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AGN FEEDBACK IS AN INGREDIENT SHAPING 
THE COOL-CORE CLUSTER POPULATION

Cool-Core
Indicator



WE CONFIRMED TRENDS IN THE FACTORS 
SHAPING THE COOL-CORE POPULATION



HOW TO SCALE AGN FEEDBACK FROM 
THE SCALE OF GALAXY GROUPS UP TO 

MASSIVE GALAXY CLUSTERS?

AGN feedback from 
simulation vs obs. estimates

AGN Bondi accretion from 
simulation vs obs. estimates



A REVIEW OF THE AGN FEEDBACK 
EFFICIENCY IN RADIO MODE

Observational constrains on AGN 
Feedback efficiency from Fujita et al. 2014

AGN total feedback efficiency applying 
Fujita’s relation to the simulated AGN accretion



THEORETICAL MOTIVATION: HIGHLY ENERGETIC 
COLLISIONS BETWEEN INFALLING MATERIAL AND 

PARTICLES ORBITING THE INNER MOST STABLE ORBIT
Valeri P. Frolov “Weakly magnetized black holes as particle accelerators” (2010)

Spin not
required

Strong 
magnetic 
field not
required

Lorentz 
force

Charge particle
Revolving ISCO

~ Lorentz Force at 
the event horizon

~ Surface gravity at 
the event horizon

Energy of a collision between a particle at ISCO and a neutral 
free-falling particle for a non-rotating black hole (s=0)

Consider the relative strength of magnetic fields (Lorentz force) 
vs gravitational force at the event horizon of a black hole

Free-falling
particle

Adapted from Tursunov et al. 2016



PUTTING EVERYTHING TOGETHER WE CAN OBTAIN A 
SCALING RELATION FOR TOTAL FEEDBACK EFFICIENCY

WEEKLY DEPENDENT ON THE ACCRETION RATE

Compare with 
relation obtained by
Yutaka Fujita, 2014

Estimated magnetic field at the event horizon for 
an advection-dominated hot accretion flow:

Ratio Lorentz force VS Gravitational force

Estimated efficiency of collisions 
near ISCO (Valeri Frolov 2020)

The dependency and 
exponent derive from this 

model matches the 
observational relation of 

Yutaka Fujita 2014



WITH THIS MODEL THE TOTAL FEEDBACK EFFICIENCY 
SCALES WELL FROM GROUPS TO CLUSTERS

ALLIGNING AGN FEEDBACK AND SOFT BAND LUMINOSITY

Observational soft band 
([0.1-2.4] keV) luminosity

Observational radio 
cavity powers

Aligned

Simulated soft band 
([0.1-2.4] keV) luminosity

(median)

Simulated original 
AGN feedback 

=0.12
Not

Aligned

Corrected
AGN feedback 
(using Fujita+14)

Aligned



IS THIS ALL OR SHOULD WE QUESTION THE 
AGN FEEDBACK CONCEPT IN ITSELF?

How can there be a feedback loop ICM-AGN without 
any significant detection of cooling gas in galaxy clusters?

Inset: Original from J. S. Sanders and A. C. Fabian 2011 
Main: Original from Haona, Pinto, Fabian, Rusell, Sanders 2019
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Perhaps we need a 
mechanism to slow-down 
cooling rather than a 
feedback mechanism that 
reacts to cooled gas?

Fossil reservoir of cool gas 
present but extinguishing 
(quasar  radio transition)
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