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Planck	  and	  Sunyaev-‐Zeldovich	  effect	  
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•  First all-sky SZ survey. (Last all-sky survey for clusters 
was ROSAT in 1992).  
•  Frequency range from 30GHz to 857GHz, with a channel 
at 217GHz.  
•  Blind detection of the positive effect. 

!PLANCK, designed from start to measure SZ. 



Planck	  SZ	  clusters	  
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COMA 

Perseus 

Virgo 
(Planck Collaboration XXIX 2013) 



Planck	  SZ	  cluster	  catalogue	  (PSZ1)	  
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•  Based on nominal mission data. Published in March 2013. 
•  Adapted extraction technique: Matched Multi-Filter. 
•  All-sky catalogue of 1227 SZ sources. 
•  Confirmed galaxy clusters: 861 (of which 178 are new). 
•  Candidate clusters: 366. 
•  Mass and redshift estimates for 813 clusters.   

(Planck Collaboration XXIX 2013) 



PSZ1 clusters previously known in X-rays   PSZ1 sample compared to other SZ samples 

PSZ1 vs other surveys 

Planck´s unique capability to detect rarest and most massive clusters over the whole sky.  

Mass – redshift space 



Validation and follow-up programs 

Validation 
o  Search for counterparts in existing surveys (RASS, WISE, SDSS, DSS). 
o  Cross-correlations with external cluster catalogues: 

"  X-rays: MCXC (Piffaretti et al. 2011) 
"  Optical: Abell, Zwicky; MaxBCG, GMBCG, AMF, WHL12.  
"  SZ: ACT and SPT samples. 

Follow-up programs 
o  X-rays (XMM), optical (several telescopes), and SZ (AMI).  

(Planck Collaboration XXIX 2013) 



XMM-Newton follow-up/validation programme 

‣  Three papers (Early Paper IX 2011, Intermediate Papers I 
and IV, 2012).  
‣  High success rate (>85% are real candidates) 
‣  51 targets confirmed 
‣  70% disturbed morphologies (compared to 30% for X-ray 
selected clusters, see e.g. REXCESS) 
‣  4 double and 2 triple systems (12% multiple systems) 



Optical Follow-up of Planck clusters 
ENO/IAC80 

ENO/NOT+TNG 

z(Fe K) = 0.62 
zspec = 0.66±0.05 
(Gemini) 

z(Fe K) = 0.31 
zphot=0.34±0.03 

Follow-up observations (>200 confirmed) in: 
•  Canary Islands Observatories 
•  ESO (NTT, 2.2m) 
•  Palomar 
•  RTT 

Two large programs: ESO-LP (PI: Aghanim) 
and ITP (PI: Rubiño-Martin).  

ENO/GTC 

z(GTC) = 0.560 

ENO/INT 



Optical follow-up. RTT programme. 

-  Observations with the Russian-Turkish 1.5-m telescope (RTT150). Some observations of 
distant clusters were done at the 6-m Bolshoy Telescope Azimutal’ny (BTA) of the Special 
Astrophysical Observatory of the Russian Academy of Sciences.  
- The redshifts of 65 Planck clusters were measured spectroscopically and 14 more were 
measured photometrically. 
-  See details in Planck Collaboration Int. XXVI (2014), arXiv: 1407.6663.   

PSZ1 G098.24-41.15, z = 0.436         PSZ1 G100.18-29.68, z = 0.485  



Optical follow-up. ITP programme. 

TELESCOPE INSTRUMENTS MODE 
2.5m INT WFC (34’x34’) griZ photometry 

4.2m WHT ACAM (8’x8’ imaging,R~700) griZ photometry. 
Long-slit spectroscopy 

3.5m TNG DOLORES (R~600) MOS spectroscopy 
10.4m GTC OSIRIS (R~800) Long-slit spectroscopy. 

MOS spectroscopy 

Two years, >80 nights observing time in Observatorio Roque de los Muchachos (La 
Palma). PI: J.A. Rubiño.  



Optical follow-up. ITP programme. 

Imaging: 11 nights per year in INT and WHT telescopes. More than 100 clusters 
imaged per year.  

Cluster with  arcs (Zphot >0 .6) RGB image of PSZ1 G100.18-29.68. 
(Zphot=0.485) 



Optical follow-up. ITP programme. 

Multiple examples of clusters 
with sub-structure.  
Left: On top of the RGB image, the 
contours correspond to the density 
levels of (photometrically selected) 
cluster members (Zspec = 0.3).  

Imaging: 11 nights per year in INT and WHT telescopes. More than 100 clusters 
imaged per year.  



Several identifications 
correspond to Fossil 
groups (in the figure, we 
show a case with 
Zspec=0.0336) .  

Optical follow-up. ITP programme. 

Imaging: 11 nights per year in INT and WHT telescopes. More than 100 clusters 
imaged per year.  



Optical follow-up. ITP programme. 

MOS spectroscopy with the TNG 

18 members 

MOS Spectroscopy: 11 nights per year at TNG (equiv to ~40 clusters per year). We obtain 
~15-25 confirmed members per cluster and derive dynamical masses (~35% error).  



Optical follow-up. ITP programme. 
Long slit Spectroscopy: 48hrs per year at 10.4m GTC with OSIRIS (equivalent to ~40-50 
clusters per year). MOS mode available since 14A.  We can also use TNG, WHT or NOT.  

OSIRIS	  	  



Optical follow-up. ITP programme. 
GTC spectroscopic confirmation of a cluster at z=0.7. Integration 3x1000s 



Optical follow-up. ITP programme. 
GTC spectroscopic confirmation of a cluster at z=0.81. Integration 3x1000s 



Optical follow-up. ITP programme. 
GTC spectroscopic confirmation of a cluster at z=0.81. MOS observations provide 18 
spectroscopic members.  



Optical follow-up. ITP programme. 

Current status (previous TAC time allocations + ITP programme at Canary Islands): 

•  Imaging:  202 targets. Almost complete PSZ1 catalogue in northern sky down to S/N=5.  

•  Spectroscopy:  
•  59 targets with long slit.  
•  25 with MOS spectroscopy.  



Planck SZ follow-up program 

(Planck Collaboration XXIX 2013) 



Cosmology	  with	  galaxy	  clusters	  
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Planck 
CMB only 

Planck SZ 
Clusters  

189 

(1-b) in  [0.7,1] 

Observations: N(z) 
Theoretical Ingredients: halo mass function, 
scaling relations; completeness and 
selection function of the survey. 
!Talk by A. Bonaldi last Tuesday 

(Planck Collaboration XX 2013) 



All-‐sky	  SZ	  map	  
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(Planck Collaboration XXI 2013) 
Rubiño-‐Mar<n	  	  	  »Cosmology	  with	  Galaxy	  Clusters	  in	  XXI	  century"	  



All-‐sky	  SZ	  map:	  power	  spectrum	  
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�8(⌦m/0.28)3.2/8.1 = 0.784± 0.016

•  Angular Power spectrum of SZ map fully compatible with number counts. 
•  Planck probes the whole range of angular scales in the SZ power spectrum. 

SPT 
ACT 

Rubiño-‐Mar<n	  	  	  »Cosmology	  with	  Galaxy	  Clusters	  in	  XXI	  century"	  



All-‐sky	  SZ	  map:	  P(y)	  and	  bispectrum	  

25	  

o  Methodology proposed in Rubiño-Martin & Sunyaev (2003). 
•  Bispectrum of SZ map: σ8=0.74±0.04 (68% CL).  
•  Un-normalized skewness: σ8=0.779±0.015 (68% CL).  

o  Skewness also applied to ACT data (Wilson et al. 2013), giving σ8=0.78±0.04.   

Clusters 

Rubiño-‐Mar<n	  	  	  »Cosmology	  with	  Galaxy	  Clusters	  in	  XXI	  century"	  



KineNc	  Sunyaev-‐Zeldovich	  effect	  
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•  No statistically significant kSZ 
monopole at any redshift bin 
(72±60 km s-1), which rules out 
e.g. giant void models as 
alternative explanations to ΛCDM 
(e.g. Goodman 1995; García-
Bellido & Haugbolle 2008).  
•  No detection of kSZ dipole 
(=bulk flow). 
•  Strongest evidence of univ. 
homogeneity below z=0.5.   

(Planck Collaboration Int XIII 2014) 

•  The kSZ effect expresses the Doppler kick 
experienced by CMB photons when scattering off 
rapidly moving electrons 

•  The kSZ temperature anisotropies is 
independent of frequency, and it is sensitive to 
peculiar velocities.  



Conclusions	  
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•  PLANCK PSZ1 catalogue constitutes a reference (all-sky) sample for 
cosmological studies.  
•  Very intense optical follow-up programs are providing the redshifts (and 
dynamical mass estimates) for a significant fraction of this sample. Around 400 
candidates to be completed with the on-going long-term programs (ESO-
LP, ITP, RTT).   

•  Tension with Planck SZ cluster measurements (based on number counts) with 
CMB. Mass-calibration? Implications for neutrino mass. 
•  Consistency of  number counts constraints with other statistics based on the y-
map (power spectrum, bispectrum, 1-pdf).  
•  PLANCK data show no detection of monopole or dipole kSZ signal, providing 
the strongest evidence of universal homogeneity below z=0.5.  

•  Next PLANCK data release in December 2014 will include a new cluster 
catalogue (PSZ2) based on the extended mission maps.    

Thank you! 


