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6.1 Overview

Dwarf galaxies are usually divided into two classes:

1. Dwarf ellipticals (dE) , or dwarf spheroidals (dSph) :

morphologically similar to bright ellipticals

smooth surface brightness distributions

similar ellipticity distribution as bright ellipticals (→ similar 3D shape)

no young stars

from bright to faint objects, surface brightness profiles show transition from
r1/4 profile (i.e. like bright ellipticals) to exponential profile (i.e. like disks)

surface brightnesses decline with decreasing luminosity, radii do not change
much with luminosity (re ∼ 0.1 kpc - 1 kpc).
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Elliptical Dwarf Galaxies (in Virgo cluster):

see: Sandage A., Binggeli B. (1984) AJ, 89, 919
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Distribution of Axial Ratios:

see: Ferguson, Sandage (1989) ApJ, 346, L53
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Surface Brightness and Radius vs. Absolute Magnitude:

Virgo cluster dE (Binggeli, Cameron (1991) A&A, 252, 27)
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2. Dwarf irregulars (dIrr) :

brightness distribution in U,B,V shows knots, which correspond to star formation
regions. The brightness distribution in the IR is smoother (corresponding to
distribution of old stars) and close to exponential.

dwarf irregulars again show an ellipticity distribution similar to ellipticals and
dwarf ellipticals, but not to spirals (⇒ dwarf irregulars generally are not disk-
like).

the transition from spirals to irregulars is smooth, apparent structures (spiral
arms, bars) disappear with decreasing LB and are replaced by irregular struc-
tures.
the HI gas distribution is often much more extended than the distribution of stars
(even more so than in spirals). HI dominates the baryonic mass of faintest
objects (Mstars < Mgas).

Blue Compact D warfs : extreme type of dwarf irregulars with star formation
bursts concentrated in one very bright region. Some BCD may be genuinely
young objects which form stars for the first time (e.g. II Zw 18).

star formation in irregulars and BCDs leads to expanding bubbles of HII gas and
can cause significant gas loss.
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Irregular Dwarf Galaxies (in Virgo cluster):

see: Sandage A., Binggeli B. (1984) AJ, 89, 919
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Blue Compact Dwarf Galaxies (in Virgo cluster):

see: Sandage A., Binggeli B. (1984) AJ, 89, 919
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see: Lo et al. (1994) in Panchromatic View on Galaxies
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see: Mathewson, Ford (1984) IAU Symp., 108
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Wind Driven Outflow:

see: Meurer et al. (1992) AJ, 103, 60
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6.2 Stellar Populations and Chemistry of Dwarf Galaxies

Dwarf ellipticals are generally old, i.e. started to form stars ≥ 10 Gyr ago. Some
objects may also have had more recent (weaker) episodes of SF, until a few Gyrs
ago. These conclusions are mostly based on dwarf companions of the Milky Way
that can be resolved into individual stars (see: Hodge (1989) ARAA, 27, 139). Age
determinations are more difficult for more distant non-resolved dEs.

Irregulars usually undergo several bursts of SF (known from the age distribution
of stars in the LMC), sometimes separated by long quiescent periods. The oldest
stars in the LMC are ≥ 10 Gyr. Fainter objects have fewer bursts (→ BCDs).
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History box of star formation and chemical evolution
(see: Hodge (1989) ARAA, 27, 139).
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see: Hodge (1989) ARAA, 27, 139
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see: Hodge (1989) ARAA, 27, 139
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For dwarfs in the Local Group colour-luminosity diagrams can be derived and the
metallicities follow from the colour of the giant branch (GB). Lines represent the
GBs of globular clusters with metallicities between 1/3 and 1/100 of solar.

Freedman (1992) IAU Symp., 149
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For dwarf ellipticals in general there also exists a good correlation between the Mg2

index (strength of Mg-absorption at 5170Å) and the velocity dispersion σ
(→ relation between the depth of the potential and the metallicity?).

Bender (1992) IAU Symp, 149; Bender, Burstein & Faber (1993) ApJ, 411, 153
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The metallicity of dwarf irregulars can be derived from the emission lines of their
interstellar medium. There exists a very strong correlation between metallicity and
luminosity (Skillman (1989) ApJ, 347, 881).
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⇒ Both dwarf ellipticals and dwarf irregulars appear to follow a single relation between
metallicity and luminosity (or: potential depth/velocity dispersion):

Z ∝ L0.4
B

Interestingly, the gas-to-star ratio does not seem to be very important. Apparently, the
metallicity of the stars depends only on the total number of stars produced (luminosity!)
and not on the gas mass left at present time.

⇒ The enrichment history must be different from the closed box model! A summary
of problems is given by Skillman & Bender (1995) Rev.Mex.A.A., 3, 25.
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6.3 Kinematics of Dwarf Galaxies

Dwarf elliptical galaxies:

follow a similar relation between luminosity and central velocity dispersion as
bright elliptical galaxies (see below):

LB ∝ σ2.5...3
o

show too little rotation for their flattening and are therefore supported by
anisotropic velocity dispersion (however, only few objects were measured so
far). The reason for the anisotropy is not yet understood.

of very low luminosity (106 − 107LB,�) can have extremely high M/L. Assuming
nearly isotropic velocity dispersions, the M/L of dwarf elliptical companions of
the Milky Way can be determined by measuring the redshifts of individual stars
and using:

M ' 5

G
re σ

2
0

(σ0 = central velocity dispersion).
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see: Pryor C. (1992) in Morphological and Physical Classification of Galaxies
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The high dispersions in the Draco and Ursa minor dwarfs could also be due to
motion in binary stars. However, this has been excluded in long term monitoring
of the stars.
⇒ Draco and Ursa minor are everywhere dominated by dark matter!

see: Pryor C. (1992) in Morphological and Physical Classification of Galaxies
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see: Kormendy J. (1987) IAU Symp., 117, 153-160
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⇒ Do completely dark galaxies exist?

see: Mateo (1997) ASP Conf., 116, 266
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Dwarf irregular galaxies:

Rotational curves of the HI are now known for a few ten objects, stellar kinema-
tics are almost unknown.
The dynamics of the faintest dwarf irregulars is completely dominated by dark
matter, also at small radii. The rotation curve and density distribution of the dark
matter can therefore be determined directly. It turns out to be consistent with
the model for spirals given above. At present, this model is incompatible with
the standard non-collisional cold dark matter model.
At the same luminosity, dwarf ellipticals and dwarf irregulars have similar rota-
tion velocities and velocity dispersions. For objects dominated by a dark halo
everywhere, the following relation between σHalo and vrot,HI holds:

σHalo =
vcirc,Halo√

2
' vrot,HI√

2

Typical values for the central dark matter density and core radii are:

rc ' 3kpc
ρc ' 0.05M�pc3
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Dwarf Galaxy DDO 154,
negative image =

optical,
contours = neutral

hydrogen
(Carignan& Freeman

(1988)
ApJ, 332, L33)
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Dwarf Galaxy DDO 154,
surface brightness profile

of stars and HI,
rotation curve

(Carignan& Freeman (1988)
ApJ, 332, L33)
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Carignan, Freeman (1988) ApJ, 332, L33
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DDO 154, Carignan, Freeman (1988) ApJ, 332, L33
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6.4 Neutrino Phase Space Density in Comparison with the
Phase Space Density of Dark Matter in Dwarf Galaxies

Massive neutrinos were believed to be possible candidates for dark matter. As it
turns out, relatively strong lower limits on the neutrino masses can be derived from
the dark matter densities in dwarf galaxies.

The phase space density f of neutrinos (leptons) is given by a Fermi-Dirac distri-
bution:

f (p) =
2gν
h3

1

e
pc
kT + 1

(6.1)

(gν = gflavor · gSpin, the factor 2 results from the anti particles).
The maximum allowed phase space density is reached by neutrinos with p = 0:

fmax =
gν
h3

(6.2)

(Note: A more careful argument starts with the highest phase space density for
neutrinos during their creation in the cosmological model. This density is lower than
the above and preserved during expansion because of Liouville’s theorem, that
states that the phase space density cannot increase in non-dissipative systems.)
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If the dark matter in dwarf galaxies consists of neutrinos, and if these have a nearly
isotropic velocity dispersion, then the phase space density in these galaxies should
follow a Maxwellian distribution:

f (p) =
n0

m3
ν(2πσ

2)3/2
e
− p2

2m2
νσ

2

 n0 = number density
σ = velocity dispersion
mν = neutrino mass

(6.3)

Again, the maximum density is reached for p = 0:

fmax =
ρ0

m4
ν(2πσ

2)3/2
ρ0 = mν · n0 (6.4)

This must be smaller than fmax from equation (6.2):

gν
h3
≥ ρ0

m4
ν(2πσ

2)3/2
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Using the relation:

ρ0 =
9σ2

4πGr2
c

(which is valid for isotropic spherical distributions, see King models in Bin-
ney/Tremaine) leads to:

m4
ν ≥

9h3

2(2π)5/2gνGσr2
c

or:

mν ≥ 101eV

(
σ

100km
s

)−1/4(
rc

1kpc

)−1/2

g−1/4
ν

Inserting the typical observational data for dwarfs given above leads to:

mν > 200 eVg−1/4
ν
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if the dark matter halos of dwarf galaxies are entirely formed by neutrinos.

⇒ This is in contradiction with the mean neutrino density nν = 109gνcm
−3 fol-

lowing from big-bang nucleosynthesis and with the observed cosmic density
parameter Ων < 1:

Ων ≤ 1 ⇒ mν ≤ 55g−1
ν eV

or:

Ων ≤ 0.2 ⇒ mν ≤ 11g−1
ν eV

(Note: The critical density of the universe is ρcrit ' 10−29g cm−3 = 5930 eV cm−3)
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