Universiteit

4 Leiden
The Netherlands

The colours of the extreme universe
Calistro Rivera, G.

Citation
Calistro Rivera, G. (2019, January 10). The colours of the extreme universe. Retrieved from
https://hdl.handle.net/1887/68466

Version: Not Applicable (or Unknown)
) Licence agreement concerning inclusion of doctoral thesis in the
License:

Institutional Repository of the University of Leiden
Downloaded from: https://hdl.handle.net/1887/68466

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/68466

Cover Page

The handle http://hdl.handle.net/1887/68466 holds various files of this Leiden University
dissertation.

Author: Calistro, Rivera G.
Title: The colours of the extreme universe
Issue Date: 2019-01-10


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/68466
https://openaccess.leidenuniv.nl/handle/1887/1�

THE COLOURS OF THE EXTREME UNIVERSE






The Colours of the Extreme Universe

Panchromatic studies of star forming galaxies
and accreting black holes

Proefschrift

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van Rector Magnificus prof.mr. C. J. J. M. Stolker,
volgens besluit van het College voor Promoties
te verdedigen op donderdag 10 January 2019
klokke 11.15 uur

door

Gabriela Calistro Rivera

geboren te Lima, Perd
in 1990



Promotiecommissie

Promotor: Prof. dr. Huub Roéttgering
Co-promotor: Dr. Jacqueline Hodge
Overige leden: Prof. dr. Paul van der Werf

Prof. dr. David Alexander  (Durham University)
Prof. dr. Marijn Franx

Dr. Vernessa Smolci¢ (University of Zagreb)
Dr. Rychard Bouwens

ISBN 978-94-028-1344-9

Cover: drawing by Gabriela Calistro Rivera. Two artistic perspectives of a female dancer
doing a pirouette. In the front cover the dancer is viewed from above, where the colourful
dress and hair movement evokes the main topics of the thesis, colours and galaxies. In the
back cover, the dancer is viewed from a perspective at eye-level, where the side view of the
dress reveals a galaxy’s spectral energy distribution.



A mi papd,
por su entusiasmo contagioso
por la fisica y el Universo






Contents

I Tnfroducfionl 9
1.1 'The Building Blocks of the Observable Universe| . . . ... ... . ... .. 9

1.2 _The Panchromatic Nature of Galaxies and AGNI 13

17

21

2 The Statistical Frontier: A Bayesian MCMC Approach to Fitting Spectral En- |

|__ergy Distributions of AGN| 27
21 Introduction| . . . . . . . .. .. 28
22 Th AGNfitter . . . . . . . . . 29

2.2.1  Accretion disk emission (Big Blue Bump)|. . . . . ... ... . ... 31
222 Hotdustemission (TOTus) . . . « « v v v v v v e e e 31
223 Stellaremissionl. . . . . . . . . ... 32
[2.2.4  Cold Dust Emission from Star-Forming Regions| . . . . . .. .. .. 33

[2.2.5 Parameter Space| . . . .. ... ... ... 33

D3 The MCMC ATZOMTA . . .« « o o oo e e 33
231 Emceel. . . . . ... 35
[2.3.2  Imtiahization and burninsteps| . . . . ... ... ... ... ... 35
B33 MOMCSEDS . - - - o o o oo 36

4 R g AGNfitter] . . . . . . . . . . .. 36

P35 Prior on the galaxy UMINOSIY] . . « « « « o o o v oo oo 37
2.3.6 IGMabsorption|. . . . . . ... ... . ... ... ... . 38

2.4 Analysis of syntheticdatal. . . . .. ... ... ... ... ... ... .. 38
[24.1  SyntheticSEDs|. . . ... ... ... ... .. 0L 38

4. Recovery of parameters| . . . .. ... ... ............. 40
............................. 40
2.4.4 Integrated luminosities| . . . . . .. ... Lo 43
P45  Host galaxy PIOPOItios] - - « - « v v o oo 43
[2.4.6  Spectral energy distributions| . . . . . ... ... L oL 45

2.5 Atestsample: XMM-COSMOS| . . . ... .................. 45
5. pel and Type2 AGN samples| . . . . .. ... ... ... ..... 46
....................... 46
........................ 46
[2:6" Resulis and discussion on the test sample] . . . . . . . . .. ... ... ... 47
[2.6.1  Spectral energy distributions for Typel and Type2 AGN| . . . . . .. 47
[2.6.2  Physical parameters| . . .. ... ... ... ... ... ... 51
2.6.3 AGN obscuration and classificationl . . . .. ... ... ... ..., 54

2.7 Summary and Conclusions| . . . . . ... ... ... . L oL, 56
3__The Wavelength Frontier: The low-frequency radio window on star forming |

[ galaxies and AGN| 63
BI TIntroduction]. . . . . . . . . . . . 64
[3.2 Surveydatal . . ... ... 66

B2T TOFARTSOMHZ] - .« o ot oot e e e e e 66
[3.2.2 Radio photometry for the Bootes field| . . . . ... ... ....... 66




[3.2.3  Optical and Infrared Photometry| . . . . . . . .. ... ... ... .. 69

[3.2.4  Far-infrared Photometry: HerMes DR3| . . . . ... ... ... ... 69
B23 Redshiftd - . -« o o oot 70

3.3 Sample Selection| . . . . . ... 71
3.3.1 TLOFAR +I-band selectionl . . . .. ... ... ... ......... 72
3.3.2  Selection for radio SED constructionl . . . . . ... ... ... ... 72

3.4 Analysis of AGN and SF galaxies with SED-fitting| . . . . . . ... ... .. 73
[3.4.1 _ Stellar masses and star-formation rates|. . . . . . . .. .. ... ... 75
[3.4.2  Classification into AGN and SF galaxies|. . . . . . .. .. ... ... 75
[3.4.3  Contamination by Low Excitation Radio Galaxies| . . . . . ... .. 78
[3.4.4  Comparison of the classification strategy with literature values| . . . . 78

[3.5 The radio SEDs of SF galaxiesand AGN|. . . . ... ............. 79
3.5.1 Spectral index Eg?’ —allsources| . .................. 79

3.52 Spectral indices 5o and @380 | . ... 82

3.5.3 Spectral indices a5, ag’lz‘; andag o). ..o 83

[3.5.4  Redshift evolution of the spectral curvature] . . . . . .. .. .. ... 85
[3.5.5  Spectral curvature dependence on other properties| . . . .. ... .. 87
[3.5.6  Comparison with previous spectral index studies| . . . . . ... ... 87

13.6  The infrared-radio correlation JRC)| . . . . . . .. . ... ... . ... ... 89
3.6.1 TheIRCat 1.4 GHz and its redshift evolution| . . . . . . . ... ... 91
3.6.2 The IRC at 150 MHz and 1ts redshift evolutionl . . . . .. ... ... 94

[3.7  The low frequency radio luminosity asa SFR tracer{ . . . . . . .. ... ... 95
8 S ATY| .« o e e e e e e e e 96
3.9 Acknowledgements| . . . . . ... ..o L 97
13.A Luminosity vs redshift dependence of the IRC| . . . . . . ... ... ... .. 101
4 The Resolution Frontier I: Resolving the distributions of CO, dust continuum |
| Tstell — th ALMA THST) 105
4.1 Introduction| . . . . . . . .. ... 106
4.2 Observations and Imaging| . . . .. ... ... ... ... .. ........ 108
[4.2.1  Target selection ALMA observations| . ... ............. 108
4.2.2  CO(3-2) line detections and continuum| . . . . ... ... ...... 109
4.2.3  Sourcesize estimation| . . . . . . ... .o e 113

4.3 Dynamical constraints to the total gasmasses| . . . . . . ... ... ... .. 115
[4.3.1 Molecular gasmasses| . . . ... ... ... ... ... ... 115
432 COlmekinematicsl . . . . . . .. ... ..o 116

4.3.3  Dynamical Masses| . . . . ... ... ... .. L. 119
[4.3.4  Implications on acp and M. /L estimates| . . ... ... ... .... 120

4.4 Distributions of molecular gas, dust continuum and stellar emission| . . . . . 124

4.4.1 Offset distributions of ISM tracers and stellar emission in ALESS122.1|124

|4.4.2  Statistical analysis on the relative sizes of dust continuum, molecular |

[ gas and stellar emission In SMGS| . . . . . . .. ... 126
{4.4.3  Physical implications of the more extended molecular gas distribu- |

| tions as compared to dust continuum emisston| . . . . . . ... ... 128
4. SUMMATY| . . 2 o v v v v e e e e e e e e e e e e e e e e e e e e 129
[Acknowledgements| . . . . . ... ... 130

ii



[ The Resolution Frontier II: Strong FUV fields drive the [CII[/FIR deficitinz ~ 3 |
|__dusty, star-forming galaxies| 137
5.1 Introduction| . . . . . . . . ... 138
5.2 Observations and datareduction] . . . . .. .. ... ... ... ... .... 140
5.2.1 Sampleselection| . . . .. ... ... ... .. ... ..., 140

and 8 observations| . . . . . ... ... 140

523 AILMA Band 3 observations| . . . ... ... ... .......... 141

B3 RESUIE. - - o v oo e e 141
[5.3.1 Imageanalysis| . .. ... ... ... ... ... ... ... ... 141

5.3.2 wv-planeanalysis| . . . . . ... Lo oL 142

533  [CII] spectra and KINEMAtes] . . . . . . . . . oo oo 146

5.3.4  Spectral energy distribution modelling] . . . . . . .. ... ...... 151
.................................... 151

[5.4.1  Comparison with CO (3-2) emission| . . . .. ... ... ...... 151

D.4.2  Molecular gas kinematics| . . . .. ... ... ... L. 153

543 Theresolved [CH-FIRratio] . . . . . . v v v v vei e e e 154

5.44 Comparison with PDRmodels| . . . .. ................ 156

545 Omgin of the [CTI/FTR QoRct] . . . « o o oo oo oo 159

55 Conclusions| . . . . . . ... 163
I5.A° Companion sources in LESS49field . . . . .. ... ... ... .. ..... 167
[Nederlandse Samenvatting| 169
[English Summary]| 175
[Resumen en espafiol| 181
[Publications| 187
[Curriculum Vitael 189
|Acknowledgments| 191




