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Stellar Motions in Spiral Galaxies

stars in disk move together

in nearly circular orbits 

bulges are like elliptical galaxies

Dust in the plane of edge-on spiral galaxy

makes it hard to see the center in visible light 
from our position in the disk
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Looking toward the center of our own galaxy

There’s a supermassive black hole at the 
center of our galaxy…

Modern large 
telescopes can track 
individual stars at 
galactic center

Use infrared light 
to penetrate dust.
Use adaptive 
optics to achieve 
high resolution.

and have been 
observing for past 10 
years…

Keck, 2 µm Ghez, et al.

Motions of stars 
consistent with 
large, dark 
mass located at 
Sgr A*…

Ghez, et al.

Schödel, Genzel, et al. 2004

Velocity vs. distance from the center r in 
the plane of our galaxy shows that most 
of the mass is invisible

r
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Rotation 
Curves

Solar System

Milky Way

v = √GMsun / r

v = √GM(<r) / r  ≈ constant
⇒ M(<r) ∝ r

Galaxies are held together by dark matter

If mass were 
distributed like light, 
density distribution 
would look like this

and rotation curve 
would look like this

Actual rotation curve

Indicates 
invisible 
matter at 
large radii

“The Case 
of the 
Dark 

Matter”
from World Book 

Science Year 1990

by Joel R. Primack

Evidence for dark matter

Most of the Mass is in the 
Dark Matter Halo

(denser in center)
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The Milky Way Within Its Dark Matter Halo Gravitational Lensing Confirms 
Dark Matter in Galaxy Clusters

Jupiter-sized objects are not good dark matter suspects Black Holes are not good suspects either

Photon, Z, and Higgs Supersymmetric Partners 
(Photino, Zino, Higgsino)    are   Prime Suspects
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We now know that there is not nearly enough matter for a big crunch.

stardust

stars

Modern Cosmology

• The ΛCDM Cold Dark Matter (“Double Dark”) theory based on this 
appears to be able to account for all the large scale features of the 
observable universe, including the details of the heat radiation of the 
Big Bang and the large scale distribution of galaxies. 

• Constantly improving data are repeatedly testing this theory. The 
main ingredients have been checked several different ways.  There 
exist no convincing disagreements.  Although there are possible 
problems on galactic scales, these may be due to the poorly 
understood physics of gas, stars, and the massive black holes at the 
centers of massive galaxies. 

• But we still don’t know what the dark matter and dark energy are, nor 
understand in detail how galaxies form and evolve.  Maybe you can 
help answer these questions!

• We now know the cosmic recipe. The earth and its inhabitants 
are made of the rarest stuff of all: stardust (0.01%). Everything 
that we can see makes up only about 1/2% of the cosmic 
density, and invisible atoms about 4%. Most of the universe is 
invisible stuff called “nonbaryonic dark matter” (25%) and 
“dark energy” (70%).  

In our Cosmology and Culture 
course at UCSC and in our 
forthcoming book, to be 
published in April 2006 by 
Riverhead/Penguin, Nancy 
Abrams and I present the 
modern cosmos – but we also 
address its possible meaning 
by trying to explain how we 
humans fit in.  

We show, for example, that we 
humans are central to the 
modern cosmos not in a 
simple geographic sense but 
in at least seven deep and 
unexpected ways, all of which 
follow directly from astronomy 
and physics.

from

seven ways we are 
central or special


