The local universe, the search for life,
and the Physics Nobel Prize 2019

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

“for contributions to our understanding of the evolution of the universe

and Earth’s place in the cosmos
A3
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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, i
therefore, "without form and void" — a particle positively a particle at all 8
points — a particle absolutely unique, individual, undivided, and not indivisible [...]

The Primordial Particle
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Stars and Brown Dwarfs Within 11 Light Years  Base grid is parallel to Galactic plane, at z = ~3.88 IY.Z%ach grid square measures 241 x 241ly.
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NASA, Voyager 1, Feb 4, 1990



NASA/JPL, Cassini, 2006



SEARCHING FOR INTERSTELLAR COMMUNICATIONS
By GIUSEPPE COCCONI* and PHILIP MORR'SCN{

Cornell University, Ithaca, New York

O theories vet exist which enable a rteliable
estimate of the probabilities of (1) planet
formation ; (2} origin of life ; (3) evolution of societies
possessing advanced scientific capabilities.

g o It follows, then, that near some star
rather like the Sun there aro ecivilizations with

scientific interests and with technical possibilities
much greator than those now available to us.

* Now on leave at CERN, Geneva,

+ Now on leave at the Imperial College of Science and Technology,
London, 8. W.7.

® 1959 Nature Publishing Group



A search for life on Earth from the Galileo
spacecraft

Carl Sagan', W. Reid Thompson', Robert Carison’, Donald Gurnett’
& Charles Hord’

* Laboratory for Planetary Studies, Cornell University, Ithaca, New York 14853, USA

T Atmospheric and Cometary Sciences Section, Jet Propulsion Laboratory, Pasadena, California 91109, USA
I Department of Physics and Astronomy, University of lowa, lowa City, lowa 52242-1479, USA

§ Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, Colorade 80309, USA

In its December 1990 fly-by of Earth, the Galileo spacecraft found evidence of abundant gaseous
oxygen,

and atmospheric methane in extreme thermodynamic disequilibrium;
together, these are strongly suggestive of life on Earth. Moreover, the presence of narrow-
band, pulsed, amplitude-modulated radio transmission seems uniquely attributable to intellig-
ence.

NATURE - VOL 365 - 21 OCTOBER 1993




2001 — Space Odyssey
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THE INTERNATIONAL WEEKLY JOURNAL UF SCIENCE

A warm terrestrial planet in orbit around
Proxima Centauri, closest star to the Sun pages 408 &437

O NATURE.COM/NATURE
25August 2016 £10
Vol. 536, No. 7617



/ Habitable Zone
! Period: 11.186 days
i ’ . Minimum mass: 1.27 Earth masses
i Proxima b Orbit
{ — Mercury’s Orbit Sun — Proxima Centauri
“\\ Mass: 0.12 solar masses
'\\ Luminosity: 0.00155 solar luminosities
Rotation period: 83 days
Temperature: 2800 Celsius

Distance to Earth: 4.23 light-years




SHADOW WORLD
The untouchable layer
of reality all around us

GENETIC RECODE

- - Blueprint of life gets
a total rewrite

TIME TWISTER

Quantum trick reverses

cause and effect

WEEKLY August 27 -September 2, 2016

BAD MEDICINE Why so much health advice turns out to be wrong

SPECIAL REPORT: PROXIMA B

WE'VE FOUND AN
EARTH-LIKE PLANET
AROUND OUR
NEAREST STAR

Should we go there?
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SpaceX



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

produced by y-ray photon-photon scattering in a hot, dense
accretion disk from which some positrons escape to annihilate
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FIG. 2 The orbital solution for the combined data set. The continuous line Y-
is the orbital solution with the parameters of Table 1. The CfA velocities -
are denoted by crosses, the CORAVEL velocities by filled circles. 1:14
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the orbital period of GX1 +4 is unknown) or from an episodic
ejection of mass from the M giant, smothering the X-ray source®.
The GRIS data are being searched for the characteristic 2-min

pulsation period of such a source.

The unseen companion of
HD114762: a probable
brown dwarf

David W. Latham®, Tsevi Mazeht, Robert P. Stefanik*,
Michel Mayor} & Gilbert Burki}

* Harvard-Smithsenian Center for Astrophysics, 60 Garden Street,
Cambridge, Massachusetts 02138, USA

t School of Physics and Astronomy, Raymond and Beverly Sackler Faculty
of Exact Science, Tel Aviv University, Tel Aviv 69978, Israel

1 Observatoire de Genéve, Chemin des Maillettes 51, Ch-1290 Sauverny,
Switzerland

BROWN dwarfs are substellar objects with too little mass to ignite
hydrogen in their cores. Despite considerable effort to detect brown
dwarfs astremetrically'™, photometrically*”, and spectroscopi-
cally'®", only a few good candidates have been discovered. Here
we present spectroscopic evidence for a probable brown-dwarf
companion to the solar-type star HD114762. This star undergoes
periodic variations in radial velocity which we attribute to erbital
motion resulting from the presence of an unseen companion. The
rather short period of 84 days places the companion in an orbit
similar to that of Mercury around the Sun, whereas the rather
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A planetary system around the
millisecond pulsar PSR1257+12

A. Wolszczan*® & D. A. Frailt

* National Astronomy and fonosphere Center, Arecibo Observatory,
Arecibo, Puerto Rico 00613, USA

+ National Radio Astronomy Observatory, Socorro, New Mexico 87801,
USA
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FIG. 1. The average pulse profile of PSR1257 +12 at 430 MHz. The effective

time resolution is ~12 us.
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Absorption
Spectrum

Order separator
and CCD camera

Starlight
Thorium lamp

adapted from Baranne et al., 1996



A Jupiter-mass companion to a solar-type star
Michel Mayor & Didier Queloz

Geneva Observatory, 51 Chemin des Maillettes, CH-1290 Sauverny, Switzerland

The presence of a Jupiter-mass companion to the star 51 Pegasi is inferred from observations
of periodic variations in the star’s radial velocity. The companion lies only about eight million
kilometres from the star, which would be well inside the orbit of Mercury in our Solar System.
This object might be a gas-giant planet that has migrated to this location through orbital
evolution, or from the radiative stripping of a brown dwarf.

NATURE - VOL 378 - 23 NOVEMBER 1995
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The solar system is a challenging one

Velocities of the Sun
relative to
Solar System barycenter

data from
JPL/Horizons

,planet hunting epoch”
Nov 16 1858 Aug 20 1913 May 23 1968 Feb 24 2023

Date




The solar system is a challenging one

Jupiter 12 m/s
Saturn 2.5m/s

Venus 8.5cm/s

Mercury 8 mm/s

Nov 16 1858 Aug 20 1913 May 23 1968 Feb 24 2023
Date






Molecules in planetary atmospheres

Escaping

atmospheres

of extrasolar -
planets [+ REeEL

The study of helium Infrared Planet
absorption opens a

new window on escaping

exo-atmospheres

Hydrogen-Lyman «-1,216A

NE

By Matteo Brogi

21 DECEMBER 2018 » VOL 362 ISSUE 6421




Super-Earth transit spectroscopy
(no thick clouds)
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Kreidberg, et al. (2019)



Water in Super-Earth atmosphere

— H>0 + clouds — H>0 only
H,O + N> | Observed

1.3 1.4 1.5
Wavelength (um)

Tsiaras, et al. (2019)



Fingerprint of life?

WAVELENGTH (MICRONS)



Our place in the universe

1. Begin to see local universe planet population

!
2. Many stars and planets very dlfferent gom solar system




