Galaxies: Luminosities

Luminosity function: number of galaxies (per unit volume) in a luminosity range L = L + dL

Common parameterization is the Schechter Function: (I)(L)dL = P, (

®.: overall density (units = #/Mpc3)

L«: characteristic luminosity, the “knee” of

the luminosity function

a: faint end power law slope
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Galaxies: Luminosities

We usually work in magnitudes, looking at the number in an absolute magnitude bin M = M + dM

The Schechter LF looks different expressed in magnitudes (O(M) dM) rather than luminosity (D(L) dL)

sinceM = —2.5log L + C,
this means

M~ —
d L

so a magnitude bin is a
fractional luminosity bin.
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Note: a=-1 is referred to as “flat” because of its shape in magnitude plots, not luminosity plots.



Galaxies: Luminosities

Luminosity function depends on many things, including filter choice and galaxy color....
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What's this M, — 5 log h stuff?
Distances have been derived from the Hubble relation: v = Hyd. So their distances and absolute
magnitudes depend on the assumed Hubble constant. We define h = H, /100, and can then scale
the magnitude to any Hubble constant we want.....




Galaxies: Luminosities

Luminosity function depends on many things, including filter choice and galaxy color....
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What's this M, — 5 log h stuff?
Distances have been derived from the Hubble relation: v = Hyd. So their distances and absolute BrlghteSt galaXIeS tend to be red
magnitudes depend on the assumed Hubble constant. We define h = H, /100, and can then scale Blue gaIaXieS dominate the counts at fainter magnitUdes
the magnitude to any Hubble constant we want.....




Galaxies: Luminosities

...and a very strong dependence on galaxy type and environment

Inside big galaxy clusters:
 E/SO dominate

e faint end mostly red things

In groups and field:
e Spirals dominate
e faint end mostly blue things

E = Elliptical
SO0 =S0
Sp = Spiral

dE = dwarf elliptical
dirr = dwarf irregular
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These are schematic LFs, not real

:__l 1 I 1 1 I l T 1 I I 1 1 I I 1 1 1 -I"’,I.-Fﬁ_-_— 1 I T 1 I I 1 1 I I T 1 I I 1 I I I I_
E Massive Cluster " F Intermediate Mass Cluster il
- . . + s , - - B
[ Coma {10/13/2/0/%5) / T  vVirge (6/9/25/15/45) " ]
I .-"// -:_ - - ]
- Y —-+ - e —
T - A P
= T dE = e E
5 S : ST SN am
- VARV T / — s SN ]
: / / . — '_F."I_‘- ..:':‘.\\ -: / / /’ g{] .r ~, .\ Jll'.l" '\ ]
A ! AN\ . / /s -7 *7\ \
= ’ < £ E lIl Sp AYRN =+ ,. ! kY =
LA R NN T / '\, \ N .
SV SR VA PR R L VA P W /f“'“ S {”: e T
. Low Mass Group ¥ Isolated Galaxies s
- CGroups (3/8/82/26/3) + Extreme Field {(0/0/50/50/0) _
_ T . i
L d_,..--'_:‘_';'_?_ ";; -
-— T - dlrr
_ LT TN i ) i
- / Sp 3 7 alrr ¥ v N E
s 7 RN ¥ / Sp N .
- / PR T / N i
- //f‘ \ - e !./ fr .
L i ’ L A .
A e~ \ ~ dE ,,/ ! \
= /’;' " S0 E\ NG 2T E3 / / k E
A N o F / j \ -
Co A e T IJ'; ‘*1\ I "1 [ o T v Ay v o by Wy oy by T
-22 —20 -18 —-16 _  —14 g 22 —20 —18 -16 ,, —14

Absolute Magnitude



Galaxies: Morphology-Density Relationship

In the local universe, the fraction of galaxy types

is a strong function of local environment.

Spirals/Irregulars dominate the in the field
environment.

SO’s and E’s dominate in galaxy clusters.

Galaxy Population Fraction

Dressler 1980
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Galaxy Structure: Surface Brightness Profiles

Remember, surface brightness is intrinsic, does not depend on distance:

Surface Brightness [ in mags/arcsec?] =
Flux Density on Sky [l in erg/s/cm?/arcsec? | =

Luminosity Density in Galaxy [Z in Lo/pc?]

Galaxy Disks: roughly exponential with radius:

I(r) = I,e™™/h

20 1 1 I 1
or, expressed in mag/arcsec?: o [
2.5 this is the | N \ \,‘\\
M(T‘) = Uy +———T equation for a 24 =
h 11’1(10) line :/v
where f j/-
h : exponential scale length brightness falls <6
Ko : central surface brightness linearly with :
radius. 28
then total mag is: my,r = po — 2.5log(2mh?) 0 S
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Galaxy Structure: Surface Brightness Profiles
Remember, surface brightness is intrinsic, does not depend on distance:
Surface Brightness [i in mags/arcsec?] =

Flux Density on Sky [l in erg/s/cm?/arcsec? | =
Luminosity Density in Galaxy [Z in Lo/pc?]

Ellipticals and Spiral Bulges:
classically, a de Vaucouleur “r-to-the-quarter” law:
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I(r) = Iee—7.669[(r/re)1/4—1]
or in mag/arcsec?: 2=
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this will be a
[J(T) = HUe T 8.3265[(7‘/7'3)1/4 - 1] straight line /4/ °
when plotted °
against r/4, 26 .
. o
Where °
r. : effective or “half-light” radius, contains half the total light 28 | | | | |
W : surface brightness at the effective radius 2' = '3' = '4' = '5' = '6' :

note: r'/4 notr — r'/* [arcsec'/4]
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Galaxy Structure: Surface Brightness Profiles -
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