared to other AGNSs. This implies that either 3€ 27

in 2005 [Aharonian et al. 2005). All the other data points-pr&0€S not emit at detectable VHE levels, or that the naturkisf t
sented in gray are taken from Tarler et 4l (1999) who repditMP is synchrotron, implying then the presence of a hypithe
an average spectrum compiled from 30 years of observatiof@ € bump atultra high energies. _
Observations byBepp&AX on January 13, 15, 17 and 22, 1997 Assuming that the hard X-ray emission is indeed due to in-
lie within the observation period @GROtaken by COMPTEL Verse Compton emission, the solid blue line in Fifj. 6 shows

and EGRET between December 10, 1996 and January 28, 188 SED of 3C 273 with the predicted VHE flux (see column
5 of Table[d for the corresponding parameters). Modeling the

3 seehttp://www.asdc.asi.it/blazars/l SED of 3C 273, we note that changing the valugf dramati-
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cally affects the X-ray flux by increasing it with decreasing,, 100
and hence could explain some X-ray flares, as also suggested -
by|Georganopoulos etlal. (2006) in the case of external sever '° -
Compton emission on the Cosmic Microwave Background. Theio-« L
value of ymin is strongly constrained here by the precise shape
of the X-ray spectrum. In the following figures, the V-shaped "' F
curve at VHE ¢10°°Hz) shows the H.E.S.S. sensitivity limit» 1o-=[ -
for a detection of & in 50h of observation for a source at a: .
mean zenith angle of 30The expected sensitivity of the nextz :
generation CTA project 0£0.1% Crab flux at 1 TeV for 50h of ~ 1o ¢
observation is shown as a blue lower limit. : i

Since the results for the “on-blob” and “inter-blob” scenar
are not very dferent in this case, we show with a blue line the
average of the two. We should stress that low frequency datao-- |
are not simultaneous with the/%ray data that we selected. ¢ ‘
The modeled synchrotron bump has a higher flux density than’ 10 15 20 &
the optical data because we are dealing with a high state-of ac togt) (1) et
tivity in y-rays as reported by Collmar et al. (2000). We only L , . .
predict a very marginal detection of 3C 273 by H.E.S.S. in ié‘g- 7.SED of Cen A within the multi-blob scenario. Solid lines
low energy range, depending on the energy threshold (but S&@W the “on-blob” emission; the “inter-blob” cases are-rep
alsol Georganopoulos et &I, 2006). Furthermore it shouldebe feSented in dashed lines. In blue we show a model assuming
called that Collmar et all (2000) report an active statg-iays that the softy-ray data are inverse Compton emission, while in
and Turler et a1/ (2006) a high level of the non-thermal esipis  9"€€N We assume a sync_hrotr(_)n emission to describe them_(see
at the epoch of the data we are considering. So even in a higumns 6 and 7 respectively in Tafjle 1 for the corresponding

state we do not expect a strong level of VhtEay within our parameters).gee the electronic edition of the Journal for a color
scenario. version of this figuré.

-13 L

10-18 ;

10~ L

A strong detection of 3C 273 at VHE with the current gener-

ation ofCerenkov arrays would beficult to explain within our
SSC nuclear scenario. A possibility would be to invoke dispa  The data sample chosen here is almost the same as in
ity among the various emitting plasma blobs. Our model show@hiaberge et al. (2001). The data were retrieved carefally t
the presence of a well peaked inverse Compton bunfferei take only the nucleus into account. The strongly constrain-
ent magnetic fields or electron energy distributions amdwg ting CGRQCOMPTEL y-ray data are taken from_Steinle et al.
blobs could result in a tail of the IC bump at VHE that could aq:1998); Rothschild et al. (2006) provid®KTEandINTEGRAL
count for a VHE detection. An alternative would be an extehdelata;HSTNICMOS and WFPC2 data, which we have carefully
emission due to external inverse Compton radiation, which dereddened, are from_Marconi et dl. (2H0BCUBA data at
then expected to be not very variable. In all cases, furthees 800um are taken frorn Hawarden et al. (1990and SCUBA
vations withGLAST (10 keV-300GeV) and H.E.S.S. I, which(450um and 85Q:m) data are from Mirabel et Al. (1999); VLA
will extend the spectral domain of H.E.S.S. | down®0 GeV data are from Burns etlal. (1983). Evans etlal. (2004) repert X
with a better sensitivity, are required to disentangle tifiecent ray observations b)XMM-Newtonon February 2 and 6, 2001
plausible scenarii. and byChandraon May 9 and 21, 2001 with a photon index

I' = 2 for the parsec-scale jet component. Data from the NED

are shown as non-constraining poinits gray) for comparison.
5.2. CenA The H.E.S.S. upper limit based on observations in 2004 with a
Cen A is the nearest radiogalaxy=2.0018, Graham 1978) andlz“(l)%,t;)me exposure of 4.2h is reported in red (Aharonian st al
one of the best studied. The presence of an AGN in CenAs [~ .

We should also point out that as Cen A harbors a strongly ab-

evident from the radio-band to therays. Observations from ) ; ;
CGRO(Kinzer et al| 1995) show ﬁ)u%p that seems to peak%ﬁrb'ng dust lane, and because this source is extremely atas

~200keV as pointed out by Steinle et al. (1998). We thus hav%v&!l re_?ﬁlved, th.% X-ray ?aﬁa shorld b_e thgnr':algen only age(ljjpp
real constraint for the parameters of our model, partityiaith Imits. The contribution of the nuclear jet might be contaete

regard to the description of the population of electronsims PY the accretion disk of the AGN and by the X-ray binaries that
the case of 3C 273, the IC bump peaks at a rather low ene resqlved in this Ob.Je(?t' In this case we would have onby po
leading Chiaberge etal. (2001) to note that CenA could be hstralnts_, on the emission process. We assume here that all
misaligned low-energy peaked BL Lac (LBL) object. The valug€'ected high energy data come from SSC processes.

of the viewing angle of the jet is still a controversial iss&er Figure[7 shows the SED of Cen A applying the multi-blob
instancel, Tingay et al. (1998) claifn~ 50°—8( for the parsec- Model in two cases,)assuming that thg-ray peak observed
scale jet, whereds Hardcastle €t al. (2003) find 15° for the DY CGROis inverse Compton radiatiosglid and dashed blue
100 pc scale jet. We choose here to take an intermediate vdii€9 or (i) assuming it to be synchrotrorsdlid and short

of @ ~ 25° (Sed Horiuchi et al[ (2006) for a discussion about tHéashed—long dashed green lijes

different values for the viewing angle of Cen A found in the liter- _We should also point out that the previous study by
ature). The SMBH mass inferred from gas kinematical anslys$teinle et al.|(1998) reports a variability in softray of about
using a[S 1] line is~1.1x10°M¢, (Marconi et al. 2006), but see

alsd Haring-Neumayer etldl. (2006) who gMgy; ~ 6x10°Mg 4 The reddening correction was applied using the factorsezhaut
using a [Fe Il] line. by[Marconi et al.[(2000) themselves.
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10 days, implyingp < 2 x 10'cm (see Eq[{2)), which is well 55
satisfied by our parameters. ;
Given the results of our model in the first scenario with an IC I {I
bump in softy-rays plue lineg, the SSC emission of the central 10+ |
region would definitely not provide a flux ficiently high to be i
detectable at VHE (see column 6 in Table 1), at least for a SSC
emission dominated by the nucleus. This holds even in the casio - . . 1.
of huge variations of the nuclear emission. This conclusiam & : ! i
curs with Stawarz et al. (2003), who do not expect SSC enmissi@ i :
by the nucleus or by the base of the jet of Cen A, but do expecto
VHE emission that could be detectable by current imaging at-
mosphericCerenkov telescopes facilities in the case of an exter-
nal inverse Compton emission process on the host galaxy pho "¢
ton field. For_Stawarz et al. (2006), many Fart&Riley type | i

(FR1) radiogalaxies like Cen A could be TeV sources for which
10714

the weak nucleaty-ray emission would be absorbed and re- 10 5 20 25

log(v) (Hz) PKS 052136

processed by inverse Compton on the starlight photon field, t
generating an isotropig-ray halo. In our model, the lack of si- ) o
multaneous data prevents us from further constrainingythe s Fig. 8. SED of PKS 052136 with anticipated VHE flux mod-
chrotron bump, which has here a higher flux density than tgéed in the multi-blob framework. The solid blue line is thon*
selected data since we are considering a state ofjrigly ac- blob” case while the dashed green line shows the “inter-blob
tivity. emission (see column 8 in Taljle 1 for the corresponding param
In solid (“on-blob” case) and short dashed—long dash&ders). The CANGAROO upper limit is reported in reflep the
(“inter-blob” case) green lines in Fif] 7, we present a SED glectronic edition of the Journal for a color version of tlig-
Cen A assuming now that the softray peak is of synchrotron ure]
origin. In this case (see column 7 in Table 1), we expect acdete

tion of the core of Cen A at VHE by the H.E.S.S. telescope array ; -
within 50 h of observation. It should be noted that Bai &|Le Figure[8 presents the SED of PKS 0528 with the antic

(2001) also predicted the synchrotron bump to be in the)soft?pated VHE emission (see column 8 in Table 1 for the corre-

ray range and the inverse Compton bump to peak around 1'IS nding parameters). It seems unlikely that the X-rayslaee

. . inverse Compton radiation since the inverse Comptoreseat
in the context of SSC models, which comforts our latter mode ng would be with photons from the radaptical contribution,

which is not very variable, coming from an extended part ef th
5.3. PKS0521-36 jet. Since the X-rays show a high degree of variability, thest
) ) ) o certainly come from a compact region and are of synchrotron
PKS 052136 is a FSRQ object with an optical jet located a§yigin, If the X-ray emission is truly due to the synchrotymo-
z = 0.055 [Keell 1985). The central SMBH has a mass Qfess, we predict that this BL Lac object should be marginally
~3.3x10°Mg, (Woo et all 2005). Pian et al. (1996), and more refetectable by the present H.E.S.S. telescope array, aityldms
cently Tingay & Edwards (2002), mention the absence of SUpgLctaple by H.E.S.S. Il and by the next generatioCefenkov

luminal motions in its jet, contrary to the case of 3C 273, iMyrays. such as the CTA project, which will detect sourcesdo
plying that the beamingfiect is much less important and thug, o 194 of the Crab flux. Furthermore, if PKS 05236 re-

strengthening their result on the viewing angle. Indeediilg 1 5ing undetected at VHE, a misidentification with the EGRET
constraint on the jet orientation comes from Pian etial. §)99

who deducé ~ 30° + 6° from SSC models. We should also noteSource should be considered.

that PKS 052136 seems to oscillate between a Seyfert-like and

a BL Lac state (e.g. Ulrich 1981), making this sourcidillt to 6. Discussion and implications on the AGN
interpret within a pure non-thermal scenario, especidatigeswe unification scheme

are confronted with non-simultaneous data.

Bepp®AX observed PKS 052136 on October 10, 1998 When applied to AGNs belonging to veryfidirent classes, the
(Giommi et al[ 2002)l§lack pointsin Fig.[d), and theSwifyXRT ~multi-blob model deduces very similar properties for theesi
measurementgyfeen pointstaken on May 26, 2005 were ob-Of the TeV emitting zones and the values of the magnetic field.
tained through the Online Analysis THolThe data points in Furthermore the inferred bulk Lorentz factdiscan usually re-
gray are from the NED. We reportin red the upper limitatdb- main below a value of 10, thus reconciling SSC models with
tained in 89 h from observations by CANGAROO between 1994$R)MHD models, except for the interpretation of theay
and 1996((Roberts etlal. 1998). We further used the EGRET dhtianp of Cen A in terms of synchrotron emission (see the green
between 30 MeV and 500 MeV from Hartman et al. (1999) arlthes in Fig[T). A rather unified picture seems thereforecime
taken between July 12, 1994 and August 01, 1994. The blagait from the analysis.

PKS 052136 is associated with the source 2EG J05230 in In our scenario, we locate the X- aneray emitting region
the Second EGRET Cataldg (Thompson ét al. 1995), but duriigthe jet formation zone, with opening angle larger tharhie t
cycle 4 this source was found to lie outside the 99% confideng@@bal VLBI radio zone, which is more distant from the core
contour of EGRET. However, like Foschini e al. (2006), we agnd mainly located in a region where the jet is more colliate
sume in this work the identification with PKS 05236 to be This is somewhat reminiscent of a proposal made severasyear

valid, which is also pointed out by Tornikoski ef al. (2002).  ago by Celotti et al. (1993) for unifying X-ray and radio szt
BL Lac objects| Celotti et all (1993) showed that such a péctu

5 seehttp://www.asdc.asi.it can be coherent with statistics of the BL Lac population.
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Since our model accounts for the observation with rather laty to extend standard leptonic models of TeV blazars to othe
bulk Lorentz factors and with largdtective opening angles, wetypes of AGNs. However, we do not exclude other leptonic or
have found a way out of the problem of statistics on the numbeaidronic models. For instance, Neronov & Aharonian (2087) r
of detected TeV sources invoked by Henri & Saugé (2006), andntly interpreted the H.E.S.S. observations from 2005 &7M
we can reconcile beamed and unbeamed sources. One impotbgritvoking acceleration and radiation of electrons in theck
consequence of our proposal is that bright radio BL Lacs lshounole magnetosphere, which is another kind of leptonic model
be TeV emitters. This can be tested by further observations. Hadronic models also cannot be excludedfisient particle ac-

Indeed, Padovan| (2007) shows that the common histoceleration processes can occur in the close surroundintpeof
cal unified LBL/HBL scheme (the so-called “blazar sequencel)lack hole.
seems to be ruled out by the discovery of “outliers” low-powe More observations are needed to constrain the emission
LBL and high-power HBL sources. Hence it does not seem irmodels and especially to distinguish between hadronic epd |
possible that objects that are venffdrent at first sight, like tonic scenarii. The upcomingLASTmission and the H.E.S.S. Il
radiogalaxies such as CenA, could be (faint) VHE emitterproject will certainly help to understand the mechanismeak
Furthermore the fact that M 87 has already been detectectin th the AGNs by exploring spectral ranges below TeV, which is
TeV range is encouraging for a future detection of such radidecisive to constrain the shape of the inverse Compton bump.
galaxies. In the case of 3C 273, this object would rather beMoreover, the lack of genuine simultaneous multiwavelengt
misaligned LBL-like object. However one should stress that campaigns on M 87 needs to be filled, especially since this
fact that mainly HBL have been detected up to now at VHE &source is known to be variable at small timescales in VHE.
certainly only a selectionfiect. Thus a TeV detection of 3C273  Several types of active nuclei are potential emitters of
would not be very surprising. VHE photons with predicted TeV fluxes detectable by present

The scenario we propose here has an additional interesOgrenkov arrays like H.E.S.S. and MAGIC, or by the next gen-
the sense that it allows to solve the long standing paradoxerhtion of instruments such as the CTA project. Such data wil
the apparent absence of high superluminal motion at the b@gecrucial to test AGN unifying schemes.
of radio jets of TeV BL Lacs. In our model, some X- apday
emitting plasma blobs are moving close to the line of sighist Acknowledgementswe are grateful to the anonymous referee for useful com-
allowing for instance Cen A and PKS 05236 to be potentially ments. J.-P. L. would like to thank Dr. A. Djannati-Atai, .D8. Pita and

. oo . . Dr. A. Zech for useful discussions.
seen &_"t VHE, while Standmg n ml_sallgned extended Jets. . This research has made use of the NAB®AC Extragalactic Database

This statement agrees well with the most recent studies (WD) which is operated by the Jet Propulsion Laboratoryif@aia Institute
Gopal-Krishna et al. (2006, 2007) who show that viewing am# Technology, under contract with the National Aeronatiand Space
gles, opening angles and Lorentz factors of (sub-)parsale schdministration.
jets evaluated by radio observations are usually underestd,
thus reconciling absent superluminal motions inferrednfra-
dio observations with high Lorentz factors required bifedient
families of TeV emission models. Wiita (2006) also undex$in Aharonian, F., et al. (HEGRA Collab.) 2003, A&A, 403, L1
the possibility to reconcile various contradictory obsgions by Aharonian, F., etal. (H.E.S.S. Collab.) 2005, A&A, 441, 465
considering jets with opening angles of a few degrees. Ea f‘gﬁﬂg’:gf;;‘sl %'i;fﬁoﬂig) 2006, Science, 3324
studies by Dermer & Gehrels (1995) garay observations of gaj, 3. M. & Lee, M. G. 2001, ApJ, 549, L173
AGNSs with EGRET also indicate that strong beaming is not r@eilicke, M., Benbow, W., Cornils, R., et al. 2005, ArXiv Asphysics e-prints,
quired to account for TeV blazars observations. [arXiv:astro-ph/0504395] .

Two different variability time scales appear within our mutfiBeilicke, M., Gotting, N., & Tluczykont, M. 2004, New Astnomy Review, 48,
blob scenario. The short time scale is related to the chemiaet gogneter, T. W, Bowyer, S., & Korpela, E. 2000, ApJ, 53556
tic size of individual blobs, as already discussed. A lorigee Biretta, J. A., Junor, W., & Livio, M. 2002, New Astronomy Rew, 46, 239
scale occurs in the case of rotating jets with helicoidal nedig Biretta, J. A., Sparks, W. B., & Macchetto, F. 1999, ApJ, 5221
field. This induces a rotation of the cap, and the lag betwegr‘ﬁﬁa’ é-/[*)-' gt&m’ CHP-'i‘gafigég’-AE-Jli%i’ 2%7 101,263
“on-blob” and “inter-blob” emission corresponds to a loeg _Bé’r?r?;’ge;’ b Befggl‘;eéi’ Kernoa, 3. ol 2001 AGAS3BLEL
y-ray variability. From MHD models, we infer a charactegsti gums, J. 0., Feigelson, E. D., & Schreier, E. J. 1983, Ap3, 228
rotation time of the magnetic field of the order of one year iQapett, A., Trussoni, E., Celotti, A., Feretti, L., & Chiaige, M. 2000, MNRAS,
the observer frame for M 87. This modulation could explam th 318, 493 , S o
variation of the VHE emission observed between low and hié?ﬁlotn, A., Maraschi, L., Ghisellini, G., Caccianiga, & Maccacaro, T. 1993,
states in 2004 and 2005. This would imply some periodicity i@hgﬁ‘;rgfml”lgapem, A. & Celotti, A. 2001, MNRAS, 32833
the TeV emission of AGNs, but on timescales hitherto not exhiaberge, M. & Ghisellini, G. 1999, MNRAS, 306, 551
plored. Collmar, W., Reimer, O., Bennett, K., et al. 2000, A&A, 35435

Dermer, C. D. & Gehrels, N. 1995, ApJ, 447, 103

Evans, D. A,, Kraft, R. P., Worrall, D. M., et al. 2004, ApJ, %786
7. Conclusion Fioc, M. & Rocca-Volmerange, B. 1997, A&A, 326, 950

Foschini, L., Ghisellini, G., Raiteri, C. M., et al. 2006, A&453, 829

We have presented a SSC model to interpret VHE emissioessati, G., Maraschi, L., Celotti, A., Comastri, A., & Géligi, G. 1998,

of M87 as well as other misaligned sources with extend%%'(\)"r';;ﬁibi?fs' 3 eiman. E. S. & Kazanas. b. 2005 850,133
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ferential Doppler boostingfiect by modeling the emission of 653, L5
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of the jet close to the SMBH, just beyond the Alfven Surfacce;iol\:lnl\rj\:?Ag' Sgslabi?bli M., Fiocchi, M., et al. 2002, in Blazastfophysics
predlcted by MHD mOd.els' . . with iBep‘poSAX a’nd éther Obiservéltories, ed. P Giommi, E.ddas &
Our scenario provides a reasonable interpretation of theg paumbo, 63+
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