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to J. Peebles, and M. Mayor & D. Queloz



NASA, Apollo 4, Nov 9, 1967



NASA, Apollo 8, Dec 24, 1968



NASA, Apollo 8, Dec 24, 1968



Edgar Allan Poe, Eureka – A Prose Poem, 1848:

Let us now endeavor to conceive what Matter must be, when, or if,
in its absolute extreme of Simplicity. Here the Reason flies at once to
Imparticularity – to a particle – to one particle – a particle of one kind –
of one character – of one nature – of one size – of one form –a particle,
therefore, "without form and void" – a particle positively a particle at all
points – a particle absolutely unique, individual, undivided, and not indivisible […]

The Primordial Particle



Peebles & Yu, 1970 Planck collaboration, 2018





You are hereNASA, ESA
and A. Feild (STScI)



www.galaxies3d.org



NASA, Voyager 1, Feb 4, 1990



NASA/JPL, Cassini, 2006





JPL, Galileo, Dec 11, 1990



2001 – Space Odyssey









SpaceX





eso.org



eso.org



J. Wang, C. Marois
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A stellar spectral line is a few km/s wide













adapted from Baranne et al., 1996
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Alonso et al., 2008
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adapted from Chen & Kipping, 2017

With mass and 
radius known, 
we begin to
understand the
physics





The solar system is a challenging one

Velocities of the Sun 
relative to
Solar System barycenter

data from
JPL/Horizons

„planet hunting epoch“



Jupiter 12 m/s
Saturn 2.5 m/s

Earth 9 cm/s
Venus 8.5 cm/s

Mars 8 mm/s
Mercury 8 mm/s

The solar system is a challenging one





Molecules in planetary atmospheres



Super-Earth transit spectroscopy
(no thick clouds)

Kreidberg, et al. (2019)



Water in Super-Earth atmosphere

Tsiaras, et al. (2019)



Fingerprint of life?



1. Begin to see local universe planet population

2. Many stars and planets very different from solar system

3. So far, no Earth 2.0 – but many surprises


