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Outline

• Radio Sources
• Evolution
• Observational Tests
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Radio Source?
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Classical  Radio Sources

FRI FRII
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Radio Source Components:

• Core
• Jet
• Hot Spots
• Lobes

Evidence for relativistic particles => acceleration sites

NRAO image on Alan Bridle’s page
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Radio Source in X-rays
Cygnus A
FRII, z=0.056

Chandra X-rays

Radio 20cm

1’ = 65 kpc

Thermal
Cluster
emission

Core, Jets, Hot spots, Lobes,
Shocks, cocoon and cluster gas
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Cygnus A
FRII, z=0.056

1’ = 65 kpc

Large Scale > 100 kpc

Radio Source in X-rays

Chandra X-rays

Radio 20cm

Thermal
Cluster
emission
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Cygnus A
FRII, z=0.056

1’ = 65 kpc

Large Scale > 100 kpc

Radio Source in X-rays

Chandra X-rays

Radio 20cm

Thermal
Cluster
emission

Cen A
3.7Mpc z=0.000087
1’’ = 17pc

Small Scale < 20 kpc
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Evolution of  a Radio Source

radio X-rays
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Evolution of  a Radio Source

radio X-rays
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Compact Radio Sources

Radio/optical overlay

3C3053C303.1

Double structure
Lobes, jets,
knots, hot spots

Gugliucci et al. 2005

Privon et al. 2008

The entire radio structure contained within the host galaxy

mas scale arcsec scaleVLBA
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Age Measurements
• Kinematic ages

• monitored expansion of the hot spots in VLBI
• Only for small, nearby sources,
• Measurements in 27 sources reported by

different groups (see Owsianik, Polatidis and
Conway 1999, Gugliucci et al 2005)

• Synchrotron ages
• modeled spectra of lobes
• High quality Radio data needed
• Murgia et al. 1999 completed

measurements for  ~47 compact
sources

Owsianik, Polatidis and Conway 1999

0710+439

2352+495

Murgia et al 1999
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FRII

FRI

?

?

Tengstrand, Guainazzi, AS et a.l 2009, ApJ.

 Size [pc]Reynolds & Begelman (1997)

Compact RS Large 3CR

O’Dea & Baum 1997

Timescales Required to
Explain over-abundance of Small
Scale Radio Sources:
Outbursts 104-105 yrs
Burst duration: 3x104yrs

Plateau

Non-uniform growth

Radio Source Evolution?
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X-rays

density

Temperature

Reynolds, Heinz & Begelman 2001

Evolution of a Radio Source - Simulations

Low density 
cocoon

1/ Supersonic cocoon
2/ Subsonic sideways expansion
Weak shock and Supersonic jet 3/ Sonic boom
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Model Predictions for X-rays & γ- rays

• Expanding radio source
•  Begelman & Cioffi(1989), Heinz, Reynolds & Begelman (1998) , Bicknell

& Sutherland (2006, 2007) and others

• Spectra from double radio lobes
• Stawarz et al (2008)

• Jet contributions in quasars (?)
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X-rays

1kpc

100pc

33 pc
SSC

SYN

IC/IR

IC/UV

stars

Jet power
Ljet=1046 erg/s

SSC
IC/IR

SSC IC/IR

Stawarz et al 2008
Parameters: jet power
photon fields, density of ISM

Source Evolution - Spectra

Log ν
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UV - disk
IR - dust

UV -disk
IR - dust
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γ-rays
Fermi
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Stawarz et al 2008
Parameters: jet power
photon fields, density of ISM
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Luminosity vs Size
X

-r
ay

/R
ad

io

Radio Size

GPS galaxies

Stawarz et al
model prediction

1kpc

100pc

33 pc

Parameters: jet power
photon fields, density of ISM

UV -disk
IR - dust

Spectral predictions
Stawarz et al. 2008
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Spectral Evolution: γ-rays Model Predictions 
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Fermi Detections

42 sources detected in the first 11 month
More sources expected in next years

Observed by Fermi Emitted by  a Source Observed
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Building a Model

• What do we know:
– radio sources in many samples
– model predictions for the luminosity in Fermi band

• What do we want to know:
– distribution of gamma-ray luminosity for the radio samples
– Number of source that can be detected
– Contribution to the background radiation in gamma-rays

F(Lradio, redshift) => F(Lgamma-rays,  emission model)

More model parameters:
inclination angle, radio structure, radio size
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Summary
• Studies of radio sources of different size or age

• Populations of radio sources to understand their evolution - one
expansion phase or many active outbursts, so intermittent jets

• Model high energy emission to understand the early stage of the
source evolution:

• composition of radiating particles
• total energy generated close to a black hole
• dissipation of this energy
• impact on the large scale environment and structure formation
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X-ray Jets
 > 85 X-ray Jets on the XJET  Web page (Dan Harris):
         http://hea-www.harvard.edu/XJET/index.cgi

FRI/FRII, Lobe Dominated and Compact Quasars

z=0.72

Sambruna et al 2002

Siemiginowska et al 2003

Siemiginowska et al 2002

Schwartz et al 2000

Marshall et al 2004
Marshall et al 2001

z=0.59

z=0.65

z=1.18
3C 273

Radio Optical X-ray/Opt

1354+195

PKS 0637-752

0920-397

PKS1127-145

z=4.3


