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              A Millennium in Oberbayern



  

    SW in 1996

~1000 weeks ago



  

          The first ten Hausseminare



  Y2K?



  

IAU General Assembly 2002,  Darling Harbor,  Sydney



  

N  = 1010



  

SW + VS + the Millennium Machine@RZG,   ~2005

mailto:Machine@RZG


  

The Millennium simulation was run on the Regatta supercomputer of the 
RechenZentrum Garching, finishing in 2004
REQUIRED RESOURCES

16 x 32-way Regatta Node
64 GByte RAM
512 CPU total

1 TByte RAM needed

CPU time requirement
 330.000 processor hours

27 days on 512 CPUs/16 nodes
38 years in serial
~ 6% of annual time on total 

Regatta system
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c.f.  Illustris-TNG50 on Hazel Hen at HLRS, to finish in 2019           
       ~16,000 cpus,  ~130,000,000 cpu-hrs,  ~85 Tbyte RAM



  



  

#1 Bruzual & Charlot 2003
     5951 citations

#2 Springel 2005                      
     3548 citations

#3 Springel et al 2005
     2892 citations

Most highly cited research 
papers in astrophysical 
theory in this Millennium
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   Figure 1

Nice pictures are 
important!

How did Volker 
manage to make a   
2 Gpc/h x 3 Gpc/h 
image with no 
repetitions from a  
0.5 Gpc/h box with 
periodic B.C.'s?



  

       Figure 2

Unprecedented statistics 
and dynamic range for 
estimates of nonlinear 
properties of the DM – 
here halo mass functions

Press & Schechter 1974

Jenkins et al 2001



  

           Figure 3

High resolution and large 
volume, together with 
galaxy populations, enable 
study of the formation and 
evolution of rare objects – 
here potential z=6 QSO's



  

           Figure 4

For the first time, a galaxy 
formation simulation can be 
compared with clustering data 
from a large galaxy redshift 
survey.

MS2dF

DM



  

              Figure 5

Also as a function of galaxy properties.



  

           Figure 6

The box is (just) big enough 
to look at the BAO feature 
in the galaxy distribution – 
i.e. to do “cosmology” 



  

        Figure 7

“Moore's Law” for 
cosmological N-body 
simulations

MS

SW76
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“Moore's Law” for 
cosmological N-body 
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Does formation history depend on environment?

Gao, Springel & White 2005

M
halo

 ~ 1011M
⊙

The 20% of halos 
with the lowest 
formation redshifts in 
a 30 Mpc/h thick slice

Nearly Normal Galaxies, Santa Cruz 2005



  

The 20% of halos 
with the highest 
formation redshifts in 
a 30 Mpc/h thick slice

Does formation history depend on environment?

M
halo

 ~ 1011M
⊙

Gao, Springel & White 2005

Nearly Normal Galaxies, Santa Cruz 2005



  

Gao, Springel & White 2005

An equal number of 
randomly chosen DM 
particles 

This effect has 
become known as 
assembly bias

Does formation history depend on environment?

Nearly Normal Galaxies, Santa Cruz 2005
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Stellar mass functions

Quenched fractionsHenriques et al 2015

The most recent public versions 
of the galaxy formation models 
are fit to observed galaxy stellar 
mass functions and quenched 
fractions over  0 ≤ z ≤ 3 and 
adopt a Planck cosmology



  

They predict the evolution of galaxies with 8 ≤ log M* ≤ 12  subject

     a) to the observational constraints over 0 ≤ z ≤ 3
     b) to physically consistent growth in a Planck ΛCDM cosmology

This example shows growth of the central galaxy in a small z = 0 cluster

Henriques et al 2018



  

log M*

Guo (2011) model
Planck cosmology

Projected mass distribution around Locally Brightest Galaxies
as inferred from galaxy-galaxy lensing observations

After parameters are set to fit the 
evolution of galaxy abundances 
and passive fractions,  galaxy 
clustering provides a parameter-
free test of the ΛCDM paradigm.

Here the DM mass distribution 
around Locally Brightest Galaxies 
is tested over 3.0 dex in radius 
and 1.5 dex in stellar mass 

Wang et al 2016



  

Defining the cosmic web at high resolution

Use the 1010 particles in the Millennium 
Simulation to build a Voronoi tesselation

Define m/V as the density of each cell

Define objects as connected sets of cells 
with density exceeding ρthresh  

As ρthresh/ 〈ρ〉 drops from 10 to 5 the 
largest object percolates

For  ρthresh/ 〈ρ〉 = 5 it contains 35% of all 
mass but fills only 0.6% of the volume

Busch & White 2018



  



  

Bias as a function of mass and saddle point density

Halos in the 20% tail with the 
smallest saddle point density 
are uncorrelated with the mass 
density field for halo masses 
like those of galaxies. 
Hence,   blo  =  0 !

Halos in the 20% tail with 
highest saddle point density are 
much more strongly biased than 
typical halos

Strongest known assembly bias
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Millennium data: ρ from Voronoi tesselation

Busch & White 2018
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● The MS halo and galaxy databases have 
been public since 2006

● >970 papers have used these predictions

● Most use the galaxies and are by authors 
unassociated with the Virgo Consortium
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This Millennium continues to be a success...

                                         … so on towards the next generation
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