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PART IPART I

CLUSTERSCLUSTERS



Survey GOALSurvey GOAL

Construct Construct a cluster sample out to a cluster sample out to 
z~1z~1
with controlled selection effectswith controlled selection effects
suitable for cosmological studiessuitable for cosmological studies

It seems that now, It seems that now, 
at least in the Xat least in the X--ray, ray, 

we master the selection effectswe master the selection effects



The XMMThe XMM--LSS designLSS design



The XMMThe XMM--LSS SurveyLSS Survey

Goal : Goal : 

cluster cluster ξξ in two redshift bins for the first timein two redshift bins for the first time

~ 900 clusters out to z~1 

has fixed the XMM-LSS survey characteristics:

a 8x8 deg2 area covered by 10 ks XMM pointings.

⇒ sensitivity 5 10-15 erg/s/cm2 in the [0.5-2] keV band



XX--ray data status:ray data status: -- Received Received -- received received -- received  received  -- (5deg(5deg22))

-- AO5  Large Program AO5  Large Program -- accepted accepted -- (10 deg2)(10 deg2)

The XMMThe XMM--LSS Field = W1LSS Field = W1



XMM pointings :

. Done

. To be redone

. Subaru DS (done)

. To be done in           
2006-2007

Square = 

SWIRE 10deg2 field 

Scuba 2 Legacy

The XMM-LSS/CFHTLS/SWIRE 10 deg2 field : 

an XMM Large Programme



ConceptConcept

Optical IDOptical ID

SpectroSpectro with with FORS, FORS, 
VIMOS, NTTVIMOS, NTT
OrOr photophoto--z  z  

Cluster and QSO Cluster and QSO ξξ

Weak lensing Weak lensing 
mass determinationmass determination

XMM observations

Optical imaging with the CFHT Legacy Survey

COSMOLOGY



A new era is open with XMMA new era is open with XMM
Detecting clustersDetecting clusters

and and 
monitoring the selection functionmonitoring the selection function



A piece of the XMMA piece of the XMM--LSS mosaic ( 2 x 1 degLSS mosaic ( 2 x 1 deg2 2 ))

10 ks exp. red [0.3-1] keV green [1-2.5] keV blue [2.5-10]keV

How complete is the sample ?

How complete is the sample ?

Where are the clusters  ?

Where are the clusters  ?

What is the contamination level ?

What is the contamination level ?

RASS sources



The problem of cluster The problem of cluster 
detectiondetection

……

critical for cosmological critical for cosmological 
interpretation !interpretation !



WhatWhat’’s the s the problemproblem ??

For  0.1< z < 1 , 2020’’’’ < < RcRc < 100< 100’’’’.
⇒ Detecting extendedextended sourcessources (PSF ~ 6’’)

For a typical source, we receive 1 photon / min.1 photon / min.
⇒ Detection is a very specific task as we

are in the Poisson Poisson regimeregime.



Exp. time : 106 s

Simulation example: two clusters at z=0.5

T = 2 keV

T = 4 keV



Exp. time : 104 s



Particle and photon background



PSF blurring



Detector Masks



Field AGNs



PacaudPacaud et al 2006et al 2006

The XMM LSS pipelineThe XMM LSS pipeline
--11-- Image filtering in wavelet spaceImage filtering in wavelet space

source detection at a low levelsource detection at a low level

--22-- Maximum likelihood analysisMaximum likelihood analysis
Test 2 source modelsTest 2 source models: : pointpoint & & ββ--profileprofile
Final catalogue:Final catalogue:
-- CountCount--Rate and ExtentRate and Extent
-- Detection LikelihoodDetection Likelihood
-- Extent LikelihoodExtent Likelihood
-- ... etc... etc

Designed and tested usingDesigned and tested using
extensive inextensive in--situ simulationssitu simulations



Extension likelihoodExtension likelihood
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The cluster selection processThe cluster selection process
3 classes of extended sources3 classes of extended sources

Class 1 (C1):Class 1 (C1):
~ 7~ 7/deg/deg22

no contaminationno contamination

Class 2 (C2):Class 2 (C2):

~ ~ 5 more / deg5 more / deg22

+ 5 false + 5 false detecdetec. . 
50% contamination50% contamination

ClaClass ss 3 (C3):3 (C3):

other clusters  other clusters  
1515--20/deg20/deg22

PacaudPacaud et al 2006et al 2006



Detection ratesDetection rates

Flux (Flux (cts/scts/s))
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Not a fluxNot a flux

limitlimit !!

Class 1 sample

PacaudPacaud et al 2006et al 2006



Not a flux Not a flux limitlimit
!!

~ surface brightness limited



Constructing the sampleConstructing the sample



TheThe
C1C1

samplesample

1 deg

red [0.3-0.5] keV green [0.5-2] keV blue [2-4.5] keV

PacaudPacaud et al, in prep.et al, in prep.



The cluster CatalogueThe cluster Catalogue
Results over  the first Results over  the first 5deg5deg22 ((~4.1 usable~4.1 usable): ): 
29 C129 C1, , 41 C241 C2 candidatescandidates

Result of 3 seasons of spectroscopic followResult of 3 seasons of spectroscopic follow--up: up: 
(2002,2003,2004@(2002,2003,2004@NTT,VLT,MagellanNTT,VLT,Magellan))

=>=> ~ 6~ 60 confirmed0 confirmed clusters clusters ((2626, , 88))

0

5

10

15

0.0
5

0.1
5

0.2
5

0.3
5

0.4
5 

0.5
5

0.6
5

0.7
5

0.8
5

0.9
5

1.0
5

1.1
5

1.2
5

Redshift (dz = 0.1)

nu
m

be
r



The C1 cluster The C1 cluster samplesample (z < 0.3)(z < 0.3)
z = 0.05 z = 0.08z = 0.06 z = 0.14

z = 0.25z = 0.14 z = 0.26z = 0.26

T = 0.6 keV T = 0.7 keV T = 1.3 keV

T = 3.5 keV T = 1.3 keV T = 1.3 keV T = 2.0 keV

Small volume, high sensitivity Small volume, high sensitivity ⇒⇒ low Tlow T



z = 0.28

The C1 cluster The C1 cluster samplesample (z (z ~ 0.3~ 0.3))
z = 0.29z = 0.29 z = 0.30

z = 0.31z = 0.30 z = 0.33z = 0.32

T = 1.7 keV T = 2.8 keV T = 1.2 keV

T = 1.6 keV T = 1.0 keV T = 2.7 keV T = 1.9 keV

…… and 1 < T < 3 and 1 < T < 3 keVkeV bulkbulk of XMMof XMM--LSS populationLSS population



The C1 cluster The C1 cluster samplesample (0.3 < z < 1.0)(0.3 < z < 1.0)

z = 0.38 z = 0.43 z = 0.49

z = 0.61 z = 0.75 z = 0.77 z = 0.84

z = 0.33

T = 2.4 keV T = 3.3 keV T = 4.8 keV T = 2.2 keV

T = 3.2 keV T = 3.8 keV T = 2.8 keV T = 3.3 keV

…… finallyfinally detectingdetecting clustersclusters



The C1 cluster The C1 cluster samplesample (z > 1.0)(z > 1.0)
z = 1.05 z = 1.05

Pending sources …

T = 3.7 keV T = 4.1 keV



Distant cluster search (example)Distant cluster search (example)

I (CFHT)          K (NTT)        3.6 I (CFHT)          K (NTT)        3.6 μμm(Spitzerm(Spitzer))

measured z = 1.22measured z = 1.22 XLSSCXLSSC--046 (C2)046 (C2)

Bremer et al 2006



Redshifts (spectro or photo)

soon available in the cluster DB

The cluster DB : L3SDBThe cluster DB : L3SDB

AVAILABLE NOW

-X-ray images

-CFHTLS images

-X-ray spectra

-X-ray profiles

- Cluster redshifts



ConstrainingConstraining the cluster the cluster 
scalingscaling lawslaws



The D1 The D1 
areaarea

1 deg

red [0.3-0.5] keV green [0.5-2] keV blue [2-4.5] keV

Here !



8 C18 C1

1 C21 C2

4 C34 C3

1 deg2 - 20ks
CFHTLS Deep
VVDS

Pierre, Pacaud, Duc et 
al. 2006

Z =0.34, T=0.9
Z =0.5�8

Z =1.05, T=4.1

Z =0.82

Z =0.92

Z =0.46

Z =1.05, T=3.7 

Z =0.14, T=1.3 

Z =0.26, T=1.3 

Z =0.31, T=1.0 

Z =0.29, T=1.7 

Z =0.05, T=0.6 

Z =0.26, T=2.0 

The D1 subThe D1 sub--samplesample



The D1 LThe D1 L--T relationT relation

TT
1 1 keVkeV 4 4 keVkeV

The first L-T relation for intermediate redshift groups

LL--T at z=0T at z=0
LL--T at z=0.5 (selfT at z=0.5 (self--similar evolution)similar evolution)

Pierre, Pacaud, Duc et al. 2006



Cosmological modellingCosmological modelling



Cosmological Cosmological modelingmodeling
ΛΛCDM  + CDM  + P(kP(k)) (WMAP+BBKS)(WMAP+BBKS)

Mass Function Mass Function ((ShethSheth & & TormenTormen 1999)1999)

Halo profile modelHalo profile model (NFW 1995 + Bullock et al 2001)(NFW 1995 + Bullock et al 2001)

MM500500--T relation T relation (Arnaud et al 2005)(Arnaud et al 2005)

LL--T relation T relation (Arnaud & (Arnaud & EvrardEvrard 1999)1999)

++
RedshiftedRedshifted plasma model   plasma model   (APEC)(APEC)

⇒⇒ Fluxes (Fluxes (M,zM,z))
Convolution with XMM response  Convolution with XMM response  

⇒⇒ CountCount--raterate
ββ--profile (profile (ββ=2/3 and =2/3 and RcRc=180kpc)=180kpc)

⇒⇒ Folding with simulated detection ratesFolding with simulated detection rates

…… and and finallyfinally dndn/dz !/dz !



The C1 redshift distributionThe C1 redshift distribution
…… comparedcompared withwith WMAP 1WMAP 1stst and 3and 3rdrd yearyear

SelfSelf--similarsimilar evolutionevolution
No No scalingscaling evolutionevolution

11stst yearyear σσ88=0.9=0.9 33rdrd yearyear σσ88=0.74=0.74

Pacaud, Pierre,  2006 subm.



FUTUREFUTURE

Insights Insights fromfrom otherother
wavelengthswavelengths::
WeakWeak lensinglensing

SunyaevSunyaev--ZelZel’’dovichdovich effecteffect



SS--Z observations of the XMMZ observations of the XMM--LSS LSS fieldfield
APEXAPEX--SZ survey :SZ survey :
•• ResolutionResolution: 50: 50’’’’ @ 150 GHz@ 150 GHz
•• CoverageCoverage: 4 : 4 clusclus./deg./deg22 over the over the wholewhole fieldfield
•• SensitivitySensitivity:  10:  10μμK  (y = 5.10K  (y = 5.10--44 arcminarcmin22))

OCRA :OCRA :
•• ResolutionResolution: 70: 70’’’’ @ 30 GHz@ 30 GHz
•• CoverageCoverage: : pointedpointed observationsobservations

AMIBA (AMIBA (interferometerinterferometer):):
•• ResolutionResolution: : ~ 10~ 10’’’’ @ 95 GHz@ 95 GHz
•• CoverageCoverage: : pointedpointed observationsobservations

All about to All about to startstart !!



Combining wavelengthsCombining wavelengths
Joint analysis of number density and space Joint analysis of number density and space 

distribution of clusters using X, Sdistribution of clusters using X, S--Z, and optical  Z, and optical  
methodsmethods

(i.e. with differing selection process)(i.e. with differing selection process)

Use the joint Use the joint XX--ray/Sray/S--ZZ data sets to get insights data sets to get insights 
into the into the evolution of the ICM  physicsevolution of the ICM  physics

GetGet mass information mass information from thefrom the weak lensing survey weak lensing survey 
on the CFHTLS dataon the CFHTLS data

The redundancy between the various The redundancy between the various 
observables allows:observables allows:
•• Calibration of the massCalibration of the mass--observables relationsobservables relations

ANDAND
•• Constraints on the cosmologyConstraints on the cosmology



ConclusionsConclusions



SummarySummary II

WithWith 101044s ds d’’XMM  XMM  wewe detectdetect ~ ~ 12 clusters/deg12 clusters/deg22

•• ~ 3 times more ~ 3 times more thanthan withwith the ROSAT DS  the ROSAT DS  
•• SoonSoon ~~120 amas in the SWIRE 120 amas in the SWIRE regionregion (10deg(10deg22) ) 
•• CosmologicalCosmological constrainsconstrains fromfrom the cluster distribution the cluster distribution 

out to  zout to  z~1~1

WeWe detectdetect the group populationthe group population
atat 0.3 < z < 0.50.3 < z < 0.5 for the   first time for the   first time 
•• building blocks of the  z~0 clustersbuilding blocks of the  z~0 clusters
•• The  LThe  L--T relation T relation providesprovides major information on   major information on   

baryon baryon physicsphysics



SummarySummary IIII
For the first time, For the first time, self calibration of a cluster surveyself calibration of a cluster survey::

Flux limit is no longer viableFlux limit is no longer viable
•• The class system allows us to control larger samplesThe class system allows us to control larger samples

We abandon the F(L) evolution approach We abandon the F(L) evolution approach 
We model the observed We model the observed n(zn(z) from  P(K) ) from  P(K) 

FurtherFurther multimulti--λλ studiesstudies includingincluding:   :   
APEXAPEX--SZ  SZ  
CFHTLS CFHTLS weakweak lensing  lensing  

ImprovedImproved understandingunderstanding of the ICM of the ICM PhysicsPhysics
TowardToward a a precisionprecision cosmologycosmology



Summary III : CFHTLS contribution Summary III : CFHTLS contribution 
to cluster studiesto cluster studies

CFHTLS is necessary to identify the XMM CFHTLS is necessary to identify the XMM 
and APEX cluster detectionsand APEX cluster detections

Cluster photoCluster photo--z are mandatory for any z are mandatory for any 
further studyfurther study
CFHTLS is very promising CFHTLS is very promising 
((cfcf H. H. AusselAussel))

CFHTLS weak lensing mass information is CFHTLS weak lensing mass information is 
essential for cosmologyessential for cosmology



Recent cluster publicationsRecent cluster publications

The XMMThe XMM--LSS survey: The XLSS survey: The X--ray pipeline and the ray pipeline and the 
survey survey selectionselection functionfunction
PacaudPacaud et al., 2006, MNRAS 372, 578et al., 2006, MNRAS 372, 578

The XMMThe XMM--LSS survey: A LSS survey: A completecomplete XX--ray ray samplesample
over the D1 CFHTLSover the D1 CFHTLS areaarea
Pierre et al., 2006, MNRAS 372, 591Pierre et al., 2006, MNRAS 372, 591

----------------------------------------------------------

The XMMThe XMM--LSS survey: the C1 cluster sample and LSS survey: the C1 cluster sample and 
its cosmological applicationsits cosmological applications
PacaudPacaud et al (et al (submsubm.).)

All cluster data available at L3SDB : All cluster data available at L3SDB : http://l3sdb.in2p3.fr:8080/l3sdbhttp://l3sdb.in2p3.fr:8080/l3sdb



PART IIPART II

The 90% remaining The 90% remaining 
pointpoint--sourcessources



OnOn--going activitiesgoing activities

MultiMulti--λλ studies : studies : 
XMM/SWIRE/CFHTLSXMM/SWIRE/CFHTLS

Angular correlationAngular correlation



The W1 XMMThe W1 XMM--LSS/CFHTLS catalogue  LSS/CFHTLS catalogue  
XMM source lists in 2 bands: XMM source lists in 2 bands: 
•• [0.5[0.5--2] & [22] & [2--10] 10] keVkeV
•• 3300 sources3300 sources

BandBand--merged cataloguemerged catalogue
Full XFull X--ray imagesray images

CFHTLS associated data for each sourceCFHTLS associated data for each source
•• within 6within 6””: : u,r,g,i,zu,r,g,i,z cataloguecatalogue
•• 4040””x40x40”” stamp imagestamp image

SWIRE/CFHTLS catalogue : public!SWIRE/CFHTLS catalogue : public!



XMMXMM--LSS/CFHTLS LSS/CFHTLS 
STAMPSSTAMPS

+   soft sources+   soft sources

x   hard sourcesx   hard sources



Recent AGN publicationsRecent AGN publications
The XMM The XMM LargeLarge--ScaleScale Structure Survey: Structure Survey: 
propertiesproperties and and twotwo--pointpoint angularangular correlationcorrelation of of 
point sourcespoint sources
Gandhi et al., 2006, A&A 457, 393Gandhi et al., 2006, A&A 457, 393

----------------------------------------------------------
Obscured and Obscured and unobscuredunobscured ANG in a hard ANG in a hard 
subsamplesubsample of the XMDS surveyof the XMDS survey
TajerTajer et alet al ((submsubm.).)

The XMMThe XMM--LSS catalogue: XLSS catalogue: X--ray sources and ray sources and 
associatedassociated opticaloptical data  data  
Pierre et al (Pierre et al (submsubm.) .) 

All X/optical data available in Milano : All X/optical data available in Milano : 

http://cosmos.iasfhttp://cosmos.iasf--milano.inaf.it/~lssadmin/Website/LSS/Query/milano.inaf.it/~lssadmin/Website/LSS/Query/



FINFIN
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