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... we finally met for our

Distant Cluster Workshop
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Average Global Cluster Properties (Optical)
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Combined galaxy density profile and velocity disperson profile
of 36 RCS clusters z=0.15-0.6 Chris Blindert
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Assessing Cluster Morphology

- See also talk by Irini Sakelliou

On X-ray cluster morphology analysis




Evolution of the M-T relation

_Chandra|

Tipec, keV

Vikhlinin et al, 05, astro-ph/0507092

10
kT (keV)

Arnaud,Pointecouteau & Pratt,05 relaxed clusters

Precise converging calibration of the local M-T relation

« M(r) from the HE equation with kT profile => consistent estimate of Ryand Mj
- effect on non-grav. physics: normalisation offset ; o = 1.5£0.1 (T>3.5 keV) a. ~ 1.7 (T>2 keV)

© Some discrepancies with previous ROSAT/ASCA studies (see Arnaud et al, 05)

Monique Arnaud



Evolution of the M-T relation (3)
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Maughan et al, 05, astro-ph/0503455

1e+13

- There is evolution Larger, ~ unbiased (0.6<z< 1; local) sample

« Consistent with expected @& M, assuming isothermality; HE valid?
© Different definition for M,

Monique Arnaud See also Ettori et al, 04
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he evolution of the L, -

relation

I Vlkhlmln et al 02 -

| Kotov & V/khlmm 05

Lumb et al, 04
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Scaling Relations

 We need to agree on a common, acceptable recipe !

« Scalingwith E(z) or E(z)Az

Monique Arnaud
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Entropy scaling

1000

If clusters are self similar,

pgas C Ppm & 50 (O) = cst
=S T

'S (0.1 R,y ) [Ponman et al, 2003]

Entropy at 0.1R,q, (keV cm?)

e Find S o« T9-5% with slope stable
to 0.5 R200 [see also Ponman et al. 2003]

100

Temperature (keV)

¢« Soc TVO= [ oc T?7

[ ©0.1 Rago 1
AQ.2 Rago ‘43

| 00.5 Roog

* Increased dispersion towards
central regions

1000 |

h(z)*/3 s (h;(]ﬁ keV cm2)

100L .

10
T

Gabriel Pratt [Pratt et al., astro-ph/0508234]
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Entropy scaling: comparison with adiabatic simulations

* Hotter systems in -
relatively good o : |
agreement (slope & s ¢ Js
normalisation) I R ¥
i o Adiabatic

* Clear excess o | t e prediction |

. . () L L i
normalisation at all & by (Voit 2005)
measured radii in poorer S 010F 44 : A1983 o |
systems (x2.5 at 2 keV) - o 977 e ]
» Increased dispersion in | k4 _
central regions '
« Need mechanism which il “ h220%
iIncreases normalisation 0.01 0.10 | 00
ar large R and dispersion Radius (R,q4)
atsmall R [Pratt et al., astro-ph/0508234;

also Pratt & Arnaud 2005]

Gabriel Pratt / Stefano Borgani
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Caveat: Multi-Temperature Structure
Elena Rasia:

Temperature can be biased low, if multi-temperature
ICM is fitted with single temperature models

14



Cooling Core Clusters = Megan Donahue
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Donahue, Horner, Cavagnolo and Voit 2005

Very low entropy cores ~< 10 keV cm?



» No fossil bubbles out to

What is

~100 kpc
- Little or no temperature
gradients

Donahue, Voit, O'Dea, Baum & Sparks 2005

These clusters show
less entropy decrease
in the center and
consequently feature
alonger cooling time

K (keV cm?®)

K (keV ecmZ®)

Megan Donahue

Cooling Core Clusters without
central radio source
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The Ly-T relation

L, (104 erg s1)

10

0.01 L

0.001

1 | 1 1 | | | | | I 1 I .
" —}— Osmond & Ponman ('04) ﬂ%
—e=—  Arnaud & Evrard ('99)
—— Markevitch ('98)

T rr1|||||

T 1 III'IrI'l

0,1 :‘I b -

Stefano Borgani

(OO0 0D ‘02: cooling only

Muanwong et al'03: cooling +

pre-heating

SB et al’'04: cooling + SF +

galactic winds
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Entropy amplification from feedback Stefano Borgani

830 km st 340 km st + S;4100
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Entropy amplification from feedback

- ——— Cluster L
Group-—1 R
e Group—2 o S e il

W1+S1004
Loh oy i .

0.1 1

R/R

vir

Stefano Borgani

— Even strong winds
don’t break self-similarity
In the halo outskirts

= Entropy amplification
requires a quite diffuse
feedback heating

20



_simulation by Klaus Dolag

-,

Beautiful cluster




Following Details of Processes in Simulations

) 00 00

g72.078 3.5, £its_L

g72.080.a.x.£1t5 L
i i
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alk by Klaus Dolag

g72.082.a.x. Fits,

200 100 o0

972.088.a.x Eits_1
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G. DelLucia

The SAM - the hybrid models: -
Central galaxy

>
Halo galaxy\’

Satellite
galaxy

N

Springel et al.

De Lucia et al., MNRAS, 2004

24



1.5

EDisCS
clusters

Hlum/#faint

O.0

A "cosmic down-sizing" (Cowie, 1996).
A problem for the hierarchical paradigm?

r'ecTshif‘r

0.8

0.8

The build-up of the CM relation

There is a clear
increase in the
luminous-to-faint
ratio with increasing
redshift

De Lucia et al., in prep.

G. DelLucia
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The star formation histories: mass
redshif

0.2 0.5 1
T T T

1.0[

o.a:— clusters MsTar‘ = 1012 Msun

|

0.6
0.4

: / Ms’rar = 10° Msun

0.2F

Elliptical galaxies also have a
shorter formation timescale!

This is "anti-hierarchical”lll

12 14

) De Lucia et al., astro-ph/0509725

i 4 | 3 a8 10
Lookback time (Gyr
G. DelLucia
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The SNe Ia Experiment with Clusters?

They have recently expanded their sample to 28 and are using
Chandra X-ray data to measure distances. In combination
with local distance measurements of Mason et al (2001), they
can begin to probe the dark energy.

——  @,=0.3, 0,=0.7, Hy=72

—— 0,=1.0, 0,=0.0, H,=72 F&
T®
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Redshift
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Joe Mohr
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Recent Gas Mass Fractions

b

IIEE
o
Ii-tJ.

0.06

 LaRoque et al 20051

E-“‘ﬁﬂ} l”d
~‘La30qqeeyaI200§ .
0.2 0.4 zﬂﬁ 0.8
e L
o ﬁ :

|

0.2

0.4

Z

|
0.6

0.8

Gas mass fractions can be used to
constrain QQ_ (SZE: Mason et al
2001, Grego et al 2001, Lancaster et
al 2005)

Comparison between X-ray and SZE
derived gas mass fractions allows one
to constrain clumping in the gas.

This sample of 28 shows good
agreement- no evidence for clumping

f,(X-ray) = 0.109+0.003
f,(SZE) = 0.115+0.005

Joe Mohr
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ACBAR Survey

ACBAR (led by Bill Holzapfel) is a
multifrequency, 4 arcminute beam
bolometer deployed on the 2.5m

Viper telescope at the South Pole

— Beam scale (similar to Planck
high frequency) has made it
challenging to separate cluster
signal from the primary CMB
anisotropy

— Have targeted known clusters

— Observations of a new
ACBAR deep field are just
now ending

150 Gz

220G Hz

220GHz

Joe Mohr
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Cl0024: Mass vs. Light Mass traces |_|ght L

*NFW and Power-Law ’
model fit the strong+weak v
lensing |
But high concentration ,..M ‘0 |
compared to expectations ¢
(similar results on other —F 50

clusters: A1689 ...)  Broader sequence selection \

Red sequence selection

SIS does not fit the
strong+weak lensing

*M/L is constant with
radius with M/L,~40 Kneib et al 2003

32



B o - B W e W o CHLEEER & W
weak lensing scatter plots - correlation with
velocity dispersion and X-ray temperature

FLos (kmfs)

2000 T 7

1500

1000

500

Jean-Paul Kneib

A1689
T L B B
8 50 z/cluster)
é; A1763 | Al835
g g |
S Azﬂl
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D- 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
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oip (km/s)

2000

M200

3000

2000

1000

000
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Local Sample: HIFLUGCS

~60 X-ray brightest clusters in sky
~completely covered with both Chandra and XMM-Newton

1

4z

e izwsa i
T Boads n w




Red Sequence Cluster Survey

Talks by: Howard Yee, David Gilbank, Erica Ellingson, Shuba
Majumdar, Chris Blindert

RCS 1: 90 deg2 30 telescope nights
Future: RCS 2 1000 deg2 CFHT MegaCam finished 2007

Other upcoming surveys:
DES, UKIDSS (+KIDS), PanStar, +
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RCS

Good redshift prediction
o, = 0.063 !

' ZDDG T T T T

Q.0

o4 .6 (E] 1500

Correlation of
velocity
dispersion with
optical richness

David Gilbank




RCS in X-rays

Erica Ellingson

8 out of 9 detected with > 5¢

(2112-6326 at zph=1.1 is 2-30)
3 additional cluster detections on the way
(final data arrived this week)
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RCS: Lx-Bgc

correlation of X-ray luminosity and optical richness

RCS clusters are under- ) X—ray Luminosity vs. BgC,eq
luminous for their optical - &
richness 45.5 —o—

See also: E‘

Donahue et al. 99, ~

Gilbank, 2004 *

Lubin et al., 2004 2

(o]

2.4 2.6 2.8 3.0 a4 3.4

Logqo Bgc,eq [Mpc™”]
L2500
CNOC, CF corrected : diamonds

Erica Ellingson RCS: squares
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RCS: Tx-Bgc

Correlation of X-ray temperature with optical richness

12
Temperatures show general

agreement with lower-z X-ray -
samples

= :
o
T T I T T Ll

Slightly systematically lower
temperature for their optical

Logp Tx [kev]
o
L]
|

richnesses I
0.4 .
Outlier: superposition of groups in 02l 3
small z range (e.g., Gilbank’s talk, s & !
also Gonzales’ supergroup?): Sl T e ey T
predicted to be ~5% of RCS? ' " Logyy Bgcug [Mpc™) '

Diamonds= CNOC
Squares = 6 RCS clusters with

Erica Ellingson _
enough signal to measure Tx
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Lx-Tx

RCS: clusters underluminous for

Lx vs. Tx for R < Rygqq
expected Tx? Large | | | |

uncertainties... _ 15
>
= 1.0
Solid: slope=2.2 = 05
Dotted = 2.0 Q -
Dashed= best fit slope 4+/-2 = e
See also Lubin, et al., 2004 §

-0.2 0.0 0.2 0.4 0.6 0.8 1.0
Log,, (Tx) [I-:EV]

CNOC: diamonds
RCS: squares

Erica Ellingson
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Doing ¢

200 T T

180

3

14

[=]

A N (Input Cluster distribution)
S 8 B8

5

[+
[=]

Q
0.

1078 clusters

A 1
2 0.3 0.

osmology AND cluster physics with actual data: RCS1

_ RCS: the results
Q,, = 0.34 +/- 0.064
(0.29 +/- 0.07)
! Gy = 1.05+/-0.14
I (0.9 +/- 0.1)
. i A R 1} log(Aggyc) =10.95 +/- 0.78

zbin (z=0.3) (10.05 +/- 0.89)
RCSL1: the survey
76 deg?, B, > 300, oc-detection > 3.3 a =1.64+/-0.28
AB,. <0.5,z=0.2—1, ~1100 clusters (1.58 +/-0.27)
= 0.28 +/- 0.35

Completeness fraction corrected from simulated ’ (:0.5 +/- 0.5)
catalogs + Yeong Loh’s estimate of evolution ' '
of blue fraction with redshift.

Changing redshift dependent completeness does not change cosmology

much which is

a big endorsement of the self-calibration technique!

a1



| Iileid,elbe}g Infrared/Optical Cluster Surv&y
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Redshift
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X—ra¥ Luminous cluster at

{ .270.1393

VLT 8m
R 1140s
/Z 480s
Ks 3600s

2.5 x 2.5
1.3 x 1.3 Mpc?

Chris Mullis



Prospects for the XDCP

6‘"’? i | | X-ray Distant Cluster Project
sof
o E E ~ 1 cluster /deg?z @ z>1
: \ ,
g suuf : :
20} | | Over 100 deg? in about two years
1|:||:|% : \L Cumulative Number of XMM-—Newton Archive Observations
\ 2 3 1100 E
A S S P 1000
00 05 12.0 1.5 2 900
BODE -
moé
g 600
£ 500¢
400
300
200§
Rene Fassbender ‘Og
1 20 30 40 S50 60 70 80 90 100
Georg Lam er Expaosure Time [ksecl
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AB magnitude

-1 rrrrrlrrrrrrrrr
22

S | Spitzer/IRAC Shallow Survey

L' Galaxy _-----___-~
-

[ ]
o

Distant clusters feature very prominently in the
IRAC MID-IR-Bands

’
wees
) .

Cl 0152-13 at z=0.83 in vri

0.5 1 1.5
redshift

P. Eisenhardt

vri image from Piero Rosati, VLT 3.6 micron IRAC image, 5 x 200 sec




Z =1.41 Cluster P. Eisenhardt
most distant conformed SPITZER detected cluster

z= =141
Stanford et al. 2006,
ApJ Lett, astro-ph 0510655




New XCS Cluster at z=1.45

90

Color-mag diagram 1s reasonable

60
5 -
30 B
2 <4 f :
5 o0 i
§ 3F - ...
30 B
17
—60
60 o 50 a 30 60
— . ARC SECONDS
X-ray information:
— 287 counts in 0.5-2.0 keV band in r=30"
aperture (255 kpc)
— kT =4.1+/- 1.1keV Adam Stanford

~ 1(0.5-2.0) = 1.7 x 10** ergs/s
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Spitzer SWIRE Survey

Talk by Muzzin:
Clusters with red-sequence redshifts upto z~1.75 Il

Red-sequence also exists in LB protoclusters @ z~2.3 (Steidel)
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Distant galaxy clusters detected around radio galaxies

3C184 z:0.994

XMM/EPIC image Belsole et al. 2004
54 ks (MOS)

16 ks (pn)

Talk by Elena Belsole
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The X-ray Cluster LogNLogS from the Deepest

Surveys
Alexis Finoguenov
=1 ™| IIII| I | [ | IIIII I I I IrriH
_‘\‘ \\\ :
b |
iS
o 10° [ = :
S - ] Sky coverage of different
o5 i ) deep X-ray surveys
L L DL L LLL B f
) i & - EMS
o [ i 100 |
Z F
COSMOS, SXDS :
10 E
10% :_ L {3 rf\.w,h,; fJJ{Js‘}'\# s _: ‘E’ 1 i 7
_I L1 IIII| 1 | L1 IIIII | 1 1 I\-II_. § LH ! :. ;
T 1014 10713 0.1 £ Tl —
S (0.5—-2 keV) [cgs] : IEI‘BOSD :
| SN i R A R P
The results of different deep surveys on the 520 o] (erg o oy

galaxy cluster X-ray source counts converge !
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SZA Results Pryke

Cl1415 new in SZ at z=1

14.0 14:1510.0
ight 8 scenskon

Cl1415436, M = 4x10 ™ 14 solar
X-ray WARPS sample, B. Maughan et al,
astro-ph/0503455

SZA unpublished (Stephen Muchovej)




First AMI Cluster Detections

: : . g
g g Lk 1 E_
- | i
£
o e = [
Hight Asceneion (JE00D) Right Ascanaicn ([0
A1914 (astro-ph/0509215; Accepted AT773 (6h observation)

for publication in MNRAS Letters)
S = -8.6 mJdy, noise = 0.2 mJy/beam

Rudiger Kneissel
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Cosmalogy with Cosmic Vibrations

Peter Schiucker




Cosmological Constraints with Baryon Oscillations
measured in the cluster power spectrum

40—
Alh-'Mpc]
500 100 50
T ' LA
108 | ‘g’
=
)
g o - -40 E' A S S T ) T T Y S
o - 0.1 0.2 0.3
k [h~! Mpc]!
3.0x10* ""I""I"'z';l"o .............
1000 I B L
0.01 006 0.1 st
k [h Mpc] '
2.0x10* ]
< 1.5:10‘:— b
>= 100 000 clusters in survey required ! O‘J\i
5.0x10°k ]
Peter Schuecker Talk T ETEE
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Bye bye Ringberg
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A Big Thanks to

Hermann !
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