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TRAPPIST-1 : the small star and the 7 earths

Emmanuél Jehin
STAR Institute (Université de Liege, FNRS)
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A long history with Space Sciences
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Other Liege specialties...
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Are we alone in the Universe ?
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Our world... a planet among others




Is our Blue Planet unique ?
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A rocky planet with water (70%)

Credits: NASA




... hosts a complex biosphere
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Where are the Martians ?
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« Mars Attack » (Tim Burton, 1996)
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Habitability conditions

for a planet ?

Astro-biology
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« The habitable zone »

Systéme solaire
interne .- -
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Zone habitable du
Systéme solaire ¢

Mercure




Aim to the stars...
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The Milky Way... our Galaxv;;&aﬂ .
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1995:The discovery of the first

A Jupiter-mass companion to a solar-type st: ¢
Michel Mayor & Didler Queloz

Gendea Obsecvatony, $1 Chemin des Madieties, CH-1780 Sauverny. Smiloeiiaend

The presence of a Juplter-mass companion to the star 51 Pegasi is Inferred from observations
of periodic varlations in the star's radlal velocity. The companion lles only about elght milllon
Kkilometres from the star, which would be well inside the orbit of Mercury In our Solar System.
This object might be a gas-glant planet that has migrated to this location through orbital
evolution, or from the radiative stripping of a brown dwarf.

: @ hot jupiter close to
its sun

Didier Queloz and Michel Mayor
! NOBEL PRIZE 2019 !!



The hunt of exoplanets was open !
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on the ground and in Space...




5339 exoplanets and 937 systems
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09 Jun 2022

exoplanetarchive.ipac.caltech.edu

inning...
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Discovery Year

Cumulative Detections Per Year

IS IS ON

Radial Velocity
Transits
Microlensing

- Imaging
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How to detect exoplanets ?
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The exoplanet is lost in the star light!

:
8
]
]
g
Q




Direct imaging

HR 8799

:
8
]
]
g
&8

Jason Wang
2000-00-20 Christian Marois




The radial velocity method

HOST STAR
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EXOPLANET

-> masses and orbits of the planets




e ABuswe [ed Mamm

The transit method

The transit of Vénus in front of the Sun (2012)



The exoplanet transit lightcurves
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fnis

Credits: E. Jehin

TRAPPIST : TRAnNsiting Planets and
Planetesimals Small Telescope

. # LIEGE

J université




TRAPPIST-Sud at La Silla (ESO)

2010 (Chili) ES+
0
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The ultracool red dwarfs

Michael Gillon

1/100

10x smaller




The habitable zone of red dwarfs
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TRAPPIST-1: first transits

Three terrestrial planets with orbits of

1.5, 2.4 and ~18 days Gillon et al. Nature May 2016

17T ""I""|""|“"|""|""i""|""|"" IIII|IIII|!III|IIII|ItII|III||IIII|JIII|III||||||

- ; RS . i TRAPPIST-1c _
] L AL ba? Laedb id? 16t ! . (SO $ 4 B
iy T s Wt L .‘.. e 'll ...'_t---.ln-—.-# 1.'.;.". ‘."l L - 'O i ] - C'i'."i'.‘!_t.

™ TRAPPIST (I + 2)

| TRAPPIST (1 + 2 -

- 44 !
o ® *
a—ta L] —a

- .I' .
. -

r = it AT ANER AR L]
| HCT/HFOSC () - UKIRT/WFCAM (J) R

Relative brightness

AL » . .
PR VAL R — LA LT TR W — i
&+ (1) . L] " 4 L] . i‘ e Ll L

-
* : i
L One transit

- IIIF|IIII|1III|IIIIIIlII|IIII|IIII|II|I|IIII|IIII

- ,..,,..." P TR LT SO YSOR ..o.'.‘.._ ogitiyte b -0.04 -0.02 0.00 0.02 0.04
| . * . * = Time from mid-transit (days)
UKIRTAWFCAM (J) L YR - Two transits

i — FoN == R L L AL L L IR L AL L L L ==

@
c
-—
=
b2
=
0
o
=
=
a
T
o

L3 . TRAPPIST-1d

L Lkt -
= i.“'..'."t.“.‘.ti" .....".'..‘.l St et —eo s PR . e,
" .

[ TRAPPIST (1 + 2)

|~ VLT/HAWK-| (NB2090) '“eo, __¢.5 One transit
w

— ey =i LYY *

[T
L

_||||J|||||||i|||||I|l|||||||J_

-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
Time from mid-transit (days)

1|||||:||||||||||||.||r||||||||r|||1|||||:||||||||
~0.04 -0.02 0.00 0.02 0.04

Time from mid-transit (days)

Relative brightness

Ultracool dwarf stars host planets !
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TRAPPIST-1, a tiny star

at only 40,5 ly

TRAPPIST-1

8% solar mass
12% solar radius
~ 7.6 Gyr




2016 :intensive observing campaign

Détection of many new transits !
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Seven Earth size rocky planets !
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The seven wonders of TRAPPIST-1

TRAPPIST-1 System
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7 earth size planets, and 3 in the habitable zone !

Credits: NASA




NASA press conference Washington DC
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TRAPPIST-1 makes the headlines!

i
Scientists find 7 <
‘new Earths' —
and only 12
[si=es] parsecs from us!

LIFE OUT THERE?
NASA says that scientists discovered
7 new Earth-like exoplanets
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TRAPPIST-1 and its planets are a buzz!

- HERGE -
LES AVENTURES DE
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OBJECTIF TRAPPIST
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TRAPPIST-1 and arts
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New measurements
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275 papers published and 1214 citations!
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TRAPPIST-1
System
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Planet Radius
Planet Mass
Planet Density

Surface Gravity

The TRAPPIST-1 planets portrait
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(uncompressed, relative to Earth)

TRAPPIST-1/Solar System Comparison

M ef[:ury

Solar System
TRAPPIST-1

|

Habitable
Zones

2x 1x 0.6 x

Earth lllumination

lllumination from Star
(relative to Earth/Sun)




Red worlds...
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Search:of atmdspheres'with NASA IR-JWST
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Credits: NASA
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The search for « biosignatures »
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SPEC ULOOS
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The SPECULOOS-South/North Observatories

1000 red dwarfs

> ‘ |

: _-__fqr't'he next 10 years

e
L

San Pedro (M-e:xicq}

e ABuswe [ed Mamm

§ R IR
el T
& o . =% ‘!'. _"\-1 1}';‘- . -

Teide (Tenerife) Paranal (Chile)




SPECULOOS-2¢ and SPECULOOS-3b
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Super Earth
(R=1.4R,, P=8.5d, d=105 ly)

Delrez et al. 2022 y
Hot earth size

(R=0.98R,, P=17h, d=55 ly)

Gillon et al. 2024




The Europeén- Extremely Large Telescope
- 2029
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Credits: ESO




ESA Plato and Ariel space missions

PLAnetary Transits and
Oscillations of stars

(2026)
N .
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Atmospheric Remote-sensing
Infrared Exoplanet
Large-survey (2029)

stay tuned !

Credits: ESA
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