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• Discoveries: what is out there? 

• How many of these objects locally and far 
away? How are they distributed? 

• What is they made off? 

• What are the properties of the constituents

• How do its constituents interact? 

• Scenarios for evolution and formation?

Astrophysical 
questions 
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• Clusters halos and relics, accretion shocks

• AGN

• radio loud AGN: FRI/FRII/Wide and narrow 
angle tails, double-doubles, CSS, GPS

• radio quiet AGN: QSOs 

• Starbursts

• Galaxies

Types of sources



Survey 
parameters
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• Frequency

• Depth

• Area

• Resolution

Survey parameters



Survey parameters
Types of 
sources

Types of studies
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• Radio selection

• Outliers

• Spectrally

• Morphology

• Statistical samples

• Identification work

Types of studies



Survey parameters Types of sources

Types of studies

Astrophysical 
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• Team player versus soloist?

• Topic hopper or a true expert?

• Bold or conservative?

• Short time scorer or solid scientist?

• Into the details or with overview?

• In need for money or rich?

• Shy or aggressive?

• Traveler or home sick type

• Young or old 

Personality



Important archetypes
• Instumentalist

• build, understand, use and advocate your instrument. If your instrument 
can’t observe it, it it probably not interesting. 

• High-z hunter

• topic hopper, bold, short time scorer, aggressive, traveler, young

• Complete sample type: 

• soloist, a true expert, conservative, solid scientist, details, rich, shy, 
home sick type, old

• Getting physical parameter type: 

• soloist. true expert, conservative, solid scientist, into the details, home 
sick type

• Scenario builders: 

• soloist, topic hopper, bold, short time scorer, with overview, in need for 
money, aggressive, traveler



Survey parameters Types of sources

Types of studies

Astrophysical 
questions 

Personality

Project



How to pick a project?

• Realize who you are

• Understand your survey

• Discover or pick a class of objects that you like

• Formulate a realistic astrophysical question

• Pick a way to study it

• Define a project 



• Radio selection

• Outliers

• Spectrally

• Morphology

• Statistical samples

• Identification work

• Clusters halos and relics, accretion shocks

• AGN

• radio loud AGN: FRI/FRII/Wide and narrow 
angle tails, double-doubles, CSS, GPS

• radio quiet AGN: QSOs 

• Starbursts

• Galaxies
Types of sources

Types of study 

• Discoveries: what is out there? 

• How many of these objects locally and far away? 

• What is it made off? 

• What are the properties of the constituents

• How do its constituents interact? 

• Scenarios for evolution and formation?

Astrophysical 
questions 
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Let’s do it all



Wenss survey
(Ger’s 

most cited paper)







30’’@610 MHz, 7’’@8.4 GHz,  1.5’’@1.4 GHz, 0.8@5 GHz 



• 80’: radio galaxies: 

• interesting but separate phenomon

• models shaky (storm-ram theory in 
moderne sterrenkunde)

•
TextText

Moderne Sterrenkunde



• 80’: radio galaxies: 

• interesting but separate 
phenomon

• models shaky (storm-ram 
theory in moderne 
sterrenkunde)

• 00’: Feedback

• LOFAR: energetics and duties 
cycles

• 3C223 at 137 MHz

(Jeremy Harwood)
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• Morphology
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• Identification work

• Clusters halos and relics, accretion shocks

• AGN

• radio loud AGN: FRI/FRII/Wide and narrow 
angle tails, double-doubles, CSS, GPS

• radio quiet AGN: QSOs 

• Starbursts

• Galaxies
Types of sources

Types of study 

• Discoveries: what is out there? 

• How many of these objects locally and far away? 

• What is it made off? 

• What are the properties of the constituents

• How do its constituents interact? 

• Scenarios for evolution and formation?

Astrophysical 
questions 



• 80’: no observed galaxy evolution, radio galaxies 
were used as standard candles. 

• Ultra-steep spectrum sources (alpha < -1.3) to 
hunt for z>2 radio galaxies using WENSS/NVSS

• 343 USS sources out of 143000 WENSS/NVSS 

• lots of id and spectrocopy work

• ~100 z>2;1 with z>5. 

• 90’,00’: 

• HzRGs: forming brightest cluster galaxies

• located in proto-clusters



Text

Preliminary!!
Deller and Morabito

4C41.17 @z=3.8
1 arc@58 MHz1138-262 at z=2.1



• 2013:

• Herschel + Spitzer observations: BH growth 
order of magnitude larger then galaxy

• LOFAR: break the z=5 barrier, HzRGs at epoch of 
reionisation? 

Drouart et al. 2013



• Radio selection

• Outliers

• Spectrally

• Morphology

• Statistical samples
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• Cold mode, also named: quasar mode, 
radiative mode, fast accretor, high-excitation, 
strong-lined

• Hot mode, also named: radio mode, radiative 
inefficient, slow accretor, low-excitation, weak-
lined



• Question: how does AGN feedback work/how is it 
related to the modes? 

• Study: Fraction of galaxies that are radio loud as a 
function 

• mass, starformation rate, ionisation state, 
starformation rate, colour

• optical galaxy type, FRI/FRII/compact types, 
environment, redshift

• Very large statistical  studies: WENSS/NVSS+SLOAN



Radio galaxies are hosted by red galaxies
Blue galaxies are more often radio loud compared to red ones 

in the range 1011 M⊙ ≤ M∗ ≤ 1011.5 M⊙,and P1.4GHz > 1024.5

 Janssen, HR, Best, Brinchmann, 2013



• Radio selection

• Outliers
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• Discoveries: what is out there? 

• How many of these objects locally and far away?
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Source power spectrum: fluctuation of sources counts 
on various scales

Different systematics: indeed
Overzier, HR, etal. 2003 



Source power spectrum:

probing non-gaussianity/constraining cosmo parameters

Raccanelli et al. 2011
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``Conclusive evidence for diffuse 
shock acceleration in cluster’’, van 
Weeren, HR et al. science, 2010



``Conclusive evidence for diffuse 
shock acceleration in cluster’’, van 
Weeren, HR et al. science, 2010

~ 15 years earlier....(Ger 
de Bruyn)



GMRT 1.2 GHz
Van Weeren etal. 

GMRT 150 MHz

2 Mpc shock ??

610-325 MHz



Tooth-brush puzzle: 

How to produce a linear shock during a merger? 

Colours: XMM
Contours: GMRT 610 MHz

green -> blue
spectral index map



50% of the data (115-150 MH), 0.3 mJy/beam central rms noise  (9x14 arcsec)

16000x16000 pixels

Monday, June 24, 13

Van Weeren et al. in prep. 



 

Monday, June 24, 13





• Recent results

• shock induced 
starformation (Stroe et al. 
2013)?

• X-ray shocks not at the 
same location as radio 
shock

• LOFAR: 

• thousands of merging 
clustres up to z=1 

Ogrean et al. 
2013



Conclusion
• Great work has been done

• Future is bright

• LOFAR/SKA


