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Distortion of the Cosmic Microwave Background (CMB)

photon spectrum due to electrons in the CG.

(Inverse Compton scattering)  

CMB photons

ν

νI

ν=218GHz
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Sunyaev & Zeldovich, Comments

Astrophys. Space Phys. 4, 173 (1972)

(1) Introduction
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Determination of the Hubble constant with CG

--- Thermal SZ effect

--- X-ray intensity

: diameter of CG along the line of sight
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)distancediameterangular(
θ
l

DA =

With the redshift observation, the Hubble constant is 

determined (H0=v/DA).



Recent observations:

High temperature CG   Te=10～20keV.

Relativisitic corrections become significant!

Typical order of magnitude

02.0511/10/ ≈=≡ eee mTθ
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(2) Covariant Formalism for SZ 

Effects ① Boltzman equation (CMB frame)
� Thermal SZ

② Lorenz boosting CG
peculiar motion of CG

� Kinematical SZ (CG)

③ Lorenz boosting the observer
motion of observer

� Kinematical SZ (observer)

④ polarization cross sections &
Stokes parameters for CMB

� Polarization SZ

⑤ Iteration of Boltzman equation
� Double scattering SZ

6/30



(a)Thermal SZ Effect
Itoh, Kohyama & Nozawa, ApJ 502, 7 (1998)

Boltzman equation for the photon distribution function.

momentaphoton:,momenta,electron:,

functionsondistributiFermi:)(),(

amplitudescatteringComptonInverse:

,)(
2

)4(

)},()](1)[()()](1)[({
)2(

2
)(

4
22

33

3

3

kkpp

EfEf

R

kpkpR
EE

e
W

EfnnEfnnWkdpd
pd

t

n

′′

′

′−′−+
′′

=

′+′−′+′′−=
∂

∂
∫

δ
ωω

π

ωωωω
π

ω

7/30



eBeB Tk
x

Tk
x

ωωω
≡

−
≡∆ ,

'

Fokker-Planck 

expansion

)1( <<∆x

8/30



Distortion of the CMB spectrum

etemperaturCMB:

oncrosssectiThomson:,,
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--- Non-relativistic term

Relativistic corrections
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Relativistic corrections
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Distortion of the spectral intensity
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・Relativistic corrections are very important for 
high-temperature CG Te> 10keV.

・ Relativistic corrections are significant for large 
X region (sub-millimeter region)

For X>10, factor 4 effect!

・Fokker-Planck expansion approximation is OK 
for Te < 15keV.

Summary for thermal SZ effect
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(b) Kinematical SZ Effect

Peculiar Motion of Clusters of Galaxies

Nozawa, Itoh & Kohyama ApJ, 508, 17 (1998)

Lorentz boosting of the original Boltzman equation
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Distortion of the CMB spectrum

Kinematical SZ effect
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Relativistic corrections
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Distortion of the spectral intensity
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・Relativistic corrections are very important for 
high-temperature CG Te> 10keV.

Summary for kinematical SZ effect  (CG)
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systemsolar  in thetor photon vec :

CMB respect to systemsolar   theof velocity :
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Motion of the observer (Solar System)
Nozawa, Itoh & Kohyama submitted to A&A (2005)
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Planck distribution: dipolar distortion
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velocity of CG in CMB frame is also 

transformed
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Thermal SZ (Effect of observer’s motion)
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Kinematical SZ (Effect of observer’s motion)
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Summary for kinematical SZ effect  (Motion of the observer)

For thermal SZ

βS corrections are small

0.5% to 1% of the thermal SZ at kBTe=10keV
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For kinematical SZ

βS corrections are small

0.5% to 1% of the thermal SZ at kBTe=10keV



(c) Polarization SZ Effect
Itoh, Nozawa & Kohyama ApJ, 533, 588 

(2000)

Polarized photons with Lorentz boosted Boltzman equation
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Relativistic corrections

Magnitude of the polarization of CMB



Distortion of the spectral intensity

⊥β
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・Relativistic corrections are very important for 
high-temperature CG Te> 10keV.

・Distortion of the spectral intensity is extremely 
small.

Summary for Polarization SZ effect
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(d) Double Scattering Effect

Assumption：initial photon distribution is isotropic
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Inserting equation (1) into Boltzman equation:
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15keVfor cent per  2.0/ 12 =−≈∆∆ eTII

Double scattering effect is safely neglected.



(3) Summary

・We have presented a relativistically covariant 
formalism for the SZ effects.

・With the formalism one can treat 
thermal SZ effect, 

kinematical SZ effect (CG and observer), 

polarization SZ effect, and 

multiple scattering effect

in an unified manner.

・Relativistic corrections are very important for high-
temperature CG Te> 10keV for all SZ effects.
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