
Gas and the life-cycle of radio galaxies 

PhD project - Supervisors: Prof. Raffaella Morganti, Prof. Tom Oosterloo, Dr. Tim 
Shimwell  

Scientific motivation - Radio galaxies and radio-loud Active Galactic Nuclei (AGN) are 
known to play an important role in galaxy evolution. Indeed, the effects of the interaction between 
the radio plasma and the interstellar medium (on scales ranging from sub-kpc to hundreds of kpc) 
have provided some of the best examples of AGN feedback in action. However, because the 
typical lifetime of an AGN is very short (<108 yr), multiple cycles of activity are needed during the 
life of a galaxy for AGN feedback to be important.  Only the presence of recurrent AGN outbursts 
can prevent the piling-up of gas cooling from the galaxy’s atmosphere, which would otherwise 
accumulate in the central regions.  Thus, to fully quantify the impact of radio AGN we need to 
quantify the time scales associated with their activity (i.e. how long are they on and off) and the 
conditions that determine this duty-cycle, e.g. the availability of gas.  

The proposed project requests a PhD student to achieve this by exploiting the 
combination of three Dutch observing facilities: LOFAR, Apertif and WEAVE. As we 
detail below, this combination is unique for understanding the complexity of the life-cycle 
of radio AGN and it will stay such until SKA will come online.  

The length of the on and off phases of radio-loud AGN can be derived from the study of their radio 
continuum spectra. The first part of the project will take advantage of the combination of the large 
frequency range of data coming from large area covered by LOFAR and Apertif to identify radio 
sources in different phases of evolution and to derive the duty-cycle of the activity. Using deep 
low-frequency LOFAR data (which cover frequencies where the emission remains, for the longest 
time, unaffected by radiative losses), new ways to select candidate radio sources in various 
stages of their evolution are already being developed (M. Brienza, see PhD thesis of M. Brienza, 
and N. Jurlin PhD@RuG).  Particularly interesting sources include AGN remnants and restarted 
radio sources that can provide the duty-cycle of the radio emission. However, the proposed 
project aims at expanding this by adding the deep radio continuum images provided by Apertif. 
This will provide the ideal match to the sensitivity and resolution of LOFAR for the study of the 
properties of the radio spectrum and ages (i.e. overcome the limitations of using of shallow 
surveys like NVSS). As result, the project will extend the study to low-power radio sources. This is 
important because they constitute the great majority of radio AGN. Understanding the role they 
play in galaxy evolution is crucial in order to properly quantify AGN feedback. 

The main goal of the project will be to connect this evolutionary sequence with information about 
the surrounding gas and to investigate whether the gas and its properties influence the 
presence/life of the radio 
source (triggering) and, 
conversely, whether the gas is 
influenced by the presence of 
the radio source (e.g. producing 
fast outflows, feedback). 
Tentative evidence that the gas 
properties may change with the 
evolution of the radio source 
has been found by a number of 
studies (including the PhD work 
of F. Maccagni, 2017 RuG and 
extension to high-z by S. 
Murthy PhD@RuG) but is 
currently limited to small 
samples. If the existence of the 
link between the presence and 
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properties of the gas and the evolutionary stage of the radio AGN is confirmed for a larger 
population of sources, it will have major implications for the impact of the radio plasma on the 
interstellar medium and the role it has in feedback. 

The proposed project aims at obtaining information on two phases of the gas for an 
unprecedented large sample of radio sources. The atomic neutral component (HI) will be provided 
by Apertif and the warm ionized component by WEAVE.  
The presence and properties (e.g. column density, kinematics) of the HI will be obtained by the HI 
absorption survey (SHARP, lead by R. Morganti) that will extract spectra for every radio source 
observed by Apertif. The view of the ionised gas provided by WEAVE will be key to fully 
characterize the AGN and to disentangle the effect of radio plasma and radiation. The results on 
the gas will be used to constrain the parameters describing AGN feedback in numerical 
simulations of galaxy formation. WEAVE will also substantially expand the number of radio 
sources with an available spectroscopic redshift, making it possible to exploit stacking techniques 
for HI absorption.  

Research plan  
First year: build samples of radio sources in different stages of evolution. Use the LOFAR 
survey (LoTSS) and the Apertif continuum images from the shallow survey. These 
surveys have large overlapping areas.  
Second year: use the HI absorption profiles obtained by the Apertif survey SHARP to 
characterize the properties of the HI (kinematics of the gas, presence of kinematically 
disturbed components, e.g. outflows, derive column densities etc.).  Investigate the 
properties of the HI as function of the evolutionary stage of the radio sources.  
Third year: Use the WEAVE data to add the information about the warm ionised gas and 
derive the redshifts for as many as possible radio sources. Connect the results to model 
of the feedback loop in AGN.  
Forth year: Expand the study of gas (thanks to the redshifts provided by WEAVE) by 
stacking of the undetected HI (again as function of their evolutionary stage). 

Team - Main supervisor will be Prof. Raffaella Morganti. In addition to her deep 
involvement in the LOFAR surveys and the associated WEAVE work, she is PI of the HI 
absorption Apertif survey (SHARP). This will provide the student with access to the data 
and to the tools developed for exploiting them. Dr Tim Shimwell (ASTRON, Leiden) is 
leading the work on the LOFAR surveys (LoTSS) and will provide a close connection to 
the Leiden LOFAR surveys group led by Prof. H. Rottgering. The student will work in 
close collaboration with this group. Prof. T. Oosterloo is PI of Apertif and leading the work 
on the shallow survey. He will supervise the student in the extraction and quality control 
of the Apertif data. 

 


