L arge-Scale Structure

Galaxy Clusters

(1) Reqular Clusters

e giant systems, spherical symmetry
* high degree of central concentration
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e a least one supergiant eliptical (cD
galaxy) near center




Galaxy Clusters
(2) Small Groups

* |oose aggregates of galaxies of al types, e.g., the Loca Group
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Hot Gas

Space between galaxies in a cluster not empty.

The cluster
Hydra A in
optical and x-ray
emission.

e X-ray observations => hot gas, T ~ 106 - 10’ K
» mass of hot gas ~ mass of visible galaxies!
e gas contains Fe - from supernovae in galaxies?

* N0 hot gas seen between clusters



Missing M ass
Equilibrium relation for aclusteris 2E, . +U =0.
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where v = <v&>12 = rms speed of galaxies,
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M = Nm, where N = # of galaxies, m = mean galaxy mass.
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= (note: similar to estimate for a rotating disk)

Observed v, R, imply % » (300- 500) Man

N
versus factors of up to 50 for individual galaxies.

\ Relativeimportance of dark matter increases with the
characteristic scale of a system.



Hierarchichal Clustering

e clusters of clusters => superclusters and beyond

 no spherical symmetry thistime! See filaments and voids.

Clustering properties of 11,000
galaxies, up to d = 140 Mpc.

e mostly filamentary structure

e voids are predominantly
spherical

e vOids empty of at least bright
galaxies

* how Isthe dark matter
distributed?




