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•  Sunyaev-Zeldovich (SZ) catalogues 

•  Cosmology from SZ cluster counts 
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ACT, SPT, Planck,… 
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Detecting the hot gas in halos with the SZ effect 
Sunyaev and Zeldovich 1970,1972



Difference of the two spectra 

Shape is ~universal 
Amplitude depends on Y500 (∝Mgas T)  

Detecting the hot gas in halos with the SZ effect 



Difference of the two spectra 

3 ACT frequencies 
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C

re
di

t: 
A

C
T 

Chile 

148 GHz only 
for detection 



Difference of the two spectra 

3 SPT frequencies 

Detecting the hot gas in halos with the SZ effect 
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Difference of the two spectra 

6 Planck HFI frequencies 

Detecting the hot gas in halos with the SZ effect 
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Planck Collaboration XXVII 2015   

1653 SZ sources with S/N>4.5 (35,000 deg2) 

Bleem et al. 2013 

677 SZ sources at S/N>4.5 (2,500 deg2) 

Hasselfield et al. 2013 

91 optically confirmed clusters (504 deg2) ACT 

SPT 

Planck 

Blind SZ catalogues 



Main properties of the three catalogues 

Warning: non-uniform redshift knowledge for Planck, 
PSZ2 should contain z>0.6 objects not visible here 
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Cluster abundance and evolution are very sensitive to 
cosmological parameters 

Cosmology from cluster counts 

→ independent from primary CMB, BAO, SNIa 

�8 ⌦m

See also 
G. Schellenberger talk 



The cosmological samples 

Highly reliable candidate sub-samples 
+ 

Selection function under control 

ACT   S/N>5.1 è 15 clusters 

SPT   S/N>5 è 100 clusters 
          S/N>5 è 377 clusters  

Planck   S/N>7 è 189 clusters 
     S/N>6 (full dataset) è 439 clusters 

Hasselfield et al. 2013 

Bocquet et al. 2015 

de Hann et al. 2016 

Planck Results XXIV 2015 

Planck Results XX 2015 



dN/dz (2013) and dN/dz/d(S/N) (2015) 
 

Observations  
 
 
 
Predictions 

TO BE COMPARED WITH 

(need redshifts !) 

mass function completeness 
Tinker et al. 2008 
Watson et al. 2013 

The Planck SZ cosmological analysis 



from (θ500, Y500) to (z, M500) 
 

need scaling laws 
depends on cosmology 

function of (θ500, Y500) 
independent of cosmology  

function of (z, M500) 
depends on cosmology  

Completeness (z, M500) 



from (θ500, Y500) to (z, M500) 
 

Scaling laws 



α, Y* determined on X-ray data 

from (θ500, Y500) to (z, M500) 
 

Scaling laws 



1-b : bias between X-ray and true mass M500,x=(1-b)M500 
 
Simulations indicate 1-b=0.8 (but high dispersion !) 
We used 1-b=0.8 with a flat prior in [0.7,1] in 2013  

from (θ500, Y500) to (z, M500) 
 

Scaling laws 



Von der linden et al. 2014 Hoekstra et al. 2015 

NEW (CMB halo lensing) !!! 

Mass bias priors 2015 



Planck cluster cosmology 2015 

Planck Results XXIV 2015 



Planck cluster cosmology 2015 

Planck Results XXIV 2015 

σ8, Ωm degeneracy 



Planck cluster cosmology 2015 

Planck Results XXIV 2015 

decrease 1-b=Mx/Mtrue 



Planck cluster cosmology 2015 

Planck Results XXIV 2015 

increase 1-b=Mx/Mtrue 



ACT cluster cosmology 2013 
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Hasselfield et al. 2013 

Same Y-M relation 
as in the Planck analysis 
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SPT cluster cosmology 2015 

Bocquet et al. 2015 



X-ray cluster analyses? 

Mantz et al. 2015 Böhringer et al. 2014 

See also 
F. Pacaud talk on preliminary XXL-100-GC counts 



CFHTLens and DES cosmic shear? 

The DES Collaboration 2015 



•  Mass calibration? 

•  New physics? Neutrino mass? 

•  Baryonic effects in the mass function? 

•  Selection function of SZ surveys? 

•  Primary CMB? 

How to reconcile Planck CMB and SZ counts? 



Planck cluster cosmology 2015 

Planck Results XXIV 2015 

decrease 1-b=Mx/Mtrue 



Planck cluster cosmology 2015 

Tension can disappear 
if primary CMB is used with clusters to constrain 
the Y-M normalisation and cosmo parameters jointly 

è1-b=0.58 ± 0.04 
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Bocquet et al. 2015 



SPT cluster cosmology 2015 

a 44% mass bias 

≈1.5 

Bocquet et al. 2015 



SPT cluster cosmology 2015 

a 44% mass bias 

≈1.5 

Bocquet et al. 2015 



•  Mass calibration? 

•  New physics? Neutrino mass? 

•  Baryonic effects in the mass function? 

•  Selection function of SZ surveys? 

•  Primary CMB? 

How to reconcile Planck CMB and SZ counts? 



Planck CMB+SZ and the neutrino masses 

de Hann et al. 2016 



Planck SZ: a non-zero neutrino mass helps but… 

Planck Results XXIV 2015 



•  Mass calibration? 

•  New physics? Neutrino mass? 

•  Baryonic effects in the mass function? 

•  Selection function of SZ surveys? 

•  Primary CMB? 

How to reconcile Planck CMB and SZ counts? 

See 
I. McCarthy talk 



•  Mass calibration? 

•  New physics? Neutrino mass? 

•  Baryonic effects in the mass function? 

•  Selection function of SZ surveys? 

•  Primary CMB? 

How to reconcile Planck CMB and SZ counts? 



Selection function of SZ surveys? 

Planck Results XXIII 2015 Planck Results XX 2013 

Impact of dust in clusters? 

CMB prediction 
(2.5 times more clusters than observed) 



•  Mass calibration? 

•  New physics? Neutrino mass? 

•  Baryonic effects in the mass function? 

•  Selection function of SZ surveys? 

•  Primary CMB? 

How to reconcile Planck CMB and SZ counts? 



Planck 
Results XVI 2013 

Primary CMB? 

Primary CMB anisotropies actually constrain Ase-2τ



Planck Results XIII 2015 

Planck 
Results XVI 2013 

Primary CMB? 



Primary CMB? 

Planck 
Results XVI 2013 

Planck Results XIII 2015 

Planck Intermediate Results XLVII 2016 
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Mass calibration! 

Weak lensing è See E. Rozo talk 
Caustics è See B. Maughan talk 
Velocity dispersion è See S. Amodeo talk 

We must continue our effort… 



1% error 
on the mass bias 
(instead of 10%)  

Future? 
Planck SZ alone vs. primary CMB 

…until... 



Temperature only 

Melin & Bartlett 2015 
A&A 578,A21 (arXiv:1408.5633) 

CMB halo lensing 



CMB-S4 

•  ~500,000 detectors 
•  Arcmin to a few arcmin resolution 
•  Low frequencies (<300 GHz) 

10m South Pole Telescope  
  SPT-3G: 16,400 detectors  
  95, 150, 220 GHz

Ongoing and upcoming South Pole CMB experiments  
 (Stage II & III)

 BICEP3
   2560 detectors  
   95 GHz

Photo credit Cynthia Chiang

 KECK Array
  2500 detectors  
   150 & 220 GHz

pending: 
  ~29,000 detectors  
   35, 95, 150, 220, 270 GHz

31
Photo:!Rahul!Datta!&!Alessandro!Schillaci

CLASS 1.5m x 4
72 detectors at 38 GHz 

512 at 95 GHz  
2000 at 147 and 217 GHz

Simons Array  
(Polarbear 2.5m x 3) 

22,764 detectors  
90, 150, 220, 280 GHz

Ongoing and upcoming Atacama CMB experiments  
 (Stage II & III)

ACT 6m
AdvACTpol:  

88 detectors at 28 & 41 GHz 
1712 at 95 GHz  

2718 at 150 GHz  
1006 at 230 GHz

Credit: J. Carlstrom 

A joint ground-based US CMB “experiment” 
~2025 



CORE 

Answer to ESA call M5 
(due Oct. 2016) 
Launch 2025-2030 

•  2,500 detectors (Planck 50) 
•  ~Planck (a few arcmin) resolution 
•  15-20 frequencies (Planck 9) 

from 60 to 600 GHz 



 
•  ACT, SPT and Planck cluster constraints are in good agreement 
  The size/depth of the samples are different and the analyses made 
independently 
 
•  SZ constraints are limited by uncertainties on scaling relations (Y-M) 

•  But the situation is continually improving with multi-frequency observations 
of large cluster catalogues (optical, X-ray, SZ) 

•  Mass scale (1-b) is the key now. 
  èSimulation studies, Shear measurements, CMB lensing 
 
•  Future experiments (eROSITA 2016, Euclid 2020) will provide additional 
data which will allow a ~1% mass scale calibration and bring cluster 
cosmology to the front. 

•  SZ future: CMB-S4 2025 and CORE 2025-2030 

Conclusions 


