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The study of the broad-band emission of GHz-Peaked-SpedBPS) radio galaxies is a powerful tool to investigate the
physical processes taking place in the central, kpc-siegidn of their active hosts, where the jets propagate anlbies
expand, interacting with the surrounding interstellar med(ISM). We recently developed a new dynamical-radiative
model to describe the evolution of the GPS phenomenon ($zaetal. 2008): as the relativistic jets propagate through
the ISM, gradually engulfing narrow-line emitting gas clswong their way, the electron population of the expanding
lobes evolves, emitting synchrotron light, as well as isge€ompton radiation via up-scattering of the photon fifrals

the host galaxy and its active nucleus. The model, whichessfally reproduces the key features of the GPS radio seurce
as a class, provides a description of the evolution of thggcsal energy distribution (SED) with the lobes’ expansio
predicting significant and complex X-ray teray emission. We apply here the model to the broad-band S&a sample

of known, X-ray emitting GPS galaxies, and show that: (i) fiteee-free absorption mechanism enables us to reproduce
the radio continuum at frequencies below the turnovertt{#)lobes’ non-thermal, inverse-Compton emission canwatco
for the observed X-ray spectra, providing a viable alteveab the thermal, accretion-dominated scenario. We disars
that, in our sample, the relationship between the X-ray adébrhydrogen column densititiesgNind Nur , is suggestive

of a positive correlation, which, if confirmed, would suppibre scenario of high-energy emitting lobes.

(© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

1 Introduction 2 The model

It is currently accepted that the GPS galaxies sample tM¢e recall below the key features of our dynamical-radiative
youngest fraction of the population of powerful radio gamodel, referring the reader to Stawarz et al. (2008), and re-
laxies. From sub-kpc scales, their jet-lobe’s structures p ferences therein, for a more comprehensive discussion.
pagate through the host-galaxy ISM, evolving into sub-ga- Our description of the dynamical evolution of GPS sour-
lactic (Compact Steep Spectrum, CSS) sources, which thegs mounts on the model proposed by Begelman & Cioffi
expand to super-galactic scales (see O’Dea 1998 for a (8989) to explain the expansion of classical double sources
view). However, this scenario still has several open issudd an ambient medium with density profigr). The rele-

like the absorption mechanism responsible for the charackant equations can be derived by assuming that: (i) the jet
ristic turnover in the radio spectrum, the details of the dynomentum flux (proportional to the jet kinetic pow)) is
namical evolution and interaction with the ISM, the paramédalanced by the ram pressure of the ambient medium spread
ters of the central engine, and the origin of the high-energyer an are&,,, (ii) the lobes’ sideways expansion velo-
emission. We recently proposed a model which addressgty equals the speed of the shock driven by the overpres-
some of these issues through the analysis of the broad-b&ugied cocoon, with internal pressyrein the surrounding
emission of GPS galaxies (Stawarz et al. 2008). medium, and (i) the energy;t transported by the jet pair

Here we show that our model appears to be promisinﬂ‘,”ing the source lifetime is converted into the cocoon’s

enabling us to reproduce a number of observed propertf8&nal pressure. For young GPS sources with agde
of a sample of X-ray emitting GPS galaxies. near sizeLS(t) S 1 kpc, and transverse siZg(t), expan-
ding in the central core of the gaseous halo of the ellipti-

cal host galaxy, we could constrain the model with a num-
ber of reasonable assumptions: (i) a constant ambient den-
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sity p = mypng (with m,, the proton mass, andy, ~ 0.1 the beamed relativistic jets may overcome the X-ray output
cm~3), representative of the King-profile’s core, (ii) a con-of most of these sources, in GR@laxies those contribu-
stant hot-spot advance velocity ~ 0.1¢, as suggested by tions are expected to be obscured by the torus and Doppler-
many obervations of compact symmetric objects (but séddden, respectively, and the lobes are expected to be the
Kawakatu, Nagai, & Kino 2009 for alternative scenarios)jominant X-ray source.

(iii) a scaling lawl.(t) ~ t'/2, reproducing the initial, bal-
listic phase of the jet propagation. All the lobes’ physic
guantities become thus functions of two parameters only:
the jet kinetic powet; and the source linear siZeS.

Observational supports

] o Our model, and specifically the prediction of the X-ray—
We then studied how the broad-band radiative outpeyitiing lobes, may be supported by further observational

of GPS sources evolves as the source expands, for a giVgfjence, which we did not discuss in Stawarz et al. (2008).
jet power L;. The magnetic field in the expanding lobes The X-ray emission of GPS galaxies has been tradi-

scales a3 = (8mypp)t/? ~ Li/'LS~1/?  with s = tionally interpreted as thermal radiation from the acereti
Us/p < 3, andUp the magnetic energy density. The elecyisc, absorbed by a gas component associated with the AGN
tron populatior)(y) (with -y the electron’s Lorentz factor), and characterized by an equivalent hydrogen column den-
injected from the terminal jet shocks to the expanding lobesgity N;; (O’Dea et al. 2000; Guainazzi et al. 2004, 2006;
evolves under the joint action of adiabatic and radiative eRyink et al. 2006; Siemiginowska et al. 2008), rather than as
ergy losses, yielding a lobes’ electron populatida(y), non-thermal emission from the jets or the lobes. The for-
which has a broken power-law form with critical energyner scenario is mainly based on the apparent discrepan-
Yer WhenQ(v) is a power law, and a more complex formey petween the equivalent total-hydrogen column density
whenQ(v) is a broken power law with intrinsical break,, derived from the X-ray spectral analysis and the neutral-
Yine = 210°. Assuming that the lobes’ electrons, in rougthydrogen column density fy derived from the 21-cm ra-
equipartition with the magnetic field and the cold protongjio measurements. Becausg Always appeared to exceed
provide the bulk of the lobes’ pressure, the electron energy,, of 12 orders of magnitudes, it came natural to interpret
density isUe = nep, with n. S 3. The lobes’electrons are he X-rays as produced in a source region which is more ob-
source of synchrotron radiation, with luminosity,, con-  scyred than the region where the bulk of the radio emission
stant with time, and energy density,,, ~ LS~%/. Free- comes from, and thus locateéd between the radio lobes;
free absorption (FFA) of this radiation by neutral-hydrogegtherwise, an unreasonably high fraction of ionized hydro-
clouds of the narrow-line region (NLR), engulfed by the exgen (H 11) would be necessary to account for the above dif-
panding lobes and photoionized on their surface by the rgsrence (e.g., Guainazzi et al. 2006; Vink et al. 2006). Such
diation from the active nucleus (as proposed by Begelm@nscenario would also be consistent with the observed anti-
1999), is the process which we favour for the formation aforrelation between )\ and linear size found by Pihlstrom,
the inverted spectra. While the synchrotron-self-absompt conway & Vermeulen (2003), being the fraction of ionized
(SSA) process does not enable us to reproduce the obserygd |ikely low in a young radio source with still expanding
turnover frequencies,, the spectra below the turnover, andstromgren sphere (Vink et al. 2006).

the;, — LS anticorrelation (O'Dea & Baum 1997), FFA 114 discrepancies between tha Aind Ny; values men-

effects best fit the inverted spectra, and are a promising c3yneqd above should actually be regarded with caution. The
didate to account for the above anticorrelation. Ny estimate is derived, from the measurements of the H |
The lobes’ particles also produce inverse-Compton (IGbsorption lines, as a function of the ratio between the spin
radiation via up-scattering of both the synchrotron radidemperaturd of the gas and its covering factey, repre-
tion (synchrotron-self-Compton mechanism; SSC) and ttsenting the fraction of the source covered by the H | screen
local, thermal photon fields generated by the accretion dige.g., Gupta et al. 2006). The common assumpligfy =
the torus, and the stellar population of the host galaxy. THE0 K refers to the case of complete coverage£ 1) of
energy density/, .4 of the thermal fields was evaluated bythe emitting source by a standard col (~ 100 K) ISM
assuming that the nuclei of GPS sources share the propeloud in thermal equilibrium, and thus with spin tempera-
ties of quasars and Seyfert galaxies. The accretion disc, age equal to the kinetic temperatufg (= Ti). However,
sumed to produce the bulk of its luminosity0¢>~*7erg this assumption returns a value of;Nvhich represents a
s!; e.g., Koratkar & Blaes 1999) at UV frequencies, prolower limit to the actual neutral hydrogen column density
videsUyy ~ LS~2; the dusty torus, radiating the disc’s(Pihlstrom et al. 2003; Vermeulen et al. 2003; Gupta et al.
UV photons at IR frequencies with efficieney~ 10 — 2006). In fact, in the AGN environment, illumination by
100%, yieldsUir ~ LS~Z; finally, the host galaxy con- X-ray radiation might easily rais& up to 103 — 10* K
tributes near-IR to optical photons witlh,,; independent (Conway & Blanco 1995; Maloney, Hollenbach, & Tielens
of LS. The IC scattering of all the above radiation field4.996), makindl; raise accordingly (Davies & Cummings
yields significant and complex high-energy emission, frorh975; Liszt 2001); a source covering factor smaller than
X-ray to~-ray energies. Whereas in Gg8asarsthe direct unity would also increase th&, /¢, ratio. Both the above
X-ray emission of the accretion disc’s hot corona and dadffects might lead to N values fully consistent with the
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Ny estimates. Finally, temperatures as high as seuéral
K would likely imply the presence of a non-negligible frac- 46 . . . . . . . .

tion of HIlI (Maloney et al. 1996; Vink et al. 2006), also e
contributing to relax possible residual column-density-di LERLcsfFf) -
crepancies. The consistency ofldnd Ny; would make the Leroy) T
scenario of non-thermal X-ray—emitting lobes a viable al- 45 | 4

ternative to the accretion-disc dominated model. A
Evidence is mounting that, in GPS and CSS sources; i :
the H | absorption lines are not generated by a screen cove-
ring the source uniformly: instead, they seem to originate i % 2 |
clouds of neutral hydrogen connected with the radio strucz,
tures of their jets and/or lobes, and possibly interactitgw &
them (Morganti et al. 2004; Labiano et al. 2006; Vermeulen
et al. 2006). The association of the bulk of the HI absor- 43
ption with the optical emission lines currently supports th
identification of the absorbers with the atomic cores of the
NLR clouds, although the presence of H1 elsewhere is not
ruled out (Labiano et al. 2006; Vermeulen et al. 2006). 2 JiA .
In our GPS model, the NLR clouds are gradually en- 8§ 10 12 14 16 18 20 22 24
gulfed by the expanding lobes: besides being responsible 10010V [H2]
for the FFA of the radio photons, they might play an impor-

tant role in the absorption of the lobes’ X-ray radiation.  Fig.1  Modelling of the intrinsic SED of GPS galaxy
IERS B0108+388. Radio to X-ray data were derived from:

4 moarison with br -ban t NED; Dallacasa et al. (2000); Tinti et al. (2005); Stickel
Compariso broad-band data et al. (1996); Vink et al. (2006). The curves show the mod-
4.1 Modelling the SED'’s elled spectral components: synchrotron emission, ané-corr

sponding SSC emission (solid lines); thermal star light{do
We tested our dynamical-radiative model on the 11 GP8d line); comptonized thermal emission from the torus and
galaxies currently known as X-ray emittérén Fig.[1, we the disc, respectively (dashed and dash-dot-dotted lines)
show, as an example, the modelling of the intridndimad- The comptonized starlight's luminosity does not appear in
band SED of B0108+388, a source wilts = 41 pc. The the plot because it is lower than*? erg s!.
SED data were derived from the literature, and properly de-
absorbed. The modelling of the complete SED sample will
be presented elsewhere. model well reproduces the observed X-ray spectrum, and

The radio data of IERS B0108+388 were modelled a€dicts significant-ray emission.

synchrotron radiation produced by a lobes’ electron popu-
lation N, () derived from the evolution of an injected hot—4 2
spots’ population)(y) ~ ¢, with s = s; = 1.8 for '
7 < Yine, @Nds = sy = 3.2f0r v > i FFA effects en- gesjdes the modelling of the broad-band SED’s, a way of
able us to best fit the spectral behaviour at frequencies Rfgscriminating among different scenarios, and unveil the a
low the~ 6 GHz turnover. The thermal emissions from thg,5| X-ray production site, is to compare the properties of
torus (IR), the disc (UV), and the host galaxy (optical-NIR)ne X-ray and radio absorbers, i.e. the hd Ny column
were modelled as black-body spectra with the appropriaginsities. Such a comparison can be performed either for
frequency peaksifp = 0.510"° Hz, vyv = 24510 jndividual sources, where @l hoc increase of th, para-
Hz, andvope = 2.010'* Hz) and bolometric luminosities meter can remove possiblesnd Ny discrepancies, or for
(Lirg = 5010" erg s, Lyy = 5.010 ergs*, and 4 source sample, where the existence of a positive, signifi-
Lopt = 6.010* erg s°1). The comptonization of the syn- cant Ny -Ny; correlation would suggest that the X-ray and

spectral components. For this source, the X-ray emissionggthe X-ray and radio source.

dominated by the comptonization of the IR radiation. Our

Ng -Ny1 connection

We investigated the existence of a connection between

1 |ERS B0026+346, IERS B0108+388 IERS B0500+019, IERS Nmand Ngrin our sample. For a positive correlation, we
B0710+439, PKS B0941-080, IERS B1031+B67ERS B1345+125, searched the source subsample for which bagrahd Ny;
IVS B1358+624, IERS B1404+286, IERS B2128+048, IERSagtimates (either detections or upper limits) are avalabl

B2352+495. Sources marked with an asterisk are those of the sub- . . .

sample discussed in SEC1.2, and included inig. 2. lZsee Fig[R, and footnote 1). We obtained the following re-
2 Throughout this paper, we use the cosmological parameegs:i=  Sults: (1) t_he SUbsampl_e of5 sources for which bohaiNd

0.7, Qum = 0.3, with Hyp = 72 km s~ Mpc—! Ny detections are available displays a strong (Pearson’s
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Additional measurements, necessary to improve the statis-

24.0¢ v 4, tics, are already planned.
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