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"There are countless suns and

countless earths ...”

Giordano Bruno (b. 1584)

in De L'infinito Uni E Mondi w1 e i ; é. o
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(burned at the stake in Campo dei
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® Arecibo observatory: radio telescope, Feloria,
1963-2008, 305m diameter,

*The first exoplanets rotating a pulsar,

* Following near asteroids to Earth

* The largest telescope before 2016.
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EARTH

angle =1 arcsecond /

=— distance =1 parsec —> STAR
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alomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
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» Space observatory, MISSIOﬂ duratlon 10 years

> .2-
> erver about 2 billion ob;ects brighter than 21 G magnitude.
» doing ec:s:on astrometry, photometry and spetctroscopy (16

>Gaia determines;

stars.

>https //gea esac.esa. mt/arc :
-

. gah archive visualisation



object 30 at 5 pc (mas)

Jupiter 1.07 1.00
Saturn 0.59 0.55
Uranus 0.18 0.17

Earth 6.5%*1074 6.0%1074
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v The timingofpulsars —— B

| —

Jupiter 1.07 250

Saturn  0.59 137

Uranus 0.18 42 L
1 spin axis

Earth 6.5 104 0.15 - : ﬁ 7

= Currently, the lowest-mass companions that are detectable are
found in this system.

= The first exoplanets detected, in 1992, were those around
PRS1257+12.(Wolszczan and Frail,1992)
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MicheFMayor and Didier Queloz-discovered the first-hot Jupiter
~around a sun-like star (51 Pegasi in 50 Lyrs)

51 Pegasi
FIRST PLANET

SUN-LIKE

51 Pegasi b
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o ORBITAL PERIOD v DISTANCE FROM EARTH
51 Pegasi b orbits its 50
host star every 4 days. @ light-years :

1000C*/1800F°

PLANET COMPARISON STAR COMPARISON

51 Pegasi b 51 Pegasi

l Jupiter




James Peebles Didier Queloz Michel Mayer
Theoretical cosmology exo-planet exo-planet

2019 Nobel prize in physics: cosmology and exoplanets



* No. exo-planets by radial velocity: 456

* Accuracy 1 m/s

* Detecting super-Earth in HZ, planet around
twin stars, lightest exoplanet, Earth-like
planet in HZ, planetary system

° JWST
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~From 2009-2018, detecting 2662 exo-planets from observing
530506 main sequence stars

Kepler space Telescope

New Kepler Planet Candidates

As of July 23, 2015 | Ex{opla}n:et. Dllscovenes

T —

O As of Jan 2015 @ July 2015 B Previously Discovered

. B Previously Discovered by Kepler

W 022672014 Kepler Announcement
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The convex lens The wine glass (foot)

focussing parallel light rays model for gravitational bending

8/25/2023 Dominik 2010
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& RV & Ground transits & Microlensing

#® RV transiting # Corot/Kepler transits ® Direct imaging
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Survey teams (OGLE, MMNet): monitoring IargﬁFoAHm’th
~_leng cadences e

Follow-up teams (PLANET, RoboNet, MindSteps, uFUN) : short-
cadence monitoring of ongoing planetary microlensing events

Discovering unbound or very far from their host stars

17%, 52% and 62% of stars host Jupiter-mass, cool Neptune and
supper-Earth planets respectively.

Doppler-wobples / R
) b
microlensing

i tempefamfe . Semi-major axis, a (ALl)
Cassan et al. 2012, Nature



Complete the statistical census of exo-planets

/ ST (Wide—FieId Infrared Survey Telescope): Lunch 2020, [0.7:2]um,
cadence=15 min, 62 days monitoring,

Low extinction, high photometric precision, flux of the lens
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