The Galaxy Population

Luminosities & Stellar masses

November 14, 2024

University of Rochester



Galaxy distributions
In general, we can mathematically describe the distribution of a galaxy population as

dn = (P(G1,G2,...)dG1 dG2 N

In astrophysics, our goal is to determine ¢ observationally and understand the origin of
its form from physical principles.

Because galaxies form and evolve within dark matter halos, the properties of the galaxy
population are linked to the properties of the dark matter halo population.

We can write the distribution function of galaxies with a property G; as
P(G) = [ P(Gi[H)P(H) a
For example, the luminosity function
o(L) = / & (L|M)n(M) dM
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Centrals v. satellites

When studying the galaxy population, we often need to consider central galaxies separate
from the satellite galaxies.

Central galaxies are located at the potential minima of their halo, and they formed with
their halo.

Satellite galaxies are central galaxies within their own halo, but their halos have become
incorporated into another (much larger) halo.

A central galaxy’s properties should be strongly correlated with its halo properties, since
they formed together. We would not expect a similar correlation between a satellite
galaxy and the larger halo that it is in. For satellites,

Py(GilH;) = / / P(G;|Ga)Pe(Ga|Ha)P(H,a|H;) dH, dG,
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Galaxy luminosity function

The galaxy luminosity function, ¢(L), is defined so that
dn(L) = ¢(L)dL
To construct the luminosity function from a magnitude-limited survey, the number

counts need to be normalized by the volume within which a galaxy of a given luminosity
can be observed.
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Magnitude-limited surveys

A magnitude-limited survey contains all galaxies within some patch of the sky that have
apparent magnitudes brighter than some ;.

Recall that

M =m —5log <Cll\€l(pzc)> —25—K(z)

By definition,
L
2.5log () =My —-M
Lo

In a magnitude-limited sample, a galaxy with luminosity L will only be part of the survey
if it is within the maximum luminosity distance dmax (corresponding to zmax) where

max L L
5log (de(c )> = Mym — Mo — 25+ 2.51og (L@> — K(Zmax)
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Magnitude-limited surveys

For a magnitude-limited sample, within some solid angle (), we expect that the number
of galaxies with luminosity L to be

dN = ¢<L)Vmax(L) dL

so that

dN 1
¢(L) aL = Vmax(L) - ; Vmax<Li)

Normally, we represent the luminosity function by the Schechter function,

p(L)dL = ¢* <L£*)“e—L/L*i—l;
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Observed luminosity function
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https://ui.adsabs.harvard.edu/abs/2016MNRAS.459.3998L/abstract

Dependence of luminosity function on galaxy color
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Dependence of luminosity function on galaxy morphology
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Redshift evolution of the luminosity function

— T —T 77T — T T T T 7T —T
(6) 0.2 5 z!< 0.4 Al |(b) 0.4 52'< 0.6 Al |(c) 0.6 2'<08 Al|(d) 0.852z'<10 Al |(e) 1.0 z< 1.2 Al
H N H H Optimal model, fixed &

H : + = . + = : 4

lit ,

| T
(h) 06 < zi< 0.8Blue

i 1 1
1 t + +
() 1.0 < z:< 1.2Blue
Minimal model, fixed a

-2

L°91o¢(”)

-4

4

— il el
(k) 0.2 £ z X 0.4 Red| (I) 0.4 £ z X 0.6 Red|(m) 0.6 £ z X 0.8 Red| (n) 0.8 £ z X 1.0 Red| (o) 1.0 £ z K 1.2 Red
: 3 : i Average model, fixed

. [ . W
-24 -22 -20 -18 -24 -22 -20 -18 -24 -22 -20 -18 -24 -22 -20 -18 -24 -22 -20 -18
M,

B

(UR) 10/12




Counting galaxies Log flux density (W m™ Hz™')
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Extragalactic background light

Microwaves
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