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Dark matter substructures
. (sub)halos within (main)halos; subhalos

Springel et al (2001)

. in the scale of cluster of galaxies

. in the scale of Milky Way galaxy (main halo ∼ 1012M�): substructures are in
the mass scale of ∼ 106 − 1011M�

. can be used to test the cosmology theories
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missing satellites

• semi-analytical methods by Kauffmann, White & Guiderdoni (1993)

. Press-Schechter dark halo mass distribution
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. simplified physical processes

. gas cooling

. star formation; feedback; stellar evolution (galaxy evolution)

. mergers (galaxy evolution)
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. predict many low mass/low luminosity (compared with LMC & SMC) galaxies

. in Milky Way, only 11 dwarf galaxies observed

. ∼ 40 dwarf galaxies in the Local Group
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• dissipationless dark matter simulations by Klypin, Kravtsov ,Valenzuala

& Prada (1999)

require high resolution in mass and force

FIG. 4.ÈProperties of satellite systems within 200 h~1 kpc from the
host halo. T op: The three-dimensional rms velocity dispersion of satellites
vs. the maximum circular velocity of the central halo. Solid and open
circles denote "CDM and CDM halos, respectively. The solid line is the
line of equal satellite rms velocity dispersion and the circular velocity of the
host halo. Middle : The number of satellites with circular velocity larger
than 10 km s~1 vs. circular velocity of the host halo. The solid line shows a
rough approximation presented in the legend. Bottom: The cumulative
circular VDF of satellites. Solid triangles show average VDF of MW and
Andromeda satellites. Open circles present results for the CDM simula-
tion, while the solid curve represents the average VDF of satellites in the
"CDM simulation for halos shown in the upper panels. To indicate the
statistics, the scale on the right y-axis shows the total number of satellite
halos in the "CDM simulation. Note that while the numbers of massive
satellites ([50 km s~1) agree reasonably well with the observed number of
satellites in the Local Group, models predict about 5 times more lower
mass satellites with km s~1.Vcirc \ 10È30

FIG. 5.ÈSame as in Fig. 4, but for satellites within 400 h~1 kpc from the
center of a host halo. In the bottom panel we also show the cumulative
velocity function for the Ðeld halos (halos outside of 400 h~1 kpc spheres
around seven massive halos), arbitrarily scaled up by a factor of 75. The
di†erence at large circular velocities km s~1 is not statisticallyVcirc [ 50
signiÐcant. Comparison between these two curves indicates that the veloc-
ity functions of isolated and satellite halos are very similar. As for the
satellites within the central 200 h~1 kpc (Fig. 4), the number of satellites in
the models and in the Local Group agrees reasonably well for massive
satellites with km s~1 but disagrees by a factor of 10 for low-Vcirc [ 50
mass satellites with km s~1.Vcirc \ 10È30

TABLE 3

SATELLITES IN "CDM MODEL INSIDE R\ 200/400 h~1 kpc FROM CENTRAL HALO

Halo Vcirc Halo Mass Vrms Vrotation
(km s~1) (h~1M

_
) Number of Satellites Fraction of Mass in Satellites (km s~1) (km s~1)

140.5 . . . . . . 2.93] 1011 9/15 0.053/0.112 99.4/94.4 28.6/15.0
278.2 . . . . . . 3.90] 1012 39/94 0.041/0.049 334.9/287.6 29.8/11.8
205.2 . . . . . . 1.22] 1012 27/44 0.025/0.051 191.7/168.0 20.0/11.3
175.2 . . . . . . 6.26] 1011 5/10 0.105/0.135 129.1/120.5 41.5/45.2
259.5 . . . . . . 2.74] 1012 24/52 0.017/0.029 305.0/257.3 97.1/16.8
302.3 . . . . . . 5.12] 1012 37/105 0.055/0.112 394.6/331.6 39.4/15.7
198.9 . . . . . . 1.33] 1012 24/58 0.048/0.049 206.1/169.3 17.7/12.1
169.8 . . . . . . 7.91] 1011 17/26 0.053/0.067 162.8/156.0 9.3/5.0

. if all dark matter substructures host a dwarf galaxy in the centres, we should
have about hundreds of dwarf galaxies instead of a dozen of them
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Either from

• Press-Schechter + semi-analytical methods

or

• direct dark matter simulations,

the ΛCDM cosmology predicts at least 5 times more of substructures

than what we have seen.
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Either from

• Press-Schechter + semi-analytical methods

or

• direct dark matter simulations,

the ΛCDM cosmology predicts at least 5 times more of substructures

than what we have seen.

Where are the missing galactic satellites?

Does ΛCDM cosmology fail?
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Where are the missing galactic satellites?

• mergers

After being accreted in (main) halos
. mass: loses mass through tidal stripping

. orbit: falls towards the center of host through dynamical friction

. survives: keeps its identity till the end of simulation

. disrupts: dissloves & becomes part of its host halo

. merges: becomes part of some other larger substructures



Where are the missing galactic satellites?

• mergers

After being accreted in (main) halos
. mass: loses mass through tidal stripping

. orbit: falls towards the center of host through dynamical friction

. survives: keeps its identity till the end of simulation

. disrupts: dissloves & becomes part of its host halo

. merges: becomes part of some other larger substructures

satellites were tidally disrupted and formed the Milky Way stellar halo

(Bullock, Kravtsov & Weinberg 2001)
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• the star formation is suppressed

. reionization
Bullock, Kravtsov & Weinberg (2000)
gas accretion in low-mass subhalos is supressed after the reionization epoch
(zre ∼ 5−12) so that there are not enough gas can cool to form luminous stars
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• the star formation is suppressed

. reionization
Bullock, Kravtsov & Weinberg (2000)
gas accretion in low-mass subhalos is supressed after the reionization epoch
(zre ∼ 5−12) so that there are not enough gas can cool to form luminous stars

. supernovae feedback ejects gas from low-mass halo

• They do exist, and we just haven’t found them.

. High Velocity Clouds (HVCs): lacking good measurements in distance to
constrain their mass

. lensing experiments
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Summary of current properties of DM-substructures
from simulations (Gao et al 2004)

. Radial distribution

Substructures are less concerntrated than dark matter
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. substructure abundance in halos is not a scaled version of halo abundance in
galaxy clusters, and they do depend on the global halo properties:

e.g. massive halos contain more substructures
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. substructure abundance vs halo concentration

−→ concentration

hexagons: 3× 1014h−1M� < Mhalo < 1015h−1M�

triangles: 1014h−1M� < Mhalo < 3× 1014h−1M�

squares: 3× 1013h−1M� < Mhalo < 1014h−1M�
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