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The Encyclopeilia ONEERLNE

Global Authority in Exoplanetary Data @'
B >7,400 confirmed objects (<60 Jupiter masses)

¥ >30,000 scientific publications linked to the database

Community Impact
22 25,000+ monthly users — researchers, educators, enthusiasts

ul 1,900+ citations — in astrophysics journals
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Scope & Accessibility

ENCYCLOPAEDIA OF EXOPLA

-
- This encyclop pi n Y. Pl
n ‘ u e S contaips objects lighter than 60 masses of Jupiter, which orbit starsiorare fr
u binary s?stems, a database on circumstellar disks, an exhaustive bibliograph
resourcesion, the subject
| ] | ]
e Confirmed and candidate exoplanets e i
ast update: Marc , 2025 currently 7422 planets. {‘“1 iy A ‘
- - 3 The catalog: Filter, sort, export The plots: On
e Free-floating planetary-mass objects |

e Systems with stars, brown dwarfs, and binaries
e Atmospheric data



The Team

Researchers
Q. Kral (Pl), F. Roques, J. Schneider — P. Thébault (binary database)

Engineers
'P.Y. Martin, U. Chosson, F. Henry
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+ Expert science editorial committee — Transition to an
Expert committee by field



The Catalogue

Home Catalogue Plots Tools

Last update: | arch 11, 2025 currently 7419 planets.

The catalog: Filter, sort, export

RECENT NEWS

Info

MaARcH 6, 2025

Over 100 new systems have been added to our planets-
in-binaries database, representing a 30% increase (a
machine-readable table of all systems can be found here)

News

Bibliography Meetings

Links & ~

The plots: Online plotting tool

BIBLIOGRAPHY

Full bibliography of
the catalogue

Last update: March 11,
2025

PLANETS IN BINARIES

Binary systems and
exoplanets

Last update: March 5,
2025

OTHER SITES

Relevant professional
web sites

Last update: Jan. 8, 2025

RESEARCHES

Ongoing Programmes
and Future Projects

MEETINGS

Future and past
meetings

VIEW OF PLANETS
AROUND US

Polar plot of
exoplanets
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MarcH 10, 2025 —MarcH 12, 2025

Gas Accretion in Planet formation (GAP)

© Heidelberg, Deutschland

MarcH 10, 2025 —MarcH 14, 2025

Towards New Frontiers: The Astrochemical Journey from Young Stellar Nurseries to Exoplanets

© Garching, Deutschland

MarcH 10, 2025 —MarcH 14, 2025

Lunar and Planetary Science Conference

© Woodlands, TX, USA



Jouvence of the website

Apply Filter

Status ¥ Detection ¥ ’ "confirmed" in planet_status ‘ ?
DETECTION METHOD COLOR LEGEND:
[Primary Transit .] [Secondary Transit .] [Radial Velocity .] [Microlensing .] [ Imaging .] [Astrometry .] [ TV .] [Timing .] [ Kinematic .] [Other .]
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Go to Planets Catalogue
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Histograms
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Planetary Mass

@ Use log scale
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Code debt

Massive work accomplished to catch up with the website’s technical
debt

From python 2.7 to python 3.10
From Django 1.9 to Django 3.2

0 automatic tests to 22810

Clean management of the dependencies with npm (web) and poetry (Python)

From SVN to Gitlab

A GitLab

+many other modifications...

SEE TALK ABOUT TECHNICAL SIDE IN SEMI-HACKATHON SESSION
(Pierre-Yves Martin + Ulysse Chosson)
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Massive recent update of Exoplat

Key Updates in 2024
Added 1,000+ new objects in 2024

7428 confirmed objects to date — the largest database globally

Comparison with NASA’s Archive
ul Surpassed NASA’s exoplanet count even when applying their stricter
criteria (we have >300 more objects):

e No free-floating planetary-mass objects
® Mass limit: <30 Jupiter masses

Major Breakthrough (a few days ago): Binary Systems
.« 60% increase in exoplanets listed in binary/multiple-star systems
+« 945+ binary systems now cataloged which is unique



List all exoplanets on S-type orbits in binaries with separations up to
2000au (currently 545 systems) + 30 P-type (circumbinary)
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1) From an exoplanet database
to that of a planetary system

e Accourt for disks, exomoons, exocomets...
e |nclude some observation data?
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2) Coping with massive increase
of number of planets by 2030
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transit
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—
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Gaia
+
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Fig. 1. Extrapolation of the exoplanet count into the year 2050. The black solid line is a fit to the data from 1988 to 2018, which hits a value of
almost 100,000,000 in 2050. The dashed lines are the envelopes of the data. Red numbers along the abscissa and ordinate denote the ranges of
extrapolation, for which no data is yet available. The vertical bar above the year 2030 refers to a combination of the currently known exoplanet
population and expected exoplanet yields for Gaia, TESS, and PLATO as presented in the literature. The data points were taken from National
Academies of Sciences & Medicine (2018) based on data by A. Weinberger/NASA Exoplanet Archive. Adapted and reproduced with permission
from the National Academy of Sciences, Courtesy of the National Academies Press, Washington, D.C.

e 2030: ~100,000 planets (>10x growth)
e 2040: 1,000,000+ planets (if trends hold)



Evolving Beyond ExOpIan'ets:'an;H‘OIif"‘s‘ti.c Planet ems Database
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The Challenge

B Complexity of Planetary Systems: ke
¢ Interactions between disks, planets, exomoons, and binary stars
e Diverse objects: exoplanets, brown dwarfs, exocomets, disks, multiple stars
< Data Overload makes visual representation complex:
e Many parameters and complex relationships
e Risk of user confusion with inconsistent data representation

The Solution: EXODAM
% A new Data Model for Exoplanetary Systems
e Dynamic Frame: Adapts to new objects/parameters on the fly (e.g., exomoons,
disks)
¢ Unified Hierarchy: Organizes all system components (stars, planets, disks) into
iInterconnected layers
e Scalable: Zero technical maintenance required for adding new parameters
¢ Universal: Could be used more globally for VO purposes

12



EXODAM

.....

ooooo

An example of an EXODAM data model
JSON file

Publications: Could provide new planets
(or disks...) using this data model —>
the planets would be integrated in no

time.

More flexibility: New parameters can be
added at will without breaking the
database —> can include parameters
that were not measured before or add
info on disks, exomoons, exocomets,

observational data, ...

In development: Ingestion of large lists of
exoplanets from csv files using EXODAM

13




Second goal: Cope with massive increase of number of planets by 2030+

The Challenge

. Manual Data Entry:

e Current: ~7,400 planets (hand-curated) . . .
e 2030: ~100,000 planets (>10x growth) e Daily manual updates — impossible at scale

e 2040: 1,000,000+ planets (if trends hold) e Risk of errors, delays, and incomplete data

Home > App > Planets » K2-268 f

Change planet

Main planet data
Name: K2-268 f Stars: Available stars @ e ) *+ Planetary system: Q
K2-268 System for rogue planet
Q  Filter
PSR J1311-3430 0
PSR J1959+2048
PSR J1653-0158
PSR J1301+0833
PSR J0952-0607
HIP 99770
HR 3016
HR 2986
HD 57411
TOI-1288
CSS1603+19 O Remove all
611002
Choose all ©
Name of a host star(s) Hold down "Control”, or "Command” on a Mac, to select more than one.
Planet status: confirmed Vv Detection type: [6] Publication status: R v Year of discovery: 2019 v
How the planet was detected: R — Published in a refereed paper When the planet was detected
1: Radial Velocity S — Submitted to a professional journal
2: Timing C — Announced on a professional conference
4: Microlensing W — Announced on a website
5: Imaging
6: Primary Transit
7: Astrometry
8:TTV
9: Default
13: Secondary Transit
15: Disk Kinematics
Modified: Dec. 1,2022,2:55 p.m.  Status: @ active O hidden O imported O suggested

Whether the object is visible on the website or not

Physical parameters (Hide)

Parameters of the planet.

Specify parameter uncertainty in a form of an array, e.g. '[0.1,0.2]' for a value_y, ;*%2 or simply '[0.1]' for valuez0.1. Use nan and inf for special cases of upper/I

limits and undefined value.

Planetary Radius: 2.23 Planetary Radius error: [0.09,0.15] Unit: Rearth Vv

14




Scaling for the Exoplanet Data Tsul

Second goal: Cope with massive increase of number of planets by 2030+

The Solution: Automate & Democratize
% EXODAM as the Universal Standard:

e Machine-Readable Data: Pre-formatted templates for users to submit
their list of new data
e Community-Driven Uploads:

O Dropbox portal for users to submit data + publications
OAutomated validation + human cross-check

7 Bulk Ingestion:

® Pre-negotiate pipelines with missions (e.g., PLATO’s)
e Al-assisted research, tagging, or relationship mapping?

15



Clarity in Complexity: A'U,Ser‘—Cent'ric,\E.. Iplanet Portal

REACH a Holistic System View

@ Unified System Pages

e All components in one place: planets, stars, disks, exocomets, exomoons.

e |nteractive 3D environment (EXO-3D) showing different components (e.g.,
disk, exoplanet, binary star orbits, ...).

& Specialized Sub-Catalogues with Tailored Access for Research Needs
Atmospheres (spectra, chemistry) !

Disks (protoplanetary/debris)©

Brown Dwarfs @

Free-Floating Planets @

Binary Systems ..

Exocomets @

In the future: sub-catalogues + ACCESS VIA DEDICATED API
(compatible with EXODAM)

16



The disk database (restricted

PABAT | 19 Cot
iDisK Data last upd
Exodict last updal

See all definitions

See all units

Disk STAR

identify (2 parameters identify (3 parameters

object name @ 49 Ceti object name 49 Ceti
alternate object names Bl ['HD-96727] Moving Group B Argus association
First detection date 2016

internal (1 parameters

internal | 2 parameters
object status confirmed

rel_star_id None

< object status confirmed
orbital (1 parameters

inclination @ 73deg @ physical (3 parameters
= age @ 40 Gyr
geometric | 2 parameters
effective temperature 9970 K
Half width of the disk 1.0 arcsec spectral type Alv

Mean radius of the disk 2.37 arcsec @

position (3 parameters

atmospheric | 1 parameters

right ascension @ 1deg @
geometric albedo 017 declination -15 deg
distance 59 pc

observational (2 parameters

magnitude | 2 parameters
Fractional luminsoity of the disk B 0.0009

Surface brightness peak [ 0.000129 Jy/arcsec*2 magnitude R B 5.6
magnitude in V band @ 5.6

observational (2 parameters

flux @ 10.18 maz @
luminosity B 207’80

Who are we? Our partners Our community

e t team Report a problem

q I“\"b‘ watoire e
about g L/OSEINSIOIE PADC contact us

5418 exoplanets so far help

For the catalog
fir

Exoplanet.eu [NESIRSISES
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http://exoplanet.eu

AMDf{-stability of the system HD 136352

Parameters of the system:

value min err max err
HD 136352 b

—
Tool developed to assess the
HD 136352 c

— tability of l t t
stability of a planetary system
a1 0028 s !

’ over long timescales (from
— -

Laskar & Petit, 2017)

perid 1 askar et, )

Update Graph

Set Errors to Zero

Restore System

oo oo +other tools: GCM
o 1-D, Observability

o
| |
| T IlIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T T IIIIII| T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII| Predlctor Exorls
1073 10A-2 1071 1070 10M 1012 1013 107 1075 107€ ,
Period (days)

Colorscale for AMD coefficient

107-2 1071 1070 10M 1012
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New online tools % . "SS

Exo3D

New tool developed by the IT team of exoplanet.eu (our ANR
funded a trainee to do that, T. Bedrine)

A snapshot of the tool:



http://exoplanet.eu

Activités @ Google Chrome » 16 déc. 13:38 ® o [ = DI I 2

& Featureinclin X | B Collapse-Bo: X | B Bootstraplcc X | ® ArcRotateCar X & ® Array.from() X @ UseJSDoc @ X | By GoogleTradu x @ Absolutepos x | & AbsolutePos x @ Exo3D:ende X + S a X

& > C A Nonsécurisé | http://0.0.0.0:8000/ex03d.html W > % » O

.

+)
<
-
A
X
9
(..}
©
@

Time since the beginning of the animation :
0 years, 11 months and 24 days.

A\ Distances are scaled-correctly but sizes
are explicitely bigger. Planets do still
respect their ratios between each othgr,
althdugh not with the star.

Animation speed e e Scaling of the system Star scale - 551 Focus of the camera

Planets scale - 1595:1
» Didactic System

& carnet de stage.pdf ~ Toutafficher X

Accessible in the browser and in Virtual Reality and soon in

edu)




The ExoDisk tool

Disk SED Predictor
e Radiative transfer tool for disk observations

¢ Trainee-led — Aids ALMA/observatory planning
e Built with Bokeh — Fast dev + secure updates
e Requires GRATeR code coupling (Partner: IPAG)

10° <

10' ¢

flux density / Jy
M

10° o

107!

F_v,total
— F_v,star

— F_v,disk

10° 10*
wavelength / um
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The ExoREM taool

ExoREM: Exoplanet Spectrum Predictor
e JWST transit planning tool

¢ Trainee-led development

e Next steps: Testing + deployment on exoplanet.eu

Effective temperature in k Kelvin. 400 ©

Log of gravity. 3 2

<>

Metallicity. 0.32

0.1

<>

Carbon on Oxygen ratio.

Number of Results: 2
o

Spectrum 1
Teff: 400.0

Logg: 3.0
Metallicity: 0.31623
CO Ratio: 0.1
Distance:

0.0037699999999999956

Ratio:0.4

Spectrum 2

Teff: 500.0

Logg: 3.0

Metallicity: 1.0

CO Ratio: 0.55

Distance: 100.00332444474033

Ratio:0.8

Flux Lambda (W.cm*-2)

Flux Lambda (W.cm*-2)

Spectra Application

Filename: spectra_YGP_400K_logg3.0_met0.31623_C00.10.dat

14000 a T 3
12000 = Flux lambda | 02358 = Transit Depth | &
10000
< 02256
8000 &
Q
= 0.2254
6000 2
=
4000 0.2252
2000
0.225
0
0 05 1 15 2 25 3 0 05 1 15 2 25 3
Wavelength (micron) Wavelength (micron)
Filename: spectra_YGP_500K_logg3.0_met1.00_C00.55.dat
] e 0220785 o
4000 = Flux lambda | = Transit Depth |
] 0.22078 ’
3000 g 0220775
. &
g Q 022077
2000 - F
§ & 0220765
b [
1000 0.22076
i U 0.220755
07 0.22075

L R RS AR RN EEEESEEEEE LEEEE mEEE n
0 05 1 15§ 2 25 3 0 05 1 15 2 25 3

Wavelength (micron) Wavelength (micron)
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Average Spectrum

Flux Lambda (W.cm*-2)

4000

3000

2000

1000

0

05 1 15 2 25 3
Wavelength (micron)

¢

= Flux lambda | &

Transit Depth

0.2225 ; 3

0.22245 = Transit Depth | &
0.2224

0.22235 0)e
0.2223

0.22225
0.2222

0.22215

0 05 1 15 2 25 3
Wavelength (micron)



Q ORIGINES

ACCUEIL

Que vous soyez enseignant ou simplement curieux, vous trouverez ici tous les chemins pour explorer
le monde des exoplanétes :

= Des questions sur les exoplanétes

= Des cours sur les exoplanétes

= La base de données

= Des activités en classe

= La boite a outils des chercheurs d'exoplanétes

Depuis une trentaine d'années, les connaissances s'accumulent. Mais pour commencer, écoutez un
chercheur d'exoplanétes présenter les premiéres étapes de cette quéte et son lot de surprises, la
plus importante étant qu'il y a... Des planétes partout.
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COMPTEUR D’EXOPLANETES

Jeudi 12 juin 2024
Planétes candidates et confirmées
6164

TABLE DES SYSTEMES

Systémes avec 1 planéte 4266
Systémes avec 2 planétes 546
Systémes avec 3 planétes 151
Systémes avec 4 planétes 52
Systémes avec 5 planétes 16
Systémes avec 6 planétes 9
Systémes avec 7 planétes 1

Systémes avec 8 planétes 1

ex Pedu



The Road Ahead: Scaling exopla

I

y p. 3

Great Showcase for OBSPM but Challenges on the way
I. Team Capacity:

e 3-person team — 2 retired (emeritus)

e Urgent need: Hire engineers + scientists to manage growth

~/ Data Deluge:

e 100,000+ exoplanets expected by 2030 (Manual processes — unsustainable)
e All exoplanetary components to ingest (e.q. disks, exocomets, ...)

Immediate Priorities
% Deploy & Stabilize:
e Finish and deploy tools (ExoREM, Exo3D, ExoDisk)
e Finalize integration of EXODAM data model in backend
e |[aunch community upload portal (dropbox, API, csv ingestion)
. Leverage Community:
e Crowdsource ideas (e.g., RV/transit data integrations)
e Gather experts on each subfields to secure sets of data

Call to Action
“\ We Need:
e Engineers: Backend scaling (EXODAM), Al/automation, Frontend development

(Tools)
e Scientists: Data ingestion/validation, Tool developments for users

© Join Us:
e Collaborate with us if you are interested -5



