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The Observation of Relic Radiation
as a Test of the Nature of X-Ray Radiation
from the Clusters of Galaxies

RASHID
SUNYAEV

Introduction
The x-ray radiation from a number of clusters of galaxies (Coma, Virgo,
Perseus) was discovered recently.’ It is assumed that clusters of galaxies form

an important class of powerful x-ray sources, possibly giving the main
contribution to the x-ray background radiation of the Universe.? What is the
nature of these sources? What physical mechanisms give the observed x-ray
radiation?
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::: CMB spectral distortion
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::: Some useful equations
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::: Some useful equations
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Planck satellite

: ESA mission
Il operation during 2009-2011, extended till 2013
Sm primary mirror (10arcmin resolution @ 100GHz)
3 LFI (27-77 GHz) and 6 HFI (83-1000 GHz) bands



::: Planck’s view of galaxy clusters

PLANCK COLLABORATION XXII, A&A, 594, A22, 2016



SOUTH POLE TELESCOPE ATACAMA COSMOLOGY TELESCOPE

10m primary mirror (1.6 arcmin resolution @ 100GHz) 6m primary mirror (1.3 arcmin resolution @ 150GHz)
3 bands (100-150-220 GHz) 3 bands (90-150-220 GHz)
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::: Some useful equations
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::: clusters across cosmic time
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LARGEST STRUCTURES IN THE UNIVERSE

tracers of large-scale structure formation
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host most energetic events in the universe
unique laboratories for plasma physics
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::: lon-electron post-shock equilibration
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A cosmic train wreck
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ADAPTED FROM WANG ET AL., 2018, APJ, 856, 2, 162



::: High-redshift mergers
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| 2816 papers
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::: Let’s talk radio-interferometry

recovered scales
0=N/(B'sin®)
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X-RAY: NASA/CXC/CFA/M.MARKEVITCH ET AL.; OPTICAL: NASA/STScl; MAGELLANﬂJ.ARlZONA/D.C‘ AL.



FoLEY+, 2011, ApJ, 731, 86
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::: clusters across cosmic time
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::: @ turning point in cosmic history

mature clusters

environmental quenching

extended, thermalised haloes
of intracluster medium

protocluster overdensities

energetic AGN feedback
sustained star formation
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::: confirmation of long-standing predictions
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Pentericci+1997, Hatch+2009
Star-bursting proto-BCG fed by
“cooling flow”-like precipitation
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RMs generate in thin sheath of
hot gas around the radio jet

Saro+2009
simulated protoclusters with

gravitational potential permeated
by ICM at 2-5 keV



::: extending our observational horizon
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::: The SZ effect(s)
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::: SZ view of AGN feedback
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MS 0735.6+7421

NASA/CXC, NASA/ESA/STScl, B. MCNAMARA (UNIVERSITY WATERLOO) / NRAO, L. BIRZAN ET AL. (OHIO UNIVERSITY) / T. MROCZKOWSKI (ESO)



::: Detecting quasar outflows
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J. TUMLINSON ET AL., ARA&A, 55, 1, 207 / M. LACY ET AL., MNRAS, 483, 2019



::: A new window on the millimetre Universe
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Hope to see you soon!
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::: Let’s talk radio-interferometry
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