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WHY SO MUCH GAS AND SO FEW STARS?
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Hot atmospheres
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6000 light years

BLACK HOLE BLOWN BUBBLES IN CLUSTERS 
AND IN GALAXIES

600 000 light years



THE BIGGEST BLACK HOLE OUTBURST 
IN THE UNIVERSE?

Werner et al. 2016
Giacintucci et al. 2020
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- 41(42)/42 have a central radio sources
- 27/42 have an extended radio source
- 34/42 show cavities
- 7/14 galaxies with point-like radio emission show cavities
- 5 radio sources appear offset from the center 

HIGH DUTY CYCLE

Grossová, Werner, et al. 2021
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• [CII] detected in every single galaxy 
(6/8) with extended Hα line emitting 
nebulae

• in 4/8 systems also detected the [OI] 
line and in 3/8 the [OIb] line

FAR-INFRARED LINE DETECTIONS 
IN GIANT ELLIPTICALS 

Werner et al. 2014
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VELOCITY DISPERSIONS IN THE COLD ISM 
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Cooling gas visible  
in X-rays 

T ~ 5x106 K 
n ~ 0.2 cm-3

Warm layer visible in UV 
T ~ 105 K 

n ~ 10 cm-3

Warm layer visible in Hα 
T ~ 104 K 

n ~ 30 cm-3

Cold clumps visible in IR to mm 
T ~ 30-1000 K

Ambient ICM 
T ~ 1-2x107 K 
n ~ 0.1 cm-3



DESTRUCTION OF 
MOLECULAR GAS 
BY RADIO LOBES 

Simionescu et al. 2018
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PROPERTIES OF THE HOT ISM 

Outside of the innermost core, 
the entropy and temperature 
of systems containing cold gas 
is lower

cold gas free  
systems

cold gas rich  
systems

Werner et al. 2014
Voit et al. 2015
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COLD GAS RICH SYSTEMS PRONE 
TO COOLING INSTABILITIES 

Numerical simulations predict 
that if tcool/tff ≲ 10, local 
thermal instabilities will create 
a multiphase medium 
(Gaspari et al. 2012, 2013, 
Sharma et al. 2012, McCourt 
et al. 2012)

We observe a clear 
dichotomy with the cold-
gas-rich systems remaining 
unstable out to relatively 
large radii. 

Werner et al. 2014
Voit et al. 2015

Credit: Teddy Cheung



Higher densities

Lower entropies Shorter cooling times

Lakhchaura et al. 2018

Cooling vs. Heating in galactic atmospheres



Lakhchaura et al. 2018



Unusually steep entropy profiles in 
systems with powerful jets

Grossova et al. 2018.



Cooling in a rotating X-ray atmosphere

Juráňová et al. 2018.



MRK 1216 A RELIC RED NUGGET

Age = 12.8±1.5 Gyr
Re=2.3 ± 0.1 kpc

Mstellar = (2.0 ± 0.8) × 1011 M⊙  

MBH = (4.9 ± 1.7) × 109 M⊙ 
D = 97 Mpc 

LX = 6.9 × 1041 erg s−1  
within r<10 kpc

Werner et al. 2018

5 kpc5 kpc

(Ferre-Mateu et al. 2017)



THE BLACK HOLE - X-RAY ATMOSPHERE 
CORRELATION IN BCGS

Lakhchaura, Truong, Werner 2019



THE BLACK HOLE - DARK MATTER HALO CORRELATION

Lakhchaura, Truong, 
Werner 2019



Do BH–host-galaxy correlations acquire their small scatter 
via the averaging produced by mergers?

The central limit theorem may be most of the story.

Simple

gastrophysics

and 

star formation

Similar conclusions:

Peng 2007, ApJ, 671, 1098;

Gaskell 2010, AIPC, 1294, 261;

Hirschmann et al. 2010, 

MNRAS, 407, 1016

Jahnke & Macciò 2011, ApJ, 734, 92:

Dry mergers, no gastrophysics

COULD THE SMALL SCATTER BE THE RESULT OF 
DRY MERGERS AND THE CENTRAL LIMIT 

THEOREM?



Lakhchaura, Truong, 
Werner 2019

CORRELATION IS BETTER FOR SYSTEMS THAT 
APPEAR TO UNDERGO MORE MERGERS



BLACK HOLE GROWTH IN SIMULATIONS

Truong, Pillepich, 
Werner 2021



• In massive early type galaxies, radio mode AGN are mostly switched on

• Most molecular gas in giant ellipticals has likely cooled from their hot atmospheres

• The central black hole mass of massive central group/cluster galaxies correlates 
with the atmospheric temperature and with the total mass. More massive systems 
have more massive black holes producing stronger jets.

SUMMARY




