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X-rays obsevations 
 and  

predicted SZ effect 
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Cluster IC 

CMB 

X-ray and SZ probing the same component 
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Coma ROSAT 

Relation between X and SZ properties 
expected 
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REXCESS 
XMM 

Universal pressure profile 

Predicting the  SZ signal  

€ 

Δiν  α  y α  ne
los
∫ Tdl ⇒ Pressure is the fundamental quantity 

Arnaud et al 2010 
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Tight YSZ –Yx relation 
depends on Tmw/TX  (+clumpiness) 

YSZ - Lx relation with more scatter 
Depends on density distribution 
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YX = MgasTX

Arnaud et al 2010 
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LX = ∫ ne
2 Λ(T)dV[Kravtsov et al 06] 
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Sun et al 2011 

Scaling law and universal profile down to group regime 
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Pratt et al, 2009 

Da Silva et al, 2009 

YSZ expected low scatter mass proxy 

XMM REXCESS 

LX high scatter mass proxy 

SZ surveys expected to provide close to unbiaised mass selected samples  

X-ray versus SZ selection 



March 15, 2011 Monique ARNAUD Monsters, Inc. 

The Planck ESZ sample 

The Planck Collaboration, 2011, arXiv:1101.2024 
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Thermal SZ 

Planck's uniqueness for SZ detection  

Plancl's frequency coverage on A2319 

* 9 frequency bands  
from 30 to 857 GHz 

* All sky survey 

Unique catalogue ; only all sky 
cluster catalogue since RASS 
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Detection of clusters 

ESZ based on Matched Multi-Filter algorithm [Melin et al. 2006] 

•   known spectral shape  
→ non-relativistic SZ 

•   known cluster spatial distribution 
→ GNFW pressure profile  

                         [Arnaud et al. 2010] 

•   free parameters: position, size, Y 

Thorough validation process 

  Internal check 
   X-check/ID with ancillary data 
   XMM DDT validation   
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189 SZ sources   with S/N > 6 

•  First SZ measure for ~80% of the known clusters 
•  20 new clusters; 10 XMM + 1 AMI confirmed; 8 unconfirmed 
                                              (now 6 confirmed with SPT & AMI) 

⇒  Position & S/N for all clusters and candidates 
⇒  Y from blind detection 
⇒  Improved reextracted Y for clusters with known X-ray size 

The ESZ catalog 
SZ sky  

before after 
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 detect rarest and most massive clusters over the whole sky 

Higher mean z and M than RASS 
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Planck view of  
the hot baryons 
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X-ray prediction versus SZ data 
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missing hot baryons ?  
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Andersson et al. 2009 

WMAP 

REXCESS 

SPT 

Melin et al. 2010 

Or  not missing hot baryons ?  
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Three complementary Planck studies  

1882 X-ray selected clusters  
 with homogenised L500, z 
MCXC (Piffaretti et al 2010) 

Extraction and binning of Planck signal  

Planck selected clusters 
High quality SZ signal  

Planck consortium arXiv:1101.2043 

PC arXiv:1101.2026 PC arXiv:1101.2025 

Known clusters 
with good XMM  
archival data  

Newly confirmed  
with XMM  
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YSZ  - LX relation 

More on calibration of SZ-X ray scaling 
properties in G.Pratt talk (inc . scatter and 

evolution..) 

YSZ  - YX relation 

NO MISSING HOT BARYONS 

Real SZ data and  
X-ray based prediction 

 consistent 

MXCX 

ESZ+XMM 
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See J.Bartlett  talk for more 
about MaxBCG/Planck  

Optical versus X-ray selected samples 

(Y-LX)X  ≡ (Y- LX)MaxBCG 

(LX -M) X  ≡ (LX – M|N)MaxBCG     

 ? BUT ?        (Y- N|M)MaxBCG ≠ (Y-N|M)X  

Some X-ray/SZ/lensing data  
Unconsistency to be solved 

X- X-ray model prediction 

Planck maxBCG 
PC arXiv:1101.2043 

PC arXiv:1101.2027 

Pratt et al, 09 

See also Rozo et al, 09 
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What new clusters Planck is 
detecting? 

Preview from  
XMM validation follow-up 
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XMM confirmed Planck candidates (ESZ+) 

Pre-view  from XMM validation follow up  

REXCESS gallery 
Böhringer et al, 2010 
Pratt et al, 2009 

More disturbed morphology 

PC  
arXiv:1101.2025 
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A non-negligible population 
of massive dynamically 

perturbed systems, under-
represented in X-ray 
surveys @ z>0.3  ? 
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zopt=0.45/0.46±0.02/0.45; zX =0.45 (A)       A:kT ~3.6 keV θ500=2.2’ 

Physics : boosted by merger shocks? Contribution of filaments ?      

Cosmology: how many ? must we take SC  in the ‘selection’ function? 

First super-cluster(s) blinded detected in SZ 

PLANCK XMM-NEWTON 
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Planck ESZ : a unique All Sky SZ sample of 189 clusters 
⇒ most complete set of the rarest and most massive clusters in the z < 0.5 

Universe 
⇒ First SZ measure for ~80% of the known clusters in the ESZ.  

Unveiling a population of dynamically perturbed clusters @ 
z>0.3, possibly under-represented in X-ray surveys 
                  from XMM validation follow-up of Planck SZ sources 

 Improved robustness of our overall view of ICM properties. 
           from complementary high precision X-ray/SZ studies 
⇒  Close long standing issue of the « missing hot baryons » from excellent 

agreement between observed YSZ and X-ray-based predictions 
⇒  High precision calibration of the YSZ – YX  and  YSZ – LX  
⇒  first measurement of intrinsic scatter  and evolution 
•     

Conclusions 


