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Cooling time much shorter 
than Hubble time 

Voigt & Fabian 
(2004)



  

Chandra - cavities

Perseus cluster MS0735.6+7421



  

Measuring AGN feedback
● Cavities in ICM can be used as calorimeters

Rafferty et al. (2006)



  

Questions
● How is this feedback energy dissipated into 

the ICM?



  

Questions
● How is this feedback energy dissipated into 

the ICM?
● How can we observe this with existing 

instruments?



  

Perseus
● An historical aside ...



  

Perseus
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Turbulence



  

760 ks Chandra
Centaurus cluster



  

Walker et al. 2013b
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Temperature map

Walker et al. 2013b
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Metal diffusion coefficient



  



  

Metal diffusion coefficient



  

Metal diffusion coefficient
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Heat dissipation rate



  

Heat dissipation rate
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Summary 
● Excess surface brightness fluctuations ~ 8% 

on 2kpc scales
● Gas motions of 100-150km/s
● Turbulent heating rate could balance 

cooling
● Independent constraints from metal 

diffusion consistent with surface brightness 
flucuations



  

Thank
you
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