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OUR PICTURE OF
THE UNIVERSE

...Alittle old lady at the back of the room
got up and said: “What you have told us is
rubbish. The world is really a flat plate
supported on the back of a giant tortoise.”
The scientist gave a superior smile before
replying “What is the tortoise standing on?”

“You’re very clever young man, very
clever,” said the old lady. “But it’s turtles
all the way down!”
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Overview

0 Where are we?
o How did we get there?

o Where are we going?

o

(Why are we here?...)
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State of the Universe — Feb 2008
4%

More than 95%
of matter and
energy in the
Universe exists

Dark Energy in a mysterious,
unknown form...
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Overview

o How did we get there?
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Edwin Hubble
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Hubble’s Law
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Distant galaxies are moving away from us
with a speed proportional to their distance
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Spacetime is expanding like

the surface of a balloon. > o e
-
As the balloon expands, /:; Lo
. . 4 TS i ) -
galaxies are carried farther - 3 s A
r 2 .

apart

University
7 of Glasgow

. ——
1010, M.
ANNALEN DER PHYSIK.

TIERTE FOIGE. BAND 43

1. Die Grundiage
dor allgemeinen Baintioieatstheori;
vom A, Binstein.

Veralgereizerucg der ol

luichbert duels doe Gustall,
I

4 University
&2 of Glasgow




BINSTEIN STMPLIFIED
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Gravity in Einstein's Universe

“Spacetime tells matter
how to move, and
matter tells spacetime
how to curve”
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How fast is the Universe expanding?

HST Key Project:

Cepheid distances to ~30
galaxies, linking to other
standard candles
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Will the Universe expand forever?

Answer depends on the density of matter in the Universe.

Density too low; Universe i
expands forever \ GraV|ty acts to
slow down

\ ) the expansion
“Critical” density

Scale foctor ——-

Density high enough to cause re-
/ collapse, leading to ‘Big Crunch’
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Weighing the Universe

Can we assume light traces mass?...
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Weighing the Universe

Luminous matter makes up only 0.5% of
the critical density of the Universe
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More than meets the eye?...

Fritz Zwicky
1933: finds evidence
for dark matter in the
Coma galaxy cluster
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Weighing the Solar System

Isaac Newton
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Charles Hutton

Schiehallion, from Loch Rannoch

Maskelyne’s 1774 experiment to measure G

Neville Maskelyne
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Weighing the Solar System
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Weighing galaxies
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1970s: studies the i Rotation curve predicted
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Even more dark matter in clusters...

A

Fritz Zwicky
1933: finds evidence
for dark matter in the
Coma galaxy cluster
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Mapping dark matter with gravitational lensing

As light passes close to
a star its path is bent by
the curved spacetime
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We can see gravitational lensing during a
Solar Eclipse SR—

Appaent
< position of star
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Bullet cluster:
When clusters collide

Dark matter, S
reconstructed .
from strong

and weak

lensing

HST optical image:
shows luminous galaxies
Chandra X-ray
image: also shows
‘dark’ cluster gas
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ﬁVhat does all of this mean?...\

e There is lots of dark matter
» Less than 1/6t of it is baryonic

* The baryons ‘clump’ differently from
the rest of the dark matter.

e The density of all dark matter only

K comes to about ¥ of critical /
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1980s: Cosmic Cookery

Amount of each 10 =)
element depends i ]
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So what exactly is =
this dark matter?... \ e Lwta

Computer models \
of galaxies tell us =
that it must be cold
—i.e. not moving at
relativistic speeds. ==

Cold
dark matter
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Will the Universe expand forever?

Answer depends on the density of matter in the Universe.

Density too low; Universe

expands forever \

So, is the

expansion

\ ) slowing down?....
“Critical” density

Seale foctor ——=

Density high enough to cause re-
/ collapse, leading to ‘Big Crunch’
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Answer depends on the shape of the
Universe

Closed Open

University
0 £ L
= l,! C ll('lsgo\\‘ The Runaway Universe, Feb 7th 2008 m ) -

Is the Universe speeding up or slowing down?

B Band
20
19 Narrow range of
brightness when they
& A .+, explode indicates a good
] X &, Standard Candle
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question using supernovae » o 2 « ®
Shape of the universe affects the / fiv T
relationship between redshift and Al L -
distance of remote supernovae G, ™
Closed Open Flat
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‘Hubble diagram’ of distant supernovae
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Supernova
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“Slowing down’ model

~
" Hubble’s law for
nearby supernovae

redshift
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State of the Universe — Feb 2008
4%

More than 95%
of matter and
energy in the
Universe exists

in a mysterious,

Dark Energy
unknown form...
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So what exactly is
this dark energy?...

Einstein’s
“cosmological
constant™?...

Energy of the
quantum vacuum?...
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So what exactly is
this dark energy?...

4%

Einstein’s
“cosmological
constant”?...

Energy of the
quantum vacuum?...
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Cosmology’s Most Wanted
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The Background Radiation

Since 2003, measurements of the Cosmic Background
Radiation have helped to convince us that the Universe
really is accelerating, and dominated by dark energy.

CBR = relic
radiation from the Big
Bang itself.

Appears to us like a
‘bank of fog’
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Early Universe too hot for
neutral atoms to exist

Free electrons scatter
light (as in a fog)

After ~380,000 years, : _
Universe cool enough @
for neutral hydrogen to @ '

form: the fog clears!
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COBE map of temperature across the sky

‘i-}‘ University

2 of Glasgow Suea) RS
B O o1asg The Runaway Universe, Feb 7th 2008 =

CBR ‘ripples’ are the
seeds of today’s galaxies

Galaxy formation is highly
sensitive to the pattern, or
power spectrum, of CBR
temperature ripples
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WMAP map of temperature across the sky
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Angular Scale
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TT Cross Power
Spectrum 3
Predicted curve very sensitive
to ‘ingredients’ of cosmological — A-CDM AN Data
3 WMAP
i cBl 3
i ACBAR

model.
By measuring the CBR\‘

we can work out (very
precisely) the
cosmic recipe!!
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‘Strength’ of temperature fluctuations
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Overview

0 Where are we going?
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The future of the Universe?

NO
Big Crunch!!!

The future of cosmology?...

“What exactly are
dark matter and
dark energy?”

Was Einstein
right all along?...

2000's

Post-MAP

“. Ordinary Visible
Matter
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This question has led to more general Dark Energy or
Quintessence models:

Convenient description: ‘Equation of State’ P = Wp

Can we measure w(t) ?

Quintessence W(t)
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Overview

o

(Why are we here?...)
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The ‘why now?’ problem

Value of Q Q,
. \
0.8
0.6 -

0.4 Q
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Present-day time
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