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★ Cluster Mass Distribution
○ Dark Matter - 84%
○ Intra-cluster Medium - 13%
○ Galaxies - 3%

★ Intra-Cluster Medium
○ Hot Ionized Gas
○ 10,000,000-100,000,000 K

★ Cooling Flow
○ Collapse of X-ray 

Emitting Gas
○ Flows toward center
○ Expected Increase in 

Stellar Formation

★ Galaxy Cluster
○ 100’s-1000’s of Galaxies

○ 1014-1015 M
☉

Galaxy Clusters



High Redshift Galaxy Clusters

McDonald et al., 2017, ApJ, 843, id.28

Recent High-z Cluster Surveys

● South Pole Telescope
● Spitzer Adaptation of 

the Red-Sequence  
Cluster Survey



Galaxy Formation History

Behroozi, P.S., Wechsler, R.H., Conroy, C. 
2013. Ap. J. 770:57

https://ned.ipac.caltech.edu/cgi-bin/ex_refcode?refcode=2013ApJ...770...57B


A View from the Optical/Infrared

● Hubble Space Telescope:
○ F160W  ~ 9000s
○ F105W  ~ 8500s

● Spitzer Space Telescope:
○ 24, 70, 160 micron



★ Gas-Poor Galaxy Merger★ Cooling Core★ Gas-Rich Galaxy Merger

Pearson

Feldmann et al., 2008, ApJ, 682

Potential Explanations for High Stellar Formation Rate



Webb et al., 2017, ApJL, 884, id.17

Gas-Wet Merger? No



Trudeau et al., 2019, ApJ, 487

A Radio View



X-rays with Chandra

● 170 ks of Chandra 
Observations (50 hrs)

● Compact Morphology
● Coefficient of Surface 

Brightness indicates strong 
Cool Core  (~0.19)

Chandra X-ray Observatory



An Uninhibited Cooling Flow



Conclusions
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