
1) Large-scale distribution of galaxies

2) Bridging the gap between halos and galaxies:



z = 0	
!

1Gpc	
!

5Mpc slice



Distribution of galaxies around the Milky Way:!
!
- Messy. Difficult to observe, but 
- Shows details that  can be missed in large pictures 
- Lots of measurements 



Projection

Distances <15 Mpc
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Local Supercluster:

•  Distribution of light and mass 
•  Peculiar velocities (deviations from the Hubble flow) 
•  Voids



1G particles
Dynamical 
range 1e5

Constrained 
simulations

160 Mpc

Coma cluster

Great Attractor

Perseus cluster

MW

Klypin, 
Hoffman, 
Gottlober



Landscape of the MW neighborhood: 80Mpc



•Long waves 
(amplitudes and phases) 
are taken from 
observations. 
•Small scale-
perturbations and 
dynamics are for LCDM 
cosmological model 
•N-body simulations at 
z=0

Position of GA, 
Coma, Virgo, and 
Perseus-Pices. 
Our galaxy is a 
white circle at (0,0)











Bridging the gap between halos and galaxies:





Gas

GMC

SF

Galaxy Formation and Metals in The 
Universe



Z=1 	
Progenitor of M33-size galaxy	
!
Radiation pressure + SN	
!
~50 pc resolution	
!
Gas density

500 kpch

Trujillo-Gomez etal 2013



dm

baryons

total

Bridging the gap between halos and galaxies:

Milky Way: just an example of a dark matter distribution



Internal dynamics of  galaxies:  TF and BTF

Trujillo-Gomez et al 2011

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



Hydro simulations: stellar mass and dark 
matter mass tightly correlate

Ceverino et al 

Dutton, Maccio et al 



Lessons:	
!

Every galaxy is a dark matter halo	
No dark halos: if there is a dark matter concentration, it makes stars.



Bridging the gap between halos and galaxies:

Halo Occupation Distribution:  
       probability to find Ngalaxies in a distinct halo of 	
       mass M:  P(Ngalaxies|Mhalo)	

    - 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

• Halo Abundance Matching 

• Depending on implementation:	
• tune parameters till clustering matches observations	
• use a simplified model to tidal striping+ dynamical 

friction

• Less predictive because it borrows some observational 
results (luminosity function and stellar mass function). 



Clustering: DM halos and L
Conroy, Wechsler, Kravtsov (2005): N-body only	

 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

29
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SDSS

DM galaxies

DM

SDSS:  z=0



Rodriguez-Torres et al 2015

Comparing LCDM with BOSS data 

MultiDark Simulations

Dark Matter ==> galaxies:	
!
Halo Abundance matching: larger galaxies are hosted by bigger DM halos. No free 
parameters.



 star formation history of the Universe: arXiv:1207.6105







Rodriguez-Torres et al 2015

Comparing LCDM with BOSS data 

MultiDark Simulations

Dark Matter ==> galaxies:	
!
Halo Abundance matching: larger galaxies are hosted by bigger DM 
halos. No free parameters.



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

Moster et al 2012


