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THIS COURSE WILL ADDRESS

SOME GREAT (QUESTIONS

OF MODERN PHYSICS & ASTRONOMY:

WHAT IS THE SOLUTION TO THE MISSING MASS PROBLEM?

WHAT IS THE DARK MATTER?
IS IT NECESSARY TO MODIFY THE LAW OF GRAVITY?

AND OFFER A MULTIPLICITY OF ANSWERS,
OF WHICH AT MOST ONE CAN BE CORREC(CT.

FIRST WE WILL COVER THE EMPIRICAL EVIDENCE THAT
INDICATES THE EXISTENCE OF MASS DISCREPANCIES
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Galaxy Cluster

3 distinct measures: velocity dispersion, gravitational lensing,
and hydrostatic equilibrium of X-ray gas







Large Scale Structure
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Coincidence/flatness problem:
why is the density parameter of order unity!?
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Pruning the tree

Baryonic Dark Matter

Many candidates:
brown dwarfs
Jupiters
very faint stars
very cold molecular gas

warm (~IO5 K) ionized gas

Can usually figure out a way to detect
them: most have been ruled out.




Pruning the tree

Hot Dark Matter (HDM)

Obvious candidate:
neutrinos

neutrinos got mass!...
...but not enough.

Also

- neutrinos suppress structure formation

- can’t crowd together closely enough
(phase space constraint)



Pruning the tree

Cold Dark Matter (CDM)

Some new particle, usually assumed to be
WIMPs (Weakly Interacting Massive Particle)
don’t interact electromagnetically, so very dark.

Two big motivations:
|) total mass outweighs normal mass from BBN

2) needed to grow cosmic structure
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(2) There isn’t enough time to form the observed
cosmic structures from the smooth initial conditions unless
there is a component of mass independent of photons.

t=3.8x10°yr t=14x10"yr

very smooth: dp/p ~ 107 very lumpy: dp/p ~ |
6p/p o t2/3

These considerations made CDM the dominant paradgim



Only requirement to be CDM is

- dynamically cold (slow moving)
- non-baryonic (no E&M interactions)

could be
WIMPS
(or some other particle)
or
Black Holes
(masses of ~ 10° M@ conceivable)



Lots of particle candidates for CDM:

WIMPs

Axions
Light dark matter
wimpzillas

Can imagine other candidates as well:

Warm DM
Self-interacting DM
Light DM
etc.



