
The XMMThe XMM--LSS cluster sampleLSS cluster sample
and itsand its

cosmological applicationscosmological applications



Cosmological interpretation Cosmological interpretation 
of cluster samplesof cluster samples

TOOLS:  TOOLS:  dn/dzdn/dz, 2, 2--pt correlation function ...  pt correlation function ...  

--11-- Whatever the detection wavelength:Whatever the detection wavelength:
•• The samples must be complete and uncontaminatedThe samples must be complete and uncontaminated
•• The selection function must be well understoodThe selection function must be well understood

--22-- Evolution of cluster [physics] plays a key role Evolution of cluster [physics] plays a key role 
in the in the detectabilitydetectability of [Xof [X--ray] clustersray] clusters

Detailed simulations are necessaryDetailed simulations are necessary



Plan of the talkPlan of the talk

1. The XMM1. The XMM--LSS surveyLSS survey
2. Cluster detection and the selection 2. Cluster detection and the selection 

functionfunction
3. The sample and its cosmological 3. The sample and its cosmological 

interpretationinterpretation
4. XMM4. XMM--LSS is also ~ 3000 AGN in multiLSS is also ~ 3000 AGN in multi--λλ
5. Public releases5. Public releases
6. The future6. The future



1. The XMM1. The XMM--LSS surveyLSS survey



72 x 10 ks (GO)

19 x 20 ks (GT)

7 x 50 ks (SDS)

Square = 

SWIRE 10deg2 field

UKIDSS, Herschel 

Scuba 2 Legacy

VLA, INTEGRAL,GALEX

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

an XMM Large Programme

D1

W1 CFHTLS 
field



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



2. Cluster detection 2. Cluster detection 
and and 

the survey selection functionthe survey selection function



The problem of The problem of 
cluster detectioncluster detection

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

Clusters have 5050--500 photons500 photons
⇒ Detection is a very specific task : 

we are in the Poisson Poisson regimeregime.

For XMM-LSS: no confusion problem



Not a flux Not a flux limitlimit
!!

~ surface brightness limited



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



The 2The 2--step XMM LSS pipelinestep 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

PacaudPacaud et al 2006et al 2006



The cluster selection processThe cluster selection process
3 classes of extended sources3 classes of extended sources

Extension likelihoodExtension likelihood
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Class 1 (C1):Class 1 (C1):
~ 6~ 6/deg/deg22

no contaminationno contamination

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

~ ~ 5 more / deg5 more / deg22

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

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

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

Green = AGNs Magenta = clusters Red = Spurious

PacaudPacaud et al 2006et al 2006



Detection ratesDetection rates
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Class 1 sample

Not a fluxNot a flux
limitlimit !!

PacaudPacaud et al 2006et al 2006



The hottest 
cluster:

XLSSC-06

T = 4.8 keV

z = 0.43



Cluster physical quantitiesCluster physical quantities

After the selection, each cluster After the selection, each cluster 
undergoes an undergoes an interactiveinteractive ::

Spectral fittingSpectral fitting
TxTx

Profile fittingProfile fitting
LxLx



3. The cluster sample3. The cluster sample
andand

its cosmological modellingits cosmological modelling



The current sample over 5 deg2The current sample over 5 deg2

keV

Class 1 
sample

~ 60 spectro.

confirmed

28 with controlled 
selection, upon 
purely X-ray 
criteria

contamination~0

C1:



Cosmological Cosmological modelingmodeling of of dn/zndn/zn
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 !



Cosmological Cosmological modelingmodeling of of dn/zndn/zn
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)

Critical:      MCritical:      M500500--T relation (z)  ?T relation (z)  ?
LL--T relation (z)T relation (z) ??

++
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

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

SelfSelf--similarsimilar evolutionevolution
No No scalingscaling evolutionevolution



Influence of the scaling lawsInfluence of the scaling laws
and equation of state of the DE  and equation of state of the DE  

L-T evolution:
No
Self-similar

(w=-1)

W param:
-1
0.18

(no evolution)



To break the degeneracy  To break the degeneracy  
we need towe need to

1) Determine  the  evolution of  1) Determine  the  evolution of  
TT--LLx  x  &  M&  M--TTXX

2) Or, in a more compact form2) Or, in a more compact form
aa massmass--observable(zobservable(z)) relation:relation:

here here M(FM(Fxx, z), z)
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First time with XMMFirst time with XMM--LSS !LSS !

Fit without selection effectsFit without selection effects

Fit and 1Fit and 1σ σ region region 

MODELLING the   MODELLING the   
selection effectsselection effects
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Zooming into the  Zooming into the  0.2<z<0.4 interval0.2<z<0.4 interval

3 σ 1 σ 

LL--T selfT self--simsim (z=0.3)(z=0.3)
modelling selection effectsmodelling selection effects

LL--T T slefslef--simsim (z=0.3)(z=0.3)



Evolution of  LEvolution of  L--TT
according to:according to:

T:  XMM & 
Chandra

But

Samples 
from Rosat



ResultResult

The current sample is compatible The current sample is compatible 
with:with:

•• Concordance cosmologyConcordance cosmology
•• SelfSelf--similar cluster evolutionsimilar cluster evolution



5. Public releases 5. Public releases 

The C1 cluster catalogue over the first 5 deg2 The C1 cluster catalogue over the first 5 deg2 
PacaudPacaud et al 2007et al 2007

•• ZZspecspec, L, T, M, L, T, M
•• XX--ray an optical imagesray an optical images

The full source catalogue over the first 5 deg2 The full source catalogue over the first 5 deg2 
Pierre et al 2007Pierre et al 2007

•• 2 bands2 bands
•• Associated CFHTLS Associated CFHTLS g,rg,r stampsstamps

The lowThe low--frequency radio cataloguesfrequency radio catalogues
Cohen et al 2003, Cohen et al 2003, TasseTasse et al 2006et al 2006

SWIRE, CFHTLS, UKIDSS are publicSWIRE, CFHTLS, UKIDSS are public



5. AGN in the XMM5. AGN in the XMM--LSSLSS

largest single deep Xlargest single deep X--ray fieldray field
unique multiunique multi--λλ coverage over 10 deg2 coverage over 10 deg2 

~ 300 sources/deg2 down to 4E~ 300 sources/deg2 down to 4E--15 in [0.515 in [0.5--2] 2] keVkeV



Spatial distribution of Spatial distribution of faintfaint XX--ray  sources ray  sources 
over a single area of 5  degover a single area of 5  deg22

! 1st   time !! 1st   time !

22--pt pt correlationcorrelation functionfunction::
In [0.5In [0.5--2] 2] keVkeV ~ 1100  sources ~ 1100  sources :  :  significantsignificant clusteringclustering

In [2In [2--10] 10] keVkeV ~ 410   sources ~ 410   sources :    :    nono clusteringclustering

Gandhi et al. (2006)Gandhi et al. (2006)

See poster 1 by Garcet



TestingTesting the AGN the AGN unifiedunified schemescheme
opticaloptical vs Xvs X--ray  classificationray  classification

99 spectroscopically 99 spectroscopically identifiedidentified XX--ray AGN  in  [2ray AGN  in  [2--10] 10] keVkeV
bandband (R<22 (R<22 magmag))

MismatchMismatch::
25 25 unabsorbedunabsorbed AGNAGN lackinglacking broadbroad emissionemission lineslines in in theirtheir
opticaloptical spectraspectra (dilution (dilution effectseffects))
7 7 AbsorbedAbsorbed AGNAGN showingshowing broadbroad emissionemission lineslines in in theirtheir
opticaloptical spectraspectra (large (large dustdust grains grains withinwithin the torus and/or a the torus and/or a lowlow
dustdust--toto--gasgas ratio)ratio)

See poster 2 by Garcet
opt            X   

Garcet et al  subm.



From From optical to MIRoptical to MIR::
AGN classification + photoAGN classification + photo--z estimatesz estimates

from SED fitsfrom SED fits

SF 

no AGN  sign. in
opt or IR

AGN2

Seyf 1.8 to 
ULIRGS

AGN1

BLAGN



AGN1 (38)

AGN2 (33) SF (20)

SEY1.8 (26)

From XFrom X--ray to MIRray to MIR::

the SED properties are the SED properties are 
continuous through the continuous through the 
various classesvarious classes

Polleta et al 2007

See poster by Maraschi

X                UV    MIR



6. Near future6. Near future

Toward cluster masses ...



C1-05
Z=1.05

C1-13
Z=0.31

C1-29
Z=1.05

C1-44
Z=0.26

C1-41
Z=0.14

C1-11
Z=0.05

C1-22
Z=0.29

C2-44
Z=0.58

C1

C1-25
Z=0.26

WEAK 
LENSING

map
D1 area

Paulin et al 
in prep

KSB

XMM-LSS 
Clusters 

(Pierre et al. 2006)

C3
Z=0.46



ν=3.7
Σ=480

ν=4.0
Σ=460

ν=5.5
Σ=760

ν=3.8
Σ=570

ν=3.6
Σ=460

ν=4.1
Σ=460

ν=4.1
Σ=680

ν=2.3
M=5.9

ν=2.5
M=6.1

ν=2.8
M=3.2

ν=2.6
M=?

ν=3.6
M=5.5

ComparisonComparison withwith

Gavazzi & Soucail 2006
KSB

ν: S/N
Σ: velocity
dispersion for an 
isothermal sphere
model (in km.s-1)

Berge et al  in prep
Shapelets

ν:  S/N
M: mass in unit of h-

1x1013Msun

ν=3.6
M=5.5

ν=3.6
M=5.5



The   The   MMlensinglensing -- TTxx relationrelation

(Bardeau et al. 2007)

CFTHLS-D1, weak
lensing with

Shapelets and 
XMM-LSS Tx

M-T relation  from XMM data 
(assuming hydrostatic
equilibrium) 
(Arnaud et al. 2005)

Berge et al in prep



Near future: SNear future: S--Z + WL + XZ + WL + X

3 independent 
MASS  MASS  

measurements

Better 
constraints on 
cluster physics

thus, on 
cosmology!



Workshop announcement  Workshop announcement  
to examine:to examine:

Science arguments for a Science arguments for a 100100--200 deg2200 deg2
survey with  XMM ... survey with  XMM ... for the Next Decadefor the Next Decade

Observing and processing requirementsObserving and processing requirements

Associated optical and SAssociated optical and S--Z surveysZ surveys

RendezRendez--vousvous àà Paris, January 2008Paris, January 2008



FINFIN


	
	Cosmological interpretation  of cluster samples
	Plan of the talk
	1. The XMM-LSS survey
	A piece of the XMM-LSS mosaic ( 2 x 1 deg2 )
	2. Cluster detection and the survey selection function
	The problem of cluster detection
	Not a flux limit !
	The 2-step XMM LSS pipeline
	Detection rates
	Cluster physical quantities
	3. The cluster sampleandits cosmological modelling
	The current sample over 5 deg2
	Cosmological modeling of dn/zn
	Cosmological modeling of dn/zn
	The C1 redshift distribution
	Influence of the scaling lawsand equation of state of the DE
	To break the degeneracy  we need to
	First time with XMM-LSS !
	Evolution of  L-Taccording to:
	Result
	5. Public releases
	5. AGN in the XMM-LSSlargest single deep X-ray field unique multi-l coverage over 10 deg2 ~ 300 sources/deg2 down to 4E
	Spatial distribution of faint X-ray  sources over a single area of 5  deg2! 1st   time !
	Testing the AGN unified schemeoptical vs X-ray  classification
	From optical to MIR:AGN classification + photo-z estimatesfrom SED fits
	From X-ray to MIR:
	6. Near future
	Near future: S-Z + WL + X
	Workshop announcement  to examine:
	FIN

