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Small-scale structure in ACDM halos

A rich galaxy cluster halo A 'Milky Way' halo
Springel et al 2001 Power et al 2002
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Overdensity

vs smoothing

at a given

position

At an early time T

A 1s part of a quite
massive object

B is part of a very
low mass object

initial overdensity 6_/D(T)

A"I

= Dl
oL P .
.;'-‘;.r +
S -z,
o
- |
-4 Lt
T . L
ORI . .o
N .o .% -~
T i
. ": o ]
B —

lklIIIIII.I_IIIIIIII-

0.2 0.4 0.6 0.8 1

variance o, *(k_) of smoothed field
<—— mass

<«—— gpatial scale



Overdensity

vs smoothing
at a given | ,
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Does it work point by point?

Mass of the
halo in which & <
the particle 1s S
actually found

log(MPS)
Halo mass predicted for each particle
by its own sharp k-space random walk



In(10) M*/p_,, dn/dM

Does it work statistically?
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Evolution of halo abundance in ACDM

Mo & White 2002

0,.=0.3, 0,=0.7, h=0.7, ¢,=0.9
I I I | I I I I | I I I I | I I I I

® Abundance of rich cluster
halos drops rapidly with z

® Abundance of Milky Way

mass halos drops by less
than a factor of 10 to z=5

o IOQM@ halos are almost as

common at z=10 as at z=0




Logn/(h~'Mpc)—3

Evolution of halo abundance in ACDM

Mo & White 2002

® Temperature increases with
both mass and redshift
T o« M*® (1 + z)

® Halos with virial temperature
T =10’K are as abundant at
z =72 as at z=0

® Halos with virial temperature
T = 10°K are as abundant at
z =8 as at z=0

L\ Log(T) -

- ~1075
0 5 10 15 >o © Halos of mass >10 M@ have

T > 10*K at z=20 and so can
cool by H line emission

| 4




Evolution of halo abundance in ACDM

Mo & White 2002

T T

15

20

® Half of all mass 1s 1n halos
more massive than 101°M®
at z=0, but only 10% at z=5,
1% at z=9 and 107 at z=20

®]9% of all mass 1s in halos
more massive than 1015M(D

at z=0

©4(0% of all mass at z=0 1s
in halos which cannot
confine photoionised gas

®]% of all mass at z=15
is 1n halos hot enough to
cool by H line emission



Evolution of halo abundance in ACDM

Mo & White 2002
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® Halos with the abundance of
L, galaxies at z=0 are equally

strongly clustered at all z <20

® Halos of given mass or virial
temperature are more
clustered at higher z



Evolution of halo abundance in ACDM

Mo & White 2002
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® The remnants (stars and heavy
clements) from all star-forming
systems at z>6 are today more
clustered than L _ galaxies

® The remnants of objects which
at any z > 2 had an abundance
similar to that of present-day
L, galaxies are today more

clustered than L_ galaxies



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

mass and formation time

Gao, Springel & White 2005

® Bias increases smoothly with
formation redshift

® The dependence on formation
redshift 1s strongest at low mass

® This dependence 1s consistent
neither with excursion set
theory nor with HOD models



Goals for simulating galaxy/AGN populations

® 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 if such surveys can provide precision tests of and
parameter estimates for the standard ACDM paradigm



Physics for Galaxy Formation Modelling

Gas Cooling and Condensation

Sensitive to metal content, phase structure, UV background...
Star Formation

No a priori understanding -- efficiency? IMF?
Stellar Feedback

SF regulation, metal enrichment, galactic winds
Stellar Aging

Population synthesis —® luminosities, colours, spectra, (dust?)
AGN physics

Black hole formation, feeding, AGN phenomenology, feedback

Environment interactions

Galaxy mergers, tidal effects, ram pressure effects



Cooling curve for metal-

log(A s erg cm®s™)
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Radiative processes 1n galaxy formation

Rees & Ostriker 1977
Silk 1977
Binney 1977

o ,
- M7iOMo -7 NO DARK MATTER!
o M;I0Me
T w1 10°
n [cm”)
® When gas clouds of galactic mass collapse:

(1) shocks are radiative and collapse unimpeded, when t < t C

cool dyn

(11) shocks are non-radiative and collapse arrested, whent > t ton A,B

where quantities are estimated at virial equilibrium
® Galaxies form 1n case (1) since fragmentation is possible

e Primordial cooling curve —- characteristic mass 10”M_



Towards a “modern” theory

o *rich cluster | White & Rees 1978

65
+~typical group o6 "I ||lI | |
i Fl II,
hhulu mass of i I| ! II' |
big galaxy B (N '|II
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® Adding : (1) dark matter, (i1) hierarchical clustering, (ii1) feedback
-- cooling always rapid for small masses and early times
-- only biggest galaxies sit in cooling flows
-- feedback a /a Larson (1974) needed to suppress small galaxies

e A good model had: Q =0.20, € gas/ Q =020, a=1/3 (n=-1)



Towards a “modern” theory
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® Adding : (1) dark matter, (i1) hierarchical clustering, (ii1) feedback
-- cooling always rapid for small masses and early times
-- only biggest galaxies sit in cooling flows
-- feedback a /a Larson (1974) needed to suppress small galaxies

e A good model had: Q =0.20, € gas/ Q =020, a=1/3 (n=-1)



Spherical similarity solutions for infall
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® Infall of DM + vy = 5/3 gas onto a point mass in an EdS universe

-- accretion shock at ~1/3 of turn-round radius

-- gas almost static inside shock

-- pre-shock gas has density about 4 times the cosmic mean
—-kT(r)/n ~ GM(r) /1 = V*; R~Vt, M~V’t/G



Spherical similarity solutions for cooling
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® Cooling wave 1n equilibrium gas in an 1sothermal DM potential

—-p ocr™ atlargeradius r > r_
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Putting it together in a sSCDM universe

: log(Tyey) log(Tyey)
White & Frenk 1991
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— direct infall (1.e. no hot atmosphere) for V. < 80 km/s at z=3 when
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mixing 1s assumed



Feedback/galactic wind issues

* Can supernova feedback drive
galactic winds?

® Can these reproduce the mass-
element abundance relation?

® Can they enrich intergalactic
gas with heavy elements?

® Can these enhance formation
of disks over bulges?

® What about feedback from
Active Galactic Nucle1?
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Feedback/galactic wind issues
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element abundance relation? £

® Can they enrich intergalactic
gas with heavy elements?
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® Can these enhance formation
of disks over bulges?

® What about feedback from
Active Galactic Nucle1?
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Galaxy autocorrelation function

Springel et al 2005
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Correlation functions depend on L
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A bright quasar and its surroundings
at 1 billion years

One of the most massive dark matter clumps, containing one of
the most massive galaxies and most massive black holes.

z2=6.2 ‘ 12 11 r A

M=5x10"M_ Mz=10"M_

" ! SER =235 M*yr M_=10°M .

- . .0 BH O]

I SRR :
h !¢
a - -
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The quasar's descendant and its surroundings
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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The effects of “radio

1.0

mode” feedback on
7z=0 galaxies

0.6 o, Croton et al 2005

1 @ In the absence of a “cure” for the
elipticels « 4 cooling flow problem, the most

-  massive galaxies are:
- St too bright
BINE D too blue
R disk-dominated

® With cooling flows suppressed by
“radio AGN” these galaxies are
PRS0 _ less massive
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d (h3Mpe=2mag=T)

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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d (h3Mpe=2mag=T)

Effect of feedback on the Luminosity Function
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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
d. Tables
3.1 HALO
3.2 FOF
3.3 SAGFUNIT
3.4 SNAPSHOTS
3.5 GALAXY
4. Views
3. Functions
6. Demo queries
Halo 1
Galaxy 1
Halo 2
Halo 3
Halo 4
Halo 5
Galaxy o
Galaxy 6

kaximum number of rows to return to the guery form:

select D.I_HALO,

D. SHAPNUHN,

D.N_P as D_MNE,

P1.N P as P1_NP,

PZ.N_P as PZ_NP
from HALOD P1,

HALO PZ,

HaLo D

where P1l. SHAPHNUM=PZ. SNAPNUM

and P1.I_HALD < P2 I_HALD

and P1. I _DESCENDANT - D.I_HALO
and PZ. I DESCENDANT = DI I_HALQ
and P1.N P >= 2+0 N P

and PZ.N P >= 240 N P

and O.H_B > 1000

10

=l

Previous gueries : |

=

http://www.g-vo.org/mpasims

Execute Cuery |
Clear all |
Help |

Halo 1 | Gala=y 1 | Find halos/galaxies at a given redshift (SMNaPNURM) within a cetain part of the simulation volume (<,%,2).

Halo 2 |
Halo 3 |
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.

Find the whole progenitor tree, in depth-first order, of a halo identified by its id {_HaLO)

Find the progenitors at a given redshift (SMNAPNURNY of all halos of mass (M_P) greater than 4000
at a later redshift (SNAPMUR). The progenitors are limited to have mass == 100.

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

Galaxy 6 | Find the Tully-Fizher relation, kMag_hiwidk v W_vir for galaxies with bulgedotal mass ratio < 0.1.

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

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)

i_halo snapnum d_np pl_np pZ_np

25?5. G0 1079 924
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