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What is the universe made of?

* An age old question, but we live at a particularly
interesting time:

— We know how “big” the universe is.

— We have no idea what most of it is made of.
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Historical Precedent
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Dark Matter: What is it?
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Dark matter requires new kinds of particles
Particle physics <+ Cosmology
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Dark Matter Candidates

« Many different kinds of new particles are possible.

« But independent of cosmology, new particles are
required to solve one of the biggest problem in
particle physics: electroweak symmetry breaking.

* These particles are often WIMPs, weakly-
interacting massive particles, with masses ~ 100
GeV. Could these be dark matter?

26 October 2004 UCI Distinguished Faculty Lecture Feng 8



Increasing <o,v>

>
=
n
g
[0}
A
~
[0}
Q
g
3
z
Ql
=
>
o
B
o}
O

10 100
x=m/T (time -)




Exponential

exponential drop

freeze out

@
(]
}
@
<
E
=
:_d_
=
[=]
=
=
|45

Dec =002
Date (time -)




Feng, Matchev, Wilczek (2000)
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vy =2 neutrinos in the Sun
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Extra Dimensional Dark Matter

Cheng, Feng, Matchev (2002)

« Extra spatial dimensions < Particles moving in extra
could be curled up into dimensions appear as a set of
small circles. copies of normal particles.
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SuperWIMP Dark Matter

Feng, Rajaraman, Takayama (2003)

* Both supersymmetry and extra dimensions
predict partner particles for all known
particles. What about the partners of the
graviton?

* Such partners interact only through gravity,
that is, extremely weakly.

« Can they have the right relic density?
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Large Hadron Collider at CERN, Geneva

If dark matter Is WIMPs or superWIMPs

§ we WI|| know.soon after the LHC turns on in 2007 P
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