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Thousands of galaxies with v ~ 1000 km/s
Hot intergalactic gas with Te ~ 3 – 10 KeV

Gravitational potential defined by 
invisible dark matter

Distant galaxies are gravitationally lensed by A 2218



Dark matterStars Hot gas

80 %few % of total mass 15 %

Major components of a galaxy cluster

X-rays, CMB Optical Indirect



There are three effects which make cloud visible:

1. Thermal effect (change of the CMB spectrum 
in the direction to the cloud with hot gas)

2.  Kinetic effect (moving cloud changes the spectrum of 
scattered CMB photons due to Doppler effect)

Full analogy with the origin of the Dipole Component in the CMB angular distribution
arising due to our motion relative to the reference frame where CMB is isotropic.

3. Blurring effect (CMB in reality is not isotropic. There are angular fluctuations.
Scattering in the cloud removes all anisotropies in the direction to the cloud 
except 10% of quadrupole at the position of a cloud

(see Sunyaev, Zeldovich, 1981)
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Cloud is invisible





~ 900 clusters confirmed by X-Ray 
or optical observations
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Coma cluster 
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Angular size as a function of z

For distant clusters 
their angular size 
does not depend 
on redshift!

This means, that their total flux also does not depend on redshift  for 0.5 < z < 2
(for similar clusters at different redshifts)

because observed surface brightness also does not depend on the redshift

It is close to 1 arcmin





Fenix cluster of galaxies discovered by SPT at z=0.596 and observed by CHANDRA, GALEX and 
Magellan: star burst – 800 solar masses a year, luminosity 8 10^45 erg/s, cooling flow ~ 3000
Solar masses a year. Black hole in the center accretes 60 solar masses a year.







Dolag et al, 2014
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skewness

D - deviation



Khatri, Sunyaev, 2015

P(y) for the Planck y-map of the
whole sky (Khatri, 2015) 





Spectrum-Roentgen-Gamma (SRG)

ART-XC eRosita

Navigator
platform

Lavochkin industry,
Khimki near Moscow

Launch from Baikonur with Zenit-Fregat,
September 2017

Scan of the whole sky from L2
like PLANCK, but in X-Rays,
during 4 years

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


Instrument

Field of View 1° Ø
Angular Resolution 15 arcsec on-axis
Energy Range ~0,3 - 10 keV

7 identical Mirror Modules
54 nested Mirror Shells each
7 identical pnCCD Cameras

Telescope Front Cover

2 Star Sensors

2 Camera Cooling Radiators

Hexapod = I/F with S/C

7 X-ray Baffles
7 Mirror Modules

2 Sun Sensors
7 Electron Deflectors

2 E-Box Cooling Radiators

7 Filter-Wheels
7 CCD-Cameras

7 Camera Electronics
2 Control Electronics

eRosita is an instrument designed to perform all sky 0.5 – 10 KeV surveys: Large Field of View,

large effective area
good resolution 15-25”

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


Focal length - 1.6 m
Weight ~ 800 kg

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


AGN
3 Mio. AGN

• Accretion History: XLF, obscured vs. unobscured
• LSS: AGN ACF, AGN/Galaxy CCF, AGN/Cluster CCF
• AGN host Galaxies: Morphology, SFR, Obscuration
• Sub-Populations:

• High Redshift (z>6)
• Extreme Luminosity
• Compton thick AGN

• Spectra: Obscuration, Continuum, Soft Excess, Iron Lines
• Variability: Var. vs. L, L/Ledd, z, Tidal Disruptions
• BAOs 10s detection, but precise redshifts needed.

Komossa et al., 2006
Brusa et al. 
2009

10 thousand star forming galaxies

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


~10σ 

detection 

using full sky 

data

Δz~0.05 

or better is 

required

AGN Cosmology: BAO
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http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


for clusters of galaxies

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


Evolution of Cluster Mass Function

Number of most massive clusters is extremely sensitive to cosmology

z = 0
z = 0.5
z = 1.4

court. Churazov/MPA

Clusters of galaxies in X-rays



Will eROSITA detect all Clusters?

Churazov/IKI,MPA: Yes!

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


Sky Division

IKI/Ru MPE/D

Galactic coordinates

Hundreds of thousands
Galactic X-Ray sources: 

supernovae remnants,
young stars and stars 
with active coronae,
white dwarfs, neutron 

stars etc

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html


It will be great to overlap eRosita map with 100 000 clusters and groups of galaxies
onto high quality y-map from the future CMB spacecraft



Diarerio, Sunyaev, Nusser, 2003

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html




Archaeology with polarisation in
clusters of galaxies

Quasars are variable,
we can see the history
of their activity in the 
reflected radiowaves
(traces of the jets)

Sunyaev, 1982



Thank you !!!

http://www.mpe.mpg.de/main-d.html
http://www.mpe.mpg.de/main-d.html
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Electron temperature ~ 9 KeV

Electron density ~ 0.03 cm -3

Sound velocity of gas is close to velocities of galaxies

Dark matter mass –

up to 10^15 Msun 

Msun = 2 10^33 g





















Analitical solution(Sunyaev, Zeldovich, 1970

Where a and k are scattering (Comptonisation)  and real 

absorption coefficients correspondently

In the case of Double Compton (emission of second photon

during scattering) spectral deviations decrease with time

Danese, de Zotti, 1984



PLANCK/HFI

~ 900 clusters confirmed by X-Ray 
or optical observations

Planck
143 GHz

SZ shadow
Coma cluster of galaxies

Coma, optical image
central part









It will be great to overlap eRosita map with 100 000 clusters and groups of galaxies
onto high quality y-map from the future CMB spacecraft









143 GHz

Coma cluster
of galaxies (SZ-image) 

Coma,
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central
part


