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What IS the 
SZ Effect?



The Namesake

Rashid Sunyaev Yakov Zel’dovich



Compton Scattering



The SZ Effect in Action

(Sunyaev and Zel’dovich, 1970, 1972, 1980)

(Birkenshaw, 1999)



RX J1347.5-1145

ALMA 

(ESO/NAOJ/NRAO)/T. 

Kitayama (Toho University, 

Japan)/ESA/Hubble & 

NASA

Observable!



Both play a part in finding the distance!

Two Main Types of SZ Effects

High energy in electrons is 
due to bulk motion

High energy in electrons is 
due to temperature

Thermal Effect Kinetic Effect

(Birkenshaw, 1999)
(Reese, 2004)



How do we find the distance?

SZE spectral 
distortion of the 

CMB

electron 
density

electron 
temperature

along the 
line-of-sight

angular-
diameter 
distance!

But wait!
There’s 
more…

(Reese, 2004)



We need the X-Ray emission too!

X-Ray 
emission electron 

density

X-Ray cooling 
function

(Bonamente, 2006)



Finding Distance

Evaluated along line-
of-sight through 
center of cluster

Characteristic scale 
along line-of-sight

(depends on chosen 
density model)



(Bonamente, 2006)

0.4-2 Gpc



Pros and Cons

● Distances are independent of the rest 
of the extragalactic distance ladder 
(no standard candles necessary!)

● Because independent of distance, can 
locate very distant clusters!

● Redshift independent (works for any 
redshift)

● Can make many other observations 
as well (mass, H0, etc.)

Pros

(Reese, 2004)
(Myers, NRAO, 2005)



Cons

Most clusters aren’t spherical in X-Ray/radio.
Assuming it is gives about 15% standard 
dev. 

New data suggests that most galaxy clusters 
are elliptical! (Colaҫo, 2024)

(Bonamente, 2006)

Small Scale Clumps (Unlisted)

Cluster Asphericity

Can be left out of data (why it’s unlisted).
However, clumpiness in intracluster

medium smaller than Chanda res. can 
effect high-redshift clusters, giving a 
smaller distance.



Cons

Undetected radio point sources can 
create an underestimate of the cluster 
distance.

(Bonamente, 2006)

Kinetic SZE

SZE Point Sources

Kinetic SZ effect comes into play. With 
typical assuming numbers, kinetic SZ 
effect is ~4% of thermal, creating 8% 
uncertainty.



Cons

Typical X-ray calibration (from Chandra) 
gives about 7.5% uncertainty via 
calculations. 

(Bonamente, 2006)

SZE Calibration

X-Ray Calibration

Typical SZE calibration gives about 8% 
uncertainty via calculations. 



Modern Use of the Sunyaev-Zel’dovich Effect

● “However, the usually assumed spherical geometry for galaxy clusters has been severely 
questioned… clusters exhibit preferably an elliptical surface brightness.” 

● “Additionally, galaxy cluster angular diameter distance data… has also been rejected in 
several tests of the CDDR (cosmic distance duality relation).” 

● “Moreover… it was predicted that dark matter halos show axis ratios typically of the order 
of ≈ 0.8.”

(2024!)



Modern Use of the Sunyaev-Zel’dovich Effect

“…the galaxy cluster angular diameter determined from their SZE + 
X-ray observations provides an alternative method for determining 
direct cosmological distance. Our results further underscore the 
importance of actively pursuing observational efforts to obtain new 
galaxy cluster angular diameter distance samples through SZE and X-
ray observations.”

(Flippis, 20
0

6)

(Colaҫo et al, 2024)



Questions?

(Reese, 2004)
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