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Dark Matter in Galaxy Clusters

Coma galaxy cluster



Dark Matter in Galaxy Clusters

galaxy cluster MACS J 1206, CLASH
project

virial theorem:

GM
R
≈ 3σ2

v



Dark Matter in Galaxy Clusters

galaxy cluster MACS J 1206, CLASH
project

velocity dispersion, Rosati et al.



Dark Matter in Galaxy Clusters

mass profile, CLASH project

velocity dispersion, Rosati et al.



Dark Matter in Galaxies

rotation curve, Andromeda galaxy
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Dark Matter in the Universe

top: Planck CMB map, bottom: 2-micron
all-sky survey

growth of cosmic structures



Light Deflection by Mass



Light Deflection by Mass

index of refraction:

n = 1 −
2Φ

c2



Light Deflection by Mass

galaxy cluster MACS J 1206, CLASH
project



Mass Mapping in Galaxy Clusters



Mass Mapping in Galaxy Clusters

• ellipticities trace the tidal field
(shear)

• shear is converted to matter
density



Mass Mapping in Galaxy Clusters

galaxy cluster Abell 2744, Merten et al.



Mass Mapping in Galaxy Clusters

galaxy cluster Abell 2029, Ménard et al.



Mass Mapping in Galaxy Clusters

galaxy cluster Abell 2744, Merten et al.



Mass Mapping in Galaxy Clusters

galaxy cluster 1E 0657−558, Bradač et al.



Mass Mapping in the Universe

CFHTLS, van Waerbeke et al.



Mass Mapping in the Universe

CFHTLS, Fu et al.



Mass Mapping in the Universe

CFHTLS, Fu et al.



Mass Mapping in the Universe

CFHTLS, Fu et al.
CMB lensing, Planck consortium



Quantifying Mass in the Universe

CMB power spectrum, Planck consortium



Quantifying Mass in the Universe

cosmological parameters, Planck consortium



Quantifying Mass in the Universe

cosmological parameters, Planck consortium



Quantifying Mass in the Universe

2-degree field galaxy redshift survey, Percival et al.



The Baryonic Contribution



Primordial Black Holes?


