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an overview of modelling galaxies across cosmic time 

AGN and the radio population 

running your own galaxy formation models 

accessing pre-made galaxy models for science



~250,000 galaxies

~3 billion light years











z=0 dark matter



‣ 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



simulated dark matter + galaxy formation model



simulated dark matter + galaxy formation model
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SAGE: Semi-Analytic Galaxy Evolution 
Croton et al., ApJS, 2016 

Goal: release a publicly available semi-analytic 
codebase that is … 

… fast, clean, modular  
… easy to install and use   

… can run on multiple simulations 

https://github.com/darrencroton/sage

https://github.com/darrencroton/sage




NEW! Gas cooling and AGN heating 
NEW! Quasar mode feedback 

NEW! Ejected gas reincorporation 
NEW! Satellite galaxies prescription 

NEW! Mergers and intra-cluster stars

Compared to Croton et al. 2006…



https://github.com/darrencroton/sage

https://tao.asvo.org.au
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Seiler et al:  Diffuse gas and reionization [progressing]  
Tonini et al: Bulge formation and demographics [published] 

Stevens et al: Angular momentum in disks [published] 
Raouf et al: Radio jets and radio AGN [published] 

Branches under development…

https://github.com/darrencroton/sage

https://github.com/darrencroton/sage


Towards a better model …

— want AGN properties, not just galaxy properties 

— self consistent cooling/heating cycle 

— move from phenomenology to physically motivated





DENSITY PROFILE

Raouf, Shabala, DC et al. 2017; Shabala et al. 2009



SHOCK EXPANSION 

AGN

Rshock

Rcool

Rvir

time scale:

Kaiser & Alexander (1997)

Raouf, Shabala, DC et al. 2017; Shabala et al. 2009



SHOCK TEMPERATURE 

Raouf, Shabala, DC et al. 2017; Shabala et al. 2009



 A
G

N 
Ac

tiv
ity

time

Quiet

Return

On1 On2

Off

Intermittent Process 

GAS UPLIFTING 

Raouf, Shabala, DC et al. 2017; Shabala et al. 2009



jet power,  
shock radius,  

radio luminosity.



STELLAR MASS FUNCTION

Raouf, Shabala, DC et al. 2017



SFR DENSITY 

Raouf, Shabala, DC et al. 2017



COOLING LUMINOSITY



COOLING LUMINOSITY

Raouf, Shabala, DC et al. 2017



RADIO LUMINOSITY Shabala et al. 2013



RADIO LUMINOSITY

Raouf, Shabala, DC et al. 2017



RADIO-LOUD AGN FRACTION 

Raouf, Shabala, DC et al. 2017



Our new model can reproduce all the previous global 
galaxy statistics plus additional radio-AGN specific 

properties. 

The data and code are publicly available to use.





Astronomy data is most efficiently exploited when it 
is exposed to the largest number of astronomers, 
which can be effectively achieved through online 

federated data hubs.  

From pure arguments of economy, this both 
maximises the investment of taxpayer’s money and 
the opportunity for scientific discovery, and hence 
should be a community and institutional priority.

Decadal Plan eScience White Paper:





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

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


GAVO

parameters

Simulation database

Web form data query

TAO
Image generation

Telescope simulator

Light cone generation
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z=1

t=t1

t=t2

t=t3

t=t0Bernyk, Croton et al., ApJS, 2016



TAO light-cone 
module

Bernyk, Croton et al. 

ApJS, 2016



The TAO image module

Bernyk, Croton et al., ApJS, 2016



The TAO image module

Bernyk, Croton et al., ApJS, 2016



https://tao.asvo.org.au

https://tao.asvo.org.au


4MOST Consortium Design Reference Survey. 

Will use the VISTA/4MOST facility to spectroscopically 
survey ∼ 2 million galaxies. 

TAO used for predictions and to argue the science 
case.

Usage Case:  
The “Wide Area VISTA Extra-
galactic Survey” (WAVES)



WAVES Survey

Driver et al. 2015

• Ensemble of Milky-Way sized systems to test CDM 
• The low surface brightness and dwarf domains 
• The evolution of galaxy structure (with Euclid) 
• The evolving HI universe (with ASKAP/SKA)



There are massive regions of the Universe almost totally 
devoid of galaxies. 

Where do the “lost” galaxies that do live there come 
from? 

TAO allows access to the latest theoretical modelling.

Usage Case:  
Cosmological-scale holes in 
the local Universe - (GAMA)



GAMA Survey

Penny et al. 2015



Penny et al. 2015

TAO Galaxies

Purple = 
recent 

galaxy-galaxy 
collision

Grey = 
all TAO 
galaxies



Galaxies “conform” over scales much 
larger than their local physics can 
impact. Why? (Hearin et al. 2014)

Usage Case:  
SDSS Cosmic conformity

How many galaxies will ASKAP see? 
What kinds of galaxies? (Duffy et al. 
2012)

Usage Case:  
ASKAP Radio Surveys



more simulations and models [ongoing] 
data import tools [ongoing] 

hydrodynamic simulation data [ongoing] 
TAOcom: Command line TAO [started] 

real-time image generation [started] 
national/international/cloud TAO nodes [funded] 

TAO for Teams (TfT) [completed]

TAO development timeline…
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The TAO project is part of the ASVO NeCTAR Virtual 
Laboratory, supported by  

Swinburne University, Astronomy Australia Limited, and 
the Commonwealth Government 

through ANDS/NeCTAR/RDS NCRIS and EIF funding

http://tao.asvo.org.au 

http://www.asvo.org.au 

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

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


SAGE in Github:  
https://github.com/darrencroton/sage 

Croton et al. 2016 

Models in TAO: 
https://tao.asvo.org.au 

Bernyk et al. 2016

https://github.com/darrencroton/sage
https://tao.asvo.org.au

