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Compact (Small) Radio Sources

Taylor etal. 2000. 15 GHz 
VLBI image of a CSO. 
Vectors show proper 
motions of components. 

There is a class of radio 
source with classical double 
structure on the 100 pc scale. 
These are called compact 
symmetric objects (CSOs). 
These sources often have 
simple convex radio spectra. 

(Initial discovery by Phillips 
& Mutel 1980).



These compact radio 
sources tend to have spectra 
which peak near 1 GHz, 
hence the name GHz-
Peaked Spectrum (GPS) 
sources. 

Most of the luminosity is 
emitted in the IR. 

(Stanghellini +1998)

Spectral Energy Distributions of 
GPS Sources



Nomenclature for Compact Radio 
Sources (lots of historical baggage)

By Radio Spectrum (location of the peak in the spectrum):
MHz Peaked Spectrum (MPS)  < 500 MHz
GHz Peaked Spectrum (GPS) 0.5 – 5 GHz
High Frequency Peaked Spectrum (HFP) > 5 GHz
A peak anywhere in the radio – Peaked Spectrum (PS)

By Radio Source Size (diameter):
Compact Symmetric Object (CSO) < 1 kpc
Compact Steep Spectrum (CSS)  1-20 kpc



Turnover Freq. Vs. Linear Size

•There is continuity in the 
properties of the GPS and CSS 
sources

•There is a relationship 
between turnover frequency 
and linear size νm ~ L-0.65 

•Implies the mechanism for the 
turnover depends strongly on 
source size (likely to be SSA, 
but FFA is possible in GPS)

(O’Dea & Baum 1997; Fanti+ 1990, Figure 
from M. Orienti)



Origin Stories*

Youth:  Some could be younger versions of the large radio sources and will 
propagate out to larger scales over their active lifetimes.

Intermittent: Some could have short life times. These will turn off and fade 
before getting to large sizes. 

Frustration:  Some could be stuck on small scales via interaction of the jets 
with dense gas clouds.

Imposters: Some might be in dense environments (like the frustrated 
sources), but the jet-cloud interaction enhances the radio emission.  So these 
are intrinsically weaker sources which will never become large powerful 
radio sources.  The dense gas clouds could also form stars, so these could 
also have enhanced star formation. 

* Thanks to Stan Lee



Motivation

They have origin stories with consequence. 
They can constrain radio source life times 
and evolution and AGN physics.

The radio sources are well matched to the 
size of the host galaxy, so they contribute to 
AGN Feedback. 



Diverse Radio 
Morphologies

Double lobe

Disrupted jet

Dying source

Twin jet

Examples of structures of CSS/PS sources. Upper left: The CSO 4C31.04 (J0119+3210) which is associated with a galaxy at a redshift of 
0.0602 has a peaked spectrum, and shows bright compact hotspots and extended emission on both sides along with a radio core 
(Giroletti+2003); Upper right: The CSS quasar 3C48 (J0137+3309) at a redshift of 0.367 which shows a disrupted jet indicating strong 
interaction with the interstellar medium of the host quasar  (An+2010); lower left: The CSS galaxy NGC6521 (J1755+6236) at a redshift of 
0.0275 shows diffuse outer lobes with no prominent hot spots indicating that the energy supply may have stopped (Polatidis+2009); Lower 
right: J2355+4950 associated with a galaxy at a redshift of 0.2379 shows hot spots along with diffuse emission on opposite sides and a well-
defined radio jet  (Polatidis1+999, Taylor+2000,  Polatidis+2003, Polatidis+2009).



Asymmetries in “symmetric” objects

Large asymmetry in both 
luminosity and arm-length 
ratios between the lobes. 
Saikia+ 03, Fanti+ 90, Dallacasa+13

Jet-ISM interaction?

Orienti+07
Dallacasa+13

Slide from M. Orienti



A young PS source is seen in the nucleus of the giant radio galaxy 
J1247+6723 with the sizes of the inner and outer doubles being 
~0.02 and 1200 kpc respectively (Marecki+2003a, Bondi+2004, 
Polatidis 2009).

Repetitive Radio Activity in “Double-Double” 
Radio Galaxies

Compact radio 
sources nested 
within larger radio 
sources suggest 
repetitive or 
intermittent activity. 



Proper Motions and Life Times

1943+546. Contours are global VLBI 4 cm image from epoch 1997.73. Grey scale is the difference between 
this image and one from 1993.17. Black is positive and white is negative (Polatidis  etal. 1999). Ho=100

•Size 105 pc

•Hot spot separation 
velocity 0.42c

•Inferred age 1000 
yr



Properties of CSOs with 
Measured Proper Motions

Sizes tens to hundreds of pc

Proper motions few tens of % of c

Kinematic ages hundreds to 
thousands of years.

(Top) Variation of the hotspot separation velocity vs. the projected linear size. The dashed arrows 
vHS ∝ D-2/3 indicate the predicted evolution for a source with constant power. The dotted line 
represents the lower boundary for the jet flow to continue to accelerate at the ISM–IGM transition 
point. CSO close to and below this line will not survive as double sources beyond the ISM. 
Projection effects for the CSOs shift data points diagonally toward the origin.
(Bottom) Variation of source radio power with kinematic age. Modeling predicts an evolutionary 
relation of Prad ∝ T2/5

kin (dashed arrows).  (An & Baan 2012)



Rest frame MIR luminosities of GPS and CSS quasars (asterisks) and radio galaxies (diamonds) compared 
to FR II quasars and radio galaxies, vs. projected linear size (Ogle et al. priv, comm). The weakest sources 
(+ symbols) are nearby CSOs from  (Willett+2010). Red = FRII data from (Ogle+2006). Black = Ogle et al. 
CSS+GPS data.   Blue= CSS/GPS NLRGs with silicate emission.  The luminosities are given as υ Lυ
(rest 15 μm), measured from Spitzer IRS spectra.  Quasars of all sizes have high MIR luminosities.  NLRGs, 
on the other hand show a wider range of MIR luminosity, suggesting that they are a more heterogeneous 
population.  Regardless of size, there are very few NLRGs (only 4 in the sample) with MIR luminosities as 
high as quasars. It seems unlikely that the factor of 10 difference in median luminosity (dashed lines for 
quasars, dotted for NLRGs) is caused by extinction at 15 microns.  Instead, they may be drawn from an 
intrinsically less luminous population. 

Quasars tend to have higher 
MIR luminosity than radio 
galaxies.

Small and large sources (of 
the same type) have similar 
MIR luminosity.

AGN Properties



2--10 keV luminosity vs. 5 GHz luminosity for GPS, 
CSS, FRI and FRII radio sources from Kunert-
Bajraszewska + (2014). Strong and weak refer to high 
and low radio power, respectively.

X-ray – Radio 
Relations

There is a continuity of 
properties along the X-
ray - radio relationship.



2--10 keV luminosity vs. 5 GHz luminosity for GPS, 
CSS, FRI and FRII radio sources from Kunert-
Bajraszewska + (2014). High Excitation (HERG, in 
this figure called HEG) and Low Excitation (LERG, in 
this figure called LEG) emission line objects are noted. 

At a given radio power, the objects 
with high excitation emission lines 
have X-ray powers about an order 
of magnitude higher than the
objects with low excitation 
emission lines.

This is consistent with an extra 
contribution to the X-ray emission 
in the HERGs – which is likely to 
from the accretion disk/corona. 

The Central Engines of compact 
and large radio galaxies are 
similar.

Similar Central 
Engines



(Left) BH mass versus radio source linear size (LS). (Right)  Eddington ratio versus LS. The filled and open 
circles are young radio AGNs in the Liao & Gu (2020) sample classified as quasar and galaxy, respectively. The 
triangles are large-scale radio galaxies in Hu + (2016), used as comparison. The arrows represent the upper 
limits on the LS. (From Liao & Gu 2020).

Compact and Large Sources have overlap in BH Mass 
and Eddington Ratio

There is a group of compact sources with BH Masses less than 108 solar masses 
which are not seen in the larger sources.  These objects with smaller BH mass are 
unlikely to become the large sources.



Host Galaxy Properties

The powerful GPS, CSS, and FRII 
sources live in similar hosts with 
similar effective radii and surface 
brightness profiles.

Plot of the exponent n of  surface 
brightness law ~ R 1/n vs. effective radius 
for  NICMOS J and K data The lines 
divide the sample into ordinary and 
“bright” ellipticals (De Vries + 2000). 



Star Formation Rates (SFR)

SFR from PAH or FIR luminosity.. If there are more than one estimate 
for a given source, the estimates were averaged. The values are shaded 
using the emission line class (HERG/LERG). (O’Dea & Saikia 2020)

Some compact sources have 
substantial SFR ranging from 
tens to hundreds of solar 
masses per year.

Several studies suggest that 
compact sources are more 
likely to have significant star 
formation than large sources
(Tadhuner+2011, Dicken+2012, 
Ogle+2020).



Overall, the HI detection rate of 
compact sources is about twice 
that of the extended sources (32% 
vs. 16%, e.g. Maccagni +2017).

Peak optical depth is higher in 
compact sources (Curran+2013).

The peak observed optical depth versus the projected linear size (where available) for all of the redshifted radio 
sources searched in 21-cm absorption to date (compiled in Curran & Whiting 2010; Allison et al. 2012).The filled 
markers/hatched histogram represent the detections and the unfilled markers/histogram show the 3σ upper limits to 
the optical depth for the non-detections at a spectral resolution of 167 km/s (see Curran et al. 2013a). The circles 
designate compact objects and the stars non-compact/unclassified, with the triangles showing the high-frequency 
peaker galaxies, which, although compact, Orienti et al. (2006) argue do not follow the trend. The line shows the 
least-squares fit to the detections. (Curran + 2013).

Atomic Hydrogen in 
Compact Sources



Molecular Gas Content

Mass of molecular gas from CO, dust, and X-ray NH.. If there are 
more than one estimate for a given source, the estimates were 
averaged. The values are shaded using the emission line class 
(HERG/LERG). (O’Dea & Saikia 2020).

Some compact sources 
have substantial 
amounts of molecular 
gas.



Star Formation is 
enhanced in Compact 
Sources.

SFR  is shown against the mass of molecular gas. If there are more than 
one estimate for a given source, the estimates were averaged. The SFR lie 
above a line which assumes a gas depletion time scale of  109 yr which is 
typical of normal galaxies. This indicates that the PS and CSS sources 
have enhanced star formation relative to normal star forming galaxies. 
(O’Dea & Saikia 2020).

The compact sources 
have a higher rate of 
star formation for a 
given molecular gas 
mass than normal star 
forming galaxies. 



AGN Feedback is Needed to Explain BH 
Mass vs Galaxy Mass and the Galaxy 
Luminosity Function

The mass of the central supermassive black hole is 
related to the mass of the bulge of the galaxy. This 
fine-tuning seems to require feedback (e.g., Silk & 
Rees1998).

If there is no AGN Feedback, there would be too 
many very massive galaxies.  AGN Feedback is 
needed to halt the growth of the most massive 
galaxies (e.g., Benson +2003, Croton +2006).

Feedback is a broad topic (e.g., McNamara & Nulsen 
2007, 2012, Fabian 2012, Harrison + 2018). We will 
focus on radio jet feedback in galaxies. 

(Top) BH Mass vs Galaxy stellar velocity dispersion (related to galaxy mass). (Guletkin +2009)
(Bottom) Galaxy luminosity function showing results with and without AGN feedback. Without this heating 
source our model overpredicts the luminosities of massive galaxies by about two magnitudes and fails
to reproduce the sharp bright-end cut-offs in the observed luminosity functions. (Croton +2006)



Alignment of Radio and X-ray Emission from Simulations

(Left) Radio surface brightness: The panels 
represent the logarithm of the synthetic radio 
surface brightness at the 5–45 kyr phases of 
the evolution. (Sutherland & Bicknell 2007)

(Right) Hard X-rays (1.5 – 10 keV): Logarithm of the hard 
X-ray surface brightness between 5 and 45 kyr. The upper 
gray-scale bar with numbers prefixed by "T" indicates the 
relative contribution of gas at various temperatures to the 
emissivity. Dark indicates a large contribution; light 
indicates a low contribution. (Sutherland & Bicknell 2007)



Alignment of Radio and X-ray Emission from Simulations

(Left) Radio surface brightness: The panels 
represent the logarithm of the synthetic radio 
surface brightness at the 55–95 kyr phases of 
the evolution. (Sutherland & Bicknell 2007)

(Right) Hard X-rays (1.5 – 10 keV): Logarithm of the hard 
X-ray surface brightness between 55 and 95 kyr. The upper 
gray-scale bar with numbers prefixed by "T" indicates the 
relative contribution of gas at various temperatures to the 
emissivity. Dark indicates a large contribution; light 
indicates a low contribution. (Sutherland & Bicknell 2007)



3C 303.1. Chandra Flux map rebinned by a factor of 4 
to give smaller pixel size,  FWHM = 0.25”. 5.0 GHz 
radio contours: 1 mJy/beam, increasing by factors of 
4. (Radio map available on the Merlin archive.)  Note 
X-ray is aligned along radio axis. (Massaro +2010).

X-ray emission is aligned 
along the radio source axis 
in 3C303.1 (Massaro + 2010).

XMM-Newton X-ray 
spectroscopy shows the 
emission is consistent with 
hot, shocked gas (O’Dea + 
2006).

X-rays from Hot, 
Shocked Gas in 3C303.1



(Top) Radio and X-ray image of 3C 305. Contours are from the 8-GHz image. The colours show the Chandra data in the 
0.5–5.0 keV band, binned in pixels of 0.123 arcsec on a side and smoothed with a Gaussian of full width at half-maximum 
(FWHM) 3 pixels; the smoothed Chandra image has an effective resolution of ∼0.6 arcsec. 
(Bottom) [O III] and X-ray image of 3C 305. Contours show the 0.5–5.0 keV X-ray emission, binned and smoothed as in 
top: the lowest contour is the 3σ surface-brightness level, relative to the off-source background, and each successive 
contour is a factor of 2 higher in surface brightness. The colours show the [O III] 500.7-nm image of Privon +(2008), 
smoothed with a Gaussian of FWHM 2 pixels to improve surface-brightness sensitivity.  (Hardcastle +2012).

In 3C305, the X-ray emission is 
aligned with both the radio and the 
[OIII] emission line (Massaro +2009, 
Balmaverde +2012, Hardcastle +2012).

X-ray spectroscopy indicates the X-
rays are produced by hot, shocked ISM 
(Hardcastle + 2012).

Shocked Gas in 3C305



Effect of Expanding Radio Lobe on Ambient Clouds

Similar to SN blast wave in the ISM 

Radio lobe bow shock compresses clouds and accelerates them outwards. 

Carvalho & O’Dea 2002

Illustration of the interaction of a jet-fed radio lobe with the dense interstellar medium. The radiative bow shock 
(dashed line) surrounding the radio lobe collisionally excites the ISM which is shown here as a two-phase medium 
permeated by dense clouds shown in light gray. The radiation from the shock also photoionizes clouds (medium 
gray) in the ISM in advance of the bow shock. The shocked clouds are shown as dark gray. When the ionized gas 
enveloping the radio lobe is sufficiently dense it can free-free absorb the radio emission at GHz frequencies. The 
ionized medium also forms a Faraday screen which depolarizes the radio emission. (Bicknell, Dopita & O’Dea 
1997).



Jet‐Induced 
Star Formation

HST UV images show 
that jet induced star 
formation is common in 
CSS sources (Duggal + 
2020).

Left panels: HST optical image (contours) over layed with UV 
images (color).  Right panels: Radio image (contours) over layed 
with UV images (color). (Duggal +2020). 



The Alignment Effect in CSS Sources
• Broad and narrow band HST 
imaging of CSS radio sources 
(De Vries etal. 1997, 1999; 
Axon etal 2000) have 
revealed:

• CSS radio sources at all 
redshifts show emission line 
gas strongly aligned with the 
radio source

• Alignment is stronger than 
seen in low z large scale 
radio sources

• In most cases the emission 
line gas lies interior to the 
radio hot spots

• Where gas is seen beyond 
the radio source it is 
fainter than the gas 
interior 

(Top) HST/WFPC2 F702W imaging. (De Vries et al. 1997). (Bottom) 3C303.1 
z=0.270. HST/WFPC2 F702W and LRF imaging. (De Vries etal 1999).



3C 303.1. (Top row): left—host galaxy image; right—[O III] image with MERLIN 8.4 GHz radio image 
from Akujor & Garrington (1995) overlaid. The inset on the right panel is the HST image published in 
Axon + (2000), the physical size of the inset is the same as the FOV of our data cube. (Middle row): 
left—flux map for the broad velocity component; middle—velocity map of the broad velocity component; 
right—velocity dispersion map of the broad velocity component. (Bottom Row): same as middle row but 
for the narrow velocity component. This image and all following images are oriented with north up and 
east to the left. (Shih + 2013).

Kinematics of Shocked 
Gas in 3C303.1

There is a velocity gradient 
along the radio axis for both 
the narrow and broad 
components as expected if the 
gas has been shocked by the 
expanding radio source 
(O’Dea + 2002, Holt + 2008, 
Shih +2013).



Shock Ionization of the Emission 
Line Gas in Small Sources

Diagnostic line ratios show that the 
ionization of the emission line gas 
in smaller sources is dominated by 
shocks (De Breuck +2000, Best + 2000, 
Moy+2002, Inskip +2002, Labiano + 2005, 
Holt + 2009, Shih + 2013, Reynaldi & 
Feinstein 2013, 2016).

(Top) The Mg II/C III] ratio plotted versus radio size. Note the absence of large sources with strong 
Mg II.
(Bottom) The C II]/C III] ratio plotted versus radio size. Note the absence of large sources with 
strong C II]. (De Breuck +2000).



Rest-frame spectrum of the nuclear aperture of PKS 
1345+12. The key density diagnostic emission lines 
used by Holt+2011 are highlighted. (Holt+2011).

Multi-phase Gas Outflow in 4C12.50

4C12.50 is a narrow-line 
radio galaxy with high 
excitation emission lines 
(NLRG/HERG). 
(Holt+2011)



Model for [O III]λλ4959, 5007 in the nucleus. The best fitting 
overall profile is overplotted (bold line) on the extracted 
spectrum (faint line). All of the six components (three for 
each line) are also plotted: the dot-dashed lines trace the 
narrow components, the solid lines represent the 
intermediate components and the dotted lines trace the 
broad components. (Holt+2003).

Multi-phase Gas 
Outflow in 4C12.50

Outflow is seen in 
ionized gas traced by the 
[OIII] emission line 
(Holt+2003).



Normalized, continuum-subtracted molecular and ionized 
gas line profiles for 4C 12.50. In addition to the profiles of 
the Spitzer IRS MIR lines, the 5007 Å [O III] profile that is 
convolved to the resolution of IRS is presented for 
comparison. The blue wing is detected in all lines except for 
the unresolved S3. (Dasyra & Combes 2011).

Multi-phase Gas 
Outflow in 4C12.50

Outflow is seen in 
molecular Hydrogen and 
ionized gas (Dasyra & 
Combes 2011).



Flux-calibrated line profile of 12CO(3−2), averaged over the WILMA and the 
FTS data to be least affected by potential artifacts. Gaussian functions
with parameters that most closely fit the emission component at the 
systemic velocity and the absorption component at −950 km s−1 are shown 
in blue and cyan, respectively. The inverse Hi absorption that is seen in the 
radio data of 4C 12.50 (Morganti + 2004) is overplotted in orange for
an arbitrary scale and continuum level. (Dasyra & Combes 2012).

Multi-phase Gas 
Outflow in 4C12.50

Molecular gas traced by 
CO(3-2) and atomic 
hydrogen (21 cm line) 
show similar kinematics 
(Dasyra & Combes 2012).



(Left) The continuum image derived from  VLBI data at 1.4 GHz 
using the line-free channels. The red dot indicates the location of 
the radio core. (Morganti +2013).
(Middle) Continuum image taken from a higher–spatial resolution 
study (Lister +2003). The bent structure of the jet and the 
terminal hot spot in the southern lobe are clearly seen. The two 
images are displayed on approximately the same scale. 
(Morganti +2013).
(Right) Image on the left with the location of the HI components 
shown in grayscale. (Morganti & Osterloo 2018)

Multi-phase Gas Outflow in 4C12.50

VLBI radio image 
showing the radio 
morphology and the 
location of the HI 
components. 



The distribution of the H I absorption (orange–white) in two 
velocity channels for the source 4C 12.50, superimposed to the 
continuum emission (contours) showing the location of the two H I 
clouds detected in absorption (from Morganti + 2013). The 
inverted integrated H I absorption profile is shown in the central 
panel and clearly shows a strong, blueshifted H I outflow of 
∼1000 kms−1 (from Morganti +. 2005a). The cloud shown in the 
right panel has a narrow absorption profile near the systemic 
velocity, while the left panel shows the location of H I absorption 
associated with the fast H I outflow, co-spatial (in projection) with 
the bright radio hot spot. Also shown is the CO profile (taken from 
Dasyra and Combes 2012 which shows that a very similar outflow 
is detected in CO absorption. (Morganti & Osterloo 2018)

Multi-phase Gas Outflow in 4C12.50

HI components are 
spatially separated.  
Systemic component is at 
northern lobe and blue 
shifted HI is at end of 
southern lobe. 
(Morganti +2013).

Fast HI outflow is 
apparently driven by the 
southern radio hot spot.
(Morganti +2013). 



Outflow Energetics & Efficiencies

The best studied case 4C 12.50 is 
discussed by Dasyra+2014.

Most of mass flow is in molecular gas 
which has been heated up to 400 K.

Estimated KE of molecular gas is ~ 1044

erg/s. 

Estimated jet power is ~ 3 x 1045 ergs/s, 
so ~3% of jet power goes into 
accelerating molecular gas. 

Dust SED of 4C12.50 including 
continuum measurements from the new
IRAM and Herschel data. The modified
black body curves (with temperatures 
between 19 K and 400 K) that best fit the
IR/sub-mm data are plotted with dotted
lines. The dashed line is a synchrotron –
related power law with an exponent of 
0.9. The solid line corresponds to the 
sum of the flux of all components. 
(Dasyra +2014)



Blueshift/redshift distribution of the H I line 
centroid vs. the radio power of compact (red 
circles) and extended sources (blue empty 
squares). (Gereb+2015).

22%  (15/68) of sources with [OIII] 
detected in SDSS spectra show blue 
wings in [OIII] (Liao & Gu 2020).

About 23% of compact sources with 
an HI absorption detection show a 
blue wing in the HI with an outflow 
velocity > 100 km/s (Maccagni+2017, 
Morganti & Osterloo 2018).

Blue wings in HI absorption occur 
above a minimum radio power of 1024

W/Hz (Gereb+2015).

Statistics of Outflows in Compact Sources



Atomic HI Absorption 
in the Blue Wing of Lyα

Absorption in the blue wing 
of Lyα indicates HI clouds 
which are blue shifted (De 
Breuck +2000, van Oijk + 1997).

Independent method for 
finding blue-shifted HI.

Lyα asymmetry parameter ALyα plotted against radio 
size. Error bars reflect the uncertainty in the wavelength 
calibration and fitting of the He II line, and need not be 
symmetrical. Note that strong blue Lyα absorption only 
occurs in smaller radio sources. (De Breuck +2000).

ALya = (F(blue) –F(red))                        
/F (total)



Origin Stories*

Youth:  Some could be younger versions of the large radio sources and will 
propagate out to larger scales over their active lifetimes.

Intermittent: Some could have short life times. These will turn off and fade 
before getting to large sizes. 

Frustration:  Some could be stuck on small scales via interaction of the jets 
with dense gas clouds.

Imposters: Some might be in dense environments (like the frustrated 
sources), but the jet-cloud interaction enhances the radio emission.  So these 
are intrinsically weaker sources which will never become large powerful 
radio sources.  The dense gas clouds could also form stars, so these could 
also have enhanced star formation. 

* Thanks to Stan Lee



Analytical Models Predict Trajectory on 
Power-Size Plane

Radio power vs. the linear extent of large-scale radio sources: compact, medium-sized, and large symmetric 
objects. Exemplary evolutionary tracks based on parametric modeling are depicted for the high-radio-power and 
low-radio-power sources using red and blue dashed lines. The black dashed lines mark the (approximate)
boundary between stable laminar jet flows (above the lines) and unstable turbulent flows (below the lines). 
Symbols represent different morphological and spectral classes of radio sources. (An & Baan 2012).

Analytical models suggest 
that compact sources 
could evolve to become 
the large radio galaxies 
(e.g., Baldwin 1982, Fanti + 
1995, Readhead +1996, 
O’Dea & Baum 1997, 
Snellen + 2000, An & Baan 
2012).



Young (and Growing) Radio Galaxies

Pro:
Same host galaxies.
Continuity of AGN Properties.
Proper Motions.
Plausible evolution scenarios.
There must be progenitors of the large sources.

Con:
Too many small sources, so not all can become large sources



70

There’s too many of them

•Over the entire range N ~ L 0.25

•There is a flattening at small size (O’Dea & 
Baum 1997)

• Models which fit the data include 

•Intermittent sources (Reynolds & 
Begelman 1997)

•A subpopulation which is disrupted on 
small scales (Alexander 2000)

(Top) data from the GPS, CSS, and LRL samples (O’Dea and Baum (1997, 
see also Fanti 2008) (Middle) Fit to the data which includes intermittent 
radio sources (Reynolds & Begelman 1997). (Bottom) Fit to the data which 
includes sources which disrupt on small scales (Alexander 2000).



Accretion Disk Instabilities as 
a Driver of Intermittency

Left: Luminosity variations due to the radiation pressure instability in an accretion disk around MBH = 
3 × 108 M⊙ and ˙M = 0.1 ˙M Edd.
Right: Outburst durations represented as constant lines in the black hole mass vs. accretion rate 
parameter space. Outbursts lasting for 103 years are too short for the expansion of a radio source 
beyond its host galaxy. (Seimignowska + 2010).

A radiation pressure instability can 
cause variations in AGN activity 
with the relevant time scales (Czerny 
+ 2009, Seimignoska + 2010).

X-ray AGN without emission line 
nebulae argue for timescales ~ 105

yr (Schawinski +2015).



Transient (short‐lived) Sources

Pro:
It would provide a solution to the numbers problem.

Some evidence for short-time scale behavior in AGN.

Examples of candidate sources which have turned off.

Con:
Physical basis for short-lifetimes not yet understood.



Frustrated

Pro:
Evidence for strong interaction between radio source and 
environment (radio source asymmetry, alignment effect)

Evidence for massive cold ISM in some sources

Con:
Only some objects have massive cold ISM, but could 
explain some objects



Imposters

Pro:
Evidence for strong interaction of radio source with 
environment (radio source asymmetry, alignment effect)

Evidence for enhanced star formation in compact sources

Con:
Enhancement of radio power not well understood.

Complicated scenario.



Conclusions

Compact radio sources interact strongly with the ISM of 
the host galaxy.

Some are likely to be the young progenitors of the large 
radio galaxies and quasars.

Others could be short-lived and possibly repetitive.

Interaction with environment might boost radio power 
and star formation creating a group of imposters.



Thank you!


