
Can old sleepy galaxies have huge black 
holes in them without dark matter?   

Early type galaxies 
are filled with old 
stars with little to no 
new ones forming.

Huge black holes, 
more than one million 
times the mass of the sun, have 
been found in early type galaxies. 
These are thought to have formed 
really early in cosmic history!  

How do huge black holes form? One 
option is through interactions in 
dense stellar environments. Maybe 
two smaller black holes merge!

One theory changes how gravity 
behaves at low accelerations, 
explaining some observations without 
dark matter. In some cases, it matches 
or even outperforms the standard 
cosmological model. If correct, it could 
reshape our understanding of galaxy 
and black hole evolution.

Background:

In a nutshell: 

Eappen and Kroupa wrote this!

Can a new model explain how huge black holes form in 'dead' galaxies? 
This paper tests what conditions are needed for that to happen under 
the model. They also compare it to well-known patterns, like the link 
between mass and velocity, which come from real observations. The model 
matches these observations without needing dark matter. It also shows 
that how gas behaves when a galaxy first forms plays a big role in 
creating these giant black holes.
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Supermassive black hole 
properties have been linked to the 
motions at the center of the 
galaxy.

The biggest black holes are also called supermassive black holes! 

To test if supermassive black holes 
could form in early-type galaxies 
under the MOND model, they check 
whether the central density is 
linked to how much gas flows in and 
how varied the velocities are.
(this is introducing the method!)

They model galaxies that start 
from a gas cloud about 1000 times 
the size of our milky way. Specifics 
given in Eappen’s 2022 paper!

Methods – How they modelled:

Gravitational Potential Equations 

Gravitational potential tells us how 
hard gravity is pulling at a certain 
place, and how much energy it would 
take to get there or escape from 
it.

To figure out the gravitational pull 
in a certain area, the first step is 
to see how much normal matter is 
packed into that space. This is called 
baryonic density — “baryonic” just 
means ordinary stuff like stars, 
planets, and even people, all made of 
protons and neutrons.

We also need to know how much 
phantom matter we would need 
under a Newtonian physics model. x1000

They talk about what simulation 
sizes are computationally feasible.



Is the gravitational potential well deep 
enough for stuff to not escape?

Results! 
How to calculate the black hole mass?
~theoretically~

How to calculate how much gas falls 
to the centre?

Gravitational potential ∝ density of 
real matter and phantom matter. 

How much gas is falling into the 
centre can be calculated at each 
radius and timestep. It is equal to 
how much mass has been gained or 
lost over what timeframe at that 
point in space. 

Black hole mass ∝ Central star Mass

How dependent blackhole mass is on 
star mass relies on initial mass 
function assumption and how 
metallic the gas is assumed to be.
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𝑟 = 𝑥! + 𝑦! + 𝑧!

Velocity dispersion in a direction 
measures how much the 
measurement differs from the 
average velocity. 

Little gravitational potential: 

Big gravitational potential: 

Black hole mass as a function of 
velocity dispersion formula.



Does enough gas fall into the centre 
to make a supermassive black hole?

Time in billions of years
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2.4 trillion earths from centre
1.9 trillion earths from centre
1.5 trillion earths from centre

Within the first 5 billion years 
the gravitational well rapidly 
gets deeper, allowing mass to 
fall, particularly when closer to 
the centre. These are 
ingredients to create Black holes!

Dynamics within the well are too 
fast to be part of the MOND 
model, MOND is more likely seen 
at larger radii to help 
transport mass to the centre. 

These values compare well to NGC 1277

Tldr: Yes! 

There is also an outflow phase!



Do we see the relationship between the 
size of the supermassive black hole 
and the spread of velocities?
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There is a lot of interesting 
activity in early time after 
collapse, how relevant this is to 
black hole growth requires better 
resolution simulations.

Trends align with theory and 
observation that Kroupa has 
studied in the past!

Black holes with less central star 
mass contribution and larger 
velocity spread give the best 
agreement to the studied 
relationship.

Therefore there must be a minimum 
stellar mass contribution threshold. 

However they can only see an upper 
limit of mass available with the 
resolution used. 



Quick take away messages:

• Gravitational potential decreases 
severely very quickly after the 
collapse of matter

• Deep potential wells close to the 
centre confirm conditions for gas 
inflows and properties for the 
formation of huge black holes. 

Time in millions of years
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Published Early Type Gals This work at different assumptions



Where did all these ideas come from?:

People have been building the puzzle 
pieces of this paper since 1979!

If you want to know more about 
certain parts of the method, you will 
probably find more details here. 

Thanks! 

• Early type galaxies made 
within MOND model work with 
observed relationships.

• Early gas inflows and 
gravitational potential 
evolution is super important 
to growing big black holes!

• The simulations had 
resolution restraints.

• They left some stuff out.

• Lots more work to do!

(Jayde Willingham aka me!)


