| ecture 38

D/ark matter in the
Universell: What 1s1t?




~90% of the massin the Universe
IS of some sort of invisible (dark)
matter, probably even of quite

different naturethan the stuff
we are made of.
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00% dark matter ?

These astronomers must be crazy !
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/Visible mass in the Univer se:

lmplications:

 |essthan the nucleosynthesis constraint of
In baryons  consistent

e Most of the baryons in the universe (~75%)
do not shine [are too dim to be detected]
* gas and dust

* gtellar remnants (white dwarfs, neutron stars,
black holes)

* brown dwarfs [failed stars]
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Evidence of dark matter:
Aotation curves of spiral galaxies
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__Let*st’se some numbers...

o A galaxy like the Milky Way or Andromeda
has atotal visible mass of about 6~ 10%° M

sun®

"he rotation velocity Is ~220 km/sec
The radius about ~30 kpc

Newton:

total mass: 3.3° 10* M,
~5 times more mass than visible
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Evidence of dark matter:
X=ray clusters

ROSAT PSPC
Virgo Cluster

» 4 ke, ceoothed
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Evidence of dark matter:
cluster s of galaxies

HST - WFPC2

Gravitational Lens in Abell 2218

PESE-14 - 57 Scl OPO - Apnil &, 1995 - W. Couch (UNSW), NASA
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Overallresult:
/

lmplications:
e most of the mass in the Universe is dark
e most of it IS even of non-baryonic origin

* the perfect Copernican principle

*

ne Earth is not at the center of the solar system
ne Sun Is not at the center of the Milky Way
ne Milky Way Is not at the center of the Universe

We may not even be made from the most abundant
type of matter in the Universe
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| sthe claim-that dark matter exist
—Teally so embarrassing ?

* \When Leverrier was proposing in
the 1840s that there maybe an
8th planet in the solar system, :
Neptune, a planet that can explain

the irregularities of Uranus' orbit, §
this planet was also “dark matter”

But it was a clear prediction that eventually
could be tested observationally

e The discovery of Neptune by Galle was one
of the finest moments of science
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Q: What isit 2
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__MACHOS?

« MAssive Compact Halo Objects

Brown dwarfs (stars not massive enough to
shine)
Dim white dwarfs (relics of stars like the

Sun)

Massive black holes (stars that massive that
even light cannot escape)

out: If the DM isreally iIn MACHQs,
something with the nucleosynthesis
constraint must be wrong
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__Hoew-~can we see MACHOs 7?

e Gravitational lensing:

o |f foreground object has only little mass, the
Image split istoo small to be observed

o But the amplification (brightening) Is
observable
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__Hoew-~can we see MACHOs 7?

 How likely isit for astar in the Milky Way
to get amplified ?
 Onceevery 10 million years
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__Hoew-~can we see MACHOs 7?

e Solution: monitor 10 million stars
simultaneously
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__Hoew-~can we see MACHOs 7?

Magnification due
to gravitational
lensing
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_WHVIPS?

o Weakly Interacting Massive Particles

e Massive neutrino
* at least we know that It exists
* we don’'t know whether It has mass or not

* hot dark matter (hot: moving at speeds near the
speed of light)

* Another (yet undiscovered) particle
predicted by some particle physicists

* cold dark matter (cold: moving much slower
than the speed of light)
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