Dark Secrets




Dark Secrets

e Dark Matter and Dark Energy

e Do they explain more Secrets of the
Cosmos

e \What then is Dark matter and Dark
Energy?
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e Dark Matter

First proposed in the 1930s

The idea grew in the 1970s as a result of

observations that there is missing mass
influencing the behavior of galaxies
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e Cosmology Basics

Big Bang Theory
Expanding universe

Gravitation from known matter slowing the
expansion of the universe
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Cosmology Basics

e When the Universe was young, it was nearly smooth and
featureless.

As it grew older and developed, it became organized.
We know that our solar system is organized into planets
(including the Earth!) orbiting around the Sun.

On a scale much larger than the solar system (about
100 million times larger!), stars collect themselves into
galaxies.

Our Sun is an average star in an average galaxy called
the Milky Way. The Milky Way contains about 100 billion
stars.

On still larger scales, individual galaxies are
concentrated into groups, or what astronomers call
clusters of galaxies.
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Cosmology Basics...

e These clusters include the galaxies and any material
which is in the space between the galaxies.

The force, or glue, that holds the cluster together is
gravity -- the mutual attraction of everything in the
Universe for everything else.

The space between galaxies in clusters is filled with a
hot gas. In fact, the gas is so hot (tens of millions of
degrees!) that it shines in X-rays instead of visible light.

By studying the distribution and temperature of the hot
gas we can measure how much it is being squeezed by
the force of gravity from all the material in the cluster.

This allows scientists to determine how much total
material (matter) there is in that part of space.
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e Dark Matter

Remarkably, it turns out there is about five times
more material in clusters of galaxies than we would
expect from the galaxies and the hot gas we can see.

Most of the stuff in clusters of galaxies is invisible
and, since these are the largest structures in the

Universe held together by gravity, scientists then
conclude that most of the matter in the entire
Universe is invisible.

This invisible stuff is called '

There is currently much ongoing research by
scientists attempting to discover exactly what this
dark matter is, how much there is, and what effect it
may have on the future of the Universe as a whole.
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The following events provide evidence of dark matter:

e Galaxy dynamics: The motions of stars in galaxies and
galaxies within clusters indicate that there is far more
matter than is implied by visible stars and gas.

Gravitational lensing: The bending of light in a
gravitational field, called gravitational lensing, shows the

existence of gravitational fields hence, matter where
there is essentially no ordinary matter.

Super-hot gas: Hot x-ray-emitting gas that pervades
clusters of galaxies provides a measure of the total
gravitational field of the system, revealing that there is
more than ordinary matter present.

Echoes of the Big Bang: Variations in the leftover
radiation from the Big Bang demonstrate that there
must be dark matter pulling the ordinary matter we see.
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e Dark Energy? RoO0sS?
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Dark energy:

e [t can be said that the greatest discoveries are
those that are completely unexpected.

e That was the case in the late 1990s, when two
teams of astronomers competing to measure

the rate at which the expansion of the universe
is slowing down (as virtually everyone thought
it must be) discovered that it is speeding up
instead.

e This eluded to a previously unknown, all-
pervasive dark energy must be at work,
representing 70 percent of the energy density
of the universe.
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Dark Energy, reveals itself subtly through:

e Exploding stars: Type Ia supernovae provide
a standard candle to measure distances to
faraway galaxies. By combining this
information with redshift, which measures how
fast a galaxy is receding, astronomers
conclude that something is causing galaxies to
recede at a faster and faster velocity.

Geometry of space: Observations that space
Is very close to "flat," with neither positive nor
negative curvature, imply a total energy
density for the universe that is stunningly
consistent with the dark-energy hypothesis.
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e Dark Energy?




