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With the establishment of a standard structure formation
paradigm, cluster studies split into three main threads

A: Tests of the paradigm / measurement of its parameters
-- Statistics of matter distribution (Gaussian/non-Gaussian)
-- Nature of dark matter (core structure, cluster galaxy halos)
-- Nature of dark energy (N(M, z), baryon wiggles)
-- Estimation of Qm, Qb / Qm , W, ...

B: Studies of the intergalactic medium
-- thermodynamic history (heating, cooling, phase structure)
-- enrichment history (Pop III, wind properties, mixing)
-- nonthermal components (B-fields, CR's, radio bubbles)

C: Studies of galaxy evolution
-- density vs mass, structure, SFR... (not “morphology”!)
-- early vs late imposition of trends (Nature vs Nurture)
-- relation between galaxy and SMBH evolution



In the standard paradigm:

® clusters grow from inhomogeneous infall along filaments

® they have no edges — on large scales they become part of
a globally homogeneous “cosmic web” -- on small scales
their internal structure remembers their assembly history

® the 3-D structure around typical massive clusters 1s
complex with many interacting sheets and filaments

® shock structures around clusters are extended and
complex, punctuated by infalling cool clumps on the
fillaments —— cold fronts, etc.
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In the standard paradigm:

® clusters grow from inhomogeneous infall along filaments

® they have no edges — on large scales they become part of
a globally homogeneous “cosmic web” -- on small scales
their internal structure remembers their assembly history

® the 3-D structure around typical massive clusters 1s
complex with many interacting sheets and filaments

® shock structures around clusters are extended and
complex, punctuated by infalling cool clumps on the
fillaments —— cold fronts, etc.



Gravitational lensing by a galaxy cluster

Both strong lensing and X-ray data indicate that many/most clusters
have compact cores or cusps and an NFW-like density structure




Constraining DM properties with strong lensing ?

Sand, Treu & Ellis 2002

DM inner slope (B)

1.5

* Model potential as power law DM + galaxy with constant M/L

* Consistency with radial arc, tangential arc & velocity dispersion profile
—pp- Inner slope of DM profile shallower than NFW

* Constraint 1s substantially weakened 1f the inner DM distribution can be
significantly flattened (Bartelmann & Meneghetti 2004, Dalal & Keaton 2004)




Halos of galaxies in clusters

® The halos of cluster galaxies are less massive at smaller radii
® E's have smaller halo masses than disk galaxies of the same L
® Many galaxies have almost all their halo (and some stars?) stripped
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Cluster abundance evolution as an estimate of (2

Evrard et al 2002

* Cluster abundance by
mass evolves more
slowly for lower (2

e Observed abundance
of hot clusters at
large z indicates a
low density universe

“redshitt @ This inference could
be messed up by
evolution in the

Differing symbols denote clusters of differing mass mass-temperature

relation



Hubble Volume Simulation
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Galaxy formation in the standard paradigm

® Nonlinear dark matter clustering under gravity
=»  hierarchical "dark halo" growth by accretion and merging

® Infall and shock heating of diffuse gas
=»  hot gas "atmospheres" 1n halos (e.g. the intracluster gas)?

® Cooling and condensation of gas into "protogalaxies”
=»  rotationally supported disks?

® Star formation 1n disks or during protogalactic collapse
=»  disk galaxies or "primordial"” spheroids

® Feedback from UV radiation, galactic winds and AGN

reionisation and enrichment of the intergalactic medium

regulation of star formation within galaxies

® Merging of galaxies
starbursts
morphological transformation :  disks === spheroids



Environmental/cluster processes

Included in standard SA ssimulations

® Formation bias

e Merging

® “Strangulation”

e “Cannibalism”

® Cooling flow accretion

Not yet included in standard SA simulations

“Harrassment”
Tidal stripping/I CL formation
Ram pressure stripping
Evaporative stripping
Pressure induced starbursts









1SA ssimulation of cluster formation

8 ® Semi-analytic methods allow the
8 simulation of a Coma cluster
B following all galaxieswith Mg < -12
BN o Nearly all galaxies with M, < -16
M rctain their own dark halos
® Protocluster can be analysed at high z
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e 104 member ellipticals with M, < -18

® Stars form early

* Most ellipticals assembled early

> e Many ellipticals accreted late
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The effectsof “radio

mode’ feedback on
. z=0 galaxies

Crotoneta 2005

® [n the absence of a “cure” for the
aipicos » | cooling flow problem, the most
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Effect of feedback on the L uminosity Function
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Effect of feedback on the L uminosity Function
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Effect of feedback on the L uminosity Function
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Effect of feedback on the L uminosity Function
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The EDisCS Strategy

~0.5and 15 withz_~ 0.8

est est

e Sclect 15 bright candidates with z
from the Las Campanas Distant Cluster Survey (130 deg?)

® Image each field in 2 bands for 20min with FORS2 (3 FORS nights)

® Select 10+10 best cluster fields for deep imaging:
VRIJK atz~0.8, BVIKatz~0.5 (11 FORS + 20 SOFI nights)

® 30min exposure of one FORS2 mask of each field to confirm reality
of cluster (1.5 FORS nights)

® 3 or 4 FORS2 masks of each confirmed field at longer exposure to
get spectra of representative systems to [=23  (20.5 FORS nights)

® HST/ACS 1maging of 10 most distant fields (80 orbits)

® WFI 3-colour imaging of all 20 fields to study large-scale
environment of clusters (84 hours of WFI imaging)

36(+ 3) nights on FORS2 + 20(+ 11) nights on NTT/SOFI
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Luminosity Function of 'passive' Galaxies
De Lucia et al 2004 ApJ Lett 610, L77

The ratio of luminous (L/L* >0.4) to

faint (0.4 > L/L* > 0.1) red-sequence
galaxies 1s
0.81 = 0.18

In 4 distant (z ~ 0.75) EDIisCS clusters but
Isonly

0.34 = 0.06
In the Coma cluster

Low mass galaxies evol ve onto the passive
red sequence later than high mass galaxies
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L ensing strength of EDISCS clusters vs redshift
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HST/ACSF814W Iimage . Dalcanton, Desa
of cl1037-1243 at z=0.58 _ |




I-K

Colour-Magnitude-Morphology Diagrams

Sr S L L "L L L
L I B A B =l == CLI420-123 =05 = CLI1323-113/ r=058 -
4= T T —
- T T a & o4 o ]
b TP SE . . b
- —t— ™, e o s -
- T FeResl 28T R
- g 1T L -
2= —— o e s Tappa
N oo T =4 LT ]
[ _ oo -
1 I I —
C T . T ]
I e e o e L A B R
u | I I 4 | | I 1 | I I u
N CLLI2Ia 12401 =174 T CLIad 1245 a=11.75 T CLI22T 1138 =163 _
ol I I ~
- sudiag, o T . T N
B " T “%FJ_ “ﬂai:f oy 1 mant L8 ]
3 g B P R v 542 ien R A Py SNy
- A & .tﬂ': Q_.i&?r_ u‘ ah u‘ | %a -iqn tﬁ“u*g’r
— iﬂ?n - o T L& fn o+ d0 TR b o i
2 R = P TP gt A0 2 1
L LY I L} }‘1“}.-- & :n.,f ]
- + T " a L&-‘ﬂh_- Ad .ﬂ a Y -
N T s = T & KX ol -
1E —+ — =
0 T R R T N T R R T N T M s i A T D T I T
14 16 18 20 14 16 18 20 14 16 18 20

Simard
® Field corrected C-M

diagrams for typical
clusters

® 'Morphologies' are
B/T values derived
from the 2D 1mage
fitting code GIM2D

® Clusters show a wide
range of richness

® Strength of red
sequence and of blue
'B-O' population 1s
variable

® Many disky galaxies
on the red sequence
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EDIsCS Spectra
=21.33 Halliday, Poggianti
o | ® FORS2 spectra are of very
. high quality
D TREITETETEN EFI TR N -
5500 EO00 BS00 o 7000 7500 0 @ Redshifts can measured to
BO0 | | ~23

400 =

z=0.7839
|=22.01

gaa0 Ba00

lambda

7000

7200

| ® Lineindices can be

measuredto | ~ 22.5
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Velocity dispersions vary from ~200 to ~1100 km/s

Halliday et al 2004 A&A 427, 397; Milvang-Jensen et al in prep.



Statistics for spectroscopy

Spectra 2077
Redshifts ~ 1900
Cluster members ~ 670
Line index measurements ~ 900
Velocity dispersions ~ 150
Rotation curves ~ 350

Accurate line indices for fainter galaxies can be obtained by stacking
spectrafor similar systems



