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SZ Experiments
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SZ cluster surveys
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Atacama Cosmology Telescope (ACT) South PoleTelescope (SPT)

Planck

CCAT Telescope
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SPT-SZ clusters
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Bleem et al. (2015)



Observational Cosmology Lectures 10+11:  Cosmology with Galaxy Clusters

SPT-3G and the future
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Planck SZ measurements
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The wide frequency coverage of Planck (30 GHz - 850 GHz) 
enables excellent separation of the cosmological signal (CMB) 
from other Galactic and extragalactic foregrounds. One such 

“foreground” is the Comptonization distortion (SZ effect) of the 
CMB. Planck made the first all-sky map of the SZ effect.
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y-maps from Planck data
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(Planck collaboration 2015)

Master’s thesis of Jens Erler

The Comptonization parameter maps 
(y-maps) are made using a method 
called Internal Linear Combination 
(ILC), which takes advantage of the 
very specific frequency spectrum of 
the thermal SZ effect to separate it 

from other astrophysical components.
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APEX telescope & its SZ detections
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The APEX-SZ bolometer was operational in Chile 
between 2007-2010 and observed about 40 

clusters in SZ effect at 150 GHz.

Halverson et al. 2009
Nord et al. 2009
Reichert et al. 2009
Basu et al. 2010
Bender et al. 2016
Nagarajan et al. (submitted)



Observational Cosmology Lectures 10+11:  Cosmology with Galaxy Clusters

The CCAT-prime telescope
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CCAT-prime is a submillimeter telescope 
under construction at 5600 m altitude in 

Chile. It will start operating in 2021 and will 
provide the same frequency coverage as 

Planck and roughly 10 times better sensitivity.

Bonn and Cologne are partners in this project, 
along with Cornell, MPA, LMU, and some 

Canadian universities. 
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Thermal SZ power spectrum
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SZ power spectrum
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SZ power spectrum
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SZ power spectrum
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Komatsu & Kitayama  (1999)
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SZ power spectrum
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SZ power cosmology dependence
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SZ power measurement

16



Observational Cosmology Lectures 10+11:  Cosmology with Galaxy Clusters

SZ power measurement
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SZ power measurement
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tSZ power spectrum “discrepancy”
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Ramos-Ceja, Basu, Pacaud (2014)

The discrepancy is most likely
due to our wrong modeling

of cluster astrophysics
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tSZ power “tension”
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(Planck collaboration 2013)
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tSZ power “skewness”
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ACT data, Wilson et al. 2012

α3 ~ 10 !!

Value of σ8 obtained by comparing 
with simulations.
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1D PDF and bispectrum analysis
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(From CCAT White Paper)

(Planck collaboration 2015)
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Optical observations:
velocity dispersion, galaxy 

richness & lensing
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Cluster optical observation: richness
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Clusters in optical surveys are 
selected on the basis of richness, 
which depends on the number of 
galaxies observed within a certain 
projected radius from the cluster 
center.

Yee & Ellingson 2003
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Optical richness
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From SDSS cluster catalog paper 
by Wen, Han & Liu (2012) 
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SDSS optical cluster catalog
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Velocity dispersion
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Velocity dispersion is the optical analog of X-ray temperature.

Observationally:   σ2 = (1.0 ± 0.1) kB  TX / μ mp

The ratio σ2 / kTX depends
on the (logarithmic) slope of 
the gas density profile to that

of the galaxy profile:

Deviation of this ratio from 
unity can indicate the feedback 

mechanisms affecting the 
ICM density distribution.
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Problem with velocity dispersions
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Persistence of substructures (simulations by White, Cohn & Smit 2010) 

The velocity 
field traces the 
filamentary 
substructure
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Dynamical mass example
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Dynamical mass example
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Photometry of clusters
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• 
a pronounced red-sequence in the CMD is a basic cluster characteristic 
and is present for basically all known clusters up to high-z

• 
red-sequence galaxies selected with appropriate color-cuts in the 
CMD give a high contrast of cluster members relative to background or  
foreground galaxies (interlopers)

• 
the identification of a red-sequence with an appropriate filter 
combination is an efficient method for the optical/IR search for distant 
clusters or the photometric confirmation of X-ray selected candidates

• 
the redshift evolution of the red-sequence in the CMD (mean color/ zero 
point, RS slope, scatter) is a powerful tool to study early-type galaxy 
formation and evolution in clusters

• 
the homogeneous color properties and redshift evolution of the RS 
galaxies suggest a common underlying formation mechanism
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Red sequence technique
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Requires only 2 filters (at minimum): inexpensive
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Red sequence technique
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The red-sequence technique is uses the fact that all galaxy clusters, however they 
were discovered, possess a population of galaxies which exhibit a tight 
relationship in color—magnitude space, the red-sequence.

The red-sequence method involves constructing many colour slices from the 
survey data and searching for overdensities of galaxies in these slices. Once 
significant overdensities are found, the slice containing the peak signal for the 
overdensity gives the cluster candidate's most probable redshift.

z = 1.62
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Example: red sequence galaxies
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Example: red sequence galaxies
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Red-sequence Cluster Survey 
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Radio & Gamma-ray
observation of clusters
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While the thermal gas emitting in X-rays is present in all clusters, the detection of extended radio 
emission only in ~10% of the systems indicates that the non-thermal plasma is not a common 
property of galaxy clusters. Non-thermal emissions over ~1 Mpc scales are present only in the most 
massive merging systems.
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Radio observation of clusters
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327 MHz map of the mini-halo in the Perseus cluster (z = 0.018).
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Radio emission in clusters
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Radio emission in clusters
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Radio emission in clusters

39



Observational Cosmology Lectures 10+11:  Cosmology with Galaxy Clusters

Radio halos in clusters
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How many radio halos in the sky?
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We don’t know!
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Square Kilometer Array
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The Square Kilometre Array (SKA) is a radio telescope 
project to be built in Australia and South Africa which 
would have a total collecting area of approximately one 
square kilometre. It will operate over a wide range of 
frequencies and its size will make it 50 times more 
sensitive than any other radio instrument.

(From Wikipedia)



Observational Cosmology Lectures 10+11:  Cosmology with Galaxy Clusters

Gamma-ray prediction
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(Slide from F. Zandanel)
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Gamma-ray current limits
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Gamma-ray future: CTA
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Questions?
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