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Radio source

From Wikipedia, the free encyclopedia

Wl’I;II;EDI A Radio source can mean:

The Free Encyclopedia = An astronomical radio source.

navigation = Aradio transmitter.

= Main page = The Radio Open Source podcast and blog.

= Contents

= Featured content See a|so

= Current events

= Random article = Radio noise source.

T = Source Radio, a radio station operating from Coventry, England.
r 1

‘ i W This disambiguation page lists articles associated with the same title. If an internal link led you here, you may wish to change the link

(Go) article.
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Radio galaxy

From Wikipedia, the free encyclopedia

For the UK radio network, see Galaxy Radio.

Radio galaxies and their relatives, radio-loud quasars and blazars, are types of active galaxy that are very luminous at radio wavelengths (up to 10*® W between 10 MHz and 100 GHz). The radio
emission is due to the synchrotron process. The observed structure in radio emission is determined by the interaction between twin jets and the external medium, modified by the effects of relativistic
beaming. The host galaxies are almost exclusively large elliptical galaxies. Radio-loud active galaxies are interesting not only in themselves, but also because they can be detected at large distances,
making them valuable tools for observational cosmology. Recently, a good deal of work has been done on the effects of these objects on the intergalactic medium, particularly in galaxy groups and
clusters.
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Emission processes [edit]

The radio emission from radio-loud active aalaxies is svnchrotron emission. as inferred from its verv smooth. broad-band nature
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Radio galaxy - Wikipedia, the free encyclopedia
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active galaxies. (bottom).

News ¥ Weather ¥ Gmail Calendar Cabil Radio structures [edi]
Y [0903.2444] The X-ray view of ... [ Radio galaxies (and, to a lesser extent, radio-loud quasars) display a wide range of structures in radio maps. The most common large-scale structures are r
called /obes: these are double, often fairly symmetrical, roughly ellipsoidal structures placed on either side of the active nucleus. A significant minority of -
low-luminosity sources exhibit structures usually known as plumes which are much more elongated. Some radio galaxies show one or two long narrow features 7’
article discust known as jets (the most famous example being the giant galaxy M87 in the Virgo cluster) coming directly from the nucleus and going to the lobes. Since the !
1970s ), the most widely accepted model has been that the lobes or plumes are powered by beams of high-energy particles and magnetic field coming from !
Rad io gaIE close to the active nucleus. The jets are believed to be the visible manifestations of the beams, and often the term jet is used to refer both to the observable |
feature and to the underlying flow. |
From Wikipedla‘ the t In 1974, radio sources were divided by Fanaroff and Riley into two classes, now known as Fanaroff and Riley Class | (FRI), and Class Il (FRII).[SI The !
distinction was originally made based on the morphology of the large-scale radio emission (the type was determined by the distance between the brightest |
For the UK rad points in the radio emission): FRI sources were brightest towards the centre, while FRII sources were brightest at the edges. Fanaroff and Riley observed that - |
p ~ 5 5 e = there was a reasonably sharp divide in luminosity between the two classes: FRIs were low-luminosity, FRIIs were high Iuminosity.ls: With more detailed radio il
The Free Encyclopedia Radio galaxies anc observations, the morphology turns out to reflect the method of energy transport in the radio source. FRI objects typically have bright jets in the centre, while Hotspot : }
navigation emission is due to t FRIls have faint jets but bright hotspots at the ends of the lobes. FRIIs appear to be able to transport energy efficiently to the ends of the lobes, while FRI HE
= Main page beaming. The host beams are inefficient in the sense that they radiate a significant amount of their energy away as they travel. | &/
= Contents making them valuat In more detail, the FRI/FRII division depends on host-galaxy environment in the sense that the FRI/FRII transition appears at higher luminosities in more :
s Featured content clusters. massive ga\laxies.[CJ FRI jets are known to be decelerating in the regions in which their radio emission is Drightes(.m and so it seems that the FRI/FRII transition i
reflects whether a jet/beam can propagate through the host galaxy without being decelerated to sub-relativistic speeds by interaction with the intergalactic \
= Current events medium. From analysis of relativistic beaming effects, the jets of FRII sources are known to remain relativistic (with speeds of at least 0.5¢) out to the ends of !
= Random article Contents the lobes. The hotspots that are usually seen in FRII sources are interpreted as being the visible manifestations of shocks formed when the fast, and therefore Pseudo-colour image of the large-scale :
supersonic, jet (the speed of sound cannot exceed c//3) abruptly terminates at the end of the source, and their spectral energy distributions are consistent with radio structure of the FRII radio galaxy }
search 1 Emission procest this picture.®’ Often multiple hotspots are seen, reflecting either continued outflow after the shock or movement of the jet termination point: the overall hotspot 3C98. Lobes, jet and hotspot are labelled. !
2 Radio structures region is sometimes called the hotspot complex. >
(G—\ Y 3 Life cycles and d Names are given to several particular types of radio source based on their radio structure:
0 Search
— — 4 Host galaxies an = Classical double refers to an FRII source with clear hotspots.
interaction 5 Unified models = Wide-angle tail normally refers to a source intermediate between standard FRI and FRII structure, with efficient jets and sometimes hotspots, but with plumes
=0 z rather than lobes, found at or near the centres of clusters.
= About Wikipedia 6 Uses of radio gal = Narrow-angle tail or Head-tail source describes an FRI that appears to be bent by ram pressure as it moves through a cluster.
= Community portal 6.1 Distant sot = Fat doubles are sources with diffuse lobes but neither jets nor hotspots. Some such sources may be relics whose energy supply has been permanently or
= Recent changes 6.2 Standard r temporarily turned off.
e 6.3 Etfects on Life cycles and dynamics (edi]
= Donate to Wikipedia 7 Terminology
= Help 8 See also The largest radio galaxies have lobes or plumes extending to megaparsec scales (more in the case of giant radio galaxies like 3C236), implying a timescale for
growth of the order of tens to hundreds of millions of years. This means that, except in the case of very small, very young sources, we cannot observe radio source
toolbox 9 References dynamics directly, and so must resort to theory and inferences from large numbers of objects. Clearly radio sources must start small and grow larger. In the case of
= What links here 10 External links sources with lobes, the dynamics are fairly simplem: the jets feed the lobes, the pressure of the lobes increases, and the lobes expand. How fast they expand
depends on the density and pressure of the external medium. The highest-pressure phase of the external medium, and thus the most important phase from the point
= Related changes of view of the dynamics, is the X-ray emitting diffuse hot gas. For a long time it was assumed that powerful sources would expand supersonically, pushing a shock
= Upload file Emission pro through the external medium. However, X-ray observations show that the internal lobe pressures of powerful FRII sources are often close to the external thermal
= Special pages pressures (e.g. [9]) and not much higher than the external pressures, as would be required for supersonic expansion. The only unambiguously supersonically
= Printable version The radio emission expanding system known consists of the inner lobes of the low-power radio galaxy Centaurus A ol (see figure) which are probably a result of a comparatively recent Pseudo-co?ou'}mage of the
= Related changes outburst of the active nucleus. ‘:'dgiz';;aa':zg :‘T;?:ngf;:jem Fer“
= Upload file Host galaxies and environments [eqit) | 3¢ labelled. <
= Snecial nanes LL
Done 4
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Classical Radio Sources

Radio Galaxy 3€296
VLA 20cm image

Quasar 3C334
Copyright (c) NRAO/AUT 1999 YLA &cm image (c) NRAD 1996
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Radio Source Components:

Core
¢ Jet
Hot Spots

Lobes

Hot Spot  Counter Jet  Core Jet Hot Spot
Parts of a DRAGN (Cygnus A)

NRAO image on Alan Bridle’s page

Evidence for relativistic particles => acceleration sites
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Radio Source in X-rays

Cygnus A
FRII, z=0.056 1" =65 kpc

»

= Core, Jets, Hot spots, Lobes,
Shocks, cocoon and cluster gas

Radio 20cm

Thermal
Cluster
emission Tl

as" |

30" -

40'4315" |

Chandra X-rays
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Radio Source in X-rays

Large Scale > 100 kpc

Cygnus A

1" =65 kpc
FRII, z=0.056

-

Radio 20cm

Thermal
Cluster
emission

Chandra X-rays
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Radio Source In X-rays 10

Large Scale > 100 kpc

Small Scale < 20 kpc

Cygnus A

17"=65k
FRII. z=0.056 b Cen A

3.7Mpc z=0.000087
1" =17pcC

-42:56:00.0

Radio 20cm

58:00.0
-

-43:00:00.0
Thermal

Cluster

. . 02:00.0
emission

04:00.0

Chandra X-rays
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Evolution of a Radio Source

L22 BEGELMAN AND CIOFFI Vol. 345

Ve /SHOCKED IGM

! OBSERVABLE
RADIO LOBE

'SHOCKED
JET MATERIAL

FiG. 1.—Schematic diagram of the overpressured cocoon surrounding a powerful double radio source. The shock bounding the cocoon expands into the IGM
with speed v, along the mean jet axis and ~ v, in orthogonal dirctions. The observable radio lobes constitute only a small fraction of the cocoon's volume near the
ends of the jets, and the mean cross sectional area of the cocoon, A, is much larger than the area of the bow shock, 4,. Due to fluctuations in the jet directon,
momentum is deposited over a much wider area than the instantaneous jet cross section. For Cygnus A, we estimate A, ~ 28 kpc?; the total projected length of the
cocoon is ~ 120 kpc (for H, = 75 km s~ ' Mpc™!). In the multiphase IGM proposed for high-z radio galaxies, clouds could penetrate into the region of shocked jet
material and star formation could occur throughout the interior of the cocoon.
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Evolution of a Radio Source "
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Compact Radio Sources
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 Kinematic ages

14

Age Measurements

e Synchrotron ages

* monitored expansion of the hot spots in VLBI
«  Onlyfor small, nearby sources, * modeled spectra of lobes
* Measurements in 27 sources reported by  High quality Radio data needed
different groups (see Owsianik, Polatidis and . Muraia et al. 1999 leted
Conway 1999, Gugliucci et al 2005) urgia et al. complete
measurements for ~47 compact
sources
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Timescales Required to
Iog(LsGHz) . Explain over-abundance of Small
RadIO Scale Radio Sources:
Tengstrand, Guainazzi, AS et a.l 2009, ApJ. Outbursts 104-10° yrs

Burst duration: 3x10%yrs
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Evolution of a Radio Source - Simulations

2/ Subsonic sideways expansion _
1/ Supersonic cocoon Weak shock and Supersonic jet 3/ Sonic boom

Temperature

Reynolds, Heinz & Begelman 2001
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Model Predictions for X-rays & Y- 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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Parameters: jet power
photon fields, density of ISM
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Jet power
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Spectral predictions
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Spectral Evolution: y-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

................

Log(Energy Flux)

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(L redshift) => F(L emission model)

radio’ gamma-rays’

More model parameters:
Inclination angle, radio structure, radio size

Aneta Siemiginowska, CfA AstroStatistics Seminar: February 23, 2010
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sSummary

« 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

Aneta Siemiginowska, CfA AstroStatistics Seminar: February 23, 2010
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N X- ray Jets

= > 85 X-ray Jets on the XJUET Web page (Dan Harris):

http://hea-www.harvard.edu/XJET/index.cqi
FRI/FRII, Lobe Dominated and Compact Quasars

GB 1508+5714 readout

Y,

z=4.3

)
Schwartz et ai"20b0""

2) 0920-397
=26.0
- 0920-397

2 arcsec

Siemiginowska et al 2003

" 220.59 X-ray/Opt
PKS1127-145 |
PKS1127-145 . [
Chandra ACIS-S 5340

L36.0

:- 239:59:40.0
:-42,()
. 5 4 i La40 ]
z=1.18 | gl o ‘ Marshall et al 2004
Siemiginowska et al 2002 asg S 2R 3 Marshall et al 2001
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