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‣ Schmidt law star formation

‣ SFR dependent SN winds

‣ satellite gas stripping

‣ morphological transformation

‣ assembly through mergers

‣ starbursts through mergers

‣ Magorrian relation BH growth

‣ jet & bubble AGN feedback



morphological 
transformation

Quescient star formation occurs in the disk

Burst star formation adds to the bulge

Disk instabilities move disk stars to the bulge

Minor galaxy mergers add satellite stars to the disk

Major galaxy mergers move disk stars to the bulge





Numerical Simulation            +               Analytic Simulation



z=0 dark matter



z=0 galaxy light



quasar

z>1: Quasar Epoch
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infalling gas, hot 
halo build-up, 
cooling gas

z<1: hierarchical
growth



black hole accretion 
toy model (radio mode)

assumption: the hot gas around the black hole 
is static and has uniform density

assumption: maximal cooling flow - at the 
Bondi radius, the gas density is determined by 
equating the cooling time to the free fall time



Croton et al. 2006
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infalling gas, hot 
halo build-up, 
cooling gas

z<1: hierarchical
growth



quasar

z>1: Quasar Epoch
infalling gas, hot 
halo build-up

z<1: Radio Mode







When? Trigger? Feeding? Consequence?

Quasar
Mode

Radio
Mode

at early times gas rich mergers cold gas
BH growth,

sets properties of ellipticals

at late times BH & hot halo large 
enough?

hot gas?
stellar winds?

suppresses cooling gas, 
shuts down SF

Croton et al. 2006

Importantly, some kind of quenching is 
needed to get the low-z morphologies right



environment quenching
(satellite galaxies)

AGN quenching
(central galaxies)
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Behrozzi et al. 2012

Galaxies



Croom et al. 2005

Quasars



See also: 
Peng et al. 2010 (Schechter function)
Driver et al. 2013 (morphology/SFR)
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Numerical Simulation            +               Analytic Simulation
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10.0

1. Can be applied to any simulation

2. Physics function can be arbitrarily complex

3. Statistically constrained

4. Full formation histories



the mid-life crisis of the 
Milky Way?

QUESTION: Where does the Milky Way and M31 
lie in the traditional colour-magnitude diagram?

QUESTION: How would we intrepret the MW if we 
were an alien race and included it in one of our 
galaxy surveys?
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...and finally



https://www.nectar.org.au/all-sky-virtual-observatory

https://www.nectar.org.au/all-sky-virtual-observatory
https://www.nectar.org.au/all-sky-virtual-observatory


Simulation database

Web form data query

Image generation

Telescope simulator

Light cone generation

SEDs + Filters

Real time, arbitrary 
parameters

TA
O



https://tao.asvo.org.au/tao/
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The Future
1. Toy AGN heating models work, but how can we 

know the actual quenching mechanism(s)?

2. Quenching shapes morphology.

3. How simple is too simple when it comes to 
modelling galaxies?

4. Is the MW a green valley galaxy? What does this 
mean?


