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Neptunes
Super-Earths

Jupiter

In 1995, a breakthrough:
the first planet around another Sun

A
Mayor & Didier Queloz

A Swiss team from the Geneva Universtity discovers a planet -
51 Pegasi b - 48 light years from Earth.

out[%neu

» General context W)
RVs Statistical propertles from super-Earths to g|ant planets.
- Geneva: the Coralie and HARPS surveys 4
- planetary orbital parameters (gaseous giants vs low- masg/ pianets)
- multi-planet systems
= propertle'f parent stars (metallicity, M-dwarf survey)

Insights frogn transits (ground based CoRoT, Kepl&
= physmaL,pIanét propertres

— system geomqtnes ,

’J— ‘summary of important Kepler findin’gs

R LY

‘* The detectlon of Earth typ% planets |n the HZ of stars

— Status: M-dwarfs, solar-ty /stars
- instrumental progress for RV’s and limitations
— other techniques (space)




Stellar and Jo[anetary formation_, Planets buid up from the gas and dust particles in
Collapse of a gas cloud ) the protoplanetary discs

Gravitational instability

L. Mayer

Core accretion.

Discs : natural by-product of
stellar formation
=> nursery of planets

Safronov 69°
Pollack et al. 96”

How do planets fO.rm? Available exoy[cmet samy[e#

CO’“ lpai a“‘m ob DSE1V ahml\ ”m‘{‘ Ls: All Catalogs The extra-solar planet encyclopedia (Jean Schneider, Paris)
All Latalogs

COTl‘tValTltS fOT- update : 05 June 2012
models of P [anet formau’,oﬂ; ! B All Candidates detected 775 planets

Candidates detected by radial velocity or astrometry |567 planetary systems
update : 05 June 2012 712 planet
96 multi lanet systems

Transiting planets 201 planetary systems
update : 05 June 2012 235 planets
30 multiple planet systems

Candidates detected by microlensin: 15 planetary systems
update : 02 June 2012 16 planets
1 multiple planet systems

Candidates detected by imaging 27 planetary systems
update : 05 April 2012 31 planets
2 multiple planet systems

Observed distribution of end products
statistical distributions: orbital elements, stellar host properties Candidates detected by timing 12 planetary systems
. 3 . update : 22 May 2012 16 planets

3 multiple planet systems

.
.




Detection methods: 2 body motion property P| ¢ detectabilit ith
anet detectability wi

radial velocities

-

k 28.4ms" m,sini (M)—m( P )_13

M, Lyr

Sun

Lo V - e2 MJup

Jupiter @ | AU
Jupiter @ 5AU
Neptune @ 0.1 AU
Neptune @ | AU

RV technique Astrometry
Super-Earth (5M,)  @O.IAU :

Transit

Super-Earth (5M,) @ | AU

N . tion: .
Photometric variation: phase function e @ 1 AU

Extra-solar planets: radial-velocity detections

1995-2012: RV planets (+ transit candidates) 1) There are biases !!!!
- Generally avoid “unsuitable” stars for RV searches

(activity, rotation, age, ...)
- Magnitude-limited samples, Metallicity-biased samples

Statistical properties
2) Uniformity of precision and coverage?

— Percentage 3) Heterogeneity of targets (dwarfs, giants, binaries, etc.)
~10% of observed stars host giants
~0.5-1% of Hot Jupiters

— Mass distribution
1.5 Mearth < Mp| <20 MJup

o
o

— Period
074d<P<.. 1) Surveys with “non solar” targets are progressing
— Eccentricity-period distribution
0<e<093 2) There are large good samples
- LicK+Keck+AAT 1330 FGKM stars
- CORALIE volume-limited sample: 1650 F-K dwarfs

Eccentricity

o

— Multi-planet systems

— Proprerties of host stars
metallicity, mass, binaries

Separation [AU]




M. Mayor, S. Udry, D. Queloz, F. Pepe, D.
Ségransan, C. Lovis, D. Naef,

Euler+Coralie — La Silla (1998-...)

The Geneva |.2-m Euler telescope + CORALIE spectrograph
at La Silla Observatory (ESO/Chile)

stanetary mass C{.l’SU’iEMU’OTL;

Linear scale

1.2-m Euler Swiss telescope
Simultaneous thorium technique

Precision: ~5 m/s

-> Photon-noise limited (-> 5-10 m/s)

Volume-limited sample:
(Queloz et al. 2000, Udry et al. 2000)

Distance |pc
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M. Marmier, A. Triaud, J. Hagelberg, X.
Dumusque, M. Lendl, J. Sahimann, +....
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Massive planets: true mass from astrometry
HD 33636 b (Bean et al. 2007)

Radial velocities
m2sini=9.3Myyp

HST Fine Guidance Sensor
m2 =142 +/- 11 MJup

- |ate M star companion
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Massive planets: “true” mass from astrometry

‘plmelb
P=4.617 days

ic:80 me= 12 M_Iup ii
1¢=24°  mq= 10 Myyp : M/ e W ]
A;l "Mdﬂl;dd - z 2452400 2452800 2453200 2453600

7 Ups And (McArthur et al. 2010)  «
: HST Fine Guidance Sensor 3

Py,= 46 d
P.= 240 d
Psa=1281d

mpsini = 0.7 Myyp
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ffanemry mass distribution.

Segransan et al. 2009

TTTT T T T T[T T T T T T T T TTTI

T
m2sini distribution

X m2 distribution

13 MJup 222?

- Really an overlap
with brown dwarfs?
- Where?

=>Planet up to 25 Mjup ?

Ll brraa b

12 14 16
Jupiter mass

HR8799 b, c,d: 7,10 & 10 Myyp
Marois et al. 2009)

25,38 & 68 AU ==

Beta P]C b . 8 Mjup
(Lagrange et al. 2009, 2010) 8 AU

15O

I ST I M S S|

2) => rising towards lower masses!

CY

Formalhaut b : 3 Mjyp
HST
(Kalas et al. 2009)

0 5 10 15
Msini [M,,,]

log( Msini ) [M,,,]




- Observatoire de Genéve
: AF - Physikalisches Institut, Bern
HEAR‘PS : Stablllty - Observatoire Haute-Provence
g - Service d’Aéronomie, Paris
- ESO

Planet detectability with radial velocities

.. -2/3
L = 28.4ms" m,sini (m, +m, P

VT 2 g Tor 2 : "
Nl-e M, M, lyr : - _ 2-fiber fed
: ARV =1 m/s
Jupiter : 284 ms! k - ; - ) I
Jupiter Sl 2 7imise g = . 1 AT =0.01 K
Neptune :48ms! > “

Neptune sl 5im s ‘ 0 N I

' _ e & Ap=0.01 mBar
Super-Earth (5 M) : 14 ms! 1/10000 pixel v Z

Super-Earth (5 M) :045ms’!

Earth :0.09ms!

Precision at work -> zoom toward smaller-mass }o[anets

HD 160691 HD 160691 * Sample of ~400 slowly-rotating, nearby FGK dwarfs
Santos et al. 2004 from the CORALIE planet-search survey
+ known planets

¢ HARPS log(R'k)<-4.8 => ~376 good targets
Non evolved (Sousa et al. 2009)

¢ Observations ongoing since 2004

Radial Velocity [ms']

¢ Focus on low-amplitude RV variations

53180 53200 53220 53240
JD-2400000 [days]

or
Rocky
Neptune-sized .
pplanet Jupiter




HD 69830: A trio of Neptunes

G—[mjos: a blossom cj’ candidates (Cl)

P1 = 8.67 days
P2 = 31.6 days
P3 = 197 days

a=0078AU Msini = 10.2 Mg,
a=0186AU M sini = 11.8 Mgy,
a=0.63 AU Msini = 18.1 Mg

©

VR [km/s]

1407 d

1365 d

]

53000

HARPS5

1359 d {ARPS6
3

53000 53500

-

53500
D

54000

2400000

An emerging population of Hot Neptunes and

Mayor et al. A&A 2009
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HD40307 HARPS
e e L e VAL L e e e e

RV [m/s]
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Super-Earths

P, = 4.31 days

e; = 0.02

m; sini = 4.3 Mg
P, = 9.62 days

e, = 0.03

m; sini = 6.9 Mg
Ps; = 20.5 days
€3 = 0.04

m; sini = 9.7 Mg

HD 40307
K2V

Dist 12.8 pc
[Fe/H] =-0.31

135 observations

+ drift = 0.5 m/sly

HD40307 HARPS
- T - — .

Hpisr HARPS
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Lovis et al., Nature 2006

HD10180

sl b b Lo b e Lo Lo Lo ban o Lan |

3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200
JD - 2450000.0 [days]

175 HARPS precise radial velocities




HD10180

P; = 1.18 day
e =0
m; sini = 1.5 Mg

P, = 5.76 days

e, = 0.07
m; sini = 13.2 Mg

P; = 16.4 days
e; = 0.16

: 7-planet system

P, = 49.7 days P, = 2150 days
e, = 0.06 e; =0.15
my sini = 24.8 Mg, m; sini = 67 Mg,

Ps = 122.7 days
e; = 0.13
ms sini = 23.4 Mg

Ps = 595 days
e = 0.0

HARPS planets

ms sini = 11.8 Mg, Mg sini = 22 M,

@

Lovis, Segransan, Udry, Mayor et al. 2010

T T TS

Mass [Mearth]

00 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200

JD - 2450000.0 [days]

Fig.5. Radial velocity time series with the 7-Keplerian model overplo

Combined Coralie+tHARPS stellar sample

CORALIE volume-limited sample:
- distance < 50 pc
- log R'hk < -4.75 (FG); -4.70 (K)
- no binaries
- measurement precision ~5-10 m/s
(depending on star magnitude)

822 FGK stars (1998 to present)

Focus on gaseous giant planets, long periods

o
=]
[

[Earth Mass]

M2sini

HARPS subsample:

- measurement precision ~0.5 m/s B
(photon noise + instrument) o5 10 T 15 ’ :

I I I
10*1 10+2 10*3

376 FGK stars (2003 to present) Period  [days]

Focus on super-Earths and Neptune-mass planets

I55 planets in 102 planetary systems




Occurrence frequency estimate Occurrence frequency estimate

CORALIE " HARPS 2) Detection probability of the survey
I) Detection limits for each star

o
o
S

planetary rate: 14% +2
HD10700 :

vrad [m/s]

=)
13
S

=4
=3
15}

[Earth Mass]
[Earth Mass]

M2sini
M2sini

e 42 % ] o C 47H-T%
__P<10yr, m>50 M f  P<lyn 3<m=<io0 M

L L L L
10+ 10*2 10+3 10+ K 10.0 100.0

o
=]

M2sini [MEarth]

Period [days] Period [days]

HARPS + Coralie HARPS only

3) Occurrence rate

f= NpI/ N’scar

N’sar = # of star for which the planet is detectable
Period

Mass distribution

Predominant occurrence
of planets with
m2sin < 30 Earth-masses

Mass distribution
with incompleteness correction

VIZsini distribution (complete sample
Detections in the global sample ...and for P < 100 days

822 stars |

corrected
super-Earths | observed

# planets

# planets
# planets

giant planets

I h | . . |
10.0 100.0 1000.

1 [ 1 [ 1 [ L 1 1 L A
10.0 100.0 1000. 10.0 100.0

M2sini [Earth Mass]

M2sini [Earth Mass] M2sini [Earth Mass]




Formation tracks

| e—
Population Synthesis
T [ . T ~ T Mstar=1 Mo
104 6.00 Myr Nominal model
1000 Type | migration
\ (Analytical rate reduced by f))
i . Type Il migration
2,100, E (Disk dominated: Mp<Muisk,joc)
= -
]
! Type Il migration
10k | (Planet dominated: Mp>Miaisk loc &
disk limited gas accretion)
1 3 _
.l
ol Also

)
n
]
=
<
»
M
]
)

M2sini

Mordasini, Alibert, Benz

Ida & Lin (2004-2010) models

Univ. Bern

Mass distribution
with incompleteness correction

822 stars |

er-Earths

# planets

giant planets

10.0 100.0 1000.

M2sini [Earth Mass]

corrected
observed

Synthesis population model
Mordasini, Benz, Alibert et al.
(2009-2012)
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Gaseous giant planets
(Msini > 50 MEarth)

Period distribution for
Msini < 30 Earth-masses

o
S
S

10+ 10+2 — 1073 ‘

Period [days]

# Jupiter & cumulative rate [%]

corrected

histo observed

Migration?
topping mechanisms?

perio > 20 -25% of planets
between
3 and 20 AU

Msini > 50 MEeareh

# Jupiter & cumulative rate [%]

10.0 100.0

Period [days]

# planets

Msini < 30 Meareh

I corrected
| observed

10.0 100.0

Period [days]



ﬁxcy[&met eccentricities

Eccentricities as a function of Msini

Origin?

e High observed eccentricities . .
0 Formation - evolution?

— <e> = 0.28 > any planet of the SS

Lack of
i ' ] eccentric low-mass planets
- Binary stars 1
R i 4 ] > TR
I Il o Possible explanations 5 F‘;' ”t‘)alt'os‘-
r 7 & 05 ili
- t ., . 1 — Planet-planet interactions § Lanib
;9 6 o B - Planet-planetesimal interaction u
<} - " . * o o o B R
;2 i . TR TR — Influence of stellar or planet companion
04 . R TR (Kozai effect) Especially taking into account that
] + DS Cel t % ex _ - ) 5 i
= L .. B N - Planet-disk interaction (M,>10 M;,;) |.“e” is often overestimated
02 Lo+, .t P FACE I — Dynamical interactions in a cluster 2. small-mass planets in systems
I “‘.:..s ) °: v .: ..D '.-- o] — Multi-planet migration M2sini [Earth Mass]
0 fmesls S8 Tty ) 'l‘ SN - Others
1 10 100 1000
Period [days]
. _ . . > [‘ , [’ )
Radial-velocity Systems with n>2 planets “Mult _}9 anetary Systems (CR\/ surveys)
. , , - »  Also a constraint for
multi-planet systems: many are almost optimally *“packed lanet formation models! . Py o « Most of them with 2 planets
p resent statistics ]
) _ . . * HD10180: 7 planets
HD 40307 L1915, RV: 145 planets in multi-planet systems: | 55 o0 .5 planets
1 581 o8 10 number of ~ 20-25 % of known exoplanets « Mu Ara, GIS76 : 4 planets
HD 69830 Lom s e e (+ transit candidates) « Ups And, HD69830, HD40307: 3 planets
HD 115617 - 32 4 . — m, 1/3 3 —4—:,»‘ €
7-planet syst HD 10180 L 3% 14 16 10 25 @ TH = (&M ) a
e o ¢ ) Structure helps us to understand/
HD 181433 . 19 PP ol f .
ol et _wme 1w g sy ain p anet-formation
D 37124 e “ o ‘e scenarios
2:| resonance — Gy 876 . 2 gl => Imp](;‘lt.am‘f of dynamics )
3 _ o 22 13 e, (stability, Inner structure,...
Resonances ° °°° e, . ® Y
. . . HD 160691 . PRLPY ° ]
b b 0 HIP 14810 ° 0 e 9 o Need for good modeling
15 1 of evolution processes!
Ups And . o @ 1 : .
* longest-running programmes
HD 74156 — e ' o ' @ = . .
HD 125812 o > ’ @ --> largest fraction of multi-planet systems

A RO R Planets mainly form in multi-planet systems |
0.1 1 10 formation models!

Semi-major axis [AU]

Lovis et al. 2010




Cﬁw}oerﬁes of Jo[anet-ﬁost stars: ) memmcitl_

Stars with planets are more metal rich?
(Gonzalez 1997, 1998, 1999)

Multiplicity %

30

Santos et al. 2001-2006

20
e Well-defined samples

with and without planets
¢ Uniform analyses
e Large number of stars

10

> 70 % of planetary systems
with m2sini< 30 M ern
include more than one planet

0
30

Average:

20

Frequency of planets

+ power law

10

I

B Constant probability at low
-0.6 -04 -0.2 0 0.2 0.4 l‘netaHlCltleS r)
[Fe/H]

0

Udry & Santos, ARA&A 2007

Host star metallicities

Blue : Entire sample
Black : Msini > 100 MEarth
Red : Msini < 30 Mearh

T

Lovis & Mayor 2007 e M dwarfs
T 1.78 < M/M, < 5.62 7

200 stars 1 e solar stars
6 planets 4 f . N
¢ higher masses ([sub]giants)

y of planet-hosting stars vs

R

- >100 MEarth
| < 30 MEarth

o
w

0.56 < M/M, < 1.78

8000 stars 1 planet masses/star number
187 planets 4

# planets

e
w

05 4

=> mass of planetary
material scales with Mstar

Frequency of planet-hosting stars

WM‘HMWMM ummﬂ M

-0.5

0.18 <M/M, < 0.56
300 stars
6 planets

o

Average planetary system mass [M,,]

0.0 . L L PR T
-0.5 0.0 0.5

Fe/H [dex]

underestimate the last bin

1 L L ' L | L L L L 1 L
-0.5 0 0.5
Log (primary mass) [M]

Small-mass planets:

=> anticorrelation of planet occurrence probability (TBC)



@ onstmintsfrom transit detections The power of shadows: }Jﬁowmem’c transit method_

2000-2010: transiting planets Y sr

Transit orbit

Short periods: . T ] . T A
high probabilities ] ' o et
of transit

o
3

e Periods
P =3 -7 days

e Probabili
P = Ry % =0.1 Rpl/ Mpl (VR), O

o
»

Eccentricity

e Depth
81/ 1I=(R, /R%)=0.01

Separation [AU]

Mass-radius-density relation for planets

Photometric surveys :V= 8-14 mag

T N L
Wt

Gaseous planets

Normal gas giants

Radius [Ry,,]
5

T
) mlal 2

ey . i

e | ! " s i Anomalously bloated ice giants

i

wide-angle surveys with small

commercial cameras Anomalously large-core giant




Rossiter-McLaughlin effect

Known since the early 20th century for eclipsing binaries, we
can observe a fransit spectroscopically. As the planet moves
across the stellar disc, it covers part of it that move at
different relative velocities to us showing an anomaly in the
radial velocity curve.

Examples of Rossiter effects

prograde

Radial velocity [m s]

misaligned retrograde

Photometric phase

HD 13'9733 ' ' xo-sl i l '
100 women | 1.00 e L g 1.00 ¥ : ot
x Vo x I % 4 P fv
= 1 = LR = W’
g 0.99F : g 0.99 vg 0.98
£ o8} £ 008 2 o8}
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—-100 L L L o L L L =100 L L L s
-4 -2 0 2 4 —4 -2 0 2 4 -4 -2 0 2
Tirme [hr] Time [hr] Tire [hr]
mﬁ ol o f-. ‘ _ _
Formation-evolution mechanisms? : )
Al i del . Retrograde candidates Atmospheres characterization of extrasolar planets
ternative models: _ , (Triaud et al. 2010) P arp
- migration by 3-body dynamics (Kozai?) ...Hot Jupiters are the best targets
- evolution of 3 interacting planets? Transiting planets
5 FR S é)f Opaque atmosphere
5 3 50 :_ “VH\*M _: 3
E F + E :
I /M A i Planet is “larger”
A 1 o '~ -/
o b o A L A :/|+ + +: .
0 50 100 150 © F J i + # + 3 Primary transit
aligned misafigned retrograde | T . - L
& g & wE F f\ ] Transit is deeper
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F — T T T T T T T T T
0015 [ - b)_ . . i e
i 1 el . g Primary eclipse: transmission in visible range
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Transmission spectroscopy Transmission Spectra of Planet
Identification of atoms and molecules 50—

| s Binned model, water + methane
Binned model, water + methane + ammonia

" + Binned model, water + methane + CO
HST detects Wavelength (nm) Solar composition + T>1000K L Cteortons | otens
additional sodium
absorption due to Normal
light passing through VR absorption -> H», HO
planetary atmosphere [BlSeiatEIe S?r'g?n ds?aP;h
as planet transits to planetary
across star alllcspUsts

Absorption (%)

(Charbonneau et al. 2002)

Sun-like

St Gas-giant

planet orbits AlSO
F; its sunin .
&% Efng.t - Na (Charbonneau et al. 2002)
ays (orbi g ) |
not to scale) -C O, CO2 N;ddel ater
, W

i +
Light absorbed Additional light Model, water + methane
by planet itself— J_absorbed by - CHy4 |
Brightness i i planetary F T PR s .
of star . i atmosphere . .
Duration
of transit

HST Nicmos finds H,O and CH, in HD189733b

Rem: mainly for the 2 brightest stars with transit,
HD209458 and HD189733

Atmospheres characterization of extrasolar planets DeteCtlon Of Secondar)’ eCIIPSGS

HD 189733

Transiting planets

Secondary eclipse: IR emission

4 Infrared light

Secondary eclipse Fir
star + planet IR star + planet IR
flux flux
[}
——planet IR flux
Primary transit stellar IR flux
t

0.46 0.48 0.52 0.54

Deming et al. 2006 (Spitzer, | 6 micron)




Seconcfary ecfijose SPITZER “Flux map” of HD 189733
Charbonneau et al. 2008

HD 189733
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oy Eebo0ll —— Kepler candidates (1781,Sept 2011) — 17502

. KEPLER 1235

e Giant planets: 0.01 mag
e Terrestrial planets: 0.0001 mag
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Fig. 2: The period-radius diagram for 1781 Kepler candidate planets as of September 2011.
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Faint stars => mass determination through RVs very difficult
=>TTV in some cases (multi-planet systems)
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The Kepler Orrery

. Fa

T T T
HARPS+Coralie | corrected
r (Mayor et al. 2011) 7 observed
200 -
(7] L 4
&
[
c L 1
© —
5 i ] Number of Planet Candidates
£
100} 4 2 100 \ Kepler
L 4 s (Borucki et al. 2011)
[
r 1 k]
S 50 , g
I R £ Analytic curve-1/(planet-size)
L 1 2
0 I | | 0 : = :
: : : : : : 0 2 4 6 8 10 12 14 16 18 20 22
10.0 100.0 1000. Planet size (Re)
- Transit Planets from Exoplanet Encyclopedia
M2sini [Earth Mass] 15
S 10 1
o
5
& 5 R
€
2
0 ol e i
0 2 4 6 8 10 12 14 16 18 20 22
Planet size (Re)

Multi-transiting KEPLER candidates : = D Kepler systems

=> 346 systems / Feb 2012 : s s

e ot e Warnin
hd KQI-1236 ® KOI-638
N ¥01-877 3 «Qi-564 N
. e o 0 mass
oo KQI-870 | o KOI-612 | ., .
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Period (da);s) | 230 doubles ' k|
80 triples :
27 quads :

Borucki et al. 2011 8 with 5 planets : Very coplanar ,
Lissauer, Ragozzine, 1 with 6 planets o : Formation/evolution process?
Fabrycky et al. 2011 : .

Numbers of multiplanets:
115 doubles, 45 triples, 8 quads,
1 & 1 of five and six
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=> Diversity of composition

Figure 3 | Transit timing variations and d ynamical fits. Observed mid-times
5 0 5 of planctary transits (see section 3 of the Supplementary Information for
) transit-fitting method and Supplementary Table 2 for transit times) minus a

(Lissauer et al. 2011)
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e Mass distribution
— Long tail towards high masses => Maximum mass of planets = ~25 Mjup
— Bimodal distribution => higher occurrence frequency for low-mass planets
Period distribution
— Increasing distribution (in logP) => reservoir at large sep => Dmax for formation?

HARPS: S. Udry, M. Mayor, F. Pepe, D. Queloz, C. Lovis, D. Ségransan, D. Naef, X. Dumusque,
(solar-type) F. Bouc e . Mordasini, N. s, G. Locurto, J.-L. Bel X

Coralie: S. Udry, D. Queloz, F. Pepe, M. Mayor, C. Lovis, D. Ségransan,
A. Triaud, M. Marmier, J. Sahlmann, M. Lendl, J. Haguelberg, X. Dumusque,
N.C os, P. Figueira

— Giant planets: peak at 3 days, “Solid” planets: no pile-up => migration?
Multi-planet systems

— All kinds: only small masses or giants, mixed

HARPS X. Bonfi e, T Forveille, C. Per

(M dwarf)  S. Udry, M. Mayor, F. Pepe, D. Queloz, C. Lovis, D. Ségransan,
M. Gillon, N.C. Santos, V. Neves

— Systems seem to be packed => planet spacing?
Eccentricity distribution

— Large range of observed values => origin? Importance of dynamics!

Primary star properties
— Metallicity - frequency correlation for gaseous giants, not for small-mass planets

— Mass of planetary material scales with primary mass
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Constraints from transits

— Variety in M-R relation (size, density) => variety of internal composition Paris EF))
i ’ i ) Aveiro (P
— System geometry (large fraction of misaligned systems) => formation processes? Monash (AUS) R. Mardling
— Multi-transiting systems => formation? Importance of dynamics?

— The path to the characterization of habitability




