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Sunyaev-Zeldovich or SZ effect (SZE):

Appearance of a negative source (brightness decrement) on 
the map of cosmic background fluctuations in the direction to 
clusters of galaxies (due to its inverse Compton scattering by 
electrons of the hot intergalactic gas).

Background is CMB (relic emission) but observed in radio 
(millimeter-centimeter) wavelength bands.

This effect is weak (fractions of mK or ~3× 10 -4 Tm 
 where 

Tm 
= 2.7255±0.0006 K is the CMB temperature) but now 

well measured. And it is very important !

We extend this effect into the radio (meter-decimeter) 
frequency band.



Abell 2319 from Planck 

  SZ-effect  SZ-effect

Distortions 
disappear at 
217.5 GHz 
(λ 1.37 mm)

A negative source on the map 
of CMB fluctuations in the 
millimeter (radio) band.

Sunyaev-Zeldovich 
(1970,1981)

Compton scattering leads to a Doppler 
shift of photons towards higher 
frequencies, for kTe ~ 5 keV:
Δν / ν = kTe / mec2 ~ 0.01.

Substituting the CMB Planck spectrum 
into the Kompaneets equation we come 
to more accurate formula for distortions

Here    

A positive source on the map of 
CMB fluctuations in the 
submillimeter (microwave) band.

In the limit  hν≪ kTm 

or ΔT / Tm = -2 (kTe / mec2)τT , where 
τT ~ 10 -3  is the Thomson optical 

depth toward the cluster center. 



  SZ-effect



 Why the SZ-effect is 
important?



 Background radiation in other spectral bands
Cosmic Radio-Background (CRB)      



10 MHz 100 GHz
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Radiobackground (CRB) distortions in the cluster gas 

CRB distortions

Bremsstrahlung

CMB distortions

νF(ν)

1 GHz10 MHz 100 MHz 3 GHz

kTe = 5 keV, τT = 0.006

CRB stimulated scattering

Rc = 150 kpc



Radiobackground 
(CRB) distortions    
in the cluster gas

kTe = 7 keV, τT=0.01 kTe = 3 keV, τT =0.008

kTe = 2 keV 
τT=0.008

kTe = 15 keV, τT=0.014



Cosmic Radio-Background (CRB) 
distortions in the hot cluster gas

1 GHz



Cosmic Radio-Background (CRB) 
distortions in the hot cluster gas

Z = 0.5

Z = 1.0 

Z = 0



Real distribution of the gas  

 -model for the gas density distribution:

Bremsstrahlung and scattering parameters:

Results of computations for two different impact parameters

 

 
 



-model of the gas density 
distribution.

Predictions for 10 real clusters and      
two impact parameters ρ=0 (left)    
and ρ=0.8 Rc (right).

It is advantageous to observe the 
effect of scattering 

1). for the hot distant clusters and 

2). it is desirable - on their periphery.

Cosmic Radio-Background 
(CRB) distortions in the   
hot cluster gas



-model for the gas density 
distribution

Dependence on impact parameter ρ 
at different frequencies. 

Only positive source at ν < 700 MHz
(due to general decay of CMB).

Very unusual shape of the source at 
800 MHz < ν < 1500 MHz
    A hybrid source – a bright narrow 
positive source surrounded by a dark 
(negative) ring. 

Cosmic Radio-Background 
(CRB) distortions in the   
hot cluster gas



-model for the gas density 
distribution.

Dependence on impact parameter ρ 
at different frequencies. 

Transition from the brightness 
decrement to its increment occurs 
through the appearance of a very 
unusual (hybrid) source – a bright 
narrow positive spot surrounded by a 
dark (negative) ring. 

SZ-source does not dissapear at       
ν ~ 217.5 ГГц but also turns into such 
a hybrid source. 

This is because 
1). scattered emission has extremely 
wide spatial distribution, 
2). thermal bremsstrahlung strongly  
concentrates toward the center. 

Cosmic CRB distortions 
in the hot cluster gas

GHz

217.49

100

1.18 

100 
MHz

300



Evolution of the source 
shape at the map of radio-
background fluctuations



Diffuse radiation 

100 MHz

In fact, it switched off at
tso+Rc/c ≃ tso+1.14 Myr



Contribution of diffuse radiation from an extinct active galaxy

CRB distortions                                                                                              CMB distortions



Stimulated Compton 
scattering 

100 MHz



Stimulated Compton 
scattering 

100 MHz



Stimulated 
Compton 
scattering 



Stimulated Compton 
scattering 

100 MHz



Fast Radio Bursts (FRBs) 

 



Fast Radio Bursts (FRBs) 



Fast Radio Bursts (FRBs) 



Conclusions  



Thank you 
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