
Intergalactic space,
fast radio bursts 
and the hunt for the 
missing matter 

Adam Batten

Swinburne Public Astronomy Lecture
23-04-2021

Presented by



Image Credit: Ángel R. López-Sánchez (AAO-MQ)



Image Credit: Trevor Dobson



Image Credit: Trevor Dobson



Image Credit: Yuri Beletsky (ESO) Image Credit: Bogdan Jarzyna

Large Magellanic Cloud Small Magellanic Cloud



Image Credit: Yuri Beletsky (ESO) Image Credit: Bogdan Jarzyna Image Credit: Lorenzo Comolli

Large Magellanic Cloud Small Magellanic Cloud The Andromeda Galaxy



Video Credit: NASA, ESA & HUDF Team (STSci)



EdwinEdwin Hubble announced that Andromeda is another galaxy in 1929!
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Open 
questions in 

galaxy 
evolution

• What did the first galaxies look like?

• How did galaxies form the first stars?

• What mechanisms stop galaxies from 

forming stars?

• How do elements throughout galaxies? 

• How do galaxies interact with their 

environment?
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Wait…why is intergalactic medium 
important … isn’t that just empty 

space?



1) Most of the matter in the Universe resides 
in the Intergalactic Medium.

2) Galaxies and the intergalactic medium 
evolve together. 
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The Cosmic Microwave Background



Image Credit: ESA and the Planck Collaboration
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1) Most of the matter in the Universe resides 
in the Intergalactic Medium.

2) Galaxies and the intergalactic medium 
evolve together. 
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Galaxies and the intergalactic medium, it’s impossible to fully understand 
one without understanding the other.



It’s all about how electrons move!

It’s all about light!

Astronomy!
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Cloud of Gas
Source of 
continuum 

light



The Sun

Credit: N.A.Sharp, NOAO/NSO/Kitt Peak FTS/AURA/NSF
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The Baryon Census
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the nearby Universe!

The intergalactic medium 
is too ionised and low 
density to detect with 
optical telescopes!
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Fast Radio 
Bursts

Image Credit: Lorimer (2018)
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Video Credit: CSIRO/ICRAR/OzGrav/Swinburne University of Technology



Fast Radio 
Bursts

Image Credit: Lorimer (2018)

R
ed

de
r  

   
   

   
   

   
   

   
Bl

ue
r
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Bursts

Image Credit: ESO/L. Calçada Bochenek et al. (2020)
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Image Credit: ICRAR



The distance to FRBs is the key!

Image Credit: ICRAR
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FRB 180924

Bannister et al. (2019)
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Bannister et al. (2019) Macquart et al. (2020)



Image Credit: ICRAR
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So, what is next?



Can we use FRBs to measure 
properties of galaxies?



Can we use FRBs to measure 
properties of galaxies?

Outflows



Video Credit: NASA's Goddard Space Flight Center





Normal Universe No Supermassive Black Holes
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Can we use FRBs to measure galaxy feedback?
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Can we use FRBs to measure galaxy feedback?

Twitter: @adamjbatten



Summary
Ø The intergalactic medium is the hot, low density material 

outside of galaxies.

Ø The intergalactic medium is essential to understanding 

galaxy evolution but is extremely difficult to observe 

nearby, leading to the `Missing Baryon Problem’.

Ø Fast Radio Bursts are bright extragalactic radio sources 
and are very sensitive to the amount of ionized material 

along their path.

Ø Fast Radio Bursts were finally able to find the missing 

baryons in 2020.

Ø The future is bright as to what new science we can do 
with FRBs in the future.

Twitter: @adamjbatten
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