
Pecuilar Velocities	from	Kinetic	
Sunyaev-Zel’dovich Effect

Yuyu	Wang



Sunyaev-Zel’dovich Effect	(SZ	effect)

• SZ	effect	is	the	distortion	of	the	CMB	through	 inverse	Compton	scattering	by	the	electrons	in	galaxy	
cluster,	which	leads	to	changes	in	CMB	temperature	as	well	as	spectral	distortion.

• Thermal	Sunyaev-Zel’dovich Effect	(tSZ)	is	caused	by	the	high	energy	elections	with	random	velocities	in	
the	hot	intra-cluster	medium,	 which	leads	to	the	spectral	distrotion.

• Kinetic	Sunyaev-Zel’dovich Effect		(kSZ)	 is	caused	by	the	bulk	motion	of	the	entire	cluster,	which	leads	to	
a	Doppler	 shift	in	the	CMB	temperature.



Peculiar	Velocities	from	kSZ Effect
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(Sunyaev &	Zel’dovich 1980)

• Difficulty:

• kSZ signal	is	about	only	10-6 times	of	CMB	

• The	optical	depth	𝛕 is	various	from	clusters

• 𝛕 from	tSZ,	density-weighted	average	𝑇- (not	observable)

• Using	emission-weighted	temperature	𝑇< (20%	bias)

(Battaglia 2017)





(Planck	Collaboration	2017)



40,000	sets	of	images	with	corresponding	peculiar	velocities
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