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Are we alone in the Universe?
The plurality of worlds

In some worlds there is no Sun and Moon, in others
they are larger than in our world, and in others more
numerous. In some parts there are more worlds, in
others fewer (...); in some parts they are arising, in
others failing. There are some worlds devoid of living
creatures or plants or any moisture.

—Democritus (ca. 460-370 B.C.), after Hippolytus
(3rd cent. A.D.)

There cannot be more worlds than one.
Aristotle [ De Caelo |
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PROPOSAL FOR A PROJECT OF HIGH-PRECISION STELLAR
RADIAL VELOCITY WORK

By Otto Struve

With the completion of the great radial-velocity programmes of the
major observatories, the impression seems to have gained ground that the
measurement of Doppler displacements in stellar spectra is less important
at the present time than it was prior to the completion of R. E. Wilson’s
new radial-velocity catalogue.

I believe that this impression is incorrect, and I should like to support
my contention by presenting a proposal for the solution of a characteristic
astrophysical problem,

One of the burning questions of astronomy deals with the frequency of
planet-like bodies in the galaxy which belong to stars other than the Sun,
K. A. Strand’s! discovery of a planet-like companion in the system of
61 Cygni, which was recently confirmed by A. N. Deitch? at Poulkovo,
and similar results announced for other stars by P. Van de Kamp?* and
D. Reuyl and E. Holmberg* have stimulated interest in this problem.
I have suggested elsewhere that the absence of rapid axial rotation in all
normal solar-type stars (the only rapidly-rotating G and K stars are either

Many planets in the Galaxy

200 High-Precision Stellar Radial Velocity Work No. 870
- But there seems to be no compelling reason why the hypothetical stellar
planets should not, in some instances, be much closer to their parent stars
than is the case in the solar system. It would be of interest to test whether

Radial Velocities

Transits

much hope that we could discover objects ten times as larée in mass as
Jupiter, if they are at distances of one or more astronomical units from
their parent stars,

graphic search among members of relatively wide visual binary systems,
where the radial velocity of the companion can be used as a convenient
and reliable standard of velocity, and should help in establishing at once
whether one (or both) members are spectroscopic binaries of the type
here considered.

Berkclcy Astronomical Department,
University of Califorma,

1952 July 24.
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Discovery Method Number of
Planets

KEPLER PLANETS AND CANDIDATES

Imaging 38 Confirmed planets 249

M icrolensi ng 23 Total candidates 3841

. . . . . Candidates in habitable zone 659
ECleSG tlmlng variations 9 (180 K< T < 310K)

Eclipse timing variations 4 Eclipsing binaries 2177

Pulsar timing variations 5

Pulsation timing variations 1

Astrometry 2

Orbital brightness 3
modulations
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Direct Imaging

Image 1s made (top) Pupil 1s reimaged (top)
And occulted (bottom) And partially blocked (bottom)
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Brown Dwarf Gliese 229B
NS .
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Palomar Observatory Hubble Space Telescope

Credit HST




2eMASSWJ1207334-393254

778 mas
05 AU at 70 pc
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Credit ESO
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Fomalhaut a=115 AU, R ~ RJup, M ~ 0.05 - 3 MJup
HST ACS/HRC young system (~ 100 - 300 million years) E

No data

Scattered
starlight
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Credit HST




Dust and gas around HD 142527 with ALMA

Streams of gas flowing Dense gas (HCO+)
across the gap in the disc.

Credit ALMA
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Radial Velocity Method

‘The star and planet orbit their common center of mass.

Spectral lines move ~ Spectral lines move
towards the red as the star ' towards the blue as the
travels away from us. star travels towards us.

As the star meves away from us,
light waves leaving the star are
"stretched" and move towards the

'red end of the spectrum. - As the star moves towards us,-
SR ' - . light waves leaving the starare
/ \ s “compressed" and move towards
Planet ST the blue end of the spectrum.
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What we can learn from transits ?
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Normalised Flux
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Detection of an
Extrasolar Planet Atmosphere
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Mass (Jupiter Masses)
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Planet radius against Stellar radius
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Oxygen concentration in Earth atmosphere
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