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Lecture 14: Groups and Clusters





50 Mpc distant



Optical + GMRT radio     

Kolokythas 
et al. 2020



Chandra X-ray + GMRT radio    unsharp-masked Chandra

Kolokythas 
et al. 2020



Consider NGC1550 group of galaxies

Velocity dispersion is ~ 310 km/s
Application of the virial theorem yields:

We can also estimate the X-rays from free-free emission: 

Hydrostatic equilibrium tells us how much gravity is needed to keep
the hot gas from blowing away:



Worksheet:  Use hydrostatic equilibrium and the ideal gas law derive the mass of the 
NGC 1550 cluster assuming T = 1.6 x 107 K, and 



Ways to measure Cluster mass?

- X-ray luminosity of the hot gas [see previous slides]

- Gravitational lensing (strong and weak)
- S-Z effect
- Faraday rotation



Strong lensing.  The gravity of a foreground cluster of 
galaxies distorts the images of background galaxies into arcs 
shapes.
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Saturn-mass
black hole
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Weak Lensing



Strong and Weak Lensing of the bullet cluster

Blue = mass from lensing; Red = X-rays from hot gas



Journal Class
• The Bullet cluster at its best: weighing 

stars, gas, and dark matter 
• Paraficz et al. 2016
Discussion leader: Izabela Pavel
Note: To encourage discussion 
everybody must pose at least one 
question during the group discussion
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Sunyaev-Zeldovich effect

• The Sunyaev-Zeldovich effect
– Photons of the CMB are scattered to higher 

frequencies by hot electrons in galaxy 
clusters, causing a negative brightness 
decrement.

– Decrement is proportional to integral of 
electron pressure through the cluster, or 
electron density if cluster is isothermal.

– Electron density and temperature can be 
estimated from X-ray observations, so the 
linear scale of the cluster is determined.

– This can be used to measure the cluster 
distance and combined with z to get H0.
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Sunyaev-Zeldovich effect
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SZ images

Reese et al. astro-ph/0205350
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Thermal SZ effect
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SZ profiles
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SZ Results
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Kinetic SZ Results

Tanimura
et al. 2021
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Kinetic SZ Results

Tanimura
et al. 2021



Effects of the Environment on Galaxy Type

- Spirals are generally found in galaxy groups
- Ellipticals are more prevalent in rich clusters
- cD galaxies are only found at the center of rich clusters



Hot Gas in Clusters

- There is lots of gas, in the richest clusters up to 10 times more than in stars



Hot Gas in Clusters

- The gas is densest near the center of the cluster, and drops off
With radius as you might expect
Since X-ray emission goes as n2 the gas at the center should cool,
Generate optical line emission, and form molecular gas and stars
There is some evidence for cooler gas, but not enough



Clusters are Very Large Magnets

U NM   December 1, 2009 





Carilli & Taylor 2002 (ARA&A) B ~ 10 µG



Hydra A

Faraday
Rotation
Measures

B ~ 30 µG





31

Coma

X-ray
+
radio
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5C4.74 in Coma
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Results

B0 = 4.6 +/- 0.7 µG

scale lengths between 2 
and 30 kpc
average B ~ 2 µG

Bonafede et al. 2009


