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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?



























The Satellites of Jupiter

Io Europa Ganymede Callisto



Surviving the century

















Launch March  09

NASA Kepler Mission



From Mars to the Multiverse

Martin Rees
Amer Phys  Soc,  Jan  2017



Exoplanets are extremely diverse in their physical characteristics

Hot Jupiter! Super-Earth!

Exoplanet Temperatures and Sizes

Images credits: NASA

The Solar System



Deming et al. 2013, McCullough et al. 2014, 
Madhusudhan et al. 2014, Kreidberg et al. 2015, 

Detections of H2O in Exoplanets

K2-18b: Tsiaras et al. 2019, Benneke et al. 2019





The Quest for Life in the Universe

One in every six stars has an Earth-size planet

Almost every star has a planet around it





































The primordial seeds for all the structure in 
the universe – galaxies, stars, planets, you 
and I - can be generated during inflation …



BEYOND THE HORIZON
How extensive is the  “physical 

reality” that’s  within  the remit of 
science?





THE BIG QUESTION

The physical laws and basic numbers  
are

constant within our  horizon.

?







Great Observatories for the coming 
decades 

ALMA mm/sub-mm

JWST infra-red

IXO Xray

SKA radio

E-ELT 
optical





History of Life on Earth

Surviving the century
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The Past and Future of Life on Earth
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”not one living species 
will transmit its 
unaltered likeness to a 
distant futurity…. "

Charles Darwin








