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Moore's Law for Cosmological

N-bOdy Simulations Springel et al 2005
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Millennium Run Statistics

Springel et al 2005: The Virgo Consortium
® DM particle number: N =2160" = 10,077,696,000 ~ 10"

® Box size: L = 500 Mpc/h, Softening: € = 5 kpc/h— L/e = 10

e Initial redshift: z =127

1nit

e Cosmology: Qt0t=1, Qm=0.25, Qb=0.045, h =0.73, n=1, 08=O.9

® 343,000 processor-hours on 512 nodes of an IBM Regatta
(28 machine days @ 0.2 Tflops using 1 Tbyte RAM)

® Full raw and reduced data stored at 64 redshifts

» 27 Tbytes of stored data
A testbed for simulating the formation of ~10’ galaxies




Goals for simulations of galaxy/AGN evolution

® Explore the physics of galaxy formation

® Understand the links between galaxy and SMBH formation
® Clarify why galaxy properties are related to clustering

® Determine how environment stimulates galaxy activity

® Interpret new multi-wavelength surveys of galaxies

® Check 1f such surveys can provide precision tests of and
parameter estimates for the standard ACDM paradigm
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Does halo clustering depend on formation history?
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Does halo clustering depend on formation history?
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Galaxy autocorrelation function

Springel et al 2005
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Precise estimates of autocorrelation functions

Luminous red galaxies in the SDSS

Masjedi et al 2005
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Precise estimates of autocorrelation functions

Luminous red galaxies in the M.S.

From public Millennium Simulation data archive

o————o Semi—analytic catalogué
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fraction

Local Group “Timing Argument” mass

estimates with a ACDM prior
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Find all 1solated pairs of disk-
dominated galaxies with:

e I150km/s <V < 300 km/s

max,halo

o -80km/s > Vrad> -180 km/s
® 500kpc < D <1Mpc

Find ratio of the true mass to the
“Timing Argument” estimate for
each pair

Multiply by the TA estimate for
the Local Group



The effects of “radio

with AGN heating . L. 4
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mode” feedback on
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Crotonetal 2005
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Full model with reionisation, AGN and SN feedback
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Effect of feedback on the Luminosity Function
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Full model with reionisation, AGN and SN feedback
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Formation histories of ellipticals

De Lucia et al 2005 []25: ||||||||| RLALLRRLE [TrrrrrrTt RALRLLLLE RALLLLLRL RARLLLREY :
M >4 10° 0.20F 7 80% ]
s [}1_15-:A stars formed
Distribution of star formation times § ;
= 0.10 M, > 10"
0.05
0.00 / . ‘
0 1 2 3 4 5 6
redshift

stars assembled

Fraction

Distribution of assembly times

redshift



One of the most massive dark matter clumps, containing one of the
most massive galaxies and most massive black holes.
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The quasar's descendant and its surroundings
today, at t=13.7 billion years

One of the most massive galaxy clusters. The quasar's descendant
1s part of the central massive galaxy of the cluster.
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Exploring the milli-Millennium simulation with a relational database

Documentation

1. Introduction
1.1 Simulation
1.2 Semi-analytical
galaxy formation
1.3 Science questions
1.4 Storing merger trees
1.5 Peano—Hilbert
spatial indexing
1.6 Links
2. Relational databases
and SGL
3. Tables
3.1 HALO
3.2 FOF
3.3 SAGFUNIT
3.4 SNAPSHOTS
3.5 GALAXY
4. Views
2. Functions
fi. Demo queries
Halo 1
Galaxy 1
Halo 2
Halo 3
Halo 4
Halo 5
Galaxy 5
Galaxy 6

select D.I_HALD,
D. SHAFPHNUM
D.N_P as D_NB,
P1.N P as P1 NP,
PZ.N P as PZ NP
from HaLO P1,

HalLo P2,
HALO D
where P1. SHAPNUM=PZ. SNAPNUM
and P1.I_HALOD ¢ P2.I_HALO Execute Query |

and P1.T _DESCENDANT = D.I_HALO

and PZ. T _DESCENDANT = D. I HALD Clearall |
and P1.N P »= . 2#D0.N_P

and PZ.N P »=  2+D.N P

and D.N_P » 1000 Help |

http://www.g-vo.de

Maximum number of rows to return to the query form: |10 ¥

Frevious gueries : | Ed

Halo 1 | Galaxy 1 | Find halos/galaxies at a given redshift (SMNaPMNURMY within a certain part of the simulation volume (<%, 2).

Halo 2 | Find the whole progenitor tree, in depth-first order, of a halo identified by its id {_H&ALOD)
Halo 3 | Find the progenitors at a given redshift (SMNAaPNURN)Y of all halos of mass (M_F) greater than 4000
at a later redshift (SNAPMUM)Y. The progenitors are limited to have mass == 100.

Halo 4 | Find all the halos of mass (M_P) == 1000 that have just had a major merger,
defined by having at least two progenitors of mass == 0.2%descendant mass.

Halo 5 | Galaxy 5 | Find the mass/Auminasity function of halos/galaxies at z=0 using logarithmic intervals.

Galaxu B | Find the Tully-Fisher relation, kag_b/wWidk we W_wir for galaxies with bulgedotal mass ratio < 0.1,
td Subsample by about 1% (RAMDOM between 20000 and 30000).

Reformat | |csv

R

This button wil attempt to start up VOPIot within an applet, so that the current result can be explored graphically. This clearly reguires that the browser has been configured

Plat (YOFlot) | for wiewing applets.
DISCLAIMER This functionality has been partially tested only. Any problems are our responsibility, not WOPlot™s.
It seems that the applet does not work properly with Kongueror.

Cluery titme {in millisec) = 15623

Mumber of rows retrieved from database = 12 (Maximum # = 10000)

i_halo shapnum d_np pl1_np pZ2_np

25?5. (=11 1079 924






