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Demography of giant exoplanets

Overview of the lecture

1. Introduction

2. Which planets for Roman ?

3. Observed features of giant exoplanet population

4. Impact of stellar activity on parameter characterization
5. Eccentric or multiple long-period Jupiter planets ?

6. Futur prospects for Roman targets
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30 years of discovery
A DIVERSITY OF OBJEC TS

First one at Observatoire
de Haute-Provence

distant star
Blue-shifted
'
. Dayside Socondiry eclipse
Several techniques ¢ °
® B
‘ . ‘ A
P00CCOCOCOOOODODOPOOO
Nightside Transit

And access to a wealth of

information: mass, radius,

density, orbit, atmospheres AL | | ) T
(composition, albedo, etc.), S S T
surface, etc.

Hébrard et al. 2011



Panorama of current exoplanets detection
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Panorama ol current exoplanets detection

Some numbers

More than 6000 exoplanets known

Half of them are in around 1000 multiple systems

Cumulative Counts vs Discovery Year

exoplanetarchive.ipac.caltech.edu, 2026-03-05
L] L]

Discovery Method
60001 m pisk Kinematics
B Pulsation Timing Variations
B Astrometry
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E Orbital Brightness Modulation
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4000 w Transit Timing Variations
E B Imaging
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B Transit
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Panorama of current exoplanets detection

Some features

More than 4500 exoplanets with radius known

Known exoplanets with radius (accuracy<10%)

140 A
BN (super)-Earths
B sub-Neptunes
120 - = Neptunes

I Jupiters
100 A

80

Count

60 -

40 -

20 -

10° 10!
Exoplanet radius (Rg)



Panorama ol current exoplanets detection

Some features
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Eccentricity vs Orbital Period

exoplanetarchive.ipac.caltech.edu, 2026-03-05
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Panorama of current exoplanets detection

Some features

More than 2000 exop

Jupiter valley

Hot-Neptune desert

Stellar activity barrier

anets with mass measurements
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Planet Mass or Mass*sin(i) vs Orbital Period
xoplanetarchive.ipac.caltech.edu, 2026-03-05
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INTRODUCTION

RADIAL VELOCITY MEASUREMENTS

» Doppler-Fizeau effect

» Spectral correlation with a
template or a line mask

» Need thousands of lines

S

]
L =

>3




INTRODUCTION

RADIAL VELOCITY MEASUREMENTS
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» Bias towards higher mass and closer planets
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» Inclination of the orbit relative to the plan of the sky is undetermined
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INTRODUCTION

4.60-5.71 pum

TRANSIT MEASUREMENTS
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INTRODUCTION

Transit depth [%)]

RV COMPLEMENTARITY WITH TRANSIT DETECTION

Planet around a

Planet Planet in binary
system background star
3.5 ——— : . —
O Planétes ‘ Naine * Binaire * Contaminant ? Unknown
3.0 Brune — Binaire % 1 °
*
2 5 ** O
| (o) i?% * O
w w
2.0F w *
" * o © ) O
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Santerne et al. 2016

Triple system
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Kepler magnitude [K,]
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o

Binary or
Brown dwarf

» Follow-up of several
ground or space-
based surveys

HAT, WASP,
CoRoT, Kepler,
K2, TESS, ...



Panorama of current exoplanets detection

Some features

Planet Radius vs Planet Mass

exoplanetarchive.ipac.caltech.edu, 2026-03-05

Discovery Method

® Transit

B Radial Velocity

¢ Imaging

Transit Timing Variations
% Orbital Brightness Modulation
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2. Which planets

For Roman coronographn ?
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ROMAN SPACE OBSERVER .

Roman Game

Catch exoplanets and others



Flux ratio to host star

Roman for exoplanets

Coronodgraphic Mode capalbilities

3 Wavelength (Ao) Known Exoplanets
10_ E mem < 650 NM m self-luminous, 1.6um observed
] w650 - 800nm Q self-luminous, Band 3 predicted
] w800 - 1000nm @ self-luminous, Band 1 predicted R R R
10_4 i = > 1000 M A RV, reflected light, predicted Jup|ter-||ke pOPUIatlon
. around mature star
1 - -
10_5? O
] - S
- ] 4
10_6 E > — \ Os
] / TN’RCaI;
10-7 - Roman req.. ‘ ‘—-— Self-luminous targets
Roman in visible bands
8 pred. opti. b
—O - r
10 img, 25 ‘ 45
_ 100 ,100 hr 40\5\
10-9- Planet image and
? ®
- A A e spectra
10719 @ Earth at 10pc ° Generated 2024-09-17.
] Instrument curves are 50 pcst-processed detection limits.

0.05 0.1 05 1 5
Separation [arcsec] github.com/nasavbailey



http://github.com/nasavbailey

Observing modes

Roman coronographn

A rdar Mode Ap[::;)i(l.JEOV FOV Coverage Support
575 nm NFOV: Narrow FOV Imaging 0.15” - 0.45” 360° Ll
(full support)
Biimm| [ BB SIEERORERS 0.2" - 0.55" slit Best Effort
Spectroscopy
575 nm, 825 nm| WFOV: “Wide” FOV Imaging 0.3"-14" 360° Best Effort
575 nm, 825 nm Imaging Polarimetry (WPs) 0.15" -1.4" 360° Best Effort




Roman for exoplanets

Coronographic Mode capabilities

Self-luminous targets in visible bands

Young and massive planets
10-14—
Complement nIR
observations
r j oy 10—157
For the first time in the Vband, | §
even if very faint ) =
- : 10-16-
=
=
What are the clouds properties ? ¢
(T
How inflated are they ? A o017l -
: ype
. — Forsterite
Are they metal-rich (e.g. Na and K I log(g)=4.2
, Pl
2 . ~— [ron
searches) ? _1al Y, “ (Moplels from Madhusudhan2011) ~ leg(@=4
| | 10705 1.0 15 2.0 2.5
Filled out SED with broadband Wavelength (um)

e

photometry and spectroscopy



Roman for exoplanets

Coronographic Mode capabilities

Reflected light of mature Jupiter-analogs

Imaging:
- Measuring the orbit by constraining the inclination of
the system with two or three imaging epochs . | NataSh‘a Batali(ucsr)
sl Truc mass =i -M,Z,‘i::' N Uy S .
0.8 . %:“5&"5’":" :"f Roxana Lupu (Ames)
- Measure albedos in V bands 0.7 B i ren +
. 806
sl Cold Jupiters cloudy or clear ? £
L-JO'S
%04
§0.3
Spectroscopy: 02
Need more time - | \4
0.0"‘41 —— —

T | N R i ! a—
0.55 0.60 0.65 0.70 0.75 0.80 0.85

A (um)

- Constrain metallicity if cloudy (high albedo)

660nm spectroscopy is an unofficial observing mode

s> Are Jupiter analogs metal-rich ? sl Optical polarimetric observations ?



Distance [pc]

Example of targets planned

NASA Exoplanet Archive, exoplanetarchive.ipac.caltech.edu, 2026-03-07 06:55:19

100 | > | .-.~°«:'.‘.‘: ?:'...)" o . . & .
3 Tae T e LAl HD217107 cV=6.2
2 RO TR 6-. “Beta Pic b V=3.85
S U e MHD154345 b V=6.8
10 0y ° : . -
’ Eps Eri b V=3.7
0.01 2 5 0.1 2 5 1 2 5 10 2 5 100 2 5 1000

Orbit Semi-Major Axis [au]

+ constrained on reference stars position ?

2
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Of glants exoplanet population
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Demography of giant exoplanets

Glant planets dominate almost everything in planetary systems.

* Masses
Solar system Solar system

mass planetary mass

Sun
Jupiter
Satum

Jupiter + Saturn: "0.1% “92%



Demography of giant exoplanets

Glant planets dominate almost everything in planetary systems.

e \Masses

* Angular momentum

I{ - o
&)

LJ upiter + Saturn

Lss

= ~87%



Demography of giant exoplanets

Glant planets dominate almost everything in planetary systems.

SB
Star/BD

e \Masses

* Angular momentum

ma (Myup)

* Dynamic

rruz
Painter et al. 2025

Habitable Zone

-30 -20 -10 0 10 20 30
[au]

Blunt et al. 2019 Eccentricity



Demography of giant exoplanets

Glant planets dominate almost everything in planetary systems.

* Masses
* Angular momentum
* Dynamic

e Detection




OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS CENSUS

Cold Jupiters
Warm Jupiters ~15.25% (Femandes+2019;  Distant Planets
. T\ .~ Wittenmyer+2020;
Hot Jupiters ~1-2% fl > : Fulton+2021) ~2.5% .
~0.5-1% (Cumming+2008) (e_g. el 2019 Ultra-Wide Planets
(Wright+2012, Fressin+2013) = — B ~0.5-2%

— - (e.g. Bowler 2016; Baron+2019)

Johnson & Dawson 2018 —
—_r S eee———————————————————
Orbital ~0.01-0.1 AU ~0.1-1AU ~1-10AU ~10-100AU >T100AU

Separation

“ Core/pebble accretion?
a“o Disk instability?
“‘
QO‘ \3&\
»

\‘ »

Pollack et al. 1996, Lambrechts & Johansen 2012

e.g., Boss 1997, Kratter & Lodato 2016

e.g., Perets & Kouwenhoven 2012

WO Inward Migration Outward Migration
\‘\\3 /\Q \X&\ Disk migration, {’{anet;cattgring, Planetscatzfering, Courte sy of Brendan Bowler
0 \Qb High-eccentricity migration Resonant migration

e — ==



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS CENSUS

/ Cold Jupiters
y Warm Jupiters ~15-25% (Fernandes+2019; Distant Planets
. T\\ ._,.-‘Wittenmyer+2020;
Hot Jupiters ~1-2% AEANGS Fulton+2021) ~2.5% .
~0.5-1% (Cumming+2008) (e.g. Nielsen+2019) Ultra-Wide Planets
(Wright-+2012, Fressin+2013) A9 — ~0.5-2%

= — (e.g. Bowler 2016; Baron+2019)

Johnson &@wson 2018 p— " ” —

\
ombith  ~0.01-0.1 AU ~0.1-1AU ~1-10AU ~10-100AU >100AU

Separatio |
Courtesy of Brendan Bowler

m=malp Hot Jupiters : a relatively rare outcome of planetary formation



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

P <10 days

HOT JUPITERS

e P peak at 3-5 days

© o ©o o o
O O @ H
o ® © N b

Planet Occurrence (%)
o
o
IS

1

|l I I 1 |l 1 1 ||

- —— TESS 7
4 Santerne et al. (2016) |
scaled {
T
N J_ -
T
- _I. -
= + ‘
— = ] ] ] ] ] ] 1 11
1 2 3 4 5 6 7 8 910

Period (days)
Yee & Winn 2023, Yee et al. 2025

m— A stop on the internal inward migration mechanism ?



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

10 -
HOT JUPITERS P <10 days 5
S 3 2
e P peak at 3-5 days g
g
e Strong dependency with stellar metallicity o
0.1
g o
d[Fe/H] . | Jupiter(s |
0.9 | -0.4 -0'.2 0?0 0?2 0.4
_ 2 4+0.
'B — 3°4_().8 [Fe/H]

Petitgura et al. 2018
Osborn & Bayliss 2020

The occurrence rate increases by a factor of 10 over 0.5 dex of metallicity.

m=mmp Signature of planet-planet scattering ?

A more efficient internal migration ?



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

HOT JUPITERS

P <10 days

e P peak at 3-5 days

e Strong dependency with stellar metallicity

e Dependency with host stellar mass

Courtesy of Lucile Mignon

wn G type
mn F type

mm M type

B FGK + M
. FGK + M
B FGK type

. A-F type

B A type

BN FGK Young type
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OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

HOT JUPITERS P <10 days

e P peak at 3-5 days

® Strong dependency with stellar metallicity

0.7 1

* Dependency with host stellar mass 7|  Bryantetal 2023

o
o

o
vl

The occurrence rate increases with the
mass of the star, peaking at 1 Msun.

o
NN

+

o
w
—e—

o
o

Giant Planet Occurrence Rate (%)

i This Work
0.1 " - K Gan et al. (2022)
A H Beleznay & Kunimoto (2022)
A 1 H Petigura et al. (2018)
0.0k A . . . .
0.0 0.5 1.0 1.5 2.0

Stellar Mass (Mg)

=y [N agreement with theoretical predictions: core accretion for low
stellar masses and rapid disc dispersion for high masses.



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

HOT JUPITERS P <10 days

e P peak at 3-5 days
® Strong dependency with stellar metallicity

e Dependency with host stellar mass

. . 0.25
* Has long distance companions Ngoetal 2016 mmm Completeness corrected
B Observed
80'20 ® Field stars
50% of hot Jupiters have distant 8.5 Q
companions (beyond 100 AU). s
S 0.10
£
@]
@)
0.05
— Linked to the formation of hot %% “1<a<se 100 300 1000

(from RV) Companion Separation [AU]

Jupiters via dynamic interactions



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

HOT JUPITERS P <10 days

e P peak at 3-5 days

e Strong dependency with stellar metallicity

e Dependency with host stellar mass [— ccarpie

| — hot Jupiter

* Has long distance companions

i
[a—

e Evolved along time ?

.
O
—

number of planets per star
([Fe/H]= 0, M, = M¢)
3

Signs that hot Jupiters are less
common around older stars

—
9
S

[
<
n

0 2 4 6 8 10 12 14
age (Gyr)

= A signature of tidal decay ?

Miyazaki & Masuda 2023



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS CENSUS

4/ Cold Jupiters
' WarmJu piters ~15-25% (Fernandes+2019; Distant Planets
. T\ .~ Wittenmyer+2020;
Hot Jupiters ~1-2% LN Fulton+2021) ~2.5% )
~0.5-1% | (Cumming+2008) ‘ (e.g. Nielsen+2019) Ultra-Wide Planets
(Wright+2012, Fressin+2013) |

S— ~0.5-2%

“ (e.g. Bowler 2016, Baron+2019)
Johnsor@& Dawson 2018

(- -

\
Orbital ~0.01-0.1 AU \ ~0.1-TAU ~1-10AU ~10-100AU >100AU
Separation

CourteAsy of Brendan Bowler

el Warm Jupiters :



Occurrence rates

OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

WARM JUPITERS Env. 0.1 <a<1AU

e Dependency with host stellar mass

Direct Imaging

EEE M-type
17.5{ ™= FGKtypes

AF Young Types
BN BA-types

mam B-type

10-1000 au

15.0 1

12.5

10.0 - T

7.5
5.0 - /
2.5

i

& & & & & § & &
v v \’\r v v v \’\' v
&'}' > N JP' &'}' J}' 2 “f}'
2 @ . @ 9 @ R K

N § N & & \‘9 ¥ N

Q S &S IS o & & B

o O 0 & 'S S

© N 5 N s &
S 0 §

Courtesy of Lucile Mignon



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

WARM JUPITERS Env. 0.1 <a<1AU

e Dependency with host stellar mass

e Gradual increase with the period

Quite rare

Increase
above 1 AU

Occurrence rates of giant planets

Orbital period [d]

Santerne et al. 2016

= A signature of water ice line ?



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

WARM JUPITERS Env. 0.1 <a<1AU

10.0

1.0

0.1

Mass (Mjup)

0.01

;_001_ TR L el
0.01 0.1 1.0 10.0
Orbital Period (year)




OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

WARM JUPITERS Env.0.1<a<1AU ()_3()5— +—e Observed Fraction » —
. [ e f(MF) = 0.07 10" M'® 1 ]
T 3 o—o f(F) = 0.07 10"2F g
s 0.25: ]
b ] o > -
, € 0.20f :
e Dependency with host stellar mass g | | :
S 0.15F -
L i -
. : : [ : ]
® Gradual increase with the period § 0.10F :
o - ]
0.05f :
I [ =4 ]
e Strong dependency with stellar mass 000F oot |
-1.0 -0.5 0.0 0.5
- . [Fe/H]
e Strong dependency with metallicity Johnson et al. 2010
R

+———=o Observed Fraction

—— f(M,F) = 0.07 10"2F M'?
o——o f(M) = 0.07 M"°

- - - - Kennedy & Kenyon (2008)

o

w

l'lllll L]
|

sy A More effective signature for
core accretion formation?

Planet Fraction, f(M,F)
o o
— N
| |

o ¢
o
b

0.5 1.0 1.5 2.0
Stellar Mass [M..]

o
o



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

WARM JUPITERS Env. 0.

1<a<1AU

e Dependency with host stellar mass

e Gradual increase with the period

e Strong dependency with stellar mass

e Strong dependency with metallicity

e Indicators of an increase  o.15}

in the rate of occurrence

[a
over time L2
0.05

0.00
1?7

0.10}

VR surveys around young
stars find fewer giant
planets than around
middle-aged stars.

Tran et al. 2025

! _ 1 0+2.60
L fGP. Young = 1-9_1.4%
This work

. Constant
(possible)
Increasing
guumnnt '(p()ssiblc:)c
a a s a a a N -I

fap. 01d=6.5+0.7%
Johnson et al. 2010 .

—

10 Myr

=l A |ate internal migration signature?

PP | L s aaaal ]
100 Myr I Gyr 10 Gyr

Stellar Age



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS LENSUS

Cold Jupiters
Warm Ju pite rs ~15-25% (Fernandes+2019; Distant Planets
. T\\ ._,.-‘Wittenmyer+2020;
Hot Jupiters ~1-2% LN L9 Fulton+2021) ~25% )
~0.51% (Cumming+2008) \ Niesem+ 2019) Ultra-Wide Planets
(Wright+2012, Fressin+2013) - ~0.5-2%
(e.g. Bowler 2016, Baron+2019)
Johnson & Dawson 2018 ———
orbital  ~0.07-0.7 AU ~0.1-1AU 10-100 AU >100AU

Separation | -
Courtesy of Brendan Bowler

==y Cold Jupiters : a peak in the distribution of giant exoplanets



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

CULD JUPITERS Env.1 <a<10AU

e A peak in the RV surveys

?‘v 14 - = Occurrence
£ 10 -+ Count | .
c —_ ] w—68.2%
(S L T 1
5 g °] 53 Aln(a) = 0.63 »
& 3 I 10 ke 63
5 2 ©] ©g o @
< g 838 S
g £ 4- (2N ar
) 0 o 6 ~
E 5 o Q
3 ~#- RV:M,=0.16-20 M, & 2 l <& 4 <
S % RV:M, =0.1-20M, 5 l l = 2
10-3 4 —&— Kepler: R, =5-20Rg § 01 2
~®- Kepler: R, =3.4-20R =
- - T2 0 01 02 3 " Y T T T T T 0
" - iy v Tos 10 10 10 10 10
10 0% Period [days] 0.1 0.3 10 30 100 300
Orbital Period (Earth Days) . Semi-major axis (au)
Fernandes et al. 2019 Wittenmyer et al. 2020 Fulton et al. 2021

Courtesy of B. Bowler



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

CULD JUPITERS Env.1 <a<10AU

e A peak in the RV surveys

* Impact on the population of small inner planets

00
® P() 41+14%
ol ©® p(chsp) | Courtesy J. Van Zandt
Cold Jupiters may be & 39+7%. :
> 0 I +100°
more common around & 40 32:8% & t J010%,
o I | j
. . I
stars with small inner @ 30 H : ¢
S |
lanets. o 17-19% . :
p S 20 - . (<20 AU) 17.6x2.2 /o+ 9.3;.5%. 16i2°/o!
S é T ®1120%,
O 10| '105% & 9.8x0.8%g
(<2000 d)
%um'ming Zhu & Wu Br)}an Rosenthal Bonomo Van Zandt Bonomo
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OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

M sini [M)]

CULD JUPITERS Env.1 <a<10AU More eccentric than shorter

periods ?

, Not strong dependency with
e A peak in the RV surveys metallicitj g !

* Impact on the population of small inner planets

Stellar Binaries 4 §I
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OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS CENSUS

Cold Jupiters f
Warm Jupiters ~15-25% (Fernandes+201 /,5 Distant Planets
. X - Wittenmyer+202);
Hot Jupiters ~1-2% fT N, © Fulton+201) ~25% .
~0.5-1% (Cumming+2008) (e.g. Nielsen+2019) Ultra-Wide Planets
(Wright+2012, Fressin+2013) ~0.5-2%
(e.g. Bowler 2016, Baron+2019)
Johnson & Dawson 2018 p—
orbital  ~0.071-0.1 AU ~0.1-1AU  ~10-100 AU >100AU

Separation

rtesy of Brendan Bowler

memalp Distant Jupiters



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

DISTANT JUPITERS ~ Env-10<a<100AU

* The occurrence rate decreases with distance for massive planets.

5 1% for 5-13 Mjup in 30-300 AU

[ 2-5% for 5-13 Mjup in 10-100 AU |
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Vigan et al. 2021



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

DISTANT JUPITERS ~ Env-10<a<100AU

e Occurrence rate decreases with distance for massive planets.

10 e T .
e Occurrence rate proportionnal > H_H—i—o—l | :
to stellar mass = 0.8} >1.90 Mg -
e : <1.50 Mg :
Q _ .
. | © 06F .
Massive planets at long distance al : :
O : :
N 04} -
Preference for young massive stars c_és f :
5 0.2} -'
Z : '

0.0«

0.0 0.2 0.4 0.6
Frequency

=P \Vass reservoir more important in the disk ?
Formation by disk instability ?

0.8



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS CENSUS

N\
Cold Jupiters
Warm Jupiters ~15-25% (femandes+2019; Distant Planets
. T\ .~ Wittenmyer+2020;
Hot Jupiters ~1-2% AN Fulton+2021) ~2.5% .
05.1% (Cumming'+2008) ‘ (e Nielsen+2019) Itra-Wide Planets
(Wright+2012, Fressin+2013) — “"‘E ‘i ~0.5-2%

(e.q. Bowler 2016; Baron+2019)
Johnson & Dawson 2018

—_ e —

|

Orbital _ ~0.07-0.1 AU ~0.1-1AU ~1-10AU ~10-100AU - >100AU
Separation

Courtesy §f Brendan Bgwler

ey Ultra-wide planets



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

ULTRA WIDE JUPITERS Env. a > 100 AU

e \ery rare but can be found at thousands of AU

=
O M

Mass (M,,,)

10 100 1000 5000
Semi-major axis (AU)

Baron et al. 2019

Finley et al., in prep.

20-1000 AU, f ~ 2%
1000-5000 AU, f~ 0.3%

==y Cjected planets ?
Tail of the distribution with disk fragmentation ?



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

SURVEYS FOR GIANT PLANETS CENSUS

Cold Jupiters
Warm Jupiters ~15-25% (Fernandes+2019; Distant Planets
. T\\ ._,.-‘Wittenmyer+2020;
Hot Jupiters ~1-2% fl S Fulton+2021) g
. 2-5% Ultra-Wide Planets
~0.5-1% (Cumming +2008) Z (e.g. Nielsen+2019)
(Wright+2012, Fressin+2013) ~ ~0.5-2%

— (e.g. Bowler 2016, Baron+2019)
Johnson &Dawson 2018 = -

[

orbital  ~0.07-0.7 AU ~0.1-1AU ~1-10AU ~10-100AU >100 AU

Separation »
Courtesy of Brendan Bowler

mmmmlp Accross 5 orders of magnitudes

~0.315 Myup ~01-1000 AU

For solar-type stars that can be considered more or less alone



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

STILL OPENED QUESTIONS

e Occurence rate of giant planets in multiple systems ?

Semimajor Axis (AU)
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OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

STILL OPENED QUESTIONS

e Occurence rate of giant planets in multiple systems ?

* \When and how giant planets develop eccentricity ?

e |s there a link with giant planets and the habitability of inner planets ?

e \What are the differences with giant planets in binary star systems ?



OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

BINARY SYSTEMS

» 50% of the stars in the MW are in multiple systems : binary or more

» 50% of the stars in the MW have masses < 25% Solar mass

50

N
o

w
o
TTTT[TTTTTTTTT[TITTTTITT

Number of binaries

-2

log (binary semi-major axis) (AU)

-1 0 1 2 3 4 5

N
o
TT TTTTT

10 L

2 4 6 8 10
log (binary period) (days)

100

Percentage of stars with companions

60
40

20

F G K
Spectral type

Martin 2018


https://www.observatoiredeparis.psl.eu/proxima-est-liee-a-alpha.html

OCCURENCE AND OBSERVED PROPERTIES OF GIANT EXOPLANETS

PLANETS IN BINARY SYSTEMS

.
) s-type planets p-type planets
» Two orbitaltypes | 77 B
circumprimary .- " 7 h %
pla net / ’. o AN 4 ’ ’ A A
Satellite-type L@ e N
o primary / secondary
. - star S e star \
=== Circumstellar planets o x
Planetary-type Py e cumbinary &
. . N planet
=== Circumbinary planets — /'
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........... star ) el
D1OOO§ R circumsecondary.\_
I ’ ’ s P s planet
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100 circumbinary ,56\\\’:\\/ ,l/circumstellar
- planets o o planets ]

—
o
TTT

Planet semi-major axis (A

- 9 0
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0.1¢ s
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RV o¢ eclipse timing E ¢ pulsar timing 1 ¢
transit o¢ imaging O¢ microlensing ¢
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R S ——mscssasttummmesstiNdly

» Very different
characteristics

Martin 2018
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On the characterization of exoplanet parameters
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All stars are active

Impact on the exoplanet characterization

The signal received from the star also get the mark of stellar activity

» Granulation

» Pulsations

» Long term activity involving magnetic cycle

9oN __ SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) H>00% B>0.1% [(>1.0%

30N

EQ

308

928
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
DATE

05 _AVERAGE DAILY SUNSPOT AREA (% OF VISIBLE HEMISPHERE)

04

03 1’ “

0.2 | 1 |l|

0.1

0.0
1870 1880 1890 1900 1910 1920 1930 l)lm 1950 1960 1970 1980 1990 2000 2010

msfcnasa.gov/

HATHAWAY/NASA/MSFC 2009/11




All stars are active

Impact on the exoplanet characterization

RV variations induced by distortion of the lines

o0

NZZRN

)\

/

e 12 -1 08 4 00 04 08 12 %0 22 BIS - Vspan - FWHM

rotation RV

+ convection is blocked in strong magnetic field

e.g. Boisse et al. 2011, Meunier et al. 2023

Dumusque et al. 2014, 2015



All stars are active

Impact on the exoplanet characterization

Lines sensitive to

Sun seen in lines
"sensitive to activity”

(b) Ca II H - 2012 (c) CaIIK - 2012 (d) Ha - 2013 Forbidden transitions

induced by magnetic

8 .
—— HD55575, Ter=5866 K
b HD97658, Ter=5194 K h .
bl —— HD219134, Ter=4817 K 't
! P —— HD142229, Te=5865 K e a | n g
h —— GL908,  Ter=3787K 1.0 . . . .
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o . 08— C N 1K
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: ER I
4 e e 5 F if i
= &k fa'st s i
i 2.5 | D
0.2 iR
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1
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Isaacson et al. 2024



All stars are active

Impact on the exoplanet characterization

10! Very Inactive | Inactive | Active  |very Activ

120 -

Some lines in the visible

100 -

=== Double G'aussian Fit
-+~ Gaussian #1
--+- Gaussian #2

Ca infrared triplet around 850nm

N Stars

-
No evident lines in the nIR s
20 y i :

e.g.Cortes-Zuleta et al. 2023 u“ L4 = M
Schoferetal 2019 036 54 82 -sl.o (-4'.8; -46 -44 -42 -4.0
og (R'yk
RV impact is different in different bandwidth Gomes da Sllva et al. 2021

e.g. Carmona et al. 2023 Isaacson et al. 2023

Larue et al. 2025

Different technics are used and being developed to identify and remove the

Sig nal e.g. Cretignier et al. 2023
Al Moulla et al. 2025

= Strong field of research - motivated by the search of earth-like objects



All stars are active

Impact on the exoplanet characterization

For ROMAN targets, the main impact | see is for reflected light targets:

1. Selection of the targets can be biased by the magnetic cycle

2. Reflected light can be polluted by stellar irradiation variations



All stars are active

Impact on the exoplanet characterization

Long term variation are known on other stars

oo E ipssess | oss | var
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Baliunas et al.. 1995 30% variables
30% calm sy Cycles can mimic Jupiter-like planet
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All stars are active

Impact on the exoplanet characterization

Sun several cycles : 100 yrs, 11yrs, (1/2, 1/3 of 11 yrs) and a 4-5 yrs variability

Sun
0.0 20000.0 30000.0 0.0 30000.0 45000.0 0000.0 000.0
time [J.D.-2400000] time [J.D.-2400000]
Time-frequency distribution (STFT): Time-frequency distribution (STFT):
f [c/d] yrs f[c/d] yrs
0.0009 3.04 0.0009| 3.04
342 342
‘ 3.91 - 391
0.0006 4.56 0.0006, 4.56
6.84 6.84
0.0003 9.13 0.0003 9.13
13.6 13.6
273 273
0.0 inf. 0.0 inf.
: 0.0 20000.0 40000.0 . 35000.0 40000.0 45000.0 50000.0 55000.0
time [1.D.-2400000] time [J.D.-2400000]

Magnetic reversal measured on stars  e.g.Jeffers et al. 2023

Two cycles measured on the same star
Metcalfe et al. 2013

- o 3 - g o
44000.0 48000.0 52000.0 56000.0

time [J.D.-2400000]

Time-frequency distribution (STFT):

0.0006

0'“3*

273

0035000 380000 330000 G000

time [J.D.-2400000]

Olah et al. 2016
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Have a look yourselt

Go the DACE platform: https://dace.unige.ch/dashboard/

- Observations -

Radial Velocity




All stars are active

1. Impact of the magnetic cycles

HD24040 b G2 V=7.5

Wright et al. 2007 Detection

Boisse et al. 2012 Confirmation

Rosenthal et al. 2021 2nd p|anet deteCtiOﬂ

Qier et al. 2025 Long term astrometry : true masse and orbital inclination



All stars are active

1. Impact of the magnetic cycles

Jupiter twin HD154345b 8 v=6.76

P=92yrora=4.2AU Maybe a false

positive
Msini = 0.95 M jup

Magnetic cycle of 9 years
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All star are active

1. Impact of the magnetic cycles

What do we see ?

Active latitudes

T / Observem g'
e © and on other stars
e o 8
|

Jupiter-like planet

Depending on our view on the systems
and the latitudes of the spot, we might a
different impact on the RV




All stars are active

2. Impact on the retlect light measurements

The reflected light depends on the planetary albedo.

Planetary albedo measurements could be limited by stellar activity
Martins et al. 2015 Serrano et al. 2018

Effect of stellar variability on the detectability of phase curves in the optical.
Hidalgo, Alonso & Pallé 2019

s  Scparated observations of reflected light of a same planet may
be illuminated by different flux due to stellar activity
Mainly caused by stellar spots (higher temperature contrast)
Not clear on the true impact

Variability caused by stellar activity should be captured by other spaxels



(a) (b)
Line of ~ Line of -
nodes T, B nodes ‘E:)
T, \‘Peiastmn
O<e< 1 : e, =e,=0
VvV

5. Eccentric or multiple 7

Long-period giant planets

[sabelle Boisse (LAM/OHP) - Roman Coronography School - 12/03/26



Eccentricity

A survey for Roman 7

Eccentric or multiple 7

(a)

(b)
""""""""" lneof Y {77
nodes I;
T1 \.‘Paiastmn
e =e,=0
v

Eccentricity is a parameter informative of the past history

Badly well constrained by RV

i Discovery Method
® Transit
B Radial Velocity
o8t ¢ Transit Timing Variations |
’ L] Eclipse Timing Variations
% Imaging
® Astrometry *
A Pulsar Timing
0.6 * Microlensing
* Pulsation Timing Variations
0.4 x
02 B x
u
4 o .
OF oofwm(&iqgim
107" 1 10 10 10° 10* 10> 10°  10f

Eccentricity vs Orbital Period

exoplanetarchive.ipac.caltech.edu, 2026-03-05
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indep. period companion

Hara et al. 2019



Two planets in 2:1 MMR can
appear as an eccentric planet

150 : |

| P = 509.14 days
100 K=91.7m/s
e=0.38

50 RMS =8.13 m/s

RVS (m/s)

-50

R =5132days K=85.7m/s
R =256.6 days K,=38.9 m/s
RMS =4.13 m/s

ol } };ii t 8 T
-w'—Iii ST

0O-C (m/s)
=
[

20 '

Eccentric or multiple 7

A survey for Roman 7

Tiep [K]

1.4

sl Planets with e > 0.5 cannot be reproduced by two signals

e.g. Anglada-Escudé, Lopez-Morales & Chambers 2010

Wittenmeyer et al. 2013, 201%a,b Kurster et al. 2015

12 |

0.8

06 |

0.4 F

Undecided
Single E
Keplerian —
02 F e -
L | ]
0.2 0.4 0.6 0.8 1

| Yahalomi et é/. 2025

-  Same limitation in astrometry, except for mutually inclined systems

Moderate eccentric planets should be monitored to disentangle the

different scenarios
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FUTURE PROSPECTS

(
PLATO S

» Planetary Transit and Oscillation of stars

Launch planned for dec. 2026

Mission of 4 to 8 yrs

» Objectives : detect Earth-like planets in transit

» Same observation fields for 2-3 years

=== ill enable the detection of terrestrial planets around solar-type stars

In the habitable zone

around bright stars - will enable us to obtain the masses, and therefore the density

» Ground measurements required to confirm candidates, measure masses
and complete the systems



FUTURE PROSPECTS "“WIWW
cnes
PLATO

» Planetary Transit and Oscillation of stars

=== ill not deliver Jupiter-like objects before years

===l Has a limited accuracy for very bright stars

Matuszewskiet al. 2023



https://ui.adsabs.harvard.edu/search/q=author:%22Matuszewski%2C+F.%22&sort=date%20desc,%20bibcode%20desc

®
FUTURE PROSPECTS CNes

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

GAIA'S FUTURE HARVEST ot

Mapping the nearby universe:
our galaxy and its nearby satellites

Detection methods :

Astrometry and transit

Jupiter-like planets

U nti | 2 O O p C e, pelEZlE
> DR4 release e
Our Solar System
Position in the sky over time end Of 2026

» Thousands of long-period Jupiters WO

» Need ground measurements to confirm the candidates, measure the masses
And get a complete view of the architectures of the systems (RV and imaging)



GAIA DR4 5 | ou "
News planets for Roman 7 E O
> O =T
S Gooe,}.*' 4.0y || |4
Eiol e :
- Probably very few Vo
e [ DRs i HI
& 10° ¢ a 10} " L= 11
S | e GaiaDR3 B ST
c | — Interpolation jé o =" ;9.5yr
I% 102 E 210 ! .’tl |
g [ ) 1 I I 1 l I 1.0 10
6 § 10 12 14 16 18 True Py, yr]

Apparent G band magnitude Caleb & Winn 2026

===l Should deliver the orbital inclination of the known planets targeted by Roman :
improve detection and less observation exposure time + deliver true masses

- On very bright stars, GAIA DR 4 will not have the accuracy to constraint orbits
but will point strange variability

=== R\ programs are planned to characterize these targets



Ground pbased RV

News planets ror Roman 7

Census will be done in the South in order to prepare for ELT : should deliver all

giant planets with period < 1 yr
Pearce et al. 2025

Several high precision spectrographs opened in the North

That conduct RV survey or will do follow-up of GAIA DR4

sl Highest chance to deliver new targets around very bright (and close) stars

+ RV measurements should be continued on Jupiter-like objects

Detection is improved if the exact location of the planet is known
Pearce et al. 2025

Call to the community ?
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yTHENANCY{GRACE: ROMAN SPHACEYTELESCOPE
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INET B IlIMENST

L BLOCK THE

. STARLIGHT TO SEE =

I AN EXOPLANET!

&
HOW TO PLAY:

1. Blast the ball of starlight into the game

2. Bounce the ball of starlight through the.
Roman Coronagraph’s masks and mirrors.
to block the light

5. Once you've blocked enough starlight, you
will reveal an exoplanet, earning points!

Wwww.nasa.gov
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