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X-ray: NASA/CXC/CfA/M.Markevitch, Optical and lensing map: NASA/STScI, Magellan/U.Arizona/D.Clowe, Lensing map: ESO WFI 
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Wang et al. 2023



Cool cores and mass flows open issues: 

Isobaric cooling flows are not observed in the large majority of the cases - can they still happen on a short 
time scale? 

Note: Some more sophisticated models of cooling flow, called hidden cooling flow, can still allow significant mass deposition rate, but this bring back  
again the missing mass problem (solution with fragmentation into very small objects?) 

Residual stellar formation episodes are observed in BCG, but it is not clear if this is from cold gas from 
within cluster galaxies, or if it is cooling from the hot phase.  

Is there a clear connection/continuity across the cooling ladder:  
1 keV —> Halpha (10^4) —> CO (molecular)? 

The coupling mechanism between the radio-mode feedback and the surrounding ICM is not fully  
understood 

The triggering mechanism of the nuclear feedback is not understood.  

Overall, we do not have a comprehensive framework for the baryon cycle, the time scale and the  
energy budget of the feedback
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LX can heat and/or remove the gas in the very center of the BCG (radiative feedback) on a short time scale.  But do we see  
radiative feedback in BCGs? 

LR (through mechanical feedback) can heat the gas in the entire core region, reducing the reservoir of cold gas and  
quenching the cooling on a longer time scale. 

LX and LR seem to correlate with MBH in CC clusters rather than in NCC, confirming cold accretion in addition to Bondi  
accretion, but also very much consistent with CCA, enhancing the duty cycle of AGN in CC clusters (but CC vs NCC 
classification is not accurate enough). 

BCGs do not follow the fundamental plane of BH activity (LX, LR, MBH Merloni et al. 2003). 

Can we describe the cycle with 2/3 parameters such as: 

Feedback energy 
LX 
LR 

Mass deposition rate 
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The basic idea: the time delay between the onset of the mass flow, the accretion 
onto the SMBH, a radiatively-efficient phase, and the triggering of the radio-mode feedback 
The phenomenology can be described with a Lotke-Volterra kind of equation? 



The plan: 

Collect a sample (about 1000 of BCGs with M*, LR, LX, dotM (at different temperatures), MBH independently from M*? 

Interpret the distribution of values in terms of orbits in a phase space ~ dotM vs LR/LX 

 



An attractor for the ICM distribution
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Summary 

Differently from massive, isolated galaxy, BCGs are heavily shaped by their environment 
during most of their secular evolution 

The ICM-AGN system in BCGs - in regular clusters (without major dynamical disturbances) is 
an ideal system where we can observe emerging properties out of a very complex interlinked 
processes 

The feeding process in the secular evolution of BCGs (after their formation at 1.5<z<3) may be 
the key to understand the timescale of cooling/heating cycle 

LX, LR and dotM (at different temperature/phases) can efficiently describe the system 

An “attractor” in the ICM distribution linking temperature and density profile can provide 
an efficient mass proxy 

  


