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About 47 very high energy (VHEE > 100 GeV) emitting active galactic nuclei (AGNs) are de-
tected with the current generation of imaging atmosph@gcenkov telescopes (IACTS) so far,
the major part of which belonging to the blazar class. Werpred the spectral energy distribu-
tions (SEDs) of these objects as simple stationary synahaelf-Compton emission, and study
the common properties of the sources derived from the SEeftiog. We find a significant cor-
relation between the luminosity in the X-ray range (2—-10kaid the monochromatic luminosity
at 1 TeV among the currently detected VHE AGNs. Applying tleistionship to other sources
using the BZCat catalogue of AGNs, we propose a list of abOubhéw source candidates at
VHE in the framework of future obseravtions with current IR and especially with the future
Cerenkov Telescope Array (CTA).
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1. Introduction

Among active galactic nuclei (AGNs), those possessing a jet closely dligméhe line of
sight, the so-called blazars, form the major part of extragalactic objetdstdd so far at very
high energies (VHEE > 100 GeV) with imaging atmospherierenkov telescopes (IACTs). We
present a simple, one-zone, stationary modelling of the spectral enistgipution (SED) for the
VHE emitting AGNs detected at VHE so far, for which we endeavoured toriteslow states of
activity, and discuss common properties among these objects. We propsisef&ource candi-
dates at VHE based on a correlation between X-ray and VHE luminositiesvéh&dund in our
sample, following the modelled SEDs we present for the known VHE emitting AGNs

2. The modd

We will focus here on a leptonic description of the SED of VHE AGNSs. Thepgition of the
VHE part of the energy spectrum by the extragalactic infrared baadkgktight is accounted for,
using the prescription of [1, 2].

We use the so-called “blob-in-jet” description (see e.g. [3]), in which igl knergy syn-
chrotron self-Compton (SSC) emitting region is a dense, compact regiontfifladangled mag-
netic field, embedded in an extended inhomogeneous jet, where synatmadiation dominates
the low frequency part — up to the optical range — of the energy speckonall the retrieved data
from the different VHE AGNs, we consistently apply the same model to thely, &kEeping the
Doppler factor aroundy, ~ 20, the magnetic field strengB~ 0.1 G and the first index; ~ 2
for the broken power-law describing the lepton energy distribution (LiBE)e source, in order to
reduce the number of free parameters in the model. The density of theistiaparticles, the size
of the emitting region, the second slope and the energy break of the LHEX &iree to vary.

3. Thesample

Currently, 47 extragalactic sources have been detected at VHE, thengwity of which
belonging to the class of BL Lac objects. We focus on sources with pulllighiE spectral data
so far, which comes to 25 sources, and are all blazars, except tivegaldxies M 87 [4] and
Cen A [5], and the quasar 3C 279 [6]. Since these objects are higlibblaat all wavelengths,
we endeavour to describe the lower state of activity for their SED knowedoh source with a
stationary SSC model.

The purpose of this sample study is first to assess whether a simple SSC ngozhallisccount
for the SEDs of the considered sources, and then if correlations earageyst derived parameters
from the model compared to the data. One shoud however note that the ssaumipdervationally
biased towards high-frequency-peaked BL Lac objects and flaritegsteecause of the observation
strategy of current IACT experiments.

As an illustration, the multi-wavelength emission of the well studied high-fregyupraked
BL Lac object PKS 2155304 is presented in Fig. 1, in which the lowest state of activity ever
recorded during the 2003 multi-wavelength campaign is reported [7], @ &mpaign including
FermiLAT data during which the VHE flux is at the same level as in 2003 [8], anddmparison
the second big VHE flare detected with H.E.S.S. in 2006 [9].
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Figure 1. Left: SED of PKS2155-304. The green data point represent the multi-wavelength td&en
during a low state of activity in 2003 [7]. The black pointshigh energies show a more recent campaign
making use ofFermi/LAT data [8]. For comparison, we show the big flare which aoed on July 28, 2006
[9]. The grey points are data from the extended jet, donmgatie emission at low frequencies and which
model is not presented hergight: SED of Cen A. The black bow-tie at high energy are EGRET datd, a
the grey bow-tie is taken from tHeermiLAT first source catalogue [10]. For more details on the nhoske
[11].

We show as well in Fig. 1 the SED of CenA, the closest radio galaxy, eaiytletected
with H.E.S.S. after 115 h of good quality observations [5]. The VHE spettiithis source was
predicted in [11], and we add the VHE spectrum measured by H.E.S.S. todatlieted SED.

4. Discussion

A correlation between the integrated synchrotron and the integrated SS€hétiesis natu-
rally expected in SSC models for a sample of sources. From the SED modéltimgse currently
detected VHE emitting AGNs conducted in this work, we find a significant tairoa (correla-
tion coefficientp = 0.85, corresponding false alarm probabilipy~ 10~7) between observables
in the sample, which are the modelled X-ray luminosity in the 2—-10 keV range antddidelled,
monochromatic luminosity at 1 TeV (see Fig. 2):

log;o(L1Tev]Erg si]) = (0.993+0.003)log,o(Lx [ergs ) (4.1)

We use X-ray fluxes given in the BZCat catalogue [12] to assess three®flux in VHEY-
rays from this relationship, and put a lower cut on the expected VHE fllR 03 cm=?s 1 Tev1,
which is the expected sensitivity limit at 1 TeV for a detectionatc®nfidence level in 50 h of ob-
servations with the futur€erenkov Telescope Array (CTA). The BZCat catalogue groupsiiege
BL Lac objects (coded as BZB), FSRQ (as BZQ), and blazars of tainéransitional type (as
BZU), the latter including sources which are not very radio-loud. H@mewr derivation of a list
of VHE candidates from this catalogue relies on the modelling of mainly BL Lai;ware radio-
loud objects. Our predictions for the VHE candidates should thus be @vadidtrongly safer for
the BZB sources than for the other types BZQ and BZU. We thus propassttéthe following
hypothesis: could our method be extrapolated to radio-quiet objectsa? ifistance, the accretion
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Figure 2. Correlation between the luminosities in the X-ray range ainti TeV for the currently detected
VHE AGNSs.

disc dominates the X-ray luminosity in some objects, the tegnmn the relation above should be
only a fraction, coming from the jet, of the total X-ray luminosity.

We end up with 71 VHE AGN candidates, the brightest of which should ajrbadletectable
with current IACTs, such as NGC 7213 or BZB J174Z813. We report in Table 1 the 15 source
candidates with the brightest expected VHE flux. It is noticeable that amerfltbbjects used in
[13] to derive a 4.9 detection of a stacked sample of AGNs with MAGIC, 5 sources are common
to our candidates. One should note that our proposed method is cdiveeitvéhe sense that it is
based on the monochromatic luminosity at 1 TeV, while CTA will have an energgltbld as low
as~30 GeV. This should increase the expected number of such sourpesjaly since the VHE
spectra of blazars are usually steep.

With a better sensitivity and increased field of view compared to currenT$ACTA is well
suited to conduct a large population study on VHE AGNSs, with the possibilitetdaing objects
further away than currently achievedas well as detecting many more fainter sources. Such a
population study will allow one:

e to better constrain the flux level and spectral shape of the extragalactigroand light
[14, 15],

e to increase the statistics of detected solfces

e to detect new type of sources

1The furthest known VHE object is the quasar 3C 279 [6] with a redshift00.536.

2|ess than 50 AGNSs are currently known in VHE. More detections are péatlg required for complex objects
which jet is misaligned to the line of sight, such as radio galaxies and flatraperadio quasars.

3[16] interestingly reported the detection of the Seyfert 2 galaxy NGC #06&h energy usingermiLAT data.



A tour of VHE AGNSs J.-P. Lenain

Source denomination  z Fx (ergenm?s 1)  Lyx (ergs!) Fiqev(ergenm?sl)  Litev(ergs?)
BZU J0319-4130 0.018 20x 1010 1.4x 10 72x10°11 7.0x 108
BZU J2209-4710 0.006 35x 1011 2.8x 10%2 16x1011 1.4 % 10%
BZU J0433-0521 0.033 23x 1011 5.5x 1073 6.4x 10712 2.7x 10
BZU J1407-2701 0.022 15x 10711 1.6x 108 5.3x10712 8.2 x 1072
BZB J1728-5013 0.055 Dx1011 1.4x 10" 3.9x10°12 6.8x 10%3
BZU J0425-0833 0.039 12x 1011 4.1x10% 31x10°12 2.0x 10%
BZUJ1715-5724 0.027 T4x 10712 1.2x 108 2.3x10°12 6.0x 10*2
BZB J2123-1036 0.023 & x 10712 7.5 10%2 2.2x10712 3.7 x 102
BZU J1846-7709 0.018 59x 10712 4.3x10% 22x10°12 2.1x10%
BZU J0522-3627 0.055 10x 10711 7.1x10% 20x 10712 35x%x10%
BZQJ1229-0203 0.158 @Bx 1011 3.7x10% 15%x 1012 1.8x 10%
BZBJ111%-2014 0.139 Ax10°1 15x% 10% 12x10°12 7.3x 10
BZB J1217%-3007 0.130 5x 1011 9.8 x 10% 11x10°12 4.8x10%
BZB J0643+4214 0.089 nx10 11 1.9x 10" 11x10°12 9.4x 10

BZB J1443-3908 0.065 @ x 10712 6.3 x 10%3 1.0x 10712 3.1x10%3

Table 1: Prospects for future VHE AGN source candidates based on #t@aBcatalogue. The sources
are sorted by decreasing expected VHE flux. At 1 TeV, the lositg is given as intrinsic to the source,
corrected for the EBL, while the corresponding flux densitygiven as observed, absorbed by the EBL.
Because of the unknown nature of BZU objects, the correspgrmdedictions should be taken with special
care, and only apply under the assumption that the radiéidominated by the jet emission. These cases
are reported in italic.

o to derive the luminosity function of VHE AGNs and study the contribution ofé¢h®SNs to
a potential extragalactic VHE-ray diffuse background (see also [17]).

Considering an array candidate well suited for the low energy partemtgpm for CTA, such
as the array candidate E (see [18]), we expect the 16 brightest obfemis list of candidates to
be detected in 50 h of total observations, using the CTA system in suparsarvation mode of
4 or 5 telescopes. For the remaining sources, we expect an aversageaiton time of about 20 h
per source to achieve aSdetection with the full array. Assuming that30% of the overall CTA
observation time would be allocated to AGN observations, all the 71 propmaades should be
detected during an observational program of less than 2 years.

5. Conclusion

Currently detected VHE AGNs have been modelled using a simple, station@rg&®ario,
which describes well the broadband properties of the sources in love sthéetivity. From this
sample, we found a correlation between the X-ray and 1 TeV luminosities. sé& the X-ray
fluxes reported in the BZCat catalogue of AGNs to estimate their VHE flux appbpe a list of
new AGN candidates in the VHE range, in the prospects of future oksmrsaof IACTs, and
particularly the future VHE observatory, CTA. The proposed obgiemal strategy would allow to
more than double the number of VHE AGNSs in less than 2 years, for the &xpsensitivity of
CTA which will be by a factor of 10 better than current IACTSs.
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