


Millennium Run Statistics

Springel et al 2005

® 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

1t

e Cosmology: (2 t=1, Qm=0.25, .Qb=0.045, h =0.73, n=1, 08=O.9

to

® 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 Thytes of stored data
A testbed for studying galaxy formation models
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Halo Mass Functions in the MS
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Halo Mass Functions in the MS
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fails badly at high
masses and early
times (dotted lines)



Does formation history depend on environment?
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Does formation history depend on environment?
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Does formation history depend on environment?
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Halo bias as a function of

M 0:10“1{4@/11 ) .
mass and formation time

1.0F hal
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® Bias increases smoothly with
formation redshift
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Putting galaxies and AGN into the Millenntum Run

Springel et al 2005; Croton et al 2005

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

® 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 1n disks
-- stellar evolution
) [ After Springel et al (2001)
-- SN fe.edback.and stellar winds | and De Lucia et al (2004)]
-- 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'









The effects of “radio
mode” feedback on

- 7z=0 galaxies
_ Croton et al 2005

® [n the absence of a “cure” for the
aipicos » | cooling flow problem, the most
o] massive galaxies are:
| too bright

too blue

disk-dominated

® With cooling flows suppressed by
“radio AGN” these galaxies are

_ less massive

ellipticals & red
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Effect of feedback on the Luminosity Function
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Effect of feedback on the Luminosity Function
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Effect of feedback on the Luminosity Function
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Effect of feedback on the Luminosity Function
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Other galaxy properties at z

58,/ e galaxies

S5bfc galgxies

it (2002)

Gorng

uoIja0d) SO0

] .J
.h.m.. 4
G -
o]
H-.rr L}
m 1
|
=
n -
E
-ﬂlh. -
== 4
R AN
el o= “..1r -
+ ™
i o

11.2

11.0

10.2

T0.0
IE"-] Maspiior .l"r Ma

9.5

Q9.0

-1 -1y -18 -—-19 -20 -21 -22

15

Mg

Rix (2004)

&

Haring

-

107

=
A
I

S55/c galoxies

-
L
L

_

oW / H8w bo

,.__..__.n_ﬂ_m_. — iy

Gipvanelli =t ol. (1997}

13

|
O]
S
-~
14}
o
3
m
o E
,|OJ
o

10)]

oo
a
i
1)
|

ol

i

i

=

..J.r._.-.,l_

=

]

o
[T
[
=
[



E(r)

Galaxy autocorrelation function

Springel et al 2005
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Mass-to-light ratios of z=0 halos

Croton et al 2005
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® M/L 1s minimum for Milky Way mass halos

® We find consistent LF's, &'s and M/L ratios for clusters in the
concordance model with 6, = 0.9 (c.f. van den Bosch HOD results)
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A test of the HOD model
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All galaxies

Galaxy autocorrelations
are compared between
two models

(a) a full stmulation of
galaxy formation

(b) the same simulation
but with galaxy popula-
tions shuffled among
halos of fixed mass

The bias plotted 1s the
square root of the ratio
of the correlation func's
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A test of the HOD model
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Galaxy autocorrelations
are compared between
two models

(a) a full stmulation of
galaxy formation

(b) the same simulation
but with galaxy popula-
tions shuffled among
halos of fixed mass

The bias plotted 1s the
square root of the ratio
of the correlation func's
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A test of the HOD model
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“SDSS Quasar” Host at z=6.2

Springel et al 2005

One of the most massive halos, containing one of the most
massive galaxies with one of the highest SFR's and most massive

P2 I M=5%10"M_ M=10"M_ =0
9 % SER = 235 Mp-/yr 9
. e ‘I. - -
™ W
- “! » L * _ se &.*': .
f‘ ’ J..'




“SDSS Quasar” Descendant at z=0

Springel et al 2005

One of the most massive clusters. The quasar descendant 1s 1n the
central ¢D galaxy. Its progenitor had M ~2.5 x 10"M_ atz =17
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A light cone: galaxiesm\:vith M <2275 tg z=5.5 over 1.4° X 1.4°
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Evolution of the B-band luminosity function

Kitzbichler et al 2005
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CONCLUSIONS

® Halo formation history depends on present environment

HOD models describe clustering at best approximately

® Cooling flow suppression is needed to cut off the LF and to
produce bright galaxies which are red, dead and elliptical

Observation suggests due to radio activity in central galaxies
Strongly sub-Eddington accretion is sufficient

® Standard assumptions can produce “SDSS” quasars atz =6

Black hole mass growth cannot be Eddington limited
Progenitors 1n place by z ~ 16; descendents 1n cluster ¢D's

® Baryon “wiggles” are present but distorted in the distribution
of galaxies

Once calibrated — yardstick to constrain Dark Energy
Distortions appear to depend on baryonic physics



