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Back to observations

Dark Matter has always been 
driven by data - specifically, 
astronomical observations of 
large structures like galaxies, 
clusters of galaxies, and the 
universe as a whole.
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Coma cluster



Coma cluster velocity dispersion
Colless & Dunn 1996

See also the “Technical literature” course web page

https://astroweb.case.edu/ssm/ASTR333/revlit.html

Cluster observations are usually 
interpreted with the

Virial Theorem.

This assumes the system is “virialized,” 
which is to say, relaxed to an equilibrium 
configuration. 


Galaxy clusters form late by the merger of 
smaller groups; it is not obvious that they 
have achieved this state.

See Virial Theorem in notes

Distribution of radial velocities for galaxies in Coma
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http://astroweb.case.edu/ssm/ASTR333/revlit.html


Coma
(smoothed)

Clusters often exhibit 
substructure in phase space 
(lumps in both configuration 
and velocity). Kinda violates 
virial assumption. But the 
discrepancy is too large to be 
explained entirely by non-
equilibrium effects. 
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Milky Way 
(artisist’s rendition)

You are here

informed by Spitzer data



Dark Matter Halo

Luminous Galaxy 
stars, gas, dust, etc.

Basic Picture:

Galaxies are embedded in extended,  
quasi-spherical halos of dark matter

Rvir ≫ R*
The virial radius of the dark 
matter halo is much larger than 
the luminous galaxy

There is no hard edge: there are some halo stars and 
warm/hot coronal gas mixed in with the dark matter



Milky Way in the optical (Gaia data)



Milky Way in the near-infrared (COBE data)



• Stars
• Majority of baryonic mass in bright galaxies

• Gas

• Atomic gas - H I 

• traced by 21 cm line  Majority of baryonic mass in faint field galaxies

• Molecular gas - H2

• traced by CO  Mass usually a distant third to stars and atomic gas

• Ionized gas - H II

• traced by H𝛂  Large volume but little mass where stars are; there might 
be a lot out to the virial radius.

• Dust
• little mass, but it does get in the way.

Baryonic Content of Galaxies



Multi-wavelength Milky Way

HI

HII

H2

stars

stars & dust

dust

dust

HII

atomic gas

ionized gas

molecular gas

warm dust

relativistic electrons

PAH dust

stars

stars & dust

hot ionized gas

cosmic rays



OR  (X,Y,Z) centered on either the sun or the G.C.

Cylindrical coordinates



Oort limit  -  imagine the disk as a plane parallel slab

Are we happy
with these sums?

From Sparke & Gallagher


