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Gas & Galaxies:
Common wisdom

Hubble expansion

Gravitational instability

Shock heating
Cooling

Angular momentum

Accretion to galactic
spiral disk

Stars, SN, feedback



Galaxy/Cluster segregation

ffcool tt >

ffcool tt <

Blumenthal, Faber, Primack & Rees 86

Rees & Ostriker(1977), Silk (1977), Binney(1977), 
White & Rees (1978) :

tcool<t ffςone central object (galaxy)

tcool>t ffςhydrostatic halo + many objects (cluster)
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Evolution of radii of gas shells
ðbig halo

T(k)

disk

shocked gas

cooling radius

Birnboim & Dekel 2003
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Same stuff for a smaller halo

disk

no shock ï
Cools like crazy!



When can gas be hydrostatic?
(the adiabatic case)
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ÅStart with hydrostatic equilibrium: 
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Letôs check the stability behind 

the shock

for non-adiabatic processes:
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Perturbation analysis of the force equation
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é and after some algebra:
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IŀŘ ǘƘŜǊŜ ōŜŜƴ ŀ ǎƘƻŎƪ ƘŜǊŜΧ
²ƻǳƭŘΩǾŜ ƛǘ ōŜŜƴ ǎǘŀōƭŜΚ

Assume hypothetic shock there and 
find out.



Simulation confirms analytic model: shock 
when geff > gcrit=1.43

No free 
parameters, 
no fudge 
factors



Mvir
[Mɜ]

Cold Flows in Halos

redshift z
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0    1    2   3    4     5

1 (̀22%)

2 (̀4.7%)

M* of Press 

Schechter

at z>1 most halos are 
M<Mshockŕ cold flows

Dekel & Birnboim 06

Assuming: 
ÅOverdensity
evolution
ÅMetalicity
evolution

shock heating



Shock always forms at same mass

Time(Gyr) Time(Gyr)



Applications - Cold flows and:

1.The galaxy bi-modality

2.High-z star forming galaxies

3.Groups and clusters



1.The galaxy bi-modality

2.High-z star forming galaxies

3.Groups and clusters

Applications - Cold flows and:



Color-Magnitude bimodality & B/D  depend on 
environment ~ halo mass

SDSS: Hogg et al. 03

spheroids

disks

environment density: low           high          very high

Mhalo>6x1011 

òclusteró
Mhalo<6x1011  

òfieldó



Halo gas and AGN feedback

Mh

Feedback 
άǎǘǊŜƴƎǘƘέ

Hot halo

1012Mɜ 1013Mɜ1011Mɜ



Hot halos and Bi-modality

ÅGreen valley - a sharp cutoff in gas accretion 
to galaxies

ÅCŜŜŘōŀŎƪ ǇǊƻŎŜǎǎŜǎ ŀǊŜ άǘƻƻ ǎƳƻƻǘƘέ

ÅFormation of hot halos makes feedback 
effective



Applications

1.The galaxy bi-modality

2.High-z star forming galaxies

3.Groups and clusters



Deviations from the spherical cow 
approximation



the millenium cosmological simulation

high-sigma halos: fed by thin, dense filaments

typical halos: reside in relatively thick filaments, fed spherically



Larger than average
Rhalo>>Dfilament

Cosmological Context

MW: Halo is hot, filaments 
are hot.

Dekel & Birnboim 2006

Cold flows

Always unstable
(1D analysis)



YŜǊŜǑet al. 2005
YŜǊŜǑet al. 2009

3D SPH hydro-simulations



Ocvirket al. 2008
2e12 halo, z=4 2e12 halo, z=2.5

3D Eulerianhydro-simulations



Accretion at high-z

Wechsler et al 2002, Dekel et al. 
2009, Fakhouri& Ma 2008

Agertzet al. 2009

Dekel & Birnboim
2006
Keres et al. 05-09



Star forming galaxies
Cold accretion vs. Merger induced star bursts

Dekel, Birnboim et al. 2009,
Nature



z=2 disks
SINS Hhsurvey

FörsterSchreiber et al.  2006
Daddiet al. 2004

Bouchéet al. 2007



A short note on galaxy formation and 
ƳŀƎƴŜǘƛŎ ŦƛŜƭŘǎΧ

Magnetic fields are 
important in high-z, high 
sfr galaxies: Need cosmologic MHD 
simulations



Vertical hydrostatic equilibrium

ÅMost of the pressure (9/10) comes from non-
thermal components

3600

7200

4104.1 X

4102.2 X

P
/k

B

Cox 2005

Non-thermal pressure:
Turbulence+Magnetic+CR

Thermal 
pressure



Magnetic fields in nearby galaxies

M51, HST,
MPIfRBonn

NGC 6946

G30-20B

:forming"Star "

mº

G100-50B

:ng"Starbursti"

mº

M82, 50˃ G
(Klein et al. 1988)

http://www.scholarpedia.org/article/Image:M51.jpg
http://upload.wikimedia.org/wikipedia/commons/8/83/M82_Chandra_HST_Spitzer.jpg


SFR and magnetic fields

Bell 2003

SFRB ´2
(Lisenfeldet al. 2003)



Magnetic fields of starburst galaxies

Thompson et al. 2006



Elastic Magnetic Fields
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Accretion on magnetic fields


