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Chapter 6 • Gas accretion and cooling

Galaxies



Background: Hydrodynamics and shocks
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Subsonic vs. supersonic

Figure from Shu



Shocks

Figure from Shu



Ideal gas shocks
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6.1 • Accretion shocks and the virial temperature§



Accretion shocks
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https://www.youtube.com/watch?v=1CXCRv3i3uw&ab_channel=KevinSchaal


IllustrisTNG Collaboration • Marinacci et al. 2018 • Naiman et al. 2018 
Nelson et al. 2018 • Pillepich et al. 2018ab • Springel et al. 2018 • Weinberger et al. 2017



IllustrisTNG Collaboration • Marinacci et al. 2018 • Naiman et al. 2018 
Nelson et al. 2018 • Pillepich et al. 2018ab • Springel et al. 2018 • Weinberger et al. 2017



Clusters in X-rays (Chandra)



6.2 • Cooling§



Cooling processes
• One-particle processes: 

• Electrons Compton-scatter off CMB photons, 
giving them energy (most relevant at high z) 

• Two-particle processes: 

• Note that all of these processes involve free electrons

Slide by Frank van den Bosch



Cooling processes

Slide by Frank van den Bosch



The cooling function

• As long as the density is not too high, we can assume 
that every collisional excitation is followed by a de-
excitation before the next collision; the respective 
energy is radiated away  

• For other processes such as Bremsstrahlung, there is 
no reason they should not scale as n2 

• Thus, we can write down a cooling function that is 
independent of density:

𝒞 = ( Λ
n2 ) [ Λ

n2 ] = erg cm3/s



Low temperature: collisional excitation

Draine 30.4, 34.1§ §

Atomic lines (neutral gas)

small photo-ionized 
fraction



Intermediate temperature: collisional exc./ion.

Draine 34.1§



Draine 34.1§

Intermediate temperature: collisional exc./ion.



High temperature: Bremsstrahlung

Draine 34.1§

T > 3 × 107 K
Bremsstrahlung

T < 3 × 107 K
Atomic lines



When is cooling effective?

MvdBW 8.4.1§



Hot vs. cold mode accretion

MvdBW 8.4.4§



Hot vs. cold mode accretion

Nelson et al. 2015



6.3 • Reionization and a mass limit  
for baryon accretion

§



First galaxies lighting up the Universe (simulation)

Video by M. Norman et al. (youtube)

https://www.youtube.com/watch?v=js6KGG9hJ1I&ab_channel=NCSAAdvancedVisualizationLab
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https://www.youtube.com/watch?v=aWq8ujKdRRg&ab_channel=EuropeanSouthernObservatory(ESO)


Reionization

Image by NAOJ



Filtering mass

Benitez-Llambay & Frenk 2020



Reading 
• CFN 8.1.1, 8.2, 9.4, 9.9 

• MvdBW 8.1-8.5
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