
a simulation perspective

The impact of jets on galaxy clusters

Rainer Weinberger 
ITC postdoctoral fellow @ CfA

with

Kristian Ehlert, Christoph Pfrommer, Kung-Yi Su, SMAUG collaboration

Jets2021, June 14-18



The cooling 
flow problem

Basic problem
The star formation rate in cool-core galaxy 
clusters is smaller that expected from their 
temperature and cooling luminosity
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cooling flow:

star formation: 

Figure 6: Top: Chandra X-ray image of the Perseus cluster core. Red–Green–Blue depicts soft to hard X-rays.
The blue features near the centre are due to absorption by the infalling high velocity system, a galaxy which must
lie at least 100 kpc closer to us in the cluster (otherwise the absorption would be filled in with cluster emission).
Note the clear inner and outer bubble pairs as well as the weak shock to the North East of the inner Northern
bubble. Lower Left: Pressure map derived from Chandra imaging X-ray spectroscopy of the Perseus cluster.
Note the thick high pressure regions containing almost 4PV of energy surrounding each inner bubble, whereV is
the volume of the radio-plasma filled interior (Fabian et al 2006). Lower Right: unsharp-masked image showing
the pressure ripples or sound waves.
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Figure 6: Top: Chandra X-ray image of the Perseus cluster core. Red–Green–Blue depicts soft to hard X-rays.
The blue features near the centre are due to absorption by the infalling high velocity system, a galaxy which must
lie at least 100 kpc closer to us in the cluster (otherwise the absorption would be filled in with cluster emission).
Note the clear inner and outer bubble pairs as well as the weak shock to the North East of the inner Northern
bubble. Lower Left: Pressure map derived from Chandra imaging X-ray spectroscopy of the Perseus cluster.
Note the thick high pressure regions containing almost 4PV of energy surrounding each inner bubble, whereV is
the volume of the radio-plasma filled interior (Fabian et al 2006). Lower Right: unsharp-masked image showing
the pressure ripples or sound waves.
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The cooling 
flow problem

Heating source
• Lobes inflated by AGN jets 

• Energy correlates with cooling luminosity

• Energetically, jets can offset the cooling

• Can this work locally? 

• How is the energy distributed? 
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Jet 
propagation

through the ICM
• Collimated, light, hydrodynamic jet 

• Pressure equilibrium with the surrounding

• 0° opening angle, no precession

• Propagation numerically converged.

• Momentum flux resolved
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Response to jet
in the ICM
• Fixed power jet in cooling halo

• Histogram of cooling times after 50 Myr
• The onset of the cooling flow

• Jet delays the cooling flow

• Dependent on jet properties
• Density

• Opening angle (jet vs wind)
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Self-regulation
with the ICM
• Comparison with established kinetic wind 

AGN feedback model from IllustrisTNG

• Jet able to suppress star formation to a 
similar degree

• Acting on the non-star-forming 
component

• Different time-variability
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Conclusion
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