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Possible effect of central black 
hole on galaxy

• Binding energy of galaxy mass M ~Mσ2

• Mass of BH ~M/1000

• Energy released by BH 
EBH~0.1MBHc2~10-4Mc2

• Therefore BE/EBH~104(σ/c)2

• Now σ<c/1000, BE~0.01EBH

• So BH can easily affect galaxy growth



Possible effect of central black 
hole on host galaxy

GalaxyBlackHole EE  30

Energy released by 
growth of Black 

Hole

Gravitational 
Binding Energy of 

Host Galaxy

2 major modes for the interaction:

Kinetic (radio/jet) and Radiative (quasar/wind)



Radiative mode 



Quasar Feedback
• Energy terminates galaxy growth   

(Silk & Rees 1998; Blandford 1999; 
Haehnelt+98)   

• Momentum : wind (Fabian 99) 

radiation  pressure (Fabian02)

(King 2003; Murray +04; Sazanov+05) 
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Kollmeier+05
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The effective Eddington limit
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The effective Eddington limit
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Isothermal galaxy



Radiative feedback difficult to observe 
directly since necessitates radiation 
being absorbed



Kinetic mode



X-ray surface brightness of typical clusters of 
galaxies



See also Birzan+04, Rafferty+06, Dunn+F07 

Cooling time (Gyr)

Duty cycle is 70-90%
Dunn & Fabian (2006)

Brightest 55 clusters
No bubbles or radio

Central radio source

Clear bubbles

Number

of

clusters



Issues
• Total Energy not an issue.

• How does energy get distributed?

• How close is the heating/cooling 
balance?

• Observations suggest better than 10% 
for many Gyr in some objects.

• HOW DOES THE AGN DO THIS?

• Moreover, how is coolest X-ray gas (ie 
kT<0.5 keV with radiative cooling time 
~107yr) prevented from cooling?



Chandra

1.4 Ms





R Jay Gabeny



Optical   Fabian+08



Perseus



~3.5PV measured in thick rims (Graham+08)





Power in ripples (sound waves) ~ X-ray luminosity within 70 kpc

Also seen in Centaurus, Virgo…



X-ray



Optical



Ha from WIYN

Conselice+01
NGC1275



M84 Hydra A



Centaurus 
Fabian+05



Cen cluster: Abundance profile
implies little diffusion/mixing 

Graham+06 (following method of Rebusco+05)



Cool X-ray gas in Centaurus

Temperature (keV)

Crawford et al 2005

Shows feedback (cavities) and cool gas (~0.7 keV) in CCD spectra

How much gas is there at low X-ray temperatures?

200 ks Chandra observation



Inner 60 arcsec width (16 kpc)

strong
missing



Spectral fitting limits on gas kT

Multi temperature model Cooling flow model

tcool ~ 
107 yr!



Coronal line emission [FeX] from 106K gas 
in Centaurus         Canning+10

VLT 10.5hr



Perseus SFR~20 Msunpyr    Canning+10



RXCJ1504  Ogrean+10 z=0.2

SFR~140 Msunpyr



+10    MACS J1931 z=0.35

SFR~170 Msunpyr



L(CII)~5x1042 erg/s ~6 x L(Ha)



Crawford+05

Centaurus cluster



Dust
Herschel points

Edge+10



Spectrum of these filaments is unlike anything in Galaxy 

and due to energetic particles (the hot gas?) Ferland+08/9



10.8hr WHT spectra of Perseus 

Nina Hatch

Horseshoe



Almost 1011 Msun of cold gas in Perseus

Salome+08     CO measurements



What heats and ionises the 
cold gas?

Energetic particles

(not photons)



• Energetic 
particles produce

• Ionized gas
– Heating

• Neutral gas
– Shower of 

suprathermal 
electrons

– Secondary 
excitation and 
ionization

– less heating

Ferland+08/09



Observed / predicted spectrum

wavelength (microns)
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Properties of filaments

• Densities~103cm-3 or more

• Pressure  nT~106.5cm-3K

• Magnetic Fields B~70uG

• Diameter~70pc, length many kpc

• Mass usually dominated by molecular gas



• Saturated conduction

• Hot ICM particles penetrate cold gas, 
providing secondary ionization

• Rate about right 

(obs flux~0.01 ergcm-2s-1~20%      
sat.cond.flux)

• Filament mass growing at 

10-100 Msun yr-1



• Innermost hot gas cools radiatively 
through X-ray emission to ~107K, then

plunges to <104K by mixing with cold 
filaments  

(cf Fabian+01,02, Soker04)



Summary

• Radiative mode operating on dusty gas 
may control maximum growth of most 
galaxies

• Kinetic mode operates in most massive 
galaxies, maintaining stellar mass. Parts 
of feedback loop observed (bubbles, 
sound waves, warm, cool and cold gas)




