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Dynamic evidence on massive coronas of galaxies

JAAN EINASTO, ANTS KAASIK & ENN SAAR

A LONGSTANDING unresolved problem in galactic astronomy is the 
mass discrepancy observed in clusters of galaxies. The virial mass of 
the cluster per galaxy and the mass−luminosity ratio are considerably 
larger than the corresponding quantities for individual galaxies. This 
discrepancy cannot be a result of expansion or be because of the 
recent origin of clusters: these ideas contradict our present knowledge 
of the physical evolution and ages of galaxies. Therefore it is necessary 
to adopt an alternative hypothesis: that the clusters of galaxies are 
stabilised by hidden matter.
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Some steps toward cosmic structure formation
Many people thought the early universe was complex (e.g. 
mixmaster universe Misner, explosions Ostriker, …).   

But Zel’dovich assumed that it is fundamentally simple, with just 
a scale-free spectrum of adiabatic fluctuations of  
 (a) baryons 
and when that failed [(ΔT/T)CMB < 10-4] and Moscow physicists 
thought they had discovered neutrino mass 
 (b) hot dark matter. 

Blumenthal and I  thought simplicity a good approach, but we 
tried other simple candidates for the dark matter, first 
 (c) warm dark matter, and then, with Faber and Rees,  
 (d) cold dark matter, which moved sluggishly in the early 
universe.  
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Blumenthal, Faber, Primack, & Rees 1984



CDM Structure Formation: Linear Theory

Primack & Blumenthal 1983, 
Primack Varenna Lectures 1984
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CDM fluctuations that enter the horizon during the 
radiation dominated era, with masses less than about 
1015     , grow only ∝ log a, because they are not in 
the gravitationally dominant component.  But matter 
fluctuations that enter the horizon in the matter-
dominated era grow ∝ a.  This explains the 
characteristic shape of the CDM fluctuation 
spectrum, with δ(k) ∝ k-n/2-2 log k  

Cluster and smaller-scale  
ν fluctuations damp  
because of “free-streaming”
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