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Cosmology with Galaxy Clusters 
•  Cluster abundance cosmology 
 
 
•  These observations probe: 

•  Expansion history 
•  Growth of structure 

•  Can constrain both Dark 
Energy and modified gravity 

•  Uncertainties in cluster 
masses are largest systematic 
affecting cluster abundance 
constraints on Cosmology 

Koyama & Maartens, 2006 
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Cluster Masses with Gravitational Lensing 
 
• Gravitational lensing 

sensitive directly to mass 
•  Not true for X-ray temperature, 

SZ decrement, richness 

• Different ways to measure 
•  Strong lensing galaxy distortion 
•  Weak lensing galaxy distortion 
•  CMB lensing by galaxy 

clusters 



Gravitational Lensing of the CMB 
•  Gravitational lensing of the CMB by 

large scale structure has been 
detected, e.g.: 
•  In cross correlation with tracers of LSS 

(e.g. Smith et al. 2007) 
•  Lensing effect on power spectrum (e.g. 

Dunkley et al. 2011, Keisler et al. 2011) 
•  Power spectrum of CMB lensing potential  

(Das et al. 2011, van Engelen et al. 2012, 
Planck XVII, 2013) 

 
•  Gravitational lensing of the CMB by 

clusters has not yet been detected 
•  Only recently have CMB experiments 

achieved necessary sensitivity and 
angular resolution 

•  We are hoping for a first detection! 

van Engelen et al. 2012 



Lensing of the CMB by Galaxy Clusters 
• Gravitational lensing conserves surface brightness 

•  If the CMB were perfectly uniform, lensing couldn’t be detected 
•  Lensing can only be detected because of anisotropies 

• Consider first a 1-D CMB gradient lensed by a cluster: 

Seljak & Zaldarriaga 2001  
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Why is CMB Cluster Lensing Exciting? 
•  Any gravitational lensing measurement is 

sensitive directly to mass 

•  Advantages of CMB cluster lensing over 
other gravitational lensing techniques: 
•  Works to high-z 
•  Redshift of CMB is known very precisely  
•  Different systematics from other weak lensing 

measurements 

•  Challenges: 
•  Small effect, µK fluctuations at arcmin scales,  
•  Contamination from the Sunyaev-Zel’dovich 

effect 
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The Data 
•  In order to detect, need high-resolution, low-noise CMB maps 

of clusters 
•  Arcminute scales, signal at ~few µK level 

•  South Pole Telescope 
•  ~1 arcmin resolution 
•  ~18 µK-arcmin noise in 

2500 sq. deg. SPT-SZ survey 
•  90,150, 220 GHz channels 

•  Cluster selection 
•  ~500 clusters at high  
  significance from SPT-SZ survey 
•  Stacking clusters will be necessary 



Dealing with SZ Contamination 
•  SZ contamination presents a 

serious challenge for analysis 

•  Use frequency dependence of 
SZ effect 
•  SPT observes at 90, 150 and 

220 GHz, but with different noise 
levels 

•  Can form linear combination of 
these channels that cancels 
SZ 
•  Resultant map has about 2x 

noise of 150 GHz map 
•  Larger beam 

SZ effect 



Analysis of SZ-free Mocks 
•  Mock analysis using SZ-

free linear combination 
•  SPT beam + transfer 

function 
•  Noise model derived 

from data 
•  400 clusters with SPT-

like selection 
 
•  Expect about 3-5 

sigma detection 

•  Analysis of SPT data 
is ongoing  
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The Future Is Exciting! 
•  Going beyond CMB temperature data 

•  CMB polarization 
•  Provides another handle on lensing signal 
•  SPTpol and ACTpol 

•  Optical data 
•  Optical surveys detect many more clusters 

than CMB experiments 
•  Idea: stack CMB constraints on optically 

detected clusters 
•  Dark Energy Survey will find 10s of thousands 

of clusters over SPT footprint 

•  Lowering the noise 
•  Stage IV goal: 1 µK-arcmin over 50% of sky 
•  May be possible to detect lensing signal 

around individual high-mass clusters 



Conclusions 
• Clusters are powerful cosmological tools, but it is 

essential that we measure cluster masses accurately 

• Gravitational lensing of the CMB by galaxy clusters can 
be used to constrain cluster masses to high redshift 

• We are on the threshold of detection of CMB cluster 
lensing and the future is bright! 
•  New types of data 

•  Optical data (DES) 
•  Polarization (SPTpol + ACTPol) 

•  New low-noise, high-resolution CMB experiments 
•  SPTpol, ACTPol, Stage IV 

exciting opportunities 


