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Supermassive Black Holes

Supermassive black holes sit at the 
centre of almost every large galaxy, 
including our own. These colossal 
bodies can be millions to billions of 
times larger than the black holes formed 
through the collapse of massive stars – 
making them a key part of the evolution 
of their host galaxies. As they draw in 
gas and stars from their surroundings, 
this material is heated to extreme 
temperatures, triggering a wide array of 
exotic physical phenomena. 

Centred on supermassive black holes, 
active galactic nuclei are one rare 
group of galactic centres in which 
particularly interesting dynamics are 
known to occur. As Dr Baum explains, 
these structures have now fascinated 
astronomers for decades. 

‘Active galactic nuclei can be fuelled 
by the accretion of gas and stars, 
producing extremely energetic 
phenomenon, such as luminous hot 
disks of accreting gas, winds, and 
powerful outflows of relativistic plasma 
and magnetic fields,’ she says. Named 
‘jets’, these flows extend perpendicular 
to a galaxy’s flat disk, and can reach far 
out into intergalactic space. 

Astronomers have now uncovered a 
close relationship between the masses 
of galaxies and their central black 
holes – implying that both systems 
must somehow co-evolve under linked 
physical mechanisms. 

The amount of mass accreted by the 
central black hole is proportional to 
the mass that forms stars and builds 
the bulge mass of the galaxy. These 
relationships are particularly strong, 
given that a galaxy’s star formation is 
extended on much larger scales than 
those that directly feed the black hole. 

As jets emanate from an active galactic 
nucleus, they fundamentally alter the 
flow of energy throughout this region. 
‘The kinetic energy in the jets heats the 
galaxy’s gas, expelling it from the central 
regions,’ Dr Baum continues. ‘This in 
turn influences galaxies star formation 
histories, mediating the relationship 
between host galaxy and central 
supermassive black hole.’

Intracluster Cooling

Among the first mysteries the team 
explored was the cooling of gas in 
the space surrounding the galaxies 
in a cluster – named the ‘intracluster 

medium’, or ‘ICM’. According to theories 
at the time, astronomers understood 
that this gas should be losing heat by 
radiating X-rays – so that over time, this 
gas should become colder and colder, 
until some of it has become cold atomic 
or molecular gas. Yet from observations 
of the ICM, researchers could see that 
this clearly wasn’t the case – leading 
them to question where this cold gas 
may be located, or if it even existed after 
all. 
‘For a while, the primary hypothesis 
was that somehow the cold gas was 
hidden,’ Dr Baum recalls. ‘We were 
among the first to realise that the radio 
source in the central brightest galaxy 
was responsible for re-supplying energy 

SHAPING GALAXY 
CLUSTERS WITH 
SUPERMASSIVE BLACK 
HOLES 
The black holes found at the centres of most large galaxies are 
now found to be fundamental to galactic formation and evolution. 
Until recently, however, little was understood about how these 
massive bodies affect the behaviours of their host galaxies and 
beyond. Through their research, Dr Stefi Baum and Dr Christopher 
O’Dea at the University of Manitoba have made important strides 
towards untangling the many mysteries involved in this intriguing 
astronomical problem. 

WWW.SCIENTIA.GLOBAL



to the ICM.’ Furthermore, the structure of this central ‘engine’ 
may be heavily influenced by the galaxy’s history, and the flow 
of material into its active galactic nucleus from the surrounding 
ICM. 

In 2008, Dr Baum, Dr O’Dea and their colleagues uncovered 
further insights into how the balance of heating and cooling 
in galactic clusters could be better understood, by searching 
for cold gas and young stars. These features are often the end 
result of cooling interstellar gas, as the movement of particles 
has slowed enough for clouds of gas to collapse under their 
own gravity – allowing star-forming nuclear fusion to initiate. 

‘We were among the first to realise that careful searches for 
these end products would provide an important constraint on 
the balance of heating and cooling,’ Dr Baum explains. 

Diversity in Accretion 

In another aspect of cluster evolution, the team delved 
further into the properties of the accretion disks surrounding 
supermassive black holes at the centres of active galactic 
nuclei. As it enters the black hole’s surrounding environment, 
material is accelerated, gaining a vast amount of energy in the 
process. Subsequently, accretion disks partially re-emit their 
energy by giving off electromagnetic radiation.

Through a study published in 1995, Dr Baum and Dr O’Dea 
emphasised just how diverse the resulting accretion disk and 
jet phenomena can be with significant differences in the radio, 
optical, and X-ray properties. As Dr O’Dea describes, ‘We were 
early proponents of the idea that black holes are fed with a 
range of mass accretion rates and this has consequences for 
the properties of the structure and emission from material 
around the active galactic nucleus.’

Drawing from these insights, the researchers subsequently 
explored how jets come to emanate from a small fraction of 
accreting supermassive black holes – giving rise to the ICM 
heating explored in other parts of their research. In a 2013 
study, they contributed further to understanding the unique 
properties of these jets, paying particular attention to the 
transport of energy, magnetic fields, and cosmic rays. 

Through their analysis, Dr Baum, Dr O’Dea and their colleagues 
expanded on the idea that these jets may not simply be a rare 
phenomenon, only ever found in a small fraction of massive 
galaxies. Rather, the active galactic nucleus they originate from 
could be a short yet important stage of galactic evolution. 
‘It is thought that many galaxies go through a phase where they 
launch radio jets,’ Dr O’Dea continues. ‘We have made some 
important contributions to understanding the properties of 
radio jets.’
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Compact Radio Sources

In one of their most recent studies, published in 2021, the 
team delved further into the origins of radio jets by analysing 
comparable structures, which exist on far smaller scales. ‘There 
is one small but powerful class of radio source, each a fraction 
of the size of a typical jet,’ Dr O’Dea explains. ‘We were among 
the first to recognise the importance of the young, compact, 
powerful radio sources for understanding active galactic 
nucleus triggering and evolution.’

A number of competing theories have been put forward to 
explain the origins of these structures. There is a possibility 
that they are young radio galaxies and will eventually evolve 
to produce powerful large radio sources. Alternatively, they 
could have been prevented from expanding outwards through 
interactions with dense gas in their surroundings or may only 
be short-lived bursts – which will disappear very soon on 
cosmological timescales. 

By analysing each of these possibilities more closely, Dr Baum 
and Dr O’Dea aim to explore the fundamental basis of radio 
jets, and their influence over the formation and evolution of 
galaxies. 

Triggering Star Formation 

In their latest study, published in 2022, the researchers looked 
beyond radio jets to explore other mechanisms by which 
energy could be transported outwards from active galactic 
nuclei. While radio jets are powered by gas and stars accreting 
onto supermassive black holes, some of this material can 
contribute to dramatic bursts in star formation in the host 
galaxy.

This process can trigger massive stars, which only live for a 
few million years before exploding in dramatic supernovae 
– releasing vast amounts of energy in the process. ‘Energy 
released by supernova explosions can drive gas outflows in 
galaxies,’ Dr O’Dea describes. ‘In parallel, the radiation from the 
bright disk of gas around the super massive black hole can also 
drive gaseous outflows or winds.’

Altogether, these studies have led to profound advances in 
astronomers’ understanding of how galaxies are influenced 
by supermassive black holes, and the energetic radio jets 
produced by active galactic nuclei. In turn, the team’s 
discoveries are enabling researchers to improve their predictive 
models of galactic evolution, to better account for the energetic 
influences of individual active galactic nuclei. 

Dr Baum and Dr O’Dea now hope that their insights will 
contribute to a broader understanding of the dynamics that 
shaped the universe we observe today, and will ultimately 
determine how its evolution will unfold far into the future. 
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