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Simulations of  
Cosmological Volumes:

•                       simulation box, uniform mass 
resolution of                        per gas cell 

• Gravitational softening 

• Computationally very expensive (> 10 M core h), 
several months runtime 

• Aim: simulate the formation of a representative 
sample of galaxies (of different masses, 
environments etc.)
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The Illustris simulation 
• Success: 

morphologies 
 
But: 

• Too inefficient 
quenching at low z  

• Too efficient in 
diluting gas
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Vogelsberger+ (2014)

Genel+ (2014)
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Illustris Giodini+ (2009)
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Beyond Illustris: 
Improvements

• High accretion state (quasar 
mode): thermal heating 

• Low accretion state (“radio“ 
mode):  
new, pulsed kinetic feedback 
implementation 

• Kicks central gas in a 
random direction 

• Energy thermalizes via 
shocks within a few Myr
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Central heating? Not Jets? 
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Figure 6. Left: Temperature (log(T ), with T in Kelvin) in the x � z plane at times same as in Fig. 5. Right: Pressure (log(p/p
0

),
p

0

= 9.2⇥ 10�4dynes cm�2). The second panel on the left show the location of the forward shock (T ⇠ 105K) preceded by the energy
bubble (T > 106). Corresponding features can be identified in the plot of the pressure on the right. High pressure knots from recollimation
shocks can be clearly identified in the third and fourth panels on the right.

MNRAS 000, ??–?? (2015)

Mukherjee+ (2016)

Yuan+ (2015)

Cygnus A, NRAO/AUI
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Gas properties 
• Kinetic feedback affects 

gas fractions, but does 
not overly expel gas 

• Individual profiles reveal 
that gas temperatures in 
the center are realistic
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Which feedback mode?
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Galaxy colors 

• Colors of centrals 

• Kinetic feedback is 
responsible for the 
emergence of 
massive, red galaxies 

• Bimodal distribution 
arising
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Behroozi+ (2013), including ICL

Star formation efficiency 
• Clear decrease in star 

formation efficiency at 
the high mass end 

• Taking into account 
intra-cluster light and 
baryonic effects on the 
total mass, in very 
good agreement with 
abundance matching
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Summary 

• New AGN model 

• Improves the existing Illustris model significantly 

• Larger simulations in progress
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