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Science Unit 2 - The Distant Universe

Galaxy evolution is a complex problem

3

We cannot yet model all 
these processes from first 
principles especially at the 
smallest scales: 
theory and simulations need 
to be guided by 
observations.

Need to observe galaxy populations 
through the age of the Universe, 
across the electromagnetic 
spectrum. 
In SU2, we: 
• Carry out surveys (X-rays to radio) 
• Measure physical parameters 
• Compare with theory
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‘The history of astronomy is a history of receding horizons’ - E. P. Hubble
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Most distant galaxy 
known to date
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Mapping The Universe
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The baryonic properties (stars, gas, dust), dynamics, locations, environments and 
dark matter halos of millions of galaxies, spanning over half the age of the Universe  

Map out Large-Scale Structure of the Universe
Dark Matter structure/distribution, galaxy 

locations, evolution of structure as the 
Universe grows (cosmology)

Parameterise galaxy environments 
Dark Matter halo mass, galaxy distributions, 

galaxy interactionsGroup Pair IsolatedCluster

Measure galaxy properties 
Stellar mass, gas mass, DM mass, SFR, SFH, 

AGN, structure/morphology, kinematics, 
dust content, metallicity….
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Observing across the spectrum
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ultraviolet optical near-infrared mid-infrared far-infrared radio
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GALEX Hubble Spitzer Herschel

VLT
ALMA

VLA

ELT

JWST

SKA

ASKAP 6

Space Telescopes for imaging
From x-ray to far-Infrared

(our space fleet)

Ground-based observatories for 
distances, high-fidelity and radio

(our terrestrial telescopes)

Supercomputers for processing,
analysis and interpretation

(calculations & visualisations)

Hubble
Space

Telescope

eROSITA
(x-ray)

Euclid
(2022)

JWST
(Dec 18th 

2021)

European
Southern

Observatory

ALMA

ASKAP

SKA

MAGNUS
ZEUS
(WA)

RAIJIN
(ACT)

e-ROSITA
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Core Science Topics
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Impact of environment on 
galaxy evolution

The evolution of star-
formation and stellar mass

Resolved studies of 
galaxies and dynamics

HI gas content 
of galaxies

Very high 
redshift galaxies

Morphology and structure 
of galaxies over time 

Software for studying 
galaxy evolution 

Management of large 
galaxy surveys

The energy budget of the 
Universe

(how where a galaxy lives 
affects its life)

(how galaxies 
grow with time)

(how and where are photons 
produced in the Universe)

(how galaxies move and 
where are stars formed)

(how galaxies look and what it tells 
us about how they formed)

(understanding the first galaxies 
that form in the Universe)

(understanding the fuel that 
galaxies have to form new stars)

(developing new software 
for studying galaxies)

(observations, data management, 
software for data collection)
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SU2: The evolution of mass, energy, structure and angular momentum over all time

The growth of mass, energy and structure 
through ground and space based surveys. 

The growth of 
mass, energy 
and structure 
through 
ground and 
space based 
surveys.

Extraction of 
the physical 
properties of 
galaxies & 
groups. 
Interface with 
simulations.

Modelling the 
emission from 
stars, gas, and 
dust in distant 
galaxies 
observed with 
ALMA and 
JWST.

Studies of the 
angular 
momentum of 
galaxies, and 
their gas-star-
dust lifecycle 
with time.

The evolution 
of hydrogen 
gas and the 
reservoirs from 
which galaxies 
grow with 
ASKAP/SKA.



Science Unit 2 - The Distant Universe

WAVES: Wide Area Vista Extragalactic Survey
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The European Southern 
Observatory’s 4MOST telescope

UWA’s goal is to map the Dark Matter and its 
evolution by finding and tracing the galaxy groups.

Project opportunity: optimizing the survey design for dark matter mapping: group finding + simulations
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Pushing the limits with JWST
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220hrs of Guaranteed Time (Team 
member Driver) to find the first 

galaxies. 
UWA will be the first institution in 
Australia to received JWST dataNASA’s new flagship mission: 

Launch date Dec 18th 2021

14 hours of JWST Cycle 1 time (PIs 
Hodge & da Cunha) to study how the 
most massive starburst galaxies have 
assembled. Combined with very high 

resolution ALMA observations.

Project opportunities: process the data, determine physical 
properties, and compare to numerical simulations.


