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A journey away from the Earth

We live  
on Earth…

…orbiting the Sun…

…in the outer region of  
our galaxy, the Milky Way



There are lots of other 
galaxies out there…

Size compared  
to the Moon!

Hubble Ultra Deep Field



…but what is between them?



…but what is between them?

The Cosmic Web

Gas and  
Dark Matter

Galaxies



Why is it so hard to see the 
Cosmic Web?

Answer: The density of the gas is so low

Outer space is a very 
good vacuum… but it’s 

not perfect

This room Above the  
Earth

Between  
stars

Between  
galaxies



The gas between galaxies:  
The Intergalactic Medium

Normal air has about 30 billion billion atoms  
per cubic centimetre (the size of a sugar cube)  

!
Between stars in our galaxy, there is a density 

of about one atom per cubic centimetre

In the intergalactic medium !
the average density is about 

1/1000000 atoms  
per cubic centimetre 

(one atom in the box to the right)



Ingredients for a  
Cosmic Web

“Ordinary” matter  
(like us!) 

Mostly hydrogen

Can’t be directly  
observed, but we  

see its effect

Gas Dark Matter Gravity

The force that pulls 
matter together 



The Cosmic Microwave Background shows us 
the Universe 400,000 years after the Big Bang 

Planck 
Satellite

These variations are tiny: 
about 0.000001 degrees



https://www.youtube.com/watch?v=U2a927Jb2TM

https://www.youtube.com/watch?v=U2a927Jb2TM


The gas traces the dark 
matter

Dark  
matter Gas



https://www.youtube.com/watch?v=-ZcEDqyMbFw

https://www.youtube.com/watch?v=-ZcEDqyMbFw


The structures from the simulations 
are similar to observations

Observations

Simulations



How can we observe this gas?

Keck Observatory, Hawaii

Hubble Space Telescope

Very Large Telescope, Chile



Spectra are tools that astronomers 
use to study the Cosmic Web

Light is emitted from 
bright, distant objects 

!
Certain colours in the light 

are absorbed by gas in 
the Cosmic Web



What is the source of this light?
Quasars: Cosmic Lighthouses

Quasars give off 100,000,000,000,000 times  
more light than the sun

Some of the most distant  
objects we observe  

are quasars

An artist’s impression of  
a quasar



Spectra: atomic barcodes
Spectra give us information on: 
• Elements present (pattern) 
• Distribution of gas (wavelength) 
• Motion of gas (wavelength) 
• Temperature of gas (width) 

Hydrogen 
!

Helium 
!

Carbon 
!

Oxygen



By looking at hydrogen lines, we can 
start to map out the Cosmic Web

Nearby  
quasar

Distant 
quasar



https://www.youtube.com/watch?v=6Bn7Ka0Tjjw

https://www.youtube.com/watch?v=6Bn7Ka0Tjjw


Quasars can also be used like 
torches to illuminate the Cosmic Web



Gas can get out of galaxies too

Galactic winds in the Cigar Galaxy

When the largest stars die, 
they explode in a 

supernova. 
!

Gas is pushed out of 
galaxies when many 

supernovae occur in a short 
timescale. 



Gas can get out of galaxies too

Tidal stripping in the  
Jellyfish galaxy

Gas can also be stripped from  
galaxies as they move through  

dense regions of space.



Missing Gas?

HOT GAS?
Measurements from the early 
Universe tell us how much ordinary 
matter should exist. 
!
But we currently only observe just 
over half that amount… 
!
Where is the rest of the gas?



The space between galaxies 
- not just empty space!


