
Dwarf Galaxies

Loveday+ 12

Remember the luminosity function of 
galaxies: rising at faint magnitudes.

By number, low luminosity dwarfs far 
outnumber bright galaxies. (But 
luminous galaxies contain most of the 
stars.)

Schechter Function:
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The faint end slope (⍺) of the LF is:
• environmentally dependent 
• color dependent
• hard to measure
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https://ui.adsabs.harvard.edu/abs/2012MNRAS.420.1239L/abstract


Galaxies: Luminosities
…and a very strong dependence on galaxy type and environment

These are schematic LFs, not real



Classical Dwarfs: Local Group Galaxies
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“Dwarfs” have usually been defined by luminosity: MV 
fainter than −17 or so (𝐿& ≲ 5×10'	𝐿⊙ or a few % of MW).

At fixed surface brightness, this generally also means small 
objects (since 𝐿	~	𝑅)Σ).

But as we detect more and more extremely low surface 
brightness galaxies, they can have low total luminosities 
even though they are quite big.

So definitionally, “dwarf” is a bit of a fuzzy term.



Classical Dwarfs: Local Group Galaxies

Magellenic Clouds: star-forming dwarf 
irregulars (dIrrs).

Brightest of MW companion galaxies.

Large Magellenic Cloud (LMC)
• D ≈ 50 kpc
• Size ≈ few kpc
• Luminosity ≈ 2x109 M☉ (10% of MW)
• Mass ≈ 2x1010 M☉

Small Magellenic Cloud (SMC)
• D ≈ 60 kpc
• Size ≲ 1 kpc
• Luminosity ≈ 3.5x108 M☉ (2% of MW)
• Mass ≈ 2x109 M☉



Classical Dwarfs: Local Group Galaxies

Irregulars (Irr) / Dwarf Irregulars (dIrr):

Star forming, gas-rich. MHI/Mtot ≳ 10%

Rotating, but low circular velocity (low mass).

IC 1613

WLM



Classical Dwarfs: Local Group Galaxies

Dwarf Spheroidals (dSph)

Gas poor, low/no rotation, no ongoing star 
formation.

Very low surface brightness.

Fornax

Leo I (& Regulus)

Sculptor



Classical Dwarfs: Local Group Galaxies

Dwarf Ellipticals (dE)

More luminous and higher in 
surface brightness than dSph.

But beware of nomenclature: some people call 
dSph galaxies dE’s

NGC 205

M32



Classical Dwarfs: Spatial Distributions

Cluster around bright galaxies 
(MW, And) but also found 
throughout the Local Group.



Star-forming Irr/dIrr tend to live 
further away from bright galaxies.

Quiescent dSph galaxies found closer 
to bright galaxies.

“quiescent” defined as gas-poor: 
Mgas/Mstar < 0.1

Possible signature of ram pressure 
stripping of gas from dwarf galaxies 
by a hot halo of gas around the Millky 
Way?

Classical Dwarfs: Spatial Distributions

Wetzel+ 15

Distance from MW or M31

https://ui.adsabs.harvard.edu/abs/2015ApJ...808L..27W/abstract


Classical Dwarfs: Structural Properties

Dwarf galaxies are structurally distinct 
from luminous galaxies.

Dwarfs are generally much lower in 
surface brightness.

dSph’s follow exponential profiles, not r1/4 
(Sersic n=4) profiles, but they are not 
rotating disks.

Fainter dwarfs are generally lower in 
surface brightness (unlike what regular 
E’s do....)

dSph



Classical Dwarfs: Stellar Populations

Kirby+ 13

Continue the mass-metallicity (or 
luminosity-metallicity) relationship to 
even lower levels.

https://arxiv.org/abs/1310.0814


Classical Dwarfs: Stellar Populations Tolstoy+ ARAA 09

Star formation histories show a wide 
variation.

Cetus

https://ui.adsabs.harvard.edu/abs/2009ARA%26A..47..371T/abstract


Classical Dwarfs: Stellar Populations Tolstoy+ ARAA 09

Star formagon histories show a wide 
variagon.

Cetus

LGS3

https://ui.adsabs.harvard.edu/abs/2009ARA%26A..47..371T/abstract


Classical Dwarfs: Stellar Populations Tolstoy+ ARAA 09

Star formation histories show a wide 
variation.

Cetus

LGS3

Leo A

https://ui.adsabs.harvard.edu/abs/2009ARA%26A..47..371T/abstract


Classical Dwarfs: Stellar Populations Tolstoy+ ARAA 09

and look at Carina!

Multiple, discrete bursts of star formation....

5                        10

https://ui.adsabs.harvard.edu/abs/2009ARA%26A..47..371T/abstract


The New Dwarfs: The discovery of Sagittarius

Ibata+ 94

1994: Surveying stars in the MW bulge, Ibata+ 94 discover new 
satellite galaxy via kinemagc sub-structure in properges of stars.
Called the Sagikarius Dwarf. D ≈ 20 kpc, other side of MW.

CMD of all stars

Milky Way stars

Sagittarius
stars

Bellazzini+ 99

https://ui.adsabs.harvard.edu/abs/1994Natur.370..194I/abstract


The New Dwarfs: The discovery of Sagittarius

Ibata+ 94

1994: Surveying stars in the MW bulge, Ibata+ 94 discover new 
satellite galaxy via kinematic sub-structure in properties of stars.
Called the Sagittarius Dwarf. D ≈ 20 kpc, other side of MW.

Knowing that something is there, you can look for overdensity in 
star counts at a given set of photometric properges (i.e. horizontal 
branch stars at a given distance). Trace out its shape.

Elongated perpendicular to galactic 
plane, thought to be tidally disrupting 
on a polar orbit.

Sagittarius stars have since been traced 
across the sky – tidal streamers in the 
halo.

https://ui.adsabs.harvard.edu/abs/1994Natur.370..194I/abstract


The New Dwarfs

Simon, ARAA, 2019

Modern surveys are finding new (and very faint) Local Group dwarfs at a furious pace. 



The New Dwarfs
Simon, ARAA, 2019

Newly discovered dwarfs are very 
low in luminosity and surface 
brightness.

Luminosities often less than those 
of globular clusters!

Questions: 

• what makes something a galaxy 
versus a star cluster?

• how well-defined is the 
luminosity of these extreme 
dwarfs?

Classi
cal D

warfs

Globular Clusters

1 bright
red giant!



The New Dwarfs
Simon, ARAA, 2019

Measure velocities of individual stars, 
calculate the velocity dispersion 
based on those stars.

(Why is this hard?)

Can then estimate the mass within 
the half-mass radius from (Wolf+ 10)

𝑀 ⁄* ) = 930
𝜎

𝑘𝑚/𝑠

) 𝑅 ⁄* )

𝑝𝑐 𝑀⊙

https://ui.adsabs.harvard.edu/abs/2010MNRAS.406.1220W/abstract


The New Dwarfs
Simon, ARAA, 2019

These “ultra-faint dwarfs” have extraordinarily high mass-to-light ragos: dark ma.er dominated.

pure stellar pop

Milky Way


