INAF

ISTITUTO NAZIOMNALE

2 ASTROFISICA

MATIRAL INSTITLITE
FOR ASTROFHYSICS

Publication Year

2016

Acceptance in OA

2020-06-15T08:57:05Z

Title

Radio properties of Compact Steep Spectrum and GHz-Peaked Spectrum radio sources

Authors

ORIENTI, Monica

Publisher's version (DOI)

10.1002/asna.201512257

Handle

http://hdl.handle.net/20.500.12386/26049

Journal

ASTRONOMISCHE NACHRICHTEN

Volume

337




Astronomische Nachrichten, 3 November 2015

Radio properties of Compact Steep Spectrum and GHz-Peakedp8c-
trum radio sources

M. Orienti 1-*

INAF-IRA, Via Gobetti 101, 40129 Bologna, Italy

Received XXXX, accepted XXXX
Published online XXXX

Key words galaxies: active, radio continuum: general, radiationtmaeésm: non-thermal, polarization, radio lines: ISM

Compact steep spectrum (CSS) and GHz-peaked spectrum (&R&¥ources represent a large fraction of the extragalac-
tic objects in flux density-limited samples. They are conippowerful radio sources whose synchrotron peak frequency
ranges between a few hundred MHz to several GHz. CSS and GRSs@urces are currently interpreted as objects in
which the radio emission is in an early evolutionary stagéhis contribution | review the radio properties and thegpbgl
characteristics of this class of radio sources, and theglatg between their radio emission and the ambient medium of
the host galaxy.

Copyright line will be provided by the publisher

1 Introduction (e.g., Snellen et al. 2000, Fanti 2009, Orienti & Dallacasa
2008a) or due to free-free absorption from an ionized medium

Compact steep spectrum (CSS) and GHz-peaked spectréfghrouding the radio emission (e.g., Bicknell et al. 1997,
(GPS) radio sources are powerful (Pqr, >10%° W/Hz) Tingay etal. 2015, Callingham et al. 2015), although a com-
and compact objects with angular sizes not exceeding 1 -bmation of both mechanisms may take place (e.g., Orienti
arcsec. The main peculiarity of these objects is the convéxDallacasa 2008a).

synchrotron radio spectrum that peaks around 100 MHz f#SS and GPS radio sources represent a significant fraction
the case of CSS sources, and at about 1 GHz in the casd 6% — 30% depending on the frequency) of the sources in
GPS objects, or even up to a few GHz in the sub-populatidix-density limited catalogues, opening a debate aboirt the
of high frequency peakers (HFP) defined by Dallacasa @ature. Fanti et al. (1990) investigated whether the compac
al. (2000). Above the peak frequency the spectrum is stegige is a result of projection effects, but they concluded th
with a spectral indexy ~ 0.7 (S, o< v~9). this was unlikely, leaving room only for a minority:25%)
Depending on both the frequency and the flux-density lim@f large objects foreshortened by geometrical effects. The
of the catalogues used, the CSS/GPS samples are dotirinsically compact size of CSS/GPS is interpreted nyainl
nated by different sub-classes of objects. Bright CSS afititerms ofYouth these sources are small because they are
GPS samples have been selected from the 3C, PW andstill in an early stage of their evolutionary path, and may be
Jansky catalogues (see, e.g., Spencer et al. 1989, Fang@ne/develop into Fanaroff-Riley type-I/Il (FRI/FRII, Fa
al. 1990, Stanghellini et al. 1998). On the other hand, de@groff & Riley 1974) radio sources (e.g., Fanti et al. 1995,
catalogues, like B3, FIRST, WENSS and AT20GH, wer&nellen et al. 2000, Alexander 2000, Perucho 2015). Strong
used for selecting weak samples (e.g., Fanti et al. 200upports to thé/outh Scenarieame from the estimate of
Snellen et al. 1998, Kunert et al. 2002, Hancock et al. 2010jie kinematic age by the determination of the hot spot sep-
In the last decades other samples of CSS/GPS candidaagation velocity in a handful of the most compact objects
were constructed using different selections tools likerthe (Polatidis 2009, Giroletti & Polatidis 2009, and referesice
dio morphology, optical counterpart, compact linear sizéerein, Polatidis & Conway 2003, and references therein),
(e.g., COINS sample, Peck & Taylor 2000; CSS-VIPS sanas Well as from the radiative age (Murgia 2003, Murgia et
ple, Tremblay et al. 2009; CORALZ, Snellen et al. 2004), a&l. 1999, Nagai et al. 2006). The alternative scenario that
well as polarization properties (Cassaro, Dallacasa &-Stapostulated the presence of an exceptionally dense medium
ghellini 2009). able to frustrate the jet growth was not supported by multi-
Statistical analysis of CSS/GPS samples pointed out an eg@nd observations which pointed out that the gas of their
pirical anti-correlation between the peak frequency of thieost galaxies are similar to those of extended FRII sources
spectrum and the linear size (O’'Dea & Baum 1997). Thi€.g., Fanti et al. 1995, Fanti et al. 2000, Siemiginowska et
has been interpreted either in terms of synchrotron-self a#l. 2005).

sorption related to the compact dimension of the sources

arxXiv:1511.00436v1 [astro-ph.GA] 2 Nov 2015

In the next Sections | will briefly review the observa-
* Corresponding author: e-mail: orienti@ira.inaf.it tional and physical properties of CSS and GPS radio sources.
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2 M. Orienti: Radio properties of CSS and GPS radio sources

Radio properties are presented in Sections 2. In Section 3.2 Variability

describe the physical parameters, such as the luminosity an _ _ o
the magnetic field, and how they evolve. In Section 4 | disthe spectral behaviour and the flux density variability is in

cuss the duty cycle of the radio emission, while in Sectio¥fstigated by multifrequency observations, closely sieaul

5and 6 | present the characteristics of the ambient mediUt§OUus when possible, carried out at various epochs. In past
and their role in producing the observed source asymm‘é‘grks CSS/GPS objects were considered the least variable

tries. A brief Summary is presented in Section 7. extragalactic radio sources (O’'Dea 1998). However, long-

Throughout the paper | assume H 71 km s' Mpc—?, term monitoring campaigns found different results depend-
On = 0.27,Q4 = 0.73 in a flat Universe. The spectral indexnd on the different sub-classes considered (CSS, GPS, HFP,

is defined ass,, o v~ . quasars, galaxies). It turned out that many GPS/HFP sources
are picked up with a convex spectrum only during flaring
events, when the radio emission is dominated by the jet,
) ) while in their average state they possess a flat spectrum
2 Radio properties (Torniainen et al. 2005, Tinti et al. 2007). In particulagH
fraction of CSS radio galaxies are not variable, while only
~30% of GPS/HFP galaxies preserve the convex spectrum

Due to their compact size, CSS/GPS sources appeared Gﬁlmiainen et al. 2007, Orienti et al. 2010, Hancock et al.
resolved in single-dish observations, and only the adved®10). The majority of the CSS, GPS, and HFP quasars
of interferometers with sub-arcsecond resolution coutd pi show significant flux density and spectral variability (Min-
point their radio morphology. CSS and GPS are divided int@aliev et al. 2012, Orienti et al. 2007).
three main morphological classes: 1) symmetric (i.e. twpectral changing and flux density variability do not always
sided) structures; 2) core-jet structures; 3) complex mofply that the source is part of the blazar population, nathe
phology. than a genuine CSS/GPS/HFP object. In fact, changes in the
Symmetric objects have a two-sided radio structure resefigddio spectrum may be a direct consequence of the source
bling a scaled-down FRII radio source (Fi). 1). The main ireXpansion (e.g., Tingay & de Kool 2003). In newly born ra-
gredients are mini-lobes and hot spots. Sometimes, a we#R sources, the evolution time-scales can be of the order of
component hosting the core is present, and, depending dfeW tens of years. Changes in the radio spectrum of such
their size, CSS/GPS may be termed as “compact symmetyfeung objects can be appreciable after the short time (5— 10
objects” (CSO) if they are smaller than 1 kpc, or “mediumyr) elapsing between the observing epoch. If the variahbilit
sized symmetric objects” (MSO) if they extend up to 10 — 15 due to the source expansion we expect that the peak shifts
kpc (Fanti et al. 2001) However, a |arge fraction of “Symto lower frequencies, the flux density in the optically-thin
metric” sources have a very asymmetric two-sided morphdegime decreases, while that in the optically-thick part of
ogy, where one side of the source is much brighter than tHe spectrum increases. This behaviour has been observed
other (e.g. Saikia et al. 2003, Rossetti et al. 2006). When ti the HFP RXJ1459+3337 (Orienti & Dallacasa 2008b),
core is detected it is usual to find that the brighter lobegs tis well as in a handful of HFP/GPS sources (Dallacasa &
one closer to the core. This is opposite to what is expect&dfienti 2015, Orienti et al. 2010), although some additiona
in presence of geometrical effects, suggesting some imteryariations in the free-free optical depth may be presegt,(e.
tion between the jet and the ambient medium (see Sectiiif GPS PKS 1718-649, Tingay et al. 2015).
[6).
In two-sided objects the core usually represent a very small
fraction (a few per cent) of the total radio emission of the 3 pg|arization
source indicating the absence of beaming effects (e.giwilk
son et al. 1994). On the contrary, in radio sources with @SS/GPS objects are weakly polarized. Multifrequency po-
core-jet and complex structure the core dominates the radéeimetric measurements of a sample of CSS/GPS radio sour-
emission, suggesting the presence of significant boostings (Fanti et al. 2004, Cotton et al. 2003) show that very
effects. In addition core-jet structures are usually foimd compact objects<1 kpc) are unpolarized or strongly depo-
CSS/GPS which are optically identified with quasars (e.darized, and the fractional polarization is strictly relatto
Rossetti et al. 2004, Orienti et al. 2006), supporting the rothe frequency: the lower the frequency, the stronger the de-
of projection effects. polarization. Furthermore, the fractional polarizaticoed
As in the case of core-jet structures, also complex momnot increase gradually with the source size, but there seems
phologies are usually caused by boosting effects, at ledstbe a discontinuity at a “critical size” (the so-callédtton
in high-luminosity sample. This does not seem to hold ieffec}, that is about 6 kpc at 1.4 GHz and moves down to
low-luminosity samples where a high fraction of sourceabout 1 kpc at higher frequencies.
(~30%) have weak extended emission and distorted strubhe strong depolarization of the most compact objects may
tures which are likely intrinsic (Kunert-Bajraszewska ket abe related to the interstellar medium of the narrow line re-
2010). gion (NLR) which acts as a Faraday Screen, depolarizing
and/or rotating the polarized signal. The “amount” of de-

2.1 Morphology
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Fig.1 Examples of a symmetric “two-sided” CS@ft), and of an asymmetric onedht). Adapted from Orienti et al.
2004

polarization and/or rotation depends on both the inhomtarization and morphological asymmetries observed in CSS
geneities of the ambient medium and the distribution of thend GPS is likely an indication of jet-gas interaction which
magnetic field. Support to the presence of a dense and intli@more probable when the radio jet is still piercing its way
mogeneous medium in front of the radio source comes frothrough the dense medium of the host galaxy (see Section
the large rotation measure (RM) estimated for those sour@s
with some polarized emission. RM of the order of 1000 rad
m~2 or even higher are commonly observed (e.g., O'Dea
1998, Cotton et al. 2006, Rossetti et al. 2008, Mantovani §t
al. 2013).

A different result was found by Mantovani et al. (2009% a scenario where radio sources grow in a self-similar way,

who studied a complete sample of CSS with muItlfrequen%e evolution of each radio object originated by an AGN de-

single-dish observations. In this case no drop in the polar- o . L .
o ends on its linear size. The determination of the physical
ization was found for the most compact sources. Howevgr

this apparent contradiction is likely due to the contaminaP—r‘Op.ertles n quec_ts at the be_glnnlng of Fh_e_|r evo!ut_|0n IS
. . ... crucial for setting tight constraints on the initial cornalits
tion by geometrically-foreshortened quasars. In facthé t

. ) ..~ of the radio emission.
galaxies are considered separately,@ogton effects visi- ) .
. . . A The source size, flux density, and the peak frequency are
ble again, while the fractional polarization in quasarsisee

. ; " . arameters that can be easily derived from the observations
independent from the linear size. In addition, quasars haee y

higher fractional polarization than galaxies, while gadax arnid the_n used as a starting point to determine the physical
operties of the sources.

experience larger RM. In HFP quasars the high fractlon%)lLe existence of a relation between the rest-frame peak fre-

polarization is associated with low RM and high flux den(']uency and the projected linear size (e.g. O'Dea & Baum

§|ty Va”"’?b"'ty (Orienti & Dallapasa 29080)’ similar to & 1997) indicates that the mechanism responsible for the cur-
is found in blazars (Mantovani, Bondi, & Mack 2011). Sub- . ) )

: . . ) vature of the spectrum is related to the source dimension,
arcsecond resolution observations point out higher RM than

) X : . ._and thus to the source age. Interestingly, some of the most
those estimated by low-resolution single-dish Obsermnocompact and asymmetric sources seem to depart from this
suggesting the presence of blended components. . R

AR . ; relation. However, this is likely due to the presence of sev-
Another intriguing aspects pointed out by multlfrequencgral sub-components that are responsible for differertt par
observations is an increase of the polarized emission at |O\?I . . .

o . ; ... 0f the total radio spectrum: one bright and compact hot spot
frequency (re-polarization). This may be explained eith

) . o Yominates the radio emission, overwhelming the contribu-
in terms of multiple unresolved components with differe .

o : : ion from the extended structures (e.g. J1335+5844, Qrient
spectral characteristics that dominate at different feaqu

cies, or in presence of variability (Mantovani et al 2009& Dallacgsa 2014). . . . . .
Orie,nti & Dallacasa 2008c). In this case the RM d.oes nébt\nother Important relationship to nvestigate is betwden t
follow the A2 correlation (seé e.q., Bums 1966) peak qu_x density and the p.eak freguency, since they provide
A remarkable result found is that CSS are mor.e asymm ctc_mstralnts on the magnetic field in case the spectral curva-
. o %Hre is due to SSA. The analysis of the peak flux density as
ric in the polarization of the outer lobes than the extende

: o o a function of the peak frequency in CSS/GPS/HFP sources
galaxies (Saikia & Gupta 2003). The high incidence of P%om bright samples suggests a segregation between sources

Physical properties
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4 M. Orienti: Radio properties of CSS and GPS radio sources

identified with galaxies and quasars. When only galaxi¢sowever, there are a few exceptions where the peak mag-

are considered there seems to be an anticorrelation betweetic field is orders of magnitude higher than the equipar-

the peak flux density and the peak frequency, as expectitn value. The analysis of the optically-thick part okth

if the spectral turnover is due to SSA, although FFA carspectrum turned out to be more inverted than the limit value

not be completely discarded. On the contrary, this anticdier SSA (@ < —2.5), indicating that the spectral peak is

relation does not hold in case of quasars. They have pedie to FFA. Therefore the magnetic field determined by the

frequency in GHz regime, while the peak flux density covpeak values is meaningless.

ers three order of magnitudes, independently of the peBlepending on the size of the sources, the estimated mag-

frequency, suggesting a different nature for the majority metic fields range from a few 150 mG in the most compact

galaxies and quasars (Orienti et al. 2010). components of HFP radio sources down to 0.1 mG in the
lobes of CSS (Fanti et al. 2001, Dallacasa et al. 2002, Ori-
enti et al. 2006). The anticorrelation between the magnetic

3.1 Magnetic field field strength and the linear size _is in _agre_ement with What
is expected in case the source is adiabatically expanding.

The direct measurement of the magnetic field in extragalagowever, when the single source components are consid-

tic radio sources is a difficult task to carry out. An indireckred, it emerges that the field intensities found in the vari-

way to estimate the magnetic field is to assume that the rad@ias components of the same object can vary up to an order

source is in minimum energy condition corresponding to & magnitude (Orienti & Dallacasa 2012). Such differences

near equipartition of energy between the radiating padicl may arise from asymmetries in the source propagation, for

and the magnetic field (Pacholczyk 1970). Although thisxample when the two sides experience a different envi-

condition is assumed in many evolutionary models, there isnment (see Sectidn 5), indicating that simple self-gimil

no a priori reason for believing that magnetic fields in radievolution models may be not adequate to describe the radio

sources are in equipartition. source growth (e.g., Sutherland & Bicknell 2007).

As mentioned earlier, a direct measurement of the magnetic

field from observable quantities is obtained by means of

the spectral parameters. If the spectral peak is produced by

SSA, we can compute the magnetic figifiby using ob- 3.2 Luminosity evolution

servable quantities only:
a Y Several evolutionary mod@lﬁe.g. Fanti et al. 1995; Read-

H ~ f(a)°0%S, 2vp(1+2)" (1) head et al. 1996; Snellen et al. 2000) were proposed to de-

wheref is the source solid angle, ands,, are the peak fre- SCribe how the physical parameters (i.e. luminosity, linea
quency and peak flux density, respectiveljs the redshift, SIZ€ and velocity) evolve _as_the radio emission grows within
and (o) is a function that depends weakly on the spectr&l® host galaxy. The majority of the proposed models pre-
index (Kellermann & Pauliny-Toth 1981). Scott & Read-dict an increase of the luminosity and a decrease of the jet
head (1977) and Readhead (1994) computed the magn@ﬁ’é’"f‘nce speed when .the radio emission is still embedded
field for sources of low-frequency spectral turnovers closgithin the dense medium of the NLR. Then, as the radio
in value to the observing frequency and found that the magmission emerges from the NLR the luminosity is expected
netic fields inferred directly from the spectrum were withiri® decrease, while the jet advance speed should not vary sig-
a factor of 16 of the equipartition values. However, ther@flcantly. These predictions should be validated l_Jy diatis
are no systematic studies of sources with spectra peaking-at Studies of samples of CSS/GPS/HFP spanning a large
higher frequencies, i.e. objects younger than those intScGinge of linear size. . o

& Readhead (1977). O'Dea (1998) studied the radio luminosity at 5 GHz as a
The main difficulty in applying this method has been th&unction o_f the projected linear size, t_)ut no qorrelauorswa
uncertainty in determining source component parameters'g¢nd. This may be related to the similar radio power of the
the turnover frequency, which results in a limited accurac§f'ected sources. To determine how the luminosity evolves
of the magnetic field estimates. However this method ma&p the source grows, Orienti & Dallacasa (2014) studied a
be used for GPS/HFP sources. The peak frequency arourtfaPle of Sbona fideyoung radio sources with an unam-
few GHz gives the possibility to sample both the opticallyPiguous detection of the core region, and spanning a wide
thick and -thin part of the spectrum by multifrequency high@ng€ of linear size, from a few pc up to tens of kpc, for
resolution VLBA observations, leading to a fairly accurat§igh-luminosity radio sources. To get rid of possible beost
estimate of the peak parameters. |ng/pr01egt|on effects that may contaminate the estlmaFe 0
The peak magnetic fields estimated for the components B Physical parameters, only objects optically assodiate
HFP radio sources turned out to be in good agreement wifith galaxies were considered when searching for empiri-
those derived by assuming minimum energy conditions, suf relations.

porting the idea that in general young radio sources are iry The evolutionary models considered in this review try tolaxphow

minimum energy andi_tions and their spectral turnover i, individual radio source grows and evolves, without tgkitto account
caused by SSA (Orienti & Dallacasa 2008a, 2008b, 2014hy cosmological implication.

Copyright line will be provided by the publisher
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SOE T T e e 4 The life-cycle of the radio emission

It is nowadays clear that powerful {ly g, > 10%° W/HZ)
3 radio sources are a small fraction of the AGN generally as-
sociated with ellipticals, suggesting that the radio aigstiv
is a transient phase in the life of these systems. The typi-
3 cal age of active phase in radio sources is abolt-100°
years, which is followed by a relic phase which is roughly
one order of magnitude shorter (Parma et al. 2007).
3 The onset of radio emission is currently thought to be re-
: lated to mergers which provide fuel to the central AGN.
—X ] However, the reason why and when the radio emission swit-
g " ches off is still an open question. The excess of young ob-
jects in flux-limited samples suggests the existence otshor
lived objects unable to become FRII, and additional ingre-
dients, like the recurrence of the radio emission (e.g., Cz-
erny et al. 2009), or the interplay between the source and
T the environment, must be considered (see Seftion 5). Sup-
24t L ' ! port to the existence of short-lived objects come from sta-
1 2 3 4 tistical studies of the ages of CSO which peak at about 500
Log LLS [pc] years (Gugliucci et al. 2005), and of the sub-class of low-

) S ) ~ luminosity CSS radio sources (Kunert-Bajraszewska et al.
Fig.2 Total luminosity at 375 MHz versus the linear siz&010).

for the sources of the sample selected by Orienti & Dajt the supply of new relativistic particles turns off, the ra
lacasa (2014). Filled circles are galaxies, while empty tryjig emission fades rapidly due to the severe energy losses
angles are quasars. Crosses represent the median valueggfihe radio spectrum steepens fast making these sources
the total luminosity and linear size, for galaxies only,-seQ,nder-represented in flux-limited catalogues. Indeedy onl
arated into different bins. As a comparison, in the bottong fey objects have been suggested as faders so far, based
right corner there is the evolutionary trend expected by thg, the absence of active regions (Kunert-Bajraszewska et
model developed in Snellen et al. (2000). al. 2005, 2006), and the distribution of spectral index fbun
steep across the whole source, like in the case of PKS
1518+047 (Orienti, Murgia, & Dallacasa 2010).
A different situation is the recurrence of the radio emissio
in an AGN. In this case a “young” radio source, with new
activity regions like the core and hot spots, is presenteclos
to the fossil of a previous epoch of the radio emission. A
The analysis of the source luminosity at 375 MHz versus thiear example of intermittent radio activity is the FRIl iad
linear size points out two different relations depending ogalaxy B0925+420 where three different episodes of jet ac-
the source size: sources smaller than a few kpc increase thigiity have been observed (Brocksopp et al. 2007).
luminosity as they grow, while larger sources progresgiveExtended emission on the kpc-scale and beyond was dis-
decrease their luminosity, in agreement with the evolutiorwovered in the GPS galaxy J0111+3906 (Baum 1990), and
ary models (Figi2). The smallest sources reside within thieterpreted in terms of the relic of a past radio activity ei
innermost region of the host galaxy, where the dense andcurred about 1010° years ago. Recently, a remnant of
inhomogeneous ambient medium favours radiative lossegout 160 kpc in size from an earlier stage of activity was
As the radio source expands on a kpc scale, it experiendeand in the CSS galaxy B2 0258+35, suggesting that the
a smoother and less dense ambient medium and adiabétite between subsequent phases of activity in this source is
losses dominate. about 16 (Shulevski et al. 2012, Brienza et al. 2015).
Kunert-Bajraszewska et al. (2010) extended the analysiskdllowing the model by Czerny et al. (2009), the restarting
the radio power as a function of linear size by includingf the radio emission may occur on much shorter (a few
a sample of low-luminosity CSS objects having 1.4-GHthousand years) time scales. This is the case of the HFP
luminosity comparable to that of FRI. They found a cleasources J1511+0518 and OQ 208 where a relic from the past
distinction between high-power and low-power objects: thactivity is found at about 50 pc from the reborn object (Ori-
former seem to follow an evolutionary path similar to thaénti & Dallacasa 2008, Luo et al. 2007), indicating that, at
expected by the models. The latter are located below tHeast, in some objects the duty-cycle of the radio emission
path and they may represent short-lived objects with a dibccurs on time-scale of $6- 10* years.
ferent fate. Following the evolutionary path, CSO should evolve into
FRII radio galaxies with ages of 16-1C° years before the
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6 M. Orienti: Radio properties of CSS and GPS radio sources

radio emission enters in the relic phase. However, it is postot all the ionized, atomic, and molecular gas is organized
sible that not all the CSO would become FRII, and a populé a circumnuclear structure. As a consequence of the recent
tion of fading short-lived objects under-represented ir-flu merger/accretion events experienced by the host galaxy, we
limited catalogue is expected. If the interruption of théica expectthe presence of unsettled, clumpy gas inhomogeneou-
activity is a temporary phase and the radio emission frosly distributed particularly in the innermost region. How-
the central engine will restart soon, it is possible that thever, a secure prove of such clouds is difficult to obtain
source will appear again as a CSO without the severe steegually due to their low optical depth and small filling fac-
ening at high frequencies. If this does not happen, the fata. However, if the cloud impacts with the jet temporar-
of the fading radio source is to emit at lower and lower freily confining its expansion. Shallow and broad HI absorp-
guencies, until it disappears at frequencies well below thi®on lines suggesting a jet-cloud interaction, were foumd i
MHz regime (Fig[B). young or restarted objects, but the lack of angular resolu-
tion prevented a reliable interpretation of their origim, e
ther circumnuclear or off-nuclear (Morganti, Tadhunter &
] ) Oosterloo 2005). An outstanding example is represented by
5 Ambient medium the young, restarted GPS 4C 12.50, where VLBI observa-
tions locate the HI outflow of about 107 at about 100
CSS and GPS radio sources are usually found in early-type from the nucleus where the radio jet interacts with the
gas-rich galaxies. The presence of significant amount of g@\, as well as around the associated radio lobe (Morganti
in young radio galaxies is supported by a larger incideneg al. 2013). A possible molecular counterpart of the atomic
of HI absorption in these objects (Vermeulen et al. 2003utflow was found by Dasyra & Combes (2012) by deep
PihIstrom, Conway, & Vermeulen 2003, Gupta et al. 200630 observations. Interestingly, in the same source Hl is ob-
compared to what is typically found in old and larger radigerved in absorption also against the other lobe and may
sources (Morganti et al. 2001). This dense medium is likebause the bending of the jet (Morganti et al. 2004b). These
the result of the merger that triggered the radio source {Matsults indicate that, despite the small filling factor aé th
ganti et al. 2004a). The knowledge of the distribution of thelumpy medium, jet-cloud interaction can take place and
gas, either settled in a circumnuclear structure like a disk may be responsible for some asymmetric radio sources ob-
a torus, or inhomogeneously distributed in clouds, prosidgerved. This may be the case of the two highly asymmetric
important information on the environment in the innermostSS sources 3C 49 and 3C 268.3, in which HI absorption is
region of AGN and its role in the radio jet evolution. observed only against the brightest lobe, which is also the
Pihlstrom et al. (2003) found an empirical anti-correati closest to the core, although the non-detection in the other
between the HI column densityur and the source linear lobe might be due to sensitivity limitation (Labiano et al.
size in a sample of 41 CSS/GPS sources: smaller sourcege).
(<0.5 kpc) have larger HI column densities than the larger
sources £0.5 kpc). This result suggests that the HI gas
is likely settled in a circumnuclear disk/torus with a radi-
ally declining density, and the absorption takes place onfy Asymmetries
against the receding lobe. It is worth noting that Mg-L .S
anticorrelation does not seem to hold in the most compags mentioned in Sectiohl 2, a large fraction of CSS/GPS
HFP objects (Orienti, Morganti, & Dallacasa 2006), whiclsources have a very asymmetric structures (e.g., Saikia et a
highly deviate from the trend by Pihlstrom et al. (2003)2003). A significant fraction{50%) of asymmetric sources
The absence of high HI column density in very compadtave the brighter lobe that is also the closer to the core,
sources can be explained by both the orientation and the @dich is opposite to what is expected if the source is not
treme compactness of the sources in a disk/torus scenada,the plane of the sky and some beaming effects and path
in which our line of sight intersects the circumnuclearstru delay are present. The brighter-when-closer trend suggest
ture in its inner region where the low optical depth may bthat the two jets are piercing their way through an inho-
due to high spin and kinetic temperatures. mogeneous medium as pointed out by HI observations (see
The presence of a gas distribution consistent with a circurBectionb). The interaction between the advancing jet and
nuclear disk/torus is supported by high-resolution VLB} oba clumpy medium may enhance the luminosity due to high
servations that could trace either the atomic hydrogersacraadiative losses which become predominant with respect to
the source (e.g., 4C31.04, Conway 1999; PKS 1946+708¢ adiabatic ones. Jet-cloud interactions should be more
Peak & Taylor 1999; B2352+495, Araya et al. 2010) ofrequent during the first stages of the radio emission, when
the ionized gas via free-free absorption (J1324+4048 atfie jet is piercing its way through the dense and inhomoge-
J0029+3457, Marr et al. 2014; J0111+3906, Marr, Tayloneous gas of the host galaxy. Hig. 4 shows the flux density
& Crawford 2001), and by high-sensitivity observations ofatio versus the linear size of a sample of CSS/GPS and FRII
key molecular species such as CO, HCN, and Hd@.g., (Orienti & Dallacasa 2008d). Sources larger thah5 kpc
4C 31.04, Garcia-Burillo et al. 2009; OQ 208, Ocafa-Flaquee more symmetric than the smaller ones.
et al. 2010). The enhancement of the flux density may explain part of

Copyright line will be provided by the publisher
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Fig.3 The evolutionary path of the radio emission. Young C&@p (eft image adapted from Orienti et al. 2004) may
become either a classical large FRibftom left image adapted from Mack et al. 2009) or a relic in the caskeéttivity
phase switches off soon after its ongabtfom right image adapted from Murgia et al. 2011). If the central eagjoes
through another active phase, a newly-born bright and cobgdgect can be observed close to the relic of the previous
activity (top right, image adapted from Tinti et al. 2005).

the high number counts of CSS/GPS objects in flux den—100
sity limited samples. Furthermore, although the jet-mediu
interaction may not frustrate the source expansion for its
whole lifetime, it may severely slow down its growth. The
high fraction of CSS sources with a brighter-when-closer %
behaviour suggests that jet-cloud interactions are nohso u = g
likely and it may cause an underestimate of the source age.

1

S
e E
g B * O © ]
7 Concluding remarks = L o g o °° ]
- * o a _
It has been more than two decades that compact steep spec- | ox g - ‘ i
trum and GHz-peaked spectrum radio sources are underin- | o © ot
vestigation. During this time some questions got an answer, < g S 00w Lasata
perhaps not unique, and new questions raised. Tre 099 o WAD
It is now fairly recognized that the majority of CSS and ' [ 0 e
GPS radio sources, at least those optically associated with g 001 0.01 0.1 1 10 100 1000
galaxy represent an early stage in the radio source evolutio kpc

These objects show two-sided structures similar to FRII ra-

dlo_gallgxu_es, but on much smaller scales. No 5|gn|f|_gar[11ig_4 The flux density ratio of the lobes versus the source
variability is observed. However, some level of variagilit linear size. Crosses represent the median value computed

explained in terms of adiabatic expansionin very young O%h various range of linear sizes. Adapted from Orienti &
jects have been observed in a few radio sources. Dallacasa (2008d)

The distinctive characteristic of CSS/GPS objects, i.e. th
presence of a spectral turnover at low frequencies, is mainl

Copyright line will be provided by the publisher
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due to SSA, although an additional contribution from FFA ianti, R., Fanti, C., Schilizzi, R.T., et al.: 1990, A&A, 2333
detected in the most compact objects. The ambient medid@nti, C., Fanti, R., Dallacasa, D., et al.: 1995, A&A, 30273
enshrouding the radio emission is rich and inhomogeneoﬁg,m:' g Eg;i:' E Ezﬂggé;t[)m-;fg?gzgg‘f':;i' 32303
favouring interactions between the jetand dense clouds. THY " = ' 210 (™" 0ion ' wip, et al.: 2004, A&A 742
high fraction of asymmetric sources, that is much higher
than in extended FRII galaxies, points out how frequentlyami, C.: 2009, AN, 330, 120
a cloud can impact with one jet, temporarily confining, otarcia-Burillo, S., Combes, F., Usero, A., Fuente, A.: 2088,
at least slowing down, its advance speed, and enhancing the 330, 245
synchrotron emission. This may explain part of the excess@iroletti, M., Polatidis, A.: 2009, AN, 330, 193
the number counts in flux limited sample. In fact, CSS/GP§ugliucci, N.E., Taylor, G.B., Peck, A.B., Giroletti, M.:005,
are too many, even if we assume a decrease of the lumi- APJ, 622, 136 N
nosity as they grow. This is predicted by the evolutionar§UPt@& N.. Salter, C.J., Saikia, D.J., Ghosh, T., Jeyakufar
models developed taking into account the ambient mediu 2006, MNRAS, 373, 972 o

) . . éélncock, P.J., Sadler, E.M., Mahony, E.K., Ricci, R.: 20U0|-
and is. confirmed by obser_vatlons_ of samples of CSS/G RAS, 408, 1187
spanning a large range of linear size. Kellermann, K.I., Pauliny-Toth, ..K.: 1981, ARA&A, 19,73
Following the evolutionary scenario, GPS radio sources akenert, M., Marecki, A., Spencer, R.E., Kus, A.J., Niezgoda
the progenitors of CSS objects, which then should evolve in 2002, A&A, 391, 47
FRII radio galaxies. However, it seems that some CSS/G8nert-Bajraszewska, M., Marecki, A., Thomasson, P., $pen
are short-lived objects, with ages up to%10 10* years, R.E.: 2005, A&A, 440, 93 .
which may never become large sources with size of hundranzgfi{?ngeX‘?ka' M., Marecki
of kpc or more_. Only .a handful of CSS/GPS have been refiIJPert—Bajraszewska, M., Gawronski, M.P., Labiano, AerSigi-
ogr_nzed tc_) be in a relic pr_]ase on the basis of the absgnce OF owska, A.: 2010, MNRAS, 408, 2261
active regions. These objects are under-represented i flyXpiano. A, Vermeulen, R. C., Barthel, C. P., et al.: 2008AA
limited catalogues due to the steepness of their synchotro 447, 481
spectrum. The advent of the new radio facilities, like LOktuo, W.-F., Yang, J., Cui, L., Liu, X., Shen, Z.-Q.: 2007, GIA]
FAR, Merkaat, ASKAP, and SKA, will provide a step for- 7,611
ward in estimating the incidence of short-lived and/or recuMack, K.-H., Prieto, M.A., Brunetti, G., Orienti, M.: 2009/N-
rent objects, providing a further piece in the puzzle of our RAS, 392,705

A., Thomasson P.: 2006,

understanding of the radio emission phenomenon.

Mantovani, F., Mack, K.-H., Montenegro-Montes, F.M., Rettis
A., Kraus, A.: 2009, A&A, 502, 61
Mantovani, F., Bondi, M., Mack, K.-H.: 2011, A&A, 533, 79
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