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Cluster of galaxies
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GALACTIC ROTATION CURVES
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GALACTIC CLUSTERS
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VELOCITY DISPERSION IN GALACTIC CLUSTERS

Credit: https://en.wikipedia.org/wiki/Coma_Cluster
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▪ Fritz Zwicky – 1933 Coma Cluster

▪ Velocity dispersion σ ~ mcluster

▪ Expected dispersion ~ 80 km/s 

▪ Observed dispersion ~ 1000 km/s



VELOCITY DISPERSION IN GALACTIC CLUSTERS

Fritz Zwicky 1933

Credit: https://en.wikipedia.org/wiki/Coma_Cluster

If this would be confirmed, we would get the surprising result that dark matter is present in 
much greater amount than luminous matter. 
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▪ Fritz Zwicky – 1933 Coma Cluster

▪ Velocity dispersion σ ~ mcluster

▪ Expected dispersion ~ 80 km/s 

▪ Observed dispersion ~ 1000 km/s



GRAVITATIONAL LENSING
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GRAVITATIONAL LENSING
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GRAVITATIONAL LENSING

Massive object deforming space-time

Credit: Michael Richmond
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LOCAL OSCILLATIONS 
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LOCAL OSCILLATIONS 

Stars in the neighborhood

Galactic disc
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Stars in the neighborhood

Galactic disc
Dark disc



THE BIG 

BANG

31



BARYOGENESIS AND CMB FLUCTUATIONS
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BARYOGENESIS AND CMB FLUCTUATIONS
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p + n        2H + 𝛾

2H + 2H      3He + n

This process is sensitive to the baryon density 𝜌B

▪ Too large and they all burn to 3He

▪ Too low and they do not fuse at all

The observed abundances imply mDM ~ 6mvisible

DM is not baryonic



STRUCTURE FORMATION
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Structure formation (galaxies) is driven by DM

DM traps itself due to the expansion of the Universe

(collapsed DM)

These pockets of DM then trap baryons and form structures

Observation and morphology of structures confirm 

mDM ~ 6mvisible

DM is non-relativistic 

(not neutrinos)

Wang et al. Nature 585, 39–42 (2020)
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THE BULLET CLUSTER COLLISION
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