7%
university of 5%,
groningen YL

R

University Medical Center Groningen

University of Groningen

The life cycle of radio galaxies as seen by LOFAR
Brienza, Marisa

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/lUMCG research database

Citation for published version (APA):
Brienza, M. (2018). The life cycle of radio galaxies as seen by LOFAR [Groningen]: Rijksuniversiteit
Groningen

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 18-03-2018


https://www.rug.nl/research/portal/en/publications/the-life-cycle-of-radio-galaxies-as-seen-by-lofar(07f51df8-4ee0-4c6a-8527-0f89f69aae32).html

Ey rijksuniversiteit
£ / groningen

The life cycle of radio galaxies
as seen by LOFAR

Proefschrift

ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen
op gezag van de
rector magnificus prof. dr. E. Sterken
en volgens besluit van het College voor Promoties.

De openbare verdediging zal plaatsvinden op

vrijdag 23 maart 2018 om 14.30 uur
door
Marisa Brienza

geboren op 11 november 1987
te Varese, Italié



Promotor
Prof. dr. R. Morganti

Copromotor

Dr. G. Heald

Beoordelingscommissie
Prof. dr. P.D. Barthel
Prof. dr. G. Giovannini
Prof. dr. C.P. O’Dea



To my families,
for giving me roots and wings.

Alle mie famiglie,
per avermi dato le radici e le ali.



ASTRON @G{ﬂ?‘

Netherlands Institute for Radio Astronomy

The research leading to this thesis has received funding from the
European Research Council under the European Union’s Seventh
Framework Programme (FP/2007-2013) / ERC Advanced Grant
RADIOLIFE-320745.

LOFAR, the Low Frequency Array designed and constructed by ASTRON (Netherlands
Institute for Radio Astronomy), has facilities in several countries, that are owned by
various parties (each with their own funding sources), and that are collectively operated
by the International LOFAR Telescope (ILT) foundation under a joint scientific policy.
The Westerbork Synthesis Radio Telescope is operated by ASTRON with support from
the Netherlands Foundation for Scientific Research (NWO).

The Sardinia Radio Telescope is funded by the Department of University and Research
(MIUR), Italian Space Agency (ASI), and the Autonomous Region of Sardinia (RAS)
and is operated as National Facility by the National Institute for Astrophysics (INAF).
The National Radio Astronomy Observatory is a facility of the National Science
Foundation operated under cooperative agreement by Associated Universities, Inc.
GMRT is run by the National Centre for Radio Astrophysics of the Tata Institute of

Fundamental Research.

Cover design: Francesco Santoro, inspired by Pawel Kuczynski - New
Technology

Printed by: Gildeprint

ISBN: 978-94-034-0457-8

ISBN: 978-94-034-0456-1 (electronic version)



Contents

1__Introduction| 1
[1.1  Active galactic nuclei and their role in galaxy evolution| 3
[1.2  Jetted active galacticnuclel . . . . . ... ... ... ... 4
[1.3  The life cycle of radio galaxies|. . . . . . . . ... ... ... 8

[1.3.1 Remnant radio galaxies| . . ... ... ... ... .. 12
[1.3.2 Restarted radio galaxies| . . . . . ... ... ... .. 16
1.4 The Low Frequency Array|. . . . . .. ... .. ... .... 19
.5 This Thesis . . ... ... . 21
[1.5.1 Thesisoutline. . . . . ... ... ... ... ..... 24
References . . . . . . . . . 26

2 LOFAR discovery of a 700-kpc remnant radio galaxy at low |

[_redshift] 35
2.1 Introductionl. . . . . .. . .. ... oL 37
P2 Datal . .. ... ... ... 40

221 LOFAR observations . . . . . ... .. ... ..... 40
222 WHRIT observationsl . . . ... .. .. .. .. .. .. 42
223 Archival radiodatal. . . . ... ... ... ... ... 44
3 Resultsl. . . . . o oo 45
[2.3.1 Morphology| . . . . . ... ... ... ... ... 45
[2.3.2  Optical identification and galactic environment| . . . 45
[2.3.3  Source energetics| . . . . ... ... 48
[2.3.4  Spectral properties and age| . . . . . .. ... ... 49
24 Discussionl . . . . . . ... oo 52




Vi

Contents

[2.4.1 Ewvidence in favour of the remnant radio galaxy |

interpretation| . . . . . . ... ..o 52

[2.4.2 Merger scenario and triggering mechanism|. . . . . . 53

[2.4.3  Spectral comparison with other remnant radio galax- |

| ies and implications for remnant evolution| . . . . . . 54
[2.5  Implications for selection of remnant |

| radio galaxies| . . . . . . . ... ... oL 56
Referenced . . . . . . . . . o 60

[3 Search and modelling of remnant radio galaxies in the |
[ LOFAR Lockman Hole fieldl 65
3.1 Introductionl. . . . . ... ... ... o 67
3.2 lLockman Holedatal . . . .. ... ... ... ........ 69
[3.2.1  New low-resolution catalogues|. . . . . . .. .. ... 69

[3.3  Selection of remnant radio galaxies| . . . . . . ... .. ... 74
13.3.1  Ultra-steep spectral index selection|. . . . . . .. .. 74

13.3.2  Spectral curvature selection| . . . . . ... ... ... 75

13.3.3  Morphology selection|. . . . . ... ... .. ..... 75

13.3.4  Low radio core prominence selection| . . . . . . . .. 77

13.3.5  Results of remnant radio galaxy selection process|. . 79

[3.3.6  Implications from the selection| . . . . . . . . .. .. 85

[3.4  Simulating the population of active and remnant FRI radio |

| galaxies| . . . .. .. L 86
[3.4.1 Dominant classes of radio source in our sample: |

[ SKADS Simulationsl . . ... ... .. ... ..... 87
[3.4.2  Simulation approach| . . . . . ... 0oL 88

3.43 Simulationresults| . . . ... .. .. ... ... ... 96

[3.4.4 Discussion of the Monte Carlo simulation resultsl . . 100

3.5 Summary and conclusions| . . . . .. ... ... ... 103
References . . . . . . . . . 106

[4 The duty cycle of the radio galaxy B2 0258-+35| 111
4.1 Introduction|. . . . . . . . . ... 113
4.2 Overview on the source B2 0258+35[ . . . . ... ... ... 115
H3 Datal . . .. ..o 117
4.3.1 LOFAR HBA observations and data reduction| . 120

4.3.2 DRI observations and data reductionl. . . . . . . .. 121




Contents Vil

4.3.4 GMRI observations and data reductionl . . . . . .. 123

HA Resulfd. . . . oo oo 124
[4.4.1 Morphology| . . . . ... ... oo 124
|4.4.2  Spectral properties ot the outer lobes|. . . . . . . .. 125
[4.4.3  Energetics and age of the outer lobes|. . . . . . . .. 129
[4.4.4  The central compact source] . . . . . . ... .. ... 131

45 Discussionl . . . . . . . ... 132
4.5.1  Source characteristics| . . . . .. ... ... ... .. 134
|4.5.2  Source evolutionary scenarios| . . . . . . .. ... .. 136
[4.5.3  Comparison with other radio galaxies| . . . .. ... 139

4.6 Conclusions and future workl . . . .. ... ... ... ... 141
[Appendix 4.A Image of the full LOFAR field of view| . . . . .. 144
References . . . . . . . . . 145
[0 The restarted radio galaxy 3C388| 151
b1 Introductionl. . . . . . . .. .. Lo Lo 153
B2 Dafal . . . . o oo 157
b.2.1 VLA observations at 350 MHz and data reductionl . 157
0.2.2 VLA observations at 1400 and 4850 MHz and data |

[ reductionl . . . . . . .. ... 159
6.2.3  LOFAR observations at 150 MHz and data reductionl 159
b.2.4 GMRT observations at 612 MHz and data reduction/ 160

B3 Resulfd. . . . .. oo 162
5.3.1 Morphology| . . . . .. ... ... L. 162
[5.3.2  Spectral analysis| . . . . ... ... ... ... ... 162
[5.3.3  Spectral age modelling| . . . . ... ... ... .. 165

b4 Discussionl . . . . . . ..o 169
[5.4.1  Spectral index distribution| . . . .. ... ... ... 170
[5.4.2 Spectralages| . . . ... ... 172
[9.4.3  Interpretative scenarios| . . . ... ... . ... ... 173

.5 Conclusionsl . . . . . . . . .. 175
References . . . . . . . . . 178
(6 A LOFAR view on the duty cycle of young radio galaxies| 183
6.1 Introductionl. . . . . . . .. .. L oo 185
6.2 The LOFAR Two-metre Sky Survey| . . . ... .. .. ... 187
6.3 Thesamplel . . . . . ... .. ... ... ... ... 189

6.4 Resultsl. . . ... .. .. oo 194



viii Contents
6.4.1 JI1203+4803|. . . . . . . . . .. 195

[6.4.2  JI24145458. . . . . . . . ... 199

643 T3T0FZ653] . . . v v o e e e e 200

[6.4.4 T414+4554] . . . . . . . . ... 202

[6.5  Discussion and conclusion] . . . . . ... ..o 205
|Appendix 6.A Radio images and spectra of the sources in the |

| sample| . . ... 208
Referencesl . . . . . . . . . . . . 216

[7 Conclusions and future prospects| 219
7.1 Conclusions chapter by chapter| . . . . . . .. ... ... .. 220
[(.2 _General conclusions|. . . . . .. ... ... ... ... ..., 225
7.3  Future prospects| . . . . . ... ... ... 229
Referenced . . . . . . . . . o 231
[Samenvatting] 233
[Riassuntol 243
[Acknowledgements| 253




	Title and contents

