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[ntroduction
The Mystery of our universe today, is Dark Matfeark Matter is the heart of our
galaxy, and it keeps the planets and stars fromdlgway or moving positions. Dark
Matter is the pitch black matter around the stas @anets. Dark Matter makes up 96%
of our galaxy, and the rest is gases, stars or otlagerial. Dark Matter consists of many
parts. For instants, there is cold and hot DarktdtaHot dark matter has particles with
zero, or near zero mass, and cold dark mattemigposed of objects sufficiently massive
that they move at sub-relativistic velocities. Darltter also consists of MACHO's are
massive astro-physical compact halo objects, and®4 are weakly interacting
massive particles. Also, there are three scient&y Carlberg, who works at the
University of Toronto, is studying dark matter fiqug out how it functions. The other
scientists; Steven Tieu, and Fred Cooperstock,wdri at the University of Victoria as
an astronomer studying the components of dark ma#tdot of things are still waiting to
be discoverd about dark matter, and scientiststdrérying to crack the code of the heart
and soul of our galaxy.
Dark Matter
In cosmology, dark matter has matter particles ¢taanot be spotted by their
releases of radiation but when they are there, thaybe taken from gravitational effects
on visible matter such as stars and galaxies. pbedsof these particles is crucial to the
Big Bang model of cosmology and the order of foiorabf the Universe's great
structures. (Dark Matter Physics. (2006)). The xjala spinning so fast, that the stars

could fly away way out of the universe. Scientiavé found out that it is dark matter and

energy, that is holding the stars and everythinglace. (Hawkins, S. (1980))
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Scientists have no evedence if Dark Matter gifearmy kind of electromagnetic
energy. (Black Matter. (2001)). Galaxies probaldyeloped from huge clumps of matter
billions of years ago. (Black Matter. (2001)). Rb##ies for dark matter range from tiny
subatomic particles weighing 100,000 times less Hraelectron to black holes with
masses millions of times that of the sun. (Cosmaetand Seek. (1995)). Most dark
matter is located within galaxies. (Dark Matter Blg. (2006)), it estimates of the
amount of matter in the galaxies, based on graertat effects, every time it suggests
that there is far more matter than is what you @@ark Matter (2007)) Dark matter, is
basically the things that keeps the space in féirthere was no dark matter, everything
from space would just fly everywhere, and disappear
Dark Matter is invisible matter that is believedmake up 99 percent of mass of
the Universe. It may be in the form of Black Holespossibly exotic particles (Couper,
H & Herbest N. (1996)). The dark matter componex® much more mass than the things
that you can see of the universe. (Wikipedia. (2PBstronomers are not sure what dark
matter includes, but they think it have MACHO, @ahd WIMPS (Wikipedia (2007))
Most dark matter is located within galaxies. (Dit&tter Physics. (2006)) On a galaxy
scale, the dark matter rate would be up to 10 tittnasof the luminous matter. (Dark
Matter Physics. (2006))
The background of the galaxy and the universe cénle the same if the
average density of the universe and the rate cdresipn are the same everywhere. The

fate of the universe depends crucially on how mdteontains (matter determins the

gravity of the universe, to little gravity, theréllmo be enough to exert the gravitational
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pull of the universe. The universe will crunch ttger and cause an explosian). (Couper,

H & Herbest N. (1996))

Types of Dark Matter

There are two kinds of dark matter. There is dzck matter and hot dark
matter. Hot dark matter is composed of partidhes have zero or near-zero mass, and
cold dark matter is composed of objects sufficienthssive that they move at sub-
relativistic velocities (Dark Matter. (2004)). He cold dark matter is the main
component of the Universe, the particles will goaosmaller distance and thus will erase
the density's fluctuations on extents smaller ihahe case of hot dark matter (Dark
Matter Physics. (2006))

There is five times more material in clusters alagies than we would expect
from the galaxies and hot gas we can see. (NASZQ7142007)). The motion of stars
around the centers of their galaxies says thereldhe about 90% of the matter in a
typical galaxy is dark. Physicists think that thexyalso dark matter between the galaxies
but this is harder to know for sure.

WIMPS & MACHO

Scientists are not that sure of what dark mattesists of, but they think it is the
MACHO, and the WIMPS (Wikipedia. (2007)). Some crk Matter may consist of
massive astro-physical compact halo objects (MAGH@arge bodies made of ordinary
matter. (Black Matter. (2001)). Some patrticles tinatve much slower then light are

called weakly interacting massive particles (WINIRBlack Matter. (2001)).
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Aside from WIMPS, most dark matter may consist assive astro-physical
compact halo objects (MACHQO's), large bodies mddedinary matter (Black Matter.
(2001)). If a MACHO were to pass in front of a gStaa nearby galaxy, the gravitational
feild would bend the star light. This bending woblighten the stars image temporarily.
(Black Matter. (2001)). The MACHO bends the lighdwes because of the gravitational
pull of the mass of itself. Scientists believe tihalso makes the starlight brighter
because of the way the MACHO bends the light. Tiaeity of the MACHO bends the
light towards the other rays of starlight, fromea dlistance you can see both of the rays
fused together which gives off double the brightnes
Black Holes
A black hole is an object predicted by the thedrgeneral relativity. (Black Hole,
Wikipedia) Gravitational pull so strong light canrescape. (Black Hole, Wikipedia) A
region in the space-time "fabric" where escapé¢oduter universe is impossible. (Black
Hole, Wikipedia) Outer boundary called the evenizun. (Black Hole, Wikipedia)
Nothing can escape once in the region of the everton. (Black Hole, Wikipedia)
Once inside event horizon, no longer seen for giat Ican escape the pull of gravity
(Black Hole, Wikipedia) The inside of a black hadecalled Singularity (Black Hole,
Wikipedia) Singularity is a place where matteresnpressed so hard, that laws of
physics no longer exist because compression so (&letk Hole, Wikipedia)
Black holes can theoretically be of any size. Tbay go from as little as a star, to as big
as a humongous planet. (Black Hole, Wikipedia) Aisbas been stated that it may leak

out some energy. (Black Hole, Wikipedia) This eryearglled Hawking Radiation. (Black

Hole, Wikipedia) Anything on its path to this singuty will also collapse on its way to
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the black hole, such as matter, energy, and eganthe fastest thing available in the
universe. (Black Hole, Wikipedia) Black Holes aleoathe darkest things in the
Universe, so it is hard to see one. (Couper, Hiefabest, N. 1996)
A Black hole is a concentration of mass so gréait, gravity prevents anything from
escaping it. (Black Hole, Wikipedia) The gravitaia field around it is so strong that the
escape velocity around it exceeds the speed df ([Brack Hole, Wikipedia) Therefore,
nothing, not even light, can escape its gravitya¢B Hole, Wikipedia) A black hole is

formed when a star dies and the remains of thebstayme a black hole. (Ferguson, K.

1991)
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Script for Scientists
Narrative Time Start Image End Image
(secs) /
elapsed
Ray Carlberg grew up and went to | 10/10
school in Saskatchewan then UBC in
Vancouver. After, he had a temporary
position in Victoria and a fellowship
in Cambridge, UK.
He then came to Toronto where he | 10/20 ¢ ¢
first worked at York University and I ag Lol I ag Lol
then the University of Toronto as an
astronomer.
He still works as an astronomer at thel0/30

University of Toronto, discovering a
lot of things about dark matter.
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Ray led the CNOC project to measu
the dark matter content of the cluste
by "weighing" clusters of galaxies in
the mid1990's.

ret0/40
r

The CNOC Field Survey targeted 4
widely separated patches on the sky
away from very bright stars and
known rich low-z galaxy clusters,
totaling 1.5 square degrees in size.

10/50

From the orbit the mass can be
derived. Somewhat

surprisingly they found that the dark
matter was insufficient to cause the
universe to be "flat".

10/60
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Ray and others used a new
"wide-angle" spectrograph at the

Canada-France-Hawaii Telescope to

measure the orbital speeds of galaxi
out to the distant edges of very large
clusters.

10/70

€S

The Canada-France-Hawaii Telesco
is located near the mountain top of
Mauna Kea in Hawaii.

p£0/80

Ray is currently helping to lead the
Supernova Legacy Survey project
which is measuring the properties of
the dark energy of the universe.

10/90

With the dark matter that was
mentioned, it adds up to enough ma
energy to cause the universe to be
"flat" in its overall geometry.

10/100
5S-
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Fred Cooperstock and Steven Tieu ¢f10/110

the University of Victoria proposed

that general relativity might be able to

=]

explain the observed galactic rotatio
curves without the need for any
"exotic dark matter"

This is Steven Tieu of the University

10/120

of Victoria, and he proposed the same

thing along with Fred.
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Dark Matter Script
Narrative Time Start Image End Image
(secs) /
elapsed

1. Ok matter is 98% of outer space an8l sec

the rest consists of stars and gases.

]

S

2. Dark matter is the Dark sky arount
planets and in space. There are two
kinds of dark matter. There is cold
dark matter and hot dark matter.

3. Hot dark matter is composed of
particles that have zero or near-zero
mass, and cold dark matter is
composed of objects sufficiently
massive that they move at sub-
relativistic velocities.

3. If the cold dark matter is the main
component of the Universe, the
particles will go on a smaller distance
and thus will erase the density's
fluctuations on extents smaller than i
the case of hot dark matter.

1=4

>

4. Dark Matter is what keeps the
galaxy together and organized.

Without Dark Matter, planets and stars

would fly all over the galaxy.

-10 -
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5. WIMPS and MACHOQOS are anothe
part of dark matter.

6. The term MACHO, stands fro
“massive Astor-physical compact hal
objects”. A MACHO is a large body
made of ordinary matter, like most
Dark Matter in space.

7. Another part of dark matter, are
objects that move much slower then
light. These are called “weakly
interacting massive particles”, or alsg
known as WIMPS.

D

8. Another part of dark matter is blac
holes.

9. A black hole is an object predicted
by the theory of general relativity, it is
a region in the space-time "fabric"
where escaping to the outer universe
impossible.

U7

-11 -
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10. Black Holes are the darkest thing
in the Universe, a Black hole is a
concentration of mass so great, and
that gravity prevents anything from
escaping it, inside black hole is
Singularity, which is the heart of blac
holes.

11. Scientists still aren’t 100% sure Q
what dark matter is, but the
investigation continues and the answ
IS soon to come.

n

er

-12 -
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Glossary

Dark Matter: In cosmology, dark matter has matter particles ¢hanot be spotted by
their releases of radiation but when they are thtiey can be taken from gravitational
effects on visible matter such as stars and galaxie

Black Holes: A black hole is a part of space that has so mudsroancentrated in it that
if you went near it; there is no chance that you escape its gravitational pull.

MACHO, and WIMPS: MACHO, and the WIMPS are made up from the partiolies
dark matter.

CNOC Project: TheCanadian Network for Observational Cosmology Hns
international consortium of astronomers who haveaesh out two major
imaging/spectroscopic surveys of distant galaxgsgithe 3.6m Canada-France-Hawaii
Telescope .

Low Z Galaxy Clusters: Galaxies are preferentially found in groups or éairg
agglomerations called clusters. Low Z Galaxied@ner in mass.

"Wide-Angle" Spectrograph: A type of telescope used at the Canada-France-iHawa

observatory.

-13-
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