Dark Vlatter

But there is more than just matter and antimatter

Looking at our Universe we see much more
than ordinary matter (or antimatter)...

We see evidence of dark matter in galaxies
and clusters of galaxies.

An artist’s conception of the
distribution of dark matter in
the universe versus time (which
moves from right to left).

This is based on astronomical
observations. Over time,

the dark matter is thought

to become more clumpy.
Galaxies are superimposed

for illustrative purposes only.
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A collision of two clusters of galaxies of the Universe Dark Energy 73%
momentarily separated ordinary matter and
dark matter (seen by gravitational lensing).
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oupersymmetry

What is dark matter? String theory and supersymmetry
String Theory predicts
extra dimensions of space
and a new symmetry called Particles
We don’t know “supersymmetry”.

But we have ideas

o/

If the constituents of dark
matter are new particles,

o/

the ATLAS Experiment should
discover them and elucidate the
mystery of dark matter.

In supersymmetry,

every particle should

have a massive “shadow”
particle, and one of these might
be the dark matter particle.
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Supersymmetic “shadow” particles

Extra Dimensions

Are there extra dimensions of space? Why is gravity so weak?
.
Think about an acrobat and We observe that the force of gravity is far far weaker than
an ant on a tight rope. _ that of electromagnetism. This is a great mystery.
The acrobat can move forward and -

backward along the rope.

-
-
But the ant can also move v ;
sideways around the rope. A
If the ant keeps walking to one side, .
it goes around the rope and winds d
up where it started (it is a small
dimension). Perhaps, Electromagnetism is confined to
............. our usual three dimensions of space B
o.. . V. : ° _ "‘m
The acrobat can only detect the : - . -
one dimension of the rope, just as ! . | /
we can only see the world in three »~ i oy Il N :
dimensions, even though it might ' . fo 4
well have more. '
- / e Extra dimensions of
N .10 Maybe Gravity sees the other dimensions of -~ space might lead to dramatic
“““ No s et e m e et R e e o events in the ATLAS detector.
21
Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
Inflation ~ GO0 T L SRR T ot . sl
: " TS Sy b At TN S - =
' . ‘ '?“_. '. Y ,."‘s . b‘ -
5 SN KT RN Sl s T R
$ -3{’0':':‘ NS - | ,f-"'J IO e E'» s [y : ‘ » WMAP
K7 O A X AR R Y s 4 | Py , |
Nt N A (R B e .
S T, RETA BT SUEN o Lo N 4
, S g '..‘;".,‘\‘ g " -l . =
. :i :..5‘6.".:.;:\ ‘, ; - .. — ’ - « T B ".‘ -
Quan L s B gt T o I I i - ‘
S O R R O RN TR T R . -
Fluctuations P s e | R R GRELY PR & = 1% ‘
t_". '*. ¢;."‘_ 1 ' d“ t., “0 -
\x‘. 3 ’ 1‘.. ;’ o . '

1st Stars - |
about 400 million yrs.

Big Bang Expansion

13.7 billion years




