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We want to measure SZ scaling relations for local clusters:

■ Astrophysics 
‣ ratio between gas mass weighted and X-ray spectroscopic 
weighted temperature depends on cluster thermodynamics
‣ X-ray predictions for pressure signal vs SZ 

■ Cosmology
‣ robust local constraint on relationship between global 
observable (YSZ) and mass (via low-dispersion mass proxy, YX)
‣ baseline for further evolution studies...

→ investigate correlations between: YSZ and M, TX, LX, Mgas...
→ key relation:  YSZ-YX

Argument
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Earlier works

‣15 Suzie+OVRO/BIMA clusters  Benson et al. 2004

‣ 24 Suzie+OVRO/BIMA Morandi et al. 2007

‣ 38 OVRO/BIMA clusters Bonamente et al. 2008 (*)

β-model
up to δ=2500
0.1 < z < 0.9

(*)
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State of the Art
■ AMiBA 
‣ observation of 6 nearby massive clusters (Liao et al. 2010)

■ SPT
‣ observations of 15 clusters, 0.25 < z < 1.0
	

  only 1 below z < 0.3

(Vanderlinde et al. 2010, 
Andersson et al. 2010)
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■ Combining a high S/N Planck sample... 

‣ Very high-quality data 
‣ All sky survey (16 times larger than SPT)
‣ Largest local sample (i.e. most with z ≤ 0.3)

...with deep X-ray observations with XMM-Newton

‣ Very high-quality data ; superior spectroscopic capabilities
‣ Break certain innate degeneracies in Planck data 
	

 (e.g., size - flux)

We can do far better with Planck
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Initial data - ESZ sample
■ Planck data
‣ 158 known X-ray clusters in ESZ: S/R > 6 
‣ 62 Planck clusters (ESZ) with fitted XMM-Newton data

■ XMM-Newton data
‣ archive selected sample
‣ X-ray data analysis as in

	

 Arnaud et al. 2002
	

 Pointecouteau et al. 2004
	

 Croston et al. 2006
	

 Pratt et al. 2007
	

 Bourdin et al. 2010

■ Derived physical quantities
‣ ne(r) deprojected + TX

‣ LX, YX, M, Mgas

‣ refined YSZ (prior on size 
and position from X-rays)
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X-ray gallery
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X-ray gallery
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A local sample of 62 Planck clusters

... ...
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Cooling
Unrelaxed
Cooling+unrelaxed

Croston et al. 2008

Comparison to X-rays: density profiles

Planck collaboration 2011
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Cool core clusters

■ REXCESS
‣X-ray selected representative sample of 31 clusters, z < 0.2

(Böhringer 2007)
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Comparison to X-rays: LX-M500
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REXCESS Malmquist bias corrected
Planck-XMM archive sample

‣ M500 from M-YX relation 
	

 (Arnaud et al. 2007, 2010)
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XMM-Newton + Planck added value
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Blind Y500 Y500 with X-ray size prior

see MCXC (Piffaretti et al 2011)
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The key result:  Y500 - YX relation

0.001 0.010
 DA

-2  ( T/me c2)/(µe mp) YX, 500 [arcmin2]

10-3

10-2

Y 5
00

  [
ar

cm
in

2 ]

REXCESS

Y500/YX,500
Planck: 0.95±0.03
REXCESS: 0.924±0.001

slope=0.96±0.04
σint=0.1±0.01

E(z)γY500 = 10A[E(z)κX/X0]B

very low scatter relation
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The Y500 - M500 and Y500 - LX relations
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(d)slope=1.09±0.07
σint=0.14±0.02
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(c)
slope=1.72±0.08
σint=0.10±0.01

higher scatter linked to the 
dynamical statevery low scatter relation
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Conclusions

■ 62 local clusters ESZ based
‣ 55 with z < 0.3
‣ a decade in mass: 2-20 × 1014 Msol

■  Selection effects investigated
‣ minor corrections

■  Well constrained scaling relations
‣ Y500-LX,500: fully compatible with X-ray relation 
  (note the lack of CC wrt to X-ray samples)
‣ Y500-YX and Y500-M500 

	

     slope consistent with self-similar expectations
	

     normalisations compatible with other works 
	

 (Arnaud et al. 2010, Andersson et al. 2010)

   small intrinsic scatter ~0.1
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Perspectives

■ A superior robust and unique local reference
‣ YSZ versus M500, Mgas,500, LX,500, TX

‣ for lower mass systems to probe cluster astrophysics
‣ for evolution studies
‣ the largest, highest-quality SZ-X-ray dataset currently-available

■  Agreement between the present results, ground-based results and 
X-ray predictions augurs well for our understanding of cluster 
astrophysics. 

■  Promising for the use of Planck clusters for precision cosmology
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arXiv:1101.2026
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■  Planck Early Results: The all-sky Early Sunyaev-Zeldovich cluster sample 
(arXiv:1101.2024)
➘ corresponding author: Marian Douspis (marian.douspis@ias.u-psud.fr)

■  Planck early results: XMM-Newton follow-up for validation of Planck cluster 
candidates (arXiv:1101.2025)
➘ corresponding author: Etienne Pointecouteau (etienne.pointecouteau@cesr.fr)

■  Planck early results: statistical analysis of SZ scaling relations for X-ray galaxy 
clusters (arXiv:1101.2043)
➘ corresponding author: Rocco Piffaretti (rocco.piffaretti@cea.fr)

■ Planck Early Results: Cluster SZ-Optical Scaling Relations (arXiv:1101.2027)
➘ corresponding author: James Bartlett (bartlett@apc.univ-paris7.fr)
  
■  Planck Early Results: Calibration of the local galaxy cluster Sunyaev-Zeldovich 
scaling relations (arXiv:1101.2026)
➘ corresponding author: Gabriel. W. Pratt (gabriel.pratt@cea.fr)  
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