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This is the first statement of the concept of 
dark matter as we now understand it, as well 
as the first valid measurement of the relative 
amounts of mass within and outside galaxies
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● Discovering flat rotation curve is usually 
credited to Rubin & Ford 1970 (optical) 
and Roberts & Whitehurst 1975 (radio)

● The 1957 Dwingeloo curve is at least as 
good and goes just as far

● In the following BAAN paper M.Schmidt 
showed variable M/L is needed in M31



  

● Extended dark matter halos became part of the mainstream in the 1970's

J.EINASTO, A.KAASIK, AND E.SAAR
1974
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● Extended dark matter halos became part of the mainstream in the 1970's

● Rotation curves were a small part of the justification (9/54 pages in F&G79)

● The rotation curves used were mostly 21cm, rather than optical 



  

The emergence of non-baryonic dark matter

             (See “Cosmology’s Century”,  Chapter 7)

    Gershtein & Zel’dovich (1966) – cosmology limits the masses of relic ν’s from the BB

Marx & Szalay (1972-74)
                   +                              –  relic ν’s might provide the mass to bind Coma
Cowsik & McLelland (1972-73)

Five papers in 1977 introduced hypothetical WIMPs which could be the dark matter
  Hut;  Lee & Weinberg;  Sato & Kobayashi;  Dicus, Kolb & Teplitz;  Vysotski, Dolgov & Zel’dovich 

Lubimov et al (1980) estimate 30 eV for the mass of ν
e
 from 3H end-point decay

1981 – 83:   Analytic arguments and then simulations demonstrate that no known 
neutral non-baryonic particle (i.e. no neutrino) could match large-scale structure

1983 – 85: Analytic arguments and then simulations show that CDM works better 



  

Could massive neutrinos be the Dark Matter?

CfAν1

ν2 ν3

CDM1

CDM2

White, Frenk & Davis 1983

Simulations assuming dark 
matter to be made of ν’s 
and galaxies to form only 
in collapsed regions             
          LSS incompatible  
with observation for any 
cosmological parameters.

This excludes all known 
particles as possible DM

Direct mass bounds on the
τ-neutrino only excluded it 
in 2006



  

A new kind of particle, Cold Dark Matter, is possible

CfAν1

ν2 ν3

CDM1

CDM2

White, Frenk & Davis 1983Davis, Efstathiou, Frenk & White 1985



  

Precise astrophysical evidence for dark matter?

Planck Collaboration 2018

● Results from a single instrument (Planck/HFI)
● No local/low-redshift data are used
● Linear perturbation of a homogeneous medium 
● No exotic/HE physics needed to set pattern
● No measurable primordial non-gaussianity
● Good fit to minimal 6-parameter ΛCDM
● Neutral, stable WIMPs required, but few other 

constraints on the nature of dark matter 



  

Other astrophysical evidence on dark matter properties

● No confirmed evidence for DM annihilation or decay   
        3.5keV line in clusters,  γ-ray excess near the Galactic Centre...

● No evidence for astrophysically significant self-interactions
        Bullet cluster and analogues...

● No experimental evidence for interactions with normal matter
        DAMA-Libra?

● No evidence for axion-like energy losses in the Sun, stars or exp’ts
 

● No evidence for an astrophysically significant Compton wavelength
 

● Observed small-scale structure         k
hm

 > 20 h/Mpc,   M
hm

 < 108 h-1M
⊙
 

        Ly α forest,  halos of dwarf galaxies, strong gravitational imaging,             
        perturbations of stellar streams in the halo...  
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