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Goals for studies of galaxy formation/evolution

® A physical understanding of the development of current
complexity from initial stmplicity

® Clarification of the links between apparently diverse phenomena

® [dentification of all significant components of the large-scale
Universe

Tools
® Uniformity of the laws of physics
® Availability of many realisations of all phenomena

® Complementarity of archaeological and look-back approaches



Open questions for the next decades

®* What were the first objects to form and when did they form?
®* How was the Universe reionised? By what?

®* What 1s the assembly sequence of the major components of
galaxies? What morphological transformations occur in Nature?

® What 1s the role of internal versus external processes 1n building
galaxies? Secular evolution vs environment vs bias.

®* How do heavy elements cycle between galaxy components and
with the IGM? Where are most of the heavy elements?

® How 1s the growth of galaxies and SMBH's related? How i1s this
reflected in different varieties of AGN?

®* What can galaxies/clusters tell us about the nature of dark matter?



Physical processes

® Dark matter dynamics

® (Gas shocking and cooling, HI and molecular cloud formation

e Star formation, stellar evolution

* Stellar winds, SN energy feedback, galactic winds

® Heavy element production, ejection and mixing. Dust formation.
® Black hole formation. Radiative and hydrodynamic output

*® Ejection of magnetic field, cosmic rays.

® Radiative transfer — reionisation, ISM properties

* Stellar/gas dynamics of galaxy structure



Is it all too messy?
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Is it all too messy?

No! ® The cosmological standard model 1s well specified,
and has simple IC's

® Evolution in the dark matter distribution 1s affected
little by baryons and can be calculated accurately

® Galaxy phenomenology shows strong regularities
suggesting convergent evolution (scaling relations,
Kennicutt “laws”, structural “laws”)

® Problems can be broken down by scale: clustering
— global properties — internal structure
—> AGN feeding — star formation
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The effects of “radio
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mode” feedback on
z=0 galaxies

Croton etal 2006
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Evolution of mass and galaxy correlations

Springel, Frenk & White 2006
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Deep galaxy luminosity functions
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Deep galaxy luminosity functions

Marchesini et al 2006
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Deep galaxy

mass functions

Kitzbichler & White 2006

Observational estimates:

Cole et al (2001) z=0
Drory et al (2005) z=0.5to 4.5
Fontana et al (2006) z=0.5to 3.5



Angular correlations in the COSMOS data

and in the Millennium Simulation
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Models for evolution of the BH-bulge relation

Croton 2006
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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_halq | Snapnum d_np. p1 _np p?_np
2576 60 10759 924 Py
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ELT opportunities for galaxy formation/evolution

(Increased resolution, light-gathering power, smaller field)

® Reaching more distant and different types of galaxies for
archaeological (resolved star) studies

® Exploring BH feeding in nearby systems

® Structure and kinematics in distant (lensed?) galaxies

® Spectroscopic stellar population studies at high redshift

® Studying 1in/outflows through absorption line studies of hi-z galaxies
® BH mass determinations and QSO host studies at high redshift

Challenges

® Assembling big enough spectroscopic samples for population studies

® Characterising the dominant gas component at high redshift
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