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| CONTEXTE

Instrument

Brightness
Time
%:HBL,QUE https://www.esa.int/ESA_Multimedia/Videos/2019/12/Detecting_exoplanets_with_the_transit_method :
FRANCAISE 2
https://science.nasa.gov/resource/spectroscopy-detection-of-biosignatures/





| CONTEXTE

Instrument

Deux instruments :

* AIRS : spectrometre haute
résolution infrarouge (1.95 - 7.8
micrometres)

 FGS : photometre visible (1.1 a
1.95 micrometres)

visible e
radiofréquences _mframuyg_e ™= ultraviolet s &
1m 1cm 0.1 mm 1pum 10 nm 1A

10-12 m 10014 m 10-16 m
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| CONTEXTE

Example Mission Reference Sample (4 Year Mission Life)

Tier 1 {1000 planets)
@ Tier 2 (600 planets)
@ Tier 3 (50 planets)

"]

y &
]

Planetary Radius [Re]
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| CONTEXTE
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| LE RETRIEVAL

MCMC / Nested Sampling

Température

A
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OBJECTIFS

ADaRP Pipeline Processing Steps Science Data Products

e
m LEVEL 0 Product: Raw compressed data files

Read Level 0 Product ) Raw data derived from TLM, delivered from MOC to SOC
I Example of temporal slice (corresponding to a single exposure) of an ARIEL Level 1.5 data Product, for the spectroscopy channel AIRS CH1

Decompression Note that wavelength in Level 1.5 is not corrected for optical distortion.

LEVEL 2 Product: Spectrally resolved light-curves of the target (star + planet(s))
Wavelength binned 2D set of light curves with axes; time, wavelength (microns), signal (e-/s) for the spectral channels and time, photometric
band, signal (e-/s) for photometric channels.

Meta data initialisation [
[
Image array initialisation T
1 % Apply spectroscopic mask
LEVEL 1 Product: Uncalibrated science frames of photometric or spectral images I

ﬁ Raw, time stamped (spectral) image cube with each slice corresponding to a science frame with axes; spatial pixel number, spectral pixel 4( Extract 1'[‘) spectrum [ s
Level 1 number for spectral channels and spatial pixel number, spatial pixel number for photometric channels and integrated signal in ADU. - - 1.5x10
Spectral binnin 5
£ 10t r _{ P T B [4} g & Leaxio®
Read Level 1 Product 1 z |>{ Apply photometric mask [p ] : |
I ; —% I ! € 1 96x10° p M
DQ Array \r‘nitiahsation J : o = 3-{ e-/s to flux conversion |
= : |
ADU to e—unit conversion 2 E} : [ Write Leve%2 Product ) ' e Wyw A
I : * i e 4 ik J
Flag saturated pixels L - o 1.92%10 L ]
I . . ' & 0 < 3213.0 4788.0 63840

Subtract zeroth read x10' o 16170 Ft) ome (8]
Non-linearity correction ] Emmpfe ARIEL Data Level 2 for spectroscopy channel AIRS CH1 showing overall Level 2 data array and slices through wavelength for light curve.

60 80 120 . .
: ‘ . spectral pixel 4 t time axes may be in HID
Plxel cross-talk correction | Example temporal slice (i.e. one Science Frame) of an ARIEL Data Level 1 data product, for the spectroscopy channel AIRS CH1

I
Dark current subtraction 3 Product: Exoplanet broad-band spectra

[
Flat fielding ) Stellar activity correction1 | Individual pla trum (e.g.: ppm vs wavelength) for each

observation with time (s)

Read Level 1.5 Product

[ 20x10 2.02510°

[
(
[_ Reformat
(
(
(

Write Level 1 Product

ADU (e-Igainy

patial pixel

Bias drift correction J LEVEL 1.5 Product: Calibrated exposures of target observations corrected for instrumental artefacts - L
T Fit model light curves

Gain drift correction Calibrated, time stamped (spectral) image cube with each slice, an array of fitted ramps (slopes) with axes; spatial pixel number, spectral pixel in
| microns for the spectral channels spatial pixel number, spatial pixel number for photometric channels (or spectral pixel in microns) and signal Ste”aracﬂvity correction 2

Persistence correction ) (slope) ine/s.
T spectral pixel n

T S h . N 0 20 a0 60 8 2 Write Level 3 Product
ackground subtraction { B = Stellar properties

Error arrajjj®aalisation 500 o @
> Gl X 1, Level 3 [

Image statistics (deglitching) ‘ J\. g cane E TN T R T N
5 lanet spectrum with wavelength. w?,f.ﬁ..‘,qt,, ;,..,(,3.2]3

Legacy Co-added planet(s) spectrum (e.g.: ppm vs wavelength) for al
observations

[ Bad pixel correction

Pointing jitter correction [s ] :
[ 5 646 583 512 432 345
[ Write Level 1.5 Product | wevsiangth [micron

Example of temporal slice (corresponding to a single exposure) of an ARIEL Level 1.5 data Product, for the spectroscopy channel AIRS CH1 . h I

e —— ; :
w Note that wavelength in Level 1.5 is not corrected for optical distortion.

Abondances chimiques,

ADC 2022/2023)roﬁl thermique, nuage

5£BL,QUE . ADC : Ariel Data Challenge

FRANCAISE

cnes

Fraternité




| ADC 2022/2023

~26 000 spectres simulés et leurs abondances (Taurex 3
+80 000 spectres sans abondance 87

448 participants
Métrique : distance de Wasserstein-2 (2022), Kolmogorov-Smirnov-2 (2023)
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| POUR ALLER AU-DELA ?

Taurex 3

.o
(Q}e Différence

\

Parametres connus
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| ADC 2024

32 x 356

644 observations de transit
simulées par ExoSim 2 sur FGS1
et AIRS-CHO

1150 participants (1080
soumissions) !

644 spectres

IAP/CNES dans la Baseline Team

G



| ADC 2024

Diversité du jeu de données

Ky range (6 gy, )
Huwt Stars

Trace gases
Detector type
Semi-M ajor Axis
Inclhination

Mid Transit Time

Training

BELE-1T, HEY 171%4
Ha0. CHy, OOk, Cloud
Model A

Fixed

Fixed

Fixed

Training-Ext
0s-12
EELT-11, HID 171494
Hy (b, CHyg . OO, Cloud
Muodel A
THR.81, 11)
THRG.T1 B8}

T tg-0.1,254+0.1)

Test case
0.5-1.2
KELT 11, HD 17194
MH;. CaHz, 509, 510
Model A
Fuxed
Frxed

Fixed

Test case 1

RELT-11. HD

NH;. C:Hz, S04, Si

Muodel B

b1xed

Fixed

Fixed

MNormalized flux

Light-curves from the train set

75

100
Time

125

150
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| ADC 2024
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Estimation de |la profondeur de
transit par wi
Comment ?
« Estimation de début et de fin
de transit par interpolation
 Estimation de profondeur par
interpolation
 Amélioration par méthode de
machine learning
(Autoencodeur, GPR, NMF)
e Estimation du rayon par transit
moyen sur la courbe de lumiere

6



| ADC2025

Flanetary System Diversiy Limb Darkenimg Effect Atmospheric Profiles Ariel Qoservation Strategy

O ADCZ4 Samples : o PR R S e
o ADCES Sarmples : ; : i Light-curves from 2025 train set

1000 observations ?

Normalized flux

IAP/CNES dans |la Baseline
Team

60 80
Time
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| ADC 2025

Estimation de |la profondeur de
transit par wi
Comment ?
« Estimation de début et de fin
de transit par interpolation
 Estimation de profondeur par
interpolation
 Amélioration par méthode de
machine learning (GPR)
e Estimation du rayon par transit
moyen sur la courbe de lumiere
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| BAD PIXELS
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| BAD PIXELS

Rampes

\ 4

N profils <

é Travaux d’Angele Syty (IAP)

cnes
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| BAD PIXELS

Clusters Visualization

Cluster 2 Cluster 7 Cluster 16 e Cluster 26 Cluster 38
0452001
e Cluster 3 Cluster 8 Cluster 18 Cluster 27 Cluster 39
Cluster 4 Cluster 10 Cluster 23 o Cluster 28 Cluster Dead

Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4
(n=953612) (n=18080) (n=226) (n=16684) (n=2504) Cluster 5 Cluster 14 Cluster 24 e Cluster 29 Cluster Ok

W1 = 047588

91% = Wiliul ° | |

= - JL WT3 = 0.47438

Cluster 5 Cluster 7 Cluster 8 Cluster 10 Cluster 14
(n=15939) (n=418) n=74) (n=986) (n=6685)

1.5

W4 = 0514988

s

|
\

mu = 0,653

&
d
™

&
¥
E . : . - . Kk =0.57:31

Cluster 16 Cluster 18 Cluster 23 Cluster 24 Cluster 26
(n=7197) (n=96) (n=74) (n=109) (n=5057)

5= 00728

Cluster 27 Cluster 28 Cluster 29 Cluster 38 Cluster 39
(n=1625) (n=2232) (n=5121) (n=1977) (n=9880)

min = 05023

max = 0554388

PRI - PR EEEREEEREEREEEER PR EEEREEREEEEREER

wTo w2 wT3 wT4 mu
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| BAD PIXELS SUR JWST

Hot /dead

Low

Good

¢

Travaux de Céleste Tiano (CNES)
cnes

Rampes provenant du pid 3337
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| BAD PIXELS SUR JWST

Défauts de la pipeline
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dead
hot
warm

dropout

outlier

saturated
jump

I do not use

Le chaos des low-

Flags
dead
hot
warm

charge
unreliable bias
unreliable dark
UNRELIABLE_SLOPE
i flat
y

outlier
saturated
jump

EEl do not use

Rap l_u‘;‘l

« good » pixel d’apres la

cood
L

Précision | 0.29

3000

2000

Les presque

Flags
E dead
hot
warm
E charge lo

BN saturated
jump
EEl do not use

linéaires

¢

cnes

Travaux de Céleste Tiano (CNES)

Rampes provenant du pid 1184
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| 14 HERCULIS C

PIPELINE JWST

Rampes provenant du pid 3337

€
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| 14 HERCULIS C

14 Herculis

PIPELINE JWST

14 Herculis C
?

Bad

Rampes provenant du pid 3337

6



| BAD PIXELS JWST - NON SUPERVISE

1 L]
Food Dda

Precision 0.79 094

Rappel 084 092

M y n
oo _I;ll:llu'l'!
AL | |

Precision 0.82

Rappel 032

Pas assez de
convergence

Ex
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FRANGCAISE Images :2.3. Clustering — scikit-learn 1.7.1 documentation
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https://scikit-learn.org/stable/modules/clustering.html
https://scikit-learn.org/stable/modules/clustering.html
https://scikit-learn.org/stable/modules/clustering.html

| BAD PIXELS JWST - SUPERVISE EXPERIMENTALE

1 , M
[Tl F Faefad
U Lrold

Précision | 097 097

Rappel 091 099

Precision

Rappel

-. y -.
el Faetid
5 LML L

Precision 090 095

Rappel 083 0.97

f,f‘ANCAISE Forét d'arbres décisionnels — Wikipédia

EN
REPUBLIQUE Images : SVM - Data Analytics Post, 12 Types of Neural Networks in Deep Learning, ( 24



https://dataanalyticspost.com/Lexique/svm/
https://dataanalyticspost.com/Lexique/svm/
https://dataanalyticspost.com/Lexique/svm/
https://dataanalyticspost.com/Lexique/svm/
https://www.analyticsvidhya.com/blog/2020/02/cnn-vs-rnn-vs-mlp-analyzing-3-types-of-neural-networks-in-deep-learning/
https://fr.wikipedia.org/wiki/For%C3%AAt_d%27arbres_d%C3%A9cisionnels

REPUBLIQUE
FRANCAISE
Liberté

| CARTE DE CONFIANCE REVUE
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| RAYON COSMIQUE SUR IMAGE VIS
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#EUCLID | LLM RAG

1. Ingestions

Data Covernance

.. 0 x T | g \ ( '1
Chunks Embedding

Corpus Preprocess
Extraction

Publ

5

)
&4  Model
EC Pub. DPDD s

@@ |~

Redmine

Documentation du modele de données + article!
publiés

I
([

BLEE
E]E[E

Internal

i 03|01 | . |[—> Redmine

\ ﬁ J ko ua % 7 % 7 . FAISS |
2. Retrieval B

Select sourcestouse:

w

]

c
=N
=

L(((

@ Embedding Model Semantic

Sources
© Redmine WhatisiaL? &% A Search
(O Publications
Q@ - Layeris he Euclid Space Telescope e I nternal
it i llother
L stronomical Survey) and DSS (Data

hich processes

Euclid pip high

Key responsibilties of AL include:

L Interacting with external d DSS for
2. Coordinating the workflow manager (IAL-WFM) to handle Euclid pipeline tasks efficiently.

3. Executing pipelines, including the Data Management System (DPS) and Deep Survey
Simulator (DSS), to process and analyze astronomical data.
4. Storingall

[ﬁ L(((

&

5. Implementing the execution of the Euclid pipeline.

IALis built using various technologies, including Java jar files that form its sub-modules for - 1 i
oot i : ; LangChain Retrieve top-6
business logic d —d

requiingspecil sttention, a outlned inth AL Design Guide. Open s and TODOS ae sted Cl candidates

O e o s g, Sen

Sources

response
fo user

Redmine - Common Tools > Developers' Wiki (last update: 2024-03-28 11:33:00+00:00)
itps//euclid.oe.ac.uk/projects/codeen-users/wiki/Developers._getting started

LLM prompt

Redmine - SGS SYSTEM TEAM > IAL (Last update: 2025-06-11 10:09:00+00:00)
itps/feuclid.roe.ac.uk/projects/sgsial wiki Wik

.- 565 SYSTEM TEAM > IAL (last update: 2024-10-02 11:10:00+00:00) I | ‘ ‘

0

Al ——

jeuclid.roe.ac.uk/projects/sgsial/wiki/Main_3_0

Redmine - SGS SYSTEM TEAM > IAL (last update: 2019-05-29 08:07:00+00:00)
ttps//euclid.roe.ac.uk/projects/sgsial wiki/DesignGuidelaCore

Open-source model
hosted locally

[)--[)0)

|
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