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Moore's Law for Cosmological

N-body Simulations

Springel et al 2005
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Simulating galaxies /AGN with the Millennium Run

Springel et al 2005; Croton et al 2006, De Lucia et al 2006, De Lucia & Blaizot 2006

® Build and store merger trees which encode the detailed assembly
history of every z=0 halo and of the substructure within 1t

® Implement models for the formation/evolution of galaxies to follow

-- accretion, shock-heating and cooling of diffuse gas into disks
-- star formation from the ISM in disks

-- stellar evolution

-- SN feedback and stellar winds [After ng’lfén{g)zlffﬁila(ﬁfgf 22 004)]
-- chemical enrichment/dust formation

-- galaxy merging/morphological transformation

* Implement models for the growth of central black holes to follow

-- formation and growth from ISM gas during mergers [After Kauffmann
-- black hole mergers following galaxy mergers & Haehnelt (2000)]

® Include “radio mode” feedback from BH at cooling flow centres
-- energy feedback from BH in the central dominant galaxy depends on

BH mass, gas temperature and gas mass fraction oc fgas m_ T'”
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Evolution of mass and galaxy correlations

Springel, Frenk & White 2006
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The effects of “radio

with AGN heating . R

1.0

mode” feedback on
z=0 galaxies

Croton etal 2006
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Deep Galaxy Counts

Kitzbichler & White 2006
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Deep Galaxy Redshift Distributions

1000.60

100.00

dN /dz /arcmin®

Kitzbichler & White 2006

| | ' ' '
K20 (K<21.8)
GOODS (K<21.8) 3
COF-5 (K<23.3) ]
SDF (K<25.8)

+ +
o *
L= o o
L L]

redshift



ohi [F*WMpe ™ mag™']

ohi [h*Mpc*mag™']

1077}
107°}

1077

Deep galaxy luminosity functions

Kitzbichler & White 2006
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Deep galaxy

mass functions

Kitzbichler & White 2006

Observational estimates:

Cole et al (2001) z=10
Drory et al (2005) z=0.5to 4.5
Fontana et al (2006) z=0.5t0 3.5



Colour-magnitude relation evolution

Kitzbichler & White 2006
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® This particular galaxy formation model 1s close to most
high-z data on abundances and clustering

® [t seems to predict slightly too many massive galaxies at
redshifts between 1 and 3

® Dust modelling 1s critical to many comparisons

e For M, <5.10" M_most stars added by in situ star formation
For M, > 10" M_ most stars added by mergers
This 1s a consequence of the adopted model for radio feedback

® Full data on the formation histories of the galaxies and dark
halos 1n this model are available from:
http://www.mpa-garching. mpg.de/Millennium



Exploring the milli-Millennium simulation with a relational database

Documentation celect DI HALD,
0. SHAPNUM,
1. Introduction O.N P as T NP,
1.1 Simulation P1. W P as P1_WP,
1.2 Semi-analytical P2 H P as P2_NP
galaxy formation e %g gé‘
1.3 Science questions HALD T
1.4 Storing merger trees where P1. SNAPHUM=PZ. SNRPNUM
1.5 Peano-Hilbert ) B £ ) § P G _Execute Query |
ial ; and P1.I DESCENDENT = 0. I_HaL0
spatl_al indexing and P2 I _DESCENDANT = D.I_HALO Clear all |
1.6 Links and PL.N P »>= 240 N P
2. Relational databases and P2 N P 3=  2*0 N P
and SQL and D.N_PB > 1000 Help |
3. Tables
3.1 HALO
3.2 FOF
3.3 SAGFUNIT
3.4 SNAPSHOTS
3.5 GALAXY
4. Views Maximum number of rows to return to the query farm: |10 =
5. Functions
6. Demo queries Previous gueries : | |
Halo 1
Galaxy 1 : . . . . . .
Halo 2 Halo 1 | Galamy 1 | Find halos/galaxies at a given redshift (SMaPMURY within a certain part of the simulation volume (<,%,2).
n::gg Halo 2 | Find the whole progenitor tree, in depth-first order, of a halo identified by its id {_HaLO)
Halo o Find th it t i dshift (SMAPMUN of all hal i M_F ter than 4000
ind the progenitors at a given redshi of all halos of mass reater than
gg:ﬂg ﬂl at a Iaterpredgshiﬂ (SNAPN%I_IM). The progenitors are limited to have mass == 1009

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.

Galaxy B | Find the Tully-Fizher relation, kMag_hiwidk v W_vir for galaxies with bulgedotal mass ratio < 0.1.
td Subsample by about 1% (RAMDOM between 20000 and 30000).

Reformat | | C8v |

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

Plot (YOFIot) | for wiewing applets.
DISCLAIMER This functionality has been partially tested only. &ny 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)

http://www.mpa-garching. mpg.de/Millennium

i_halo snapnum d_np pl_np pZ_np
2576 il 10791924 | 222




