|) Large-scale distribution of galaxies

2) Bridging the gap between halos and galaxies:
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Distribution of galaxies around the Milky Way:

- Messy. Difficult to observe, but
- Shows details that can be missed in large pictures
- Lots of measurements
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A SLICE OF THE UNIVERSE
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FiG. 1.—(a) Map of the observed velocity plotted vs. right ascension in the declination wedge 26°5 < 8 < 32°5. The 1061 objects plotted have
mp < 15.5and V < 15,000 km s~ . (b) Same as Fig. la for my < 14.5 and V < 10,000 km s~ '. The plot contains 182 galaxies. (¢) Projected map of the
7031 objects with m < 15.5, listed by Zwicky et al. in the region bounded by 8" < a < 17" and 8°5 < & < 50°5.
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Galaxies in redshift

space within
1000 km/s of
the supergalactic

plane
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Local Supercluster:

® Distribution of light and mass
® Peculiar velocities (deviations from the Hubble flow)
® \/oids
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Landscape of the MW neighborhood: 80OMpc
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Bridging the gap between halos and galaxies:










Z=1
Progenitor of M33-size galaxy

Radiation pressure + SN
~50 pc resolution

Gas density

Trujillo-Gomez etal 2013
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Bridging the gap between halos and galaxies:

p(My/pc?)

Milky Way: just an example of a dark matter distribution
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Internal dynamics of galaxies: 1} and BTF
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Lessons:

© Every galaxy is a dark matter halo
~ No dark halos: if there is a dark matter concentration, it makes stars.
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Bridging the gap between halos and galaxies:

Halo Occupation Distribution:
probability to find Ngalaxies in a distinct halo of
mass M: P(Ngalaxiesthan)
- need to know how to get P(Ngalaxies|Mhalo)
- need to know how to place ‘galaxies’

- P(N|M) may depend on halo environment and
dynamical state (e.g. merging ...)

Halo Abundance Matching (HAM):

- The biggest galaxy is hosted by the biggest halo and so on.
- There is some stochasticity between DM and stellar mass
- Subhalos must be resolved in simulations

- Needs merging trees of halos and subhalos



Bridging the gap between halos and galaxies:

® Halo Occupation Distribution  ® Depending on implementation:

* tune parameters till clustering matches observations
e use a simplified model to tidal striping+ dynamical
friction

® Halo Abundance Matching ® | ess predictive because it borrows some observational
results (luminosity function and stellar mass function).



Clustering: DM halos and L

Conroy, Wechsler, Kravtsov (2005):

® Get all halos from high-res simulation

® Use maximum circular velocity or mass

® Every halo (or subhalo) is a galaxy

® Every halo has luminosity: LF is as in SDSS

® No cooling or major mergers and such. Only DM halos

Reproduces most of the observed clustering of galaxies
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Comparing LCDM with BOSS data

Dark Matter ==> galaxies:

Halo Abundance matching: larger galaxies are hosted by bigger DM halos. No free
parameters.

120 I | I | |

BIcGMD-CMASS light-cone
BOSS CMASS +—+—+ -

Rodriguez-Torres et al 2015

MultiDark Simulations



Halo Mass [M]
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star formation history of the Universe:
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efficiency has remained relatively constant to the present day.



Comparing LCDM with BOSS data

Dark Matter ==> galaxies:

Halo Abundance matching: larger galaxies are hosted by bigger DM
halos. No free parameters.
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MultiDark Simulations



log (m*,cen/MG)

Stellar-to-Halo mass relation for central galaxies as a function of redshift.
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