The LCDM paradigm:
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on scales of galaxies
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LCDM: Good news and Bad news

® DM profiles and concentrations

Velocity and Mass Function

Satellites: abundance, number-density profiles
Adiabatic contraction

®
®
®
e Galaxies and Dark Matter: abundance matching

* Abundance of dwarf galaxies: not satellites
e Mass function at z=10
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Dark matter profiles
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Central slope is very close to -1
For normal galaxies it does not
matter: baryons dominate
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Halo Concentration: C = Ryi/Rs

Concentration
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Klypin et al 2010

M., —0.09
C(Mvir) = 9.35 (1012h_1M®)
and for subhalos:
Mg —0-2
M) = 12 .
(Msub) (1012h-1M@)

Concentration at z=0
for 0g=0.82

Bullock etal99 is our paper,
but, please do not use it



Halo Concentration
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Velocity :
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Accurate predictions for Velocity function of distinct halos
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Abundance of satellites
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Fig. 18.— Comparison of satellite velocity func-
tions in Via Lactea II and Bolshoi simulations

_ —3 for halos with V.. = 200 kms/s and M,;, =~
n(> V) o AV 1.3 x 10*?h~ 1 M. The dashed line is a power law

with the slope —3, which provides excellent fit to
Bolshoi and Vialactea Il. Klypin et al 2010.WMAP-7



Abundance of satellites
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Number of satellites increases with the mass of parent halo

Gao etal 2004, Klypin et al 2010.WMAP-7



Number-density of satellites

n(r)/ <n>
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Number-density of satellites
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Adiabatic compression

Red line NFW - compare with black squares. Duffy et al 2010
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Halo Mass function
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Abundance matching: LCLDM and galaxies
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dark matter halos
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LV relation: Luminosit_y vs circular velocit_y at IOkpc
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This gives correct abundance
of halos selected by circular
velocities and places them in
galaxies with the observed
luminosity function
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Amount of baryons is important
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Fig. 8.—|Eﬁ'ect of excessive mass of baryons.| We
assume that healf of the universal baryon fraction
within each halo forms its galaxy. Median values
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Fig. 9.— Baryon fraction relative to the uni-
versal value as a function of stellar mass for the
ACDM model using the abundance-matching pro-
cedure. The solid lines show the median and 1-o
scatter of the distribution, which is due to the scat-
ter in halo concentrations.



Mass of baryons in galaxies: observations vs LCDM
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Number of galaxies with Vcirc: observations vs LCDM
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Problems

dN/dInM_ (h3Mpc3)
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Problems

dN/dInM,  (h3Mpc-3)
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Number of galaxies with Vcirc: observations vs LCDM
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Galaxies in the Local Volume:

- distances less than 10 Mpc Tikhonové& Klypin 2008
- 550 galaxies: Complete to M=-12
- Count voids: regions without galaxies
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Data: Karachentsev & Co
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Map luminosity to circular velocity
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Example:

UGC8508

Distance 2.5 Mpc
Mg =-12.9

Russian 6m
telescope
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Velocity of rotation:

Observed: 25-30 km/s
Theory: 40-50 km/s
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What 1s the Problem? Put it in different way

Observational Facts Theory

There are ~500 galaxies in the Local Volume. In LV-analogs in LCDM model ~500
largest halos have the same spatial

distribution as observed dwarf galaxies.
Great!

Observed dwarfs have small circular .
velocities (~20km/s) DM halos are big (40-50 km/s)

There are dwarfs (~10km/s) that form stars ~ Current explanation for overabundance
NOW of MW satellites (eg Koposov et al 2009)
requires significant suppression of
galaxies below 30km/s.
Galaxies with Vc<30km/s should not
form stars after re-ionization (z=11)

Standard explanation for overabundance of dwarf DM halos does not work: no
tidal stripping for field dwarfs.

32



Conclusions

*x LCDM predicts correct abundance and structure of galaxies
with circular velocities from 50 km/s to 300 km/s

>l Little room for environmental effects: Circular velocity
defines most of the properties of galaxies

Not enough halos at ZE I O for re- |on|zat|on7
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