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the challenges

What is out there? Cosmic exploration.
Interpreting phenomena in terms of known
(and perhaps ‘new’) physics.

How, from a ‘simple beginning’, did our
Universe evolve into its present complexity
(stars, planets, people)?

Can we understand, at a deeper level, why our
Universe is the way it is?
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The Satellites of Jupiter

lo Europa

Ganymede Callisto
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Transit Detection of Exoplanets

Fhotometric
Light Curve




NASA's first.

mission capable -

of finding Earth-size -
and smaller planets

Launch March 09 -




Ihe Kepler Orrery |l

D. Fabrycky 2012
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Exoplanets are extremely diverse in their physical characteristics

The Solar System

The Kepler Orrery |l
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Exoplanet Temperatures and Sizes
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Detections of H,O in Exoplanets
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The European

Extremely Large Telescope
The World’s Biggest Eye on the Sky
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The Quest for Life in the Universe







Life Cycle
Of the Sun Now Red Glant Planetary Nebula

Gradual Warming
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White Dwarf ...
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In Billions of Years (approx.) Sizes not drawn to scale
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25 Solar Mass Star
Am/M

composition

Envelope 0.60

0.10

0.05

0.15

Core fusion reaction

0.02

0.08

_*Si—» Fe, Ni

r |
Temperature 8 000 000 000 K 10 000 000 K3
Density 4 000 000 000 000 Kg/m® 10 Kg/m
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THE BIG BANG

Inter Stellar
Clouds

H He (Li) ~
H He

CrMn Fe
Co Ni Au

Stellar STARS Planetary
Supernovae Wind Main Sequence Nebulae
High Mass Low Mass

Sun
Supergiants
Red Giants

Some low mass
Double Stars
Planets
Brown Dwarfs
Black-holes

< THE COSMIC ASH HEAP >

White Dwarfs






















The primordial seeds for all the structure in
the universe — galaxies, stars, planets, you
and | - can be generated during inflation ...

7 Today
-7 (14 Gyrs)

CMB
(400,000 yrs)

Time

Hot Big Bang

(log 1)

Radius
(log a)

g Primo;dial
fluctuations

Inflationary epoch (10secs)



BEYOND THE HORIZON
How extensive is the “physical
reality” that’s within the remit of
science?
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THE BIG QUESTION

The physical laws and basic numbers
are
constant within our horizon.

BUT COULD THEY BE DIFFERENT IN
OTHER DOMAINS IF THESE ARE FAR
MORE EXTENSIVE ??



HOW MANY BIG BANGS?

~ I

one 2at-18)Y

|

variety in the
physical laws /constants

A

Nno yes
A 4 Y
Nno role for "bylaws" governing our
anthropic universe should be typical of
explanations anthropically allowed subset







Great Observatories for the coming
decades







History of Life on Earth

Sun and | Late Heavy Continent cores
planets Bombardmen formed
form t Oxygen present in atmd /
4000M 3000M 2000M 1000M Today

Oldest "
known rocks Production of BN UdKI:_t:
oxygen o It
Plan | Mamm
s La?llg
animal
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Surviving the century



The Past and Future of Life on Earth

Time taken to cross the
galaxy at the Earth’s

escape velocity
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|S|ngle| cell I life I
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Thousand million years
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Postcard from planet Earth
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”’not one living species
will transmit its
unaltered likeness to a
distant futurity.... "

Charles Darwin













