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Composite visible and radio image of Hercules A. The radio emission, in red, traces the jet. 
Credits: NASA, ESA, S. Baum and C. O'Dea (RIT), R. Perley and W. Cotton (NRAO/AUI/NSF), and the Hubble 
Heritage Team (STScI/AURA)

Radio lobes X-ray cavities

Images of a sample of clusters observed with the 
South Pole Telescope with candidate X-ray cavities  

Credits: Hlavacek-Larrondo+2014
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Credits: see review by  
Hlavacek-Larrondo, Li, Churazov 2022 
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∼ 100 kpc
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∼ 100 kpc
black hole

rg =
2GMBH

c2
= 10−5 ( MBH

108M⊙ )  pc

mailto:lsala@usm.lmu.de


Luca Sala - lsala@usm.lmu.de07.02.2024 - ITN meeting @ Uni Southampton
6

BH particle accretion length  
(“resolved scale”)

MBH

Accretion rate  
Bondi-Hoyle-Lyttleton parametrisation

·MBH

ρ cs vrel

Hot Cold

·Min =
4παG2M2

BHρ
(c2

s + v2)3/2

α
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Sub-grid accretion disk

Intermediate step in 
mass transfer

BH spin evolution

MBH

JBH
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JBH Jd

Jtot

mailto:lsala@usm.lmu.de


Luca Sala - lsala@usm.lmu.de07.02.2024 - ITN meeting @ Uni Southampton

Spin evolution gas accretion

9

Jd, in

Jtot, in

JBH, in

Jd, in

Jtot, in

JBH, in

Jd, fin

JBH, fin

JBH, in JBH, in
JBH, fin

Dubois+14,20 
Bustamante & Springel 19 

• Thin disk structure 

• Viscosity ( ) 
 Timescales and disk 

properties (size, mass etc.) 

ν1, ν2
⟹

• Inner region co-/counter-align (King+2005) 

• BH spin magnitude  increase/decrease 

• BH final direction along 
a

Jtot

• Bardeen-Petterson (1975) effect  
• disc innermost region rotates in 

the BH equatorial plane  
• torque on BH due to warped 

distribution
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• BH growth - disk mass  

• N accretion episodes in   ——  mass rate is  

• BH spin magnitude —— ISCO angular momentum 

• BH direction —— total angular momentum (conserved)

Md

dt ·MBH

Spin evolution gas accretion
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q =
M2

M1

Full numerical GR simulations 

Take into account GW emission 

 Final spin ⟹

q
(1 + q)2

=

Rezzolla+08

M1 M2

a1 a2

afinal

Mtotal

mailto:lsala@usm.lmu.de


Luca Sala - lsala@usm.lmu.de07.02.2024 - ITN meeting @ Uni Southampton
12

• Spin evolution model -  depends on ϵr a

Feedback coupling

·E = ϵrϵf
·Mc2

Energy injected thermally and isotropically in the BH kernel:

mailto:lsala@usm.lmu.de


Luca Sala - lsala@usm.lmu.de07.02.2024 - ITN meeting @ Uni Southampton
13

M200 ∼ 1013 M⊙
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Spin evolution: ϵf = 0.0775Magneticum Box4
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intermediate 
step

sub-grid accretion disk + 
black hole spin evolution

black hole

resolved scaleRadio jets
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Improved version of 
SPH code Gadget3

JBH, in JBH, in
JBH, fin
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