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Objective Infer ocean dynamics beneath SWOT swaths

New Caledonia Unique study site to address SWOT SSH observability 

balancedbalanced meso/
-submesoscale

unbalanced
IGWs

 2024

Methodology Full-depth moorings

relative vorticity pressure perturbation

SSH     Sea Surface Height along two 60-km wide swaths

10x      higher spatial resolution than conventional altimetry

AdAC   Adopt-A-Crossover consortium to assist in-situ experiments
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HawaiiHawaii

New ZealandNew Zealand

AustraliaAustralia

TahitiTahiti
New CaledoniaNew Caledonia

Elevated mesoscale and
submesoscale activity 
(i.e. eddies and fronts)

Internal-tide generation hot spot 
due to complex bathymetry
(i.e. ridges and seamounts)

Located beneath the swaths 
of SWOT’s fast-sampling 
phase (1-day repeat orbit)

Mooring data
processing and 
quality control

100 km

Preliminary results & outlook

Take home

 2025

 2026

Derivation of SSH 
signature based 
on steric height 
depth integral

Comparison of 
mooring-derived 
and SWOT SSH

3

mesoscalemesoscale

submesoscalesubmesoscale

tidaltidal

3

supertidalsupertidal

M2

K1

SWOTALIS (involvement in SWOT-AdAC)
An extensive in-situ experiment was carried out in March 
2023 subject to the deployment of three oceanographic 
moorings providing at fixed locations                for 9 months 
high-frequency measurements of temperature, salinity, 
pressure, and ocean currents.

Time-filtering technique
Knowing at what time scales and frequency bands the 
dynamics of interest dominate, we can decompose the time 
series into the different dynamical flow regimes.

1 2 3

Allowing for…
the derivation of steric SSH (sSSH), i.e. SSH induced by density 
(ρ) changes in the water column such as the downward and 
upward displacement of density surfaces, for both balanced and 
unbalanced motions: sSSH(t) = ∫gρ(t,z)dz

ρfull=ρmesoscale+ρsubmesoscale+ρinertial+ρdiurnal+ρsemidiurnal+...

>5 days ~12 hours

1-5 days

Internal tides IGWs at tidal frequency which form when barotropic tide interacts with bathymetry causing the vertical displacement of density surfaces

3
2

1

Decomposing the time series
Full-depth velocity time series reveals 
balancedbalanced mesoscale component alongside 
high-frequency variability dominated by the 
unbalanced semidiurnal tide.

Coherent semidiurnal tide
The fraction of tidal variability which is in phase 
with astronomical tidal forcing, i.e. spring-neap tide 
cycle (M2, S2, N2), estimated by harmonic analysis.

ufull,D2=ucoherent,D2+uresidual,D2 

mesoscale mesoscale 
eddyeddy

Full-depth moorings will help allocate...
SWOT SSH to the different dynamics in a region where 
balanced and unbalanced motions are equally important.

internal internal 
tidestides

CNES / MIRA PRODUCTIONSC

NEMO CALEDO60

SWOT SSH snapshot

horizontal kinetic energy spectrum

bathymetry (western Pacific)

balanced*balanced* unbalanced

mesoscale internal gravity
waves (IGWs)

submesoscale

O(10-100 km)
O(1 hour – 1 day)

O(10-100 km)O(10-100 km)
O(1 week - 1 month)O(1 week - 1 month)

O(1-10 km)
O(1 day – 1 week)

SWOT SSH requires accurate disentanglement since it resolves wavelengths 
at which ocean dynamics are not purely associated with balanced motions, i.e. 
large-scale, slowly evolving dynamics, as it the case for conventional altimetry.

Coriolis
force

pressure 
gradient force

balanced flow*

geostrophic approximation

Geostrophic approximation partially 
not valid as the submesoscale can 
be strongly ageostrophic! Balanced motions and IGWs with 

overlapping spatial scales and 
equal contribution to SSH variance!

full-depth oceanic currents

mesoscale

submesoscale

full semidiurnal (D2)

coherent D2

residual D2

balancedbalanced

unbalanced
The residual (also referred to as incoherent tide) is the time-
varying component which is out of phase with tidal forcing, 
highly unpredictable and challenging for SWOT.

NEMO CALEDO60 - regional numerical model output with tides (1/60°)

Take home Unique dataset of full-depth mooring observations in the internal-tide generation hot spot south of New Caledonia beneath the 
SWOT swaths during its fast-sampling phase with valuable insight into the governing dynamics at play. The associated surface 
signature will help interpret and understand SWOT SSH in a region of complex circulation.

Arne Bendinger, Clément Vic, Sophie Cravatte, Lionel Gourdeau

Dynamical interpretation of SWOT SSH
south of New Caledonia

SWOT Unraveling the ocean’s
fine-scale circulation
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Journées CNES des Jeunes Chercheurs – Du 16 au 18 octobre 2024 

Les systèmes RF évoluent vers des fréquences > 100 GHz, essentielles pour les technologies avancées. Ces fréquences permettent des transferts de
données volumineux et améliorent la précision dans divers domaines comme la radiométrie et l’étude de l’atmosphère. Cependant, concevoir des
composants adaptés à ces hautes fréquences reste un défi en raison des limitations des technologies actuelles. Ce travail explore l'utilisation de
l'impression 3D métallique, via la machine CERES, pour créer des lignes de transmission innovantes capables de fonctionner jusqu’à 600 GHz.

• Obtention d’un prototype fonctionnel
• Positionnement par rapport à d’autres structures guidantes ( atténuation,

adaptation, fréquence max )
• Amélioration des performances de cet objet.
• Conception et fabrication d’autres composants HF ( filtres, autres guides… )

en utilisant cette technologie.

[1] : https://www.exaddon.com/
[2] : WHITE PAPER: EXADDON CERES – “Mapping of Surface 
Topography Using μAM”. EXADDON AG, SÄGEREISTRASSE 25, 
8152 GLATTBRUGG, SWITZERLAND

Impression 3D métallique de composants 
innovants pour applications millimétriques

Hiba LAHLIMI ALAMI1 , Cyril GUINES1, Aurélien PERIGAUD1, Nicolas DELHOTE1 , Stéphane BILA 
1, Pedro RYNKIEWICZ2

1 XLIM UMR 7252, Université de Limoges/CNRS, 123 Avenue Albert Thomas, 87060 Limoges, France
2 CNES - Centre Spatial de Toulouse, 31401 Toulouse, France

Hiba.lahlimi-alami@xlim.fr

Système d’impression 3D CERES 

Principe de fonctionnement :

➢ Formation de voxels (blocs élémentaires 
métalliques) par dépôt électrochimique.

➢ Différence de potentiel nécessaire entre 
le substrat et la pointe d’impression.

➢ Fin d’impression du voxel détecté par la 
mesure de déflexion de la pointe .

Source : Exaddon

Spécifications et retour d’expérience  :

✓ Micro-impression métallique (Cu, Au..)
✓ Impression directe sur substrat pré-

métallisé, sans support.
Zone d'impression limitée (8 -16 mm)
Volume imprimable limité (106 µm3)

Dimensions des voxels imprimables:
Diamètre de 1 µm -10 µm
Hauteur de 250 nm - 4 µm

✓Résolution et précision micronique :

✓Cartographie de 
surface :

Effet « Spray »:

Vue MEB d’un pilier après une 
coupe réalisée avec un faisceau 
ionique focalisé pour évaluer le 

spray. 

Contexte et objectif: 

Ligne suspendue → Pertes 
liées aux caractéristiques 

du matériau  :
Conductivité / Rugosité / 

paramètres de fabrication

Fabrication de la stripline suspendue: 

Conception de la stripline suspendue: 

Procédure de fabrication :
Préparation du 

substrat.

Alignement par 
rapport au motif 

Impression 3D

Gravure de la 
métallisation 

Mesure sous 
pointe 

Challenges:

• Qualité de l’état de surface:

• Elimination des défauts géométriques:

• Amélioration générale et meilleur alignement:

➢ Confirmation de la précision de fabrication et 
de positionnement à ±1µm.

➢ Application de la technologie à THF. 

➢ Composant passifs : structures 3D suspendue 
compliquée à faire avec d’autres 
technologies à cette échelle.

➢ Phase d’optimisation : rugosité/temps 
d’impression.

Conclusions:

→ Fabrication de la ligne complète ( en cours ) 

Surface plus lisse MAIS 
plus de consommation 

de l’encre ionique 

Perspectives : Références : 

✓ Identification de l’état 
des voxels :

Adaptation < -20 dB jusqu'à 450 GHz
fc mode sup théorique = 900 GHz

σ = 10 MS/m 

[1] 
[2]

S(1,1) dB

S(2,1) dB

Objectifs: faibles pertes, large bande, fonctionnement à partir de 100 GHz - Fréquence  maximum ?
- Contrainte : Mesure sous pointe. 
- Sortie attendue : positionnement par rapport : waveguide , structure planaire multicouche. 









Effects of microgravity on 
cell motility
Winfried Schmidt, Alexander Farutin, and 
Chaouqi Misbah

Univ. Grenoble Alpes, CNRS, LIPhy, 38000 Grenoble, France

winfried.schmidt@univ-grenoble-alpes.fr

Two-dimensional model for the cell

Conclusion

Key terms

the immune system of astronauts is severely 
impaired after return from space flight [1]
in vitro experiments during space flight show 
disruptions of the actin cytoskeleton of 
immune cells [2]
such severe microgravity-induced cytoskeletal 
alternations have been shown to impact cell 
shape and motility [3]
microgravity leads to changes of, e.g., cortical 
thickness and distribution of focal adhesion 
proteins [3,4]

Question: What are the effects of such 
microgravity-induced changes on the ability of 
the cell to migrate, polarize, and deform?

References

[1] M. ElGindi et al., Cells 10, 1941 (2021). 
[2] K. Paulsen et al., Acta Astronaut. 94, 277 (2014). 
[3] M. A. Meloni et al., Cytoskeleton 68, 125 (2011).
[4] N. Nabavi, A. Khandani, A. Camirand, and R. E. 

Harrison, Bone 49, 965 (2011).

The cell cortex is a thin layer 
of actin filaments on the inner 
face of the cell membrane. It is 

cytoskeleton.
Actin is a filamenteous protein 
which dynamically polymerizes 
and depolymerizes. Actin 
polymerization creates 
membrane protrusions which 
are essential for cell migration.
Focal adhesion proteins link 
the cortex to the extracellular 
environment, transmitting 
forces which allow for 
migration.

-g cell1g cell

short migration tracks, 
contracted morphology

wide migration tracks, 
typical elongated shape 

of a migrating cell

in vitro 
experiments 
[3]:

presumed 
cytoskeletal 
changes [5]:

Introduction

cortex is described as a closed, one-dimensional contour of 
compressible viscous fluid which forms the cell surface
cortex force includes membrane tension and cell area conservation

 surface tension , maximum perimeter , reference perimeter , 

radius of circular reference cell shape , curvature of contour , area 

modulus , cell area , reference area , unit normal vector 

cell
mem-
braneactin cortex

cell
full velocity

cell

cortex velocity (cortex deformation rate) 

 drag coefficient 

polymerization velocity (filament growth) 

depends on actin concentration  [6]

 polymerization speed , reference concentration 

full velocity describes motion of 
filament end points and cell shape evolution

Non-motile base state: circular cell (radius ) with homogeneous actin 
concentration  along the cortex

Spontaneous onset of motility

Linear stability analysis:
first circular harmonic: No cell shape changes
stationary instability for polymerization speeds above

  

spontaneous onset of cell polarity and motility: 
Retrograde flow of cortex from cell front to rear 
see also three-dimensional case [9]

polarityno polarity

Summary:
the developed physical model for a cell allows to study the effects of 
microgravity on cell migration
linear stability analysis reveals spontaneous symmetry breaking, 
leading to cell polarization, motility, and dynamic shape changes
numerical simulations allow investigation of large cell deformations

Outlook: 
include anisotropic diffusion of cortical filaments to account for 
microgravity-induced disruptions of cortex
study effects of external forces on cell migration
include coupling of the cortex to extracellular environment using a 
focal adhesion model

Shape dynamics

Linear stability analysis: 
higher-order harmonics: Shape changes
consider small perturbations , of 
circular cell shape and homeostatic 
concentration
coupled dynamics of shape and concentration
complex growth rate  of perturbation
oscillatory instability (Hopf bifurcation) for 
polymerization speeds above

Numerical simulations:

time-evolution of actin concentration due to filament advection, 
diffusion, and restoration (due to, e.g., depolymerization) [7,8]

 contour Laplace operator , homeostatic actin concentration , 
diffusion coefficient , restoration rate  

Third harmonic
( )

Second harmonic
( )

[5] D. Vorselen et al., FASEB J. 28, 536 (2014).
[6] A. Farutin, J. Étienne, C. Misbah, and P. Recho, 

Phys. Rev. Lett. 123, 118101 (2019).
[7] A. Colin et al., EMBO J. 42, 9 (2023).

[8] A. Mietke, F. Jülicher, and I. F. Sbalzarini, Proc. Natl. 
Acad. Sci. 116, 29 (2019).

[9] W. Schmidt, W. Zimmermann, C. Misbah, and A. 
Farutin, under review (2024).

[10] G. M. Allen et al., Cell Syst. 11, 286 (2020).

high

low

Circular trajectories (see also 
experiments on fish 
keratocytes [10])

full 
velocity
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Methodology and Results

Global Scale Mapping of Mineral Dust in situ Optical Properties in the 
MIR+FIR spectral domain (100 to 2000 cm ):  Spectroscopic studies 

Mineral dust

Herbin Petitprez B. Brubach -Labonnote Libois

-59000 Lille, France
-59000 Lille, France

-Aubin, France
-France, CNRS, CNRM, F-31057 Toulouse, France

¹ Université Paris Est Creteil and Université Paris Cité, CNRS, LISA, F-94010 Créteil, France
² CNES (Centre National d'Études Spatiales), 75001, Paris, France
³ Université Paris Cité and Université Paris Est Creteil, CNRS, LISA, F-75013 Paris, France

Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo, Catania, Italy

Carried by winds from deserts, mineral dust is one of the most abundant aerosols in the atmosphere. It 

affects the  climate by interacting with solar and terrestrial radiation. Satellites observations can detect dust in the infrared 
spectrum allowing to quantify its size, concentration, and composition important data for climate models. Over the past 20 

years, research has focused on satellite observations in the mid-infrared range, leaving a gap in understanding the dust interactions 
in the far-infrared spectrum, especially at night and in colder regions. 

This study aims to measure the optical properties of dust in the far-infrared for the first time, helping improve climate 
models and satellite observations for more accurate climate predictions.

1- SOIL COLLECTION AND SELECTION

Six samples were selected to represent different geographic regions 
and cover the diversity of mineral dust composition on a global scale

2- EXPERIMENTAL MEASUREMENTS

EXTINCTION MEASUREMENTS

3- OPTICAL PROPERTIES RETRIEVALS

SIZE DISTRIBUTION MEASUREMENTS:

Complex refractive indices of dust were obtained in the infrared 
range filling the gap for the first time in the far-infrared spectrum. 

Chehab et al., 2024

First-time measurements of mineral dust's optical properties filled a 
crucial gap in the far-infrared spectrum. Future spectral measurements 
at SOLEIL synchrotron will provide high signal-to-noise data, which 
can be implemented in radiative transfer models to improve dust 
characterization and support IASI-NG and FORUM satellite missions.

Chehab et al., 2024. Aerosol Sci. Technol. https://doi.org/10.1080/02786826.2024.2318371
Di Biagio et al., 2017. Atmos. Chem. Phys. https://doi.org/10.5194/acp-17-1901-2017
Formenti & Di Biagio., 2024. Preprint. https://doi.org/10.5194/essd-2023-481

Samples and minerology from Di Biagio et al., 2017 

: The spectral features reveal 
diverse mineral compositions, including the first-time 
detection of iron oxides peaks.

Results compared to mean size 
distributions representing:
SOURCE: Emissions; 
MRT: Mid-range transport (1 to 4 days);
LRT: Long-range transport (> 4 days).
Best coherence with LRT size distribution.

Conclusions and Perspectives References

With knowledge of the mineral composition percentages, the results were 

compared to pure mineral mixtures from literature, revealing similarities
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Perspectives : Optimization of the process parameters to improve the final quality of
composite parts. Comparison of mechanical properties between a well manufactured
original part and a reprocessed defective composite part. Durability testing in space
environments to ensure that the dynamic bonds within these matrices remain intact,
meeting space qualification standards

Initial composite 

Vitrimer matrix composites for space applications 
Authors : Joséphine de Calbiac,a,b,c Helie Reiniger,a Marion Broutelle,a Mathias Destarac,d Rima Sfar Zbed,d Marc Guerre,c Philippe Olivier,b

aCNES, Centre National d’Etudes Spatiales, 18 avenue Edouard Belin, 31400 Toulouse, France

bLaboratoire Softmat, Université de Toulouse, CNRS UMR 5623, Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse Cedex 9, France.

c Institut Clément Ader, Université de Toulouse, UT3, UMR CNRS 5312, 3 Rue C. Aigle, 31400 Toulouse, France

d IRT Saint Exupéry, Bâtiment B612, 3 rue Tarfaya, CS 34436, 31405 Toulouse cedex 4, France

Abstract : Vitrimers present an alternative to traditional thermosets, offering a dynamic structure that exhibits thermoset properties at application temperatures while it displays
enough flow at higher temperatures. In this study, a space-grade epoxy thermoset matrix has been transformed into a high Tg vitrimer matrix with a glass transition temperature
(Tg) of 175°C. By exploring a non-stoichiometric ratio, the effect of excess amine on the material's Tg is investigated, revealing a decrease in Tg. To separate the influence of
stoichiometry and lower Tg on the exchange reactions, a third formulation is examined, maintaining a stoichiometric ratio while achieving a comparable Tg to the non-
stoichiometric. Reactivity and rheological properties are evaluated to assess the compatibility of the cross-linking kinetics with classical kinetic models employed in composite
manufacturing processes. The filament winding process is used to produce CFRV and reparation of composite parts is investigated.

Formulation 1 Formulation 2 Formulation 3

Epoxy 1 1 1

Amine 1 1,2 1

Tg 199 °C 175 °C 170 °C 

𝒅𝜶

𝒅𝒕
= 𝒌𝟏 + 𝒌𝟐𝜶

𝒎 𝟏− 𝜶 𝒏

𝒌𝒊 𝑻 = 𝑨𝒊𝒆
−𝑬𝒊
𝑹𝑻 𝒊 = 𝟏; 𝟐

𝑻𝒈 = 𝑻𝒈𝟎 + 𝑻𝒈∞ − 𝑻𝒈𝟎
𝛌𝜶

𝟏− 𝟏− 𝛌 𝜶

Kamal- Sourour model Di Benedetto model 

Tg is the transition temperature at a given α, 
with Tg∞ at α=1 and Tg0 at α=0.
λ, a structure-dependent parameter, is 
approximated by (∆𝐂𝐩∝)/∆𝐂𝐩𝟎, where ∆Cp is 
the heat capacity difference between the non-
polymerized and fully cured polymer.

dα/dt the reaction rate, k1 and k2 the
reaction rate constants
Ai is the pre-exponential factor, Ei the 
activation energy according to Arrhenius' 
law, R the universal gas constant, and T the 
curing temperature.

The 4-AFD hardener forms a polymer
network with disulfide bonds, allowing
exchanges when T > Tg. An amine
excess (1/1.2 ratio) adds more
disulfide bonds.

Figure 2 : TTT diagrams; (A) time temperature transformation diagram for curing stage of the resin; (B) reprocessing diagram with reprocessing area of 
stoichiometric ( Formulation 1 -orange), non-stoichiometric (Formulation 2- blue) and stoichiometric modified (formulation 3 -yellow) formulations 

CFRV was initially consolidated without pressure, resulting in voids due to the
20% overlap of fiber strands needed for mechanical strength. Applying a
compaction force during consolidation helps minimize these voids.

Conclusions : Using a non-stoichiometric ratio, while reducing Tg, results in a more
reactive system. Classic cure kinetics model can be applied to control the system’s
evolution at any temperature and time. The excess amine and the increase in disulfide
bonds accelerate the resin's reprocessing, regardless of the reduction in Tg.
Composite parts can be manufactured through filament winding using this matrix,
Defective parts can be reprocessed and repaired due to the matrix properties, even
when carbon fibers are incorporated.

Table 1 : Ratios and Tg of the 3 formulations

Figure 3 : filament winding process and an obtained plate CFRV with formulation 2 
as vitrimer matrix and M55J carbon fibres 

Figure 4 : microscopic sections of CFRV

Matrix characterisation 

Composite manufacturing and 
reprocessing 

The vitrimer matrix allows composite repair (Table 3) and enables a second
consolidation phase with controlled pressure and temperature to reduce voids,
ensuring high-quality composite parts. As shown in the image, the repaired composite
can be reused like a standard composite.

Table 3 : neat matrix reprocessing via hot press for the 3 
formulations 

Reprocessed composite at 5 MPa for 20 min at 200°C

Figure 5 : X-Ray 
tomography of 

initial 
composite 

sample and 
repaired sample

The cure kinetics model fits all
formulations, regardless of the
ratio. TTT diagrams,
extrapolated from experimental
results, show non-stoichiometric
ratios cure 15% faster than
stoichiometric ones at high
temperatures (>120°C) but
slower at lower temperatures,
easing resin processing. A
vitrimer processing window can
be defined by the cured resin's
properties, with a lower Tg
offering a larger reprocessing
window before degradation.

(1) V.Shenk, K Labastie, M. Destarac, P.Olivier, M.Guerre, Mater. Adv. 2022 (2) A. Riuz de Luzuriaga, N. 
Markaide, A.M. Salaberria, I. Azcune, A. Rekondo, H.J. Grande, Polymers, 2022, 14 (15), 3180 (3) M.R 
Kamal, S. Sourour, Thermomecanica Acta, 1976, 14, 41-59  

No pressure 2 MPa
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Measurement uncertainties are determined using
Equation 212, utilizing the NH3 Jacobian (Equation 3)
and the Instrumental Noise Covariance Matrices for
IASI and IRS (given by Eumetsat).

The average of the IRS measurement
uncertainties (Fig 6.a; 7.5 1016 molec/cm²) is
twice higher than IASI one (3.2 1016

molec/cm²) but with a variability 3 times
higher than IASI. This larger variability of IRS
measurement uncertainty might be due to
the higher number of observations (factor of
10) with respect to IASI.
Measurement uncertainties depend on
thermal contrast with higher measurement
uncertainties associated with lower thermal
contrast (Fig 6.b). Considering the entire IRS
dataset (top panel), the averaged IRS
measurement uncertainty is 2.5 times larger
than the IASI one (middle panel). However,
considering IRS data averaged every 2 hours
(bottom panel), the IRS measurement
uncertainty decreases by a factor of 2.3 and
is similar than IASI measurement uncertainty
(3.5 1016 molec/cm² for IRS against 3.2 1016

molec/cm² for IASI). This means that
analyzing IRS data every 2 hours is sufficient
to achieve a similar measurement
uncertainty than IASI.

Assessing the future IRS-MTG NH3 observations
Nadir Guendouz1, Camille Viatte1, Anne Boynard1,2, Sarah Safieddine1, Carsten Standfuss2, Solène Turquety1, Martin Van 
Damme3,4, Lieven Clarisse3, Pierre Coheur3, Pascal Prunet2, and Cathy Clerbaux1,3

1 LATMOS/IPSL, Sorbonne Université, UVSQ, CNRS, Paris, France 
2 

3 Université libre de Bruxelles (ULB), Spectroscopy, Quantum Chemistry and Atmospheric Remote Sensing (SQUARES),Brussels, Belgium
4 Royal Belgian Institute for Space Aeronomy, Brussels, Belgium

MethodIntroduction

Results

Ammonia (NH3), primarily emitted by agriculture1, is a key atmospheric
pollutant linked to public health2 and climate change3. While satellite
data have assessed NH3 variability globally4, regionally5, and locally6,
understanding its diurnal changes and relationship with temperature
remains limited, impacting accurate modeling of NH3 emissions and
associated pollution events.

IASI7 (Infrared Atmospheric Sounding Interferometer) instruments (Fig
1) aboard Metop-A,B and C satellites, launched in 2006, 2012 and 2018
respectively, retrieve NH3 total columns within the 800-1200 cm-1

spectral range. The upcoming IRS8 (InfraRed Sounder) on the MTG
(Meteosat Third Generation) satellite9, scheduled for late 2025, will
offer high-resolution observations in space and time, promising insights
into the role of NH3 and temperature during pollution episodes. In this
study we assess the future satellite measurement uncertainties and
explore its contribution to the observation of atmospheric NH3.

This study explores the potential of the IRS-MTG mission in capturing NH3 variability over the Brittany region in France. To assess IRS NH3
measurement capabilities, synthetic IRS spectra are computed using the 4A/OP10

radiative transfer model and a realistic atmosphere simulated by the CHIMERE
model11 (Fig 2) with a temporal resolution of 1 hour and a spatial resolution of
4 km x 4 km for July 2016.

Conclusion

1. Computing IRS and IASI measurements uncertainties 

IASI IRS

Spatial resolution (nadir) Circle of 12 km diameter 4 km X 4 km 

Temporal resolution Twice a day 9:30 AM - 9:30 PM Every 30 minutes (Europe)

Spectral resolution 0.5 cm-1 0.754 cm-1

Spectral bands 645cm-1 2760cm-1
700cm-1 - 1210cm-1

and
1600cm-1 -2175cm-1

CHIMERE Model

Realistic 
atmosphere 
simulation

Synthetic 
spectra from 
IRS and IASI

Theoretical 
characterization 

in terms of 
uncertainties

Radiative transfer (4A/OP) 

(2)

/ (3)

(1)

2. Difference between urban and rural sites

Fig 3 illustrating the absolute Thermal Contrast (TC) on the 19th of July 2016 at
1 AM shows lower TC near urban areas, such as Paris (TC 2 times lower). In
this study, TC is defined as the difference between the surface temperature
(Tsurf) and the temperature at 600 meters above ground level (Equation 1).

Units Equation 2 :
K :NH3 Jacobian (W/(m².sr.cm-1)/(molecules/cm²))
S Full Instrumental Noise Covariance Matrix(W/(m².sr.cm-1))²
S :Measurement Uncertainty Matrix (molecules/cm²)²
Units Equation 3 :
K :NH3 Jacobian (W/(m².sr.cm-1)/(molecules/cm²))
L(X) :Radiance spectra (W/(m².sr.cm-1)
X :NH3 total column (molecules/cm²)
dX :0.01% increment of the total column (~1012 molecules/cm²)Figure 1: Technical comparison between IASI and IRS 

Figure 3: Monthly average of absolute thermal contrast (°C) simulated by CHIMERE for 
the 19/07/2016 at 1AM

Figure 2: Methodology applied to assess the potential of IASI/IRS to 
measure NH3

1.1 Can CHIMERE simulate a real
atmosphere ?
The monthly NH3 total column
measured by IASI and simulated by
CHIMERE coincident with the
morning overpasses in July 2016
are 0.46 ± 0.06 1016 and 0.37 ± 0.03
1016 molec/cm², respectively (Fig 4).
The main difference between both
datasets is the NH3 enhancement
observed by IASI on the 20th of July
2016, which is almost 4 times
higher than the CHIMERE
simulation.
The strong correlation (R=0.82)
between IASI observations and the
CHIMERE model suggests that
CHIMERE represents a realistic
atmosphere.

Figure 4: Timeseries of daily NH3 total column derived from IASI and 
CHIMERE simulation in July 2016

Figure 5 : IRS Measurement uncertainty map over the CHIMERE domain for the 19th of July at 1AM 

2.1 NH3 diurnal variability
The mean NH3 total column simulated by
CHIMERE in July 2016 is higher at the rural
than at the urban sites with 4.39 ± 2.61 1015

molec/cm² compared to 3.50 ± 3.21 1015

molec/cm².

The diurnal variability for the rural case is
4.73 times higher than for the urban case (Fig
7), suggesting the local influence of NH3
source at the rural site.

2.2 Diurnal variability of measurements uncertainty
Daily, the thermal contrast begins to increase at 6 AM at the urban site, whereas it starts to increase at 8 AM
at the rural site (Fig 8). The NH3 total column of the first day of July 2016 (Fig 8 purple big dots) is the lowest
of the month (2.70 ± 0.88 1015 molec/cm²) and the NH3 Jacobian is one the highest for the month. When the
NH3 total column is low, the measurement uncertainty is highly linked to the thermal contrast.

Figure 8: Diurnal Variability calculated at the urban (a) and rural (b) cases. From top to bottom panels: NH3 total column, NH3
Jacobian, measurements uncertainty, and the absolute thermal contrast. Colors indicate days of the month for hourly IRS 

observations, and red dots correspond to IASI observations.

A realistic atmosphere simulation from the CHIMERE model was used to simulate atmospheric conditions at
the pixel size of IRS, generating synthetic spectra for 40 case studies using the 4A/OP radiative transfer
algorithm. Comparing NH3 uncertainties over Brittany in July 2016, IASI showed lower uncertainties than IRS,
but IRS exhibited higher variability. Averaging IRS observations every 2 hours reduced uncertainties below
those of IASI, suggesting this interval provides better NH3 concentration estimates. Analysis of rural and
urban cases revealed significant variability in TC and uncertainties, especially when NH3 total column are low.
This study demonstrates the ability of the future IRS satellite to study NH3 variability and how this variability
changes as a function of the area. By averaging IRS data by pairs to minimize its uncertainty, it will be
possible to use IRS data to improve our understanding of NH3's relationship with temperature.

1.2 Distribution of measurement uncertainties
Fig 5 displays measurement uncertainty over the CHIMERE
domain for the 19th of July 2016 at 1 AM. The
measurement uncertainty variability is very high (9.4 1015

molec/cm² corresponding to 1.17 times the mean total
column of NH3) with the minimum at 3.2 1014 molec/cm²
and the maximum at 4.6 1017 molec/cm². These high
measurement uncertainties are correlated to areas with a
thermal contrast
close to 0 (Fig 3).

Figure 7: Diurnal variability of NH3 total column derived from the 
CHIMERE simulation in July 2016 for urban (purple) and rural (red) case 

studies 
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Figure 6: (a) Measurement uncertainty distribution for IRS (top), 
IASI and IRS at the overpass time of IASI (bottom). (b) Thermal 

Contrast as a function of measurement uncertainties of IRS (blue), 
IRS averaged by pairs of observations (green), and IASI (red).
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⋅ Recorded 99 samples of 200 μs each
⋅ 1089 pulses detected for SNR = 3

Mean frequency of occurence : 55 000 pulses.s-1

⋅ Pulse appearance
dependent on the
phase of the Breathing
Mode : few pulses for
low Id values

⋅ Amplitude distribution
of the pulses

Pulses of highest amplitude

⋅ Search for a spectral dependency : pulse spectra stacked by increasing values of ϕBM
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⋅ ID-HALL II [1] double-stage Hall thruster,
used in single stage operation

⋅ Detector is an
open-ended coaxial cable
[2], positioned inside the
metallic vacuum chamber

⋅ Acts as an electrically
small antenna on a ]0,4]
GHz range

⋅ Simultaneous recording
of : probe signal and
discharge current Id
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⋅ Most proven technology for electric
propulsion of satellites

⋅ Thrust generated by acceleration of ions

Vd =
ǁE×Bǁ

B2
≃ Ex

Br

⋅ Time-frequency analysis based on Continuous
Wavelet Transform (CWT)
⋅ Adapted to 2 different objectives

⋅ Detection based on the HF envelope of the probe
signal
⋅ Threshold for detection following a fixed value of

Signal to Noise Ratio (SNR)

⋅ Amplitude of CWT gives the value of the BM
frequency when a pulse occurs
⋅ The phase of the BM ϕBM is retrieved from the

argument of CWT at the same time and BM
frequency

⋅ Recorded pulses are the result of a convolution by
the impulse response of the measuring system
⋅ Inf uence of resonance frequencies of the metallic

vacuum chamber
⋅ Does not contradict the spectral dependency

revealed

⋅ First evidence for a dependency of the pulsed GHz
emission on Breathing Mode oscillations,
regarding :
⋅ Pulse appearance
⋅ Pulse spectra

⋅ Valuable insight into the physical origin of this
emission

⋅ Pulsed
electromagnetic
emission from Hall
thrusters in the GHz
range
⋅ Unclear physical origin
⋅ Source of

electromagnetic noise

⋅Where does this
emission come from?
Is it independant from
the discharge
dynamics ?

Investigations of a
connection with
low-frequency
oscillations of the
discharge

⋅ Combination of E ⟂ B : closed electron
drift with velocity :

⋅ Explicit classification of the pulse spectra following 3
phase ranges of BM oscillations

⋅ In particular, quasi-monochromatic character for
ϕBM < −0.66 rad at 1.7 GHz

⋅ Classification less obvious, but still discernible
⋅ 2 phase ranges for ϕBM rather than 3
⋅ Similar behavior and value of phase boundary

Spectral dependencies of 
GHz electromagnetic emission from 
Hall thrusters francois.reot@laplace.univ-tlse.fr
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1. CONTEXT

 The nozzle is axisymmetric, however, a new 2D experimental setup 
developed by Demni (PhD 2022, CNES)2 enables the study of FSS. The 
main goal is to extend Demni’s setup to also allow controlled acoustic 
excitation downstream of the FSS region.

 Does the shock’s response to a downstream acoustic wave depend on 
the flow state (whether it is attached or detached) and on the frequency 

(transfer function)? 

3. SKETCH OF THE 2D MODEL

4. THE EXPERIMENTAL SETUP

Hot-Wire
Anemometer (HWA)

The Power Spectra Density (PSD) is presented for three different Expansion 
Generator (EG) angles: 4° (attached - EG4), 5° (incipient - EG5) and 6.5° 
(detached – EG6.5). All three cases are subjected to the same acoustic 
excitation at 5 kHz. 

 

 
The downstream acoustic excitation generates the same air displacement 
and acoustic pressure perturbation for all three cases. As the shock 
displacement  is greater for detached flow compared to attached flow,  the 
acoustic excitation becomes relatively weaker as flow separation increases, 
resulting in a reduced shock response.
 
The next step is to study how the shock behaves at different excitation 
frequencies and to identify a transfer function between the controlled 
downstream acoustic excitation and the shock displacement.
 
 
 
 
1) https://www.esa.int/ESA_Multimedia/Missions/Ariane_6

2) Demni, N. (2022). Etude expérimentale d’un décollement supersonique 
ouvert (Doctoral dissertation, CNES). 

Ariane 6 first liftoff 1

The Vulcain Engine is designed to operate at high altitude where the 
pressure is low. During the liftoff,  Vulcain is not adapted to operate at 1 atm, 
leading to flow separation inside the nozzle. 

Free Shock Separation with Downstream Excitation
Vinicius Sepetauskas, CNES/IUSTI, Marseille

5. PREVIOUS WORK

2. OBJECTIVES

Secondary 
subsonic flow 
injection

8. REFERENCES 

The experiments were conducted in the supersonic wind tunnel at IUSTI lab., 
Marseille. The incoming flow conditions are M = 2.1, U

∞
 = 522 m/s, δ* = 1.67 

mm, θ = 0.55 mm, Re
θ
 = 4850. 

Where:
 P’1 is the static pressure upstream of 

the shock. 
 P2 is the static pressure downstream 

of the shock.

Demni (PhD 2022, CNES)2: For the same small variation in pressure, the 
separation length (Lsep) varies significantly more for the detached flow case. 

Supervisors: Pierre Dupont and Sébastien Piponniau, IUSTI
Reference: Simon Blanchard, CNES
Collaborators: Daniel Mazzoni and Muriel Amielh, IRPHE
Funding/Sponsorship: CNES 

The plateau region is created by 
shifting the Expansion Generator 
(EG) farther upstream of the 
shock.

Axisymmetric nozzle

Free Shock Separation (FSS) - without flow 
reattachment: 

7. CONCLUSION + FUTURE WORK 

6. RESULTS: Acoustic excitation at 5 kHz 

Shock

Shock

Shock
Plateau
region

Expansion

Wall pressure distribution
X

P

P

shock waveBoundary layer

Free shear layer

Flow separation

The nozzle accelerates the flow, reducing its pressure through expansion 
waves.  At the shock position, there is a pressure jump. The 2D model aims to 
mimic this pressure distribution. 

Acoustic
Excitation

Expansion Generator (EG)

Pressure 
measurements
(Kulites)

Particle Image Velocimetry (PIV)

   A   B       C    D

The kulite placed at the exit of the 
secondary flow injection (sensor A, see Fig. 
In Experimental Setup) measures the 
pressure fluctuation, and its PSD (left Fig.) 
gives approximately the same max. peak 
~110dB at 5 Khz for all three cases.

Kulite (A)

HWAThe HWA placed at the mean shock 
position, used to measure the shock’s 
response, shows a decrease in the PSD 
peak (right Fig.) as the flow separation 
increases. 

Vrms
U ∞

Secondary 
subsonic flow
Injection M ~ 0.15

M ~ 2.5

Shock Shear
Layer

The PIV result for the EG6.5 
case shows the separated free 
shear layer induced by the 
shock.

Flow injection



Dust-obscured star-forming phase at the origin of
the galaxy bimodality
M.Tarrasse, D.Elbaz, B. Magnelli, C.Gómez-Guijarro

maxime.tarrasse@cea.frCNES, CEA, IRFU, DAp, AIM, Université Paris-Saclay, Université Paris Cité, CNRS

Abstract : 
The combined capabilities of the James Webb Space Telescope/NIRCam and the Hubble Space Telescope/ACS instruments provide enhanced spatial resolution imaging from the UV-to-

NIR wavelengths that offer unprecedented insights into the internal structure of star-forming galaxies (SFGs) even when they are shrouded in dust. 
In particular, a population of highly attenuated and massive SFGs, faint in the optical, named optically-faint galaxies (OFGs) can now be spatially resolved and studied in the rest-frame
optical/near infrared. These OFGs represent a crucial population for unraveling the mechanisms driving the transition from vigorous star formation to quiescence, as they probably are the
progenitors of the massive and passive galaxies already in place at cosmic noon.
We used the outstanding spatial resolution of the JWST images from the CEERS survey in the Extended Groth Strip (EGS) field combined with HST data to investigate the spatial

distribution of Σ ⋆ , Σ SFR , AvISM, sSFR and mass-weighted age within a mass-complete sample of massive galaxies at z=3−4 while also emphasizing the peculiarity of OFGs relative to SFGs
and quiescent galaxies (QGs) at these early redshifts.

This work reveals a primeval bimodality between extended blue SFGs and red, compact and strongly attenuated SFGs that have undergone a phase of major gas compaction. We show
evidence that this primeval bimodality leads to the bimodality observed between blue SFGs and red QGs in the local Universe.

Study and compare the morphology of blue and red SFGs to the one of QGs in a mass-complete
sample at 3<z<4.
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We performed injection-recovery of 1000 Sérsic profiles in the CEERs field to derive the
limiting magnitude of the survey. We then translated this into a mass-limit empirically using the
the evolution of the mass-to-light ratio and its dispersion. Our sample is 90% complete for
log(M ⋆ /M⊙ )>9.6 and contains 190 galaxies.

(a) Limiting magnitude determination (b) Mass completeness determination

Fig 1. (a) Evolution of the limiting magnitude for extended objects with various Sérsic profiles.
(b) Illustration of the method used to obtain the 90% mass-limit. The sample of low mass-to-light
galaxies at high mass are the OFGs and is complete for log(M ⋆ /M⊙ )>10.
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(a) Color selection (b) Main Sequence relation (c) Dust attenuation

To identify this massive and highly obscured population, we used the [1] color selection
criteria. These galaxies were missed by the Lyman break selection and only the most massive
of them were detected as H-dropout by the [2] criteria. This population is located in the Star-
Forming Main Sequence.

There is a correlation between the dust attenuation and the stellar mass for both the
obscured and unobscured SFGs. At a given mass, red SFGs (OFGs) are systematically more
attenuated than blue SFGs while dust attenuation of QGs does not evolve with mass as it is the
case for SFGs and OFGs. They contain similar dust attenuation as SFGs with log(M∗/M⊙) ∼
10.2. This low Av

ISM demonstrates that despite being compact and cuspy these galaxies have
little gas and dust.

Fig 2. (a) OFGs color selection criteria (red dotted line) from [1]. OFGs are shown as red
squares. Blue and yellow circles are the UVJ selected blue SFGs and QGs. (b) Location of
these three populations in the SFR- M∗ plane. The [3] main sequence is displayed as a solid
blue line with its 1σ scatter. (c) Dust attenuation as a function of stellar mass. The regression
lines for each population are displayed as solid and dotted lines.

We binned each galaxy in five concentric annuli with a width = F444W FWHM and ran the
SED code CIGALE on their respective UV-to-NIR photometry.

We renormalized the median radial profiles to the median stellar mass of the SFGs. For the
radius, we used the mass-size relation from [4]. For Σ SFR we rescaled to the main sequence
from [3]. For Av

ISM we used the relation traced by the SFGs in Fig 2. (c).

Fig 3. OFGs and QGs show similar stellar profiles and in terms of ΣSFR OFGs are more
concentrated than SFGs. The dust attenuation is particularly concentrated in OFGs, explaining their
high attenuation compared to SFGs. These observations suggest a compaction event occurring in-
situ within OFGs that is building the bulge of massive quiescent galaxies.

Fig 4. OFGs mass profiles are more concentrated than SFGs at all mass and become analog to the
one of QGs for log(M ⋆ /M⊙ )~10.5. The SFR concentration of OFGs and SFGs are alike up to this
mass. The dust concentration in OFGs being significantly higher at a given mass than the one of
SFGs, suggests a real bimodality between SFGs and OFGs that takes its seed in the compaction
event that OFGs undergo.

For log(M ⋆ /M⊙ )>10.5 the concentration of SFR and dust decays significantly. This suggests that
above this mass, the bulge formation is over thanks to a major gas compaction event and that star
formation happens majoritarly in the outer part of these OFGs. Therefore OFGs might start inside-
out quenching in their future. We connect our finding with the galaxy evolution of (e.g [5], and [6])
which predict such a major compaction phase near this « critical mass ». Observations in the local
Universe such as [7] have highlighted this mass as being the mass defining the bimodality between
SFGs and QGs.

To conclude, we unveiled in this work the nature of the OFG population as the link between the
morphological transition of SFGs into QGs.

A mass-complete sample in 
the CEERS field

Aim

Bulge formation and 
compaction event

Resolved SED-fitting

Origin of the galaxy
bimodality

Optically-Faint Galaxy 
population

♢ [1] Xiao et al. 2023b, Astronomy & Astrophysics, 672, A18 ♢ [2] Wang, T et al. 2019, Nature, 572, 211 
♢ [3] Schreiber, C et al. 2015, Astronomy & Astrophysics, 575, A74 ♢ [4] Ward, E et al. 2024, The Astrophysical Journal, 962, 176 
♢ [5] Behroozi, P. S., Wechsler, R. H., & Conroy, C. 2013, The Astrophysical Journal, 770, 57  
♢ [6] Dekel, A., Lapiner, S., & Dubois, Y. 2019, Origin of the Golden Mass of Galaxies and Black Holes
♢ [7] Baldry, I. K., Glazebrook, K., Brinkmann, J., et al. 2004, The Astrophysical Journal, 600, 681
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PROSAIL

Berger et al, 2018 

Forest ecosystems are increasingly vulnerable to climate-related 
disturbances. Optical remote sensing has long been used to detect 
anomalies like fire and pest outbreaks, often relying on spectral vegetation 
indices (SVI) (Gao et al., 2020). While these studies successfully identify 
anomalies through SVI thresholds, they often lack insight into changes in 
vegetation structure and biochemical components. Monitoring biophysical 
properties such as leaf area index (LAI), chlorophyll content (Cab), leaf mass 
per area (LMA) and leaf water content (EWT) is crucial for understanding 
plant-environment interactions. This study aims to detect forest plantation 
disturbances by monitoring biophysical properties in Eucalyptus 
plantations using Sentinel-2 images. The focus is on radiative transfer 
models (RTM) and inversion strategies to estimate biophysical properties 
(LAI, Cab, LMA and EWT) to assess anomalies such as fire risk. This poster 
highlights the data processing and testing efforts related to using the 
PROSAIL model as a radiative transfer model (RTM).

Keywords: Radiative transfer models, PROSAIL, Biophysical Variables 
retrieval, Forestry

Model

In-situ data

Workflow

Study area

Cab : chlorophyll a + b
Ccx: Total carotenoid content
Canth: Total anthocyanin content
Cbp: Brown pigments

LAI: Leaf area Index
ALIA: Average leaf inclination angle
Hot: Hot spot parameter
psoil: Soil spectrum

Cm: Dry matter content
Cw: Equivalent water thickness
N: Leaf structural parameter

SZA: Sun zenith Angle
OZA: Viewing (observer) zenith angle
rAA: Relative zenith angle

BRF: Bidirectional reflectance factor
BV: Biophysical variable
Cab: Chlorophyll content
EWT: Equivalent water thickness
LAI: Leaf area index
LMA: Leaf mass per area
LUT: Look up table
S2: Sentinel-2
SVR: Support Vector Regression

In-situ 
dataset

Compute LAI, 
Cab, LMA and 

EWT

Find a S2 
measurement 

within a window of 
+/- 15 days

S2 data

Perform 
geometric and 
atmospheric 
corrections

Surface level S2 
data

in-situ BV 
measurements + S2 
surface reflectance

Pre-processing

Range and 
distribution of 

PROSAIL 
parameters

Produce 
simulated 
BRF LUT

PROSAIL: forward mode

Simulated 
BRF

PROSAIL: inversion

Split the data 
without 

replacement 
into 20 BRF 
LUT subsets

For each 
subset train a 
SVR model

Apply model's 
ensemble to 
measured 

reflectance data

Estimated 
biophysical 

variables

● LAI is the ratio between the total leaf area 
and the ground area. 

● This variable is involved in various 
functions, such as canopy radiation 
balances (e.g. photosynthesis net primary 
production, etc.)

● It is very well estimated by inverting 
PROSAIL with a RMSE of 0.82 m2/m2

● Cab is the main leaf pigment responsible 
for light absorption in plants and is an 
indicator of plant photosynthetic capability.

● It is very poorly estimated by inverting 
PROSAIL 

● The unsatisfactory results may be due to 
several reasons, such as model 
parametrization, correlation with other 
variables, high Cab variability within the 
canopy, among others.

● LMA corresponds to the leaf dry mass per 
unit area. The LMA is key in many plant 
adaptation strategies. 

● For instance, low LMA species typically 
have rapid metabolisms (high rates of 
photosynthesis and respiration per unit 
leaf dry mass)

● It is well estimated by inverting 
PROSAIL with a RMSE of 0.0154 g/m2

● EWT refers to a hypothetical water layer 
thickness spread across the leaf surface 

● It is yet another crucial attribute for 
assessing plant physiology, ecosystem 
processes, hydraulic status, and leaf-level 
tolerance to dehydration. 

● It is modestly well estimated by 
inverting PROSAIL with a RMSE of 
0.00179 g/m2

This study focused on estimating biophysical variables (BVs) such as LAI, 
chlorophyll content (Cab), LMA, and EWT by simulating spectral 
measurements using PROSAIL in forward mode. A machine learning algorithm 
was then applied to estimate these BVs from the simulated data. Key findings 
highlight the critical importance of model parameterization, noise levels, 
background spectra selection, and spectral subdomain choice when 
using radiative transfer models (RTMs). Accurately estimating Cab, 
however, remains a challenging task that continues to be a subject of 
investigation.

EWT

Cab

C
ab

Cab



Challenges in Producing Final Products and L3
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1. Introduction
For the LISA mission, the creation of final products is
a crucial step in the data processing process. Multiple
global fit (L2) pipelines will identify and fit the same
sources in different ways, and the goal is to merge these
into a single comprehensive catalog. This involves com-
paring data from global fits, consolidating the data, and
statistically validating it. Several global fit algorithms
have distinct properties, resulting in varied submissions
results to the LISA Data Challenge. The challenge lies
in producing final products that encompass all observed
sources while establishing connections between Global
fits and providing all necessary informatin for scientific
interpretation in an easily accessible way. Furthermore,
algorithms capable of assessing the quality of adjust-
ments and ensuring convergence have been developed as
part of this study. To achieve this, we propose a prelimi-
nary protocol that outlines the essential steps needed to
produce the final products. We have analyzed Sangria
[1] data challenge for only Galactic binaries. Addition-
ally, we propose an algorithm to merge L2 Global Fits
[2, 3, 4, 5] and validate them against injected data.

2. Injection and Submissions

The inputs are from the LISA Data Challenge Sangria V2 [1], which includes both fully specified and blind datasets with
simulated waveforms and Gaussian noise from millions of Galactic white dwarf binaries and merging massive black-hole
binaries. The data also incorporates LISA noise produced using LISACode to generate "TDI-1.5" observables X, Y, Z.
The submissions are the products of the global fit L2 [2, 3, 4, 5], estimating individual signals from the dataset and
submitting a table with the parameters of each observed source and the posteriors for each of the sources.

3. Convergence check| L3 preprocessing
Mismatch between Global Fits and Posteriors Distribution of Mismatches Mismatches

Before proceeding to the L3 pipeline, it is crucial to ensure the proper convergence of the global fits. To achieve this,
we examine the consistency between the submitted L2 catalog and the posteriors. On the left, mismatches and overlap
issues between Global Fits and posteriors are observed. The black and blue dotted lines shows respectively the trace
mean and the quoted value of the parameter, and solid lines 5σ interval, which do not correspond to the trace of the
GF. On the right, the distribution of the various Global Fits under study is depicted. A significant portion of L2
entries exhibit mismatches for at least one parameter.

4. Gaussianity Test
The Gaussian Mixture Model (GMM) is used to deter-
mine the number of Gaussian components for each chain
from global fits to assess the convergence of each Global
Fit. This test is crucial because we do not expect the
data to be Gaussian. If many Gaussian components are
found, it indicates a more uniform distribution, suggest-
ing that the fit is poor and the model may not be suitable.
GMM is a probabilistic model that represents data as a
mixture of K Gaussian distributions, each with a mean
vector µk, a covariance matrix Σk, and a mixing coeffi-
cient πk. The Probability Density Function (PDF) of a
GMM is given by p(x) =

∑K

k=1 πkN (x|µk, Σk)

Uniform 
distribution

No 
data

Close to a normal 
distribution

Close to a uniform 
distribution

5. Proposal of fusion L3 Algorithm

The Global Fits merging method integrates parame-
ter information from two Global Fits, assessing overlap
based on specified standard deviation levels. It aims to
merge these Global Fits into a unified catalog, ensur-
ing each candidate from one catalog overlaps optimally
with candidates from the other. This overlap, which rep-
resents the correlation between waveforms, also serves
to prioritize candidates when multiple entries coincide.
This facilitates a streamlined selection process within
overlapping regions.

6. Results : A first comparison for GB
Result of recovery between APC and USA / recovery between Injection:

Recovery Global 
Fits and Injection

Recovery between 
Global Fits 

Parameters overlapping:
[f]: Only frequency overlapping
[f,A]: Frequency and Amplitude 
overlapping
[f,λ,β] : Frequency and sky 
position overlapping
[f,A,λ,β,ɩ] : All parameters 
overlapping
– X–, – X–, – X–, – X– : Error bar 
level – 5, 3, 2, 1 σ recovery

Waveform Matching:
– – : waveform overlap matching
– – : waveform overlap + SNR >8 
matching
   : Example analyseRecovery between 

3 Global Fits 

Example:                                                       [Frequency, Amplitude, fdot, lat, lon, iota]   
Subs : APC∩USA; Nstd : 1σ

We performed the merging of two Global Fits based on their parameters, demonstrating that these parameters 
significantly impact the merging outcome. Additionally, the quality level (– X– Error bar level) also provides different 
levels of recovery, which have a significant impact. This level allows the construction of catalogs with an emphasis 
on either purity or completeness. This illustrates the current recovery capability enabled by this tool, allowing direct 
interaction with L2 to accurately assess the performance of various Global Fits.

Waveform Overlap : give 
accuracy of recovery 

Galactic center

Low waveform accuracy (≃0) and high 
relative error between parameter estimates
⇨ Low evidence and confidence

 
High waveform accuracy (≃1) and low 
relative error between parameter estimates 
⇨ Strong evidence and confidence

low SNR and low 
waveform overlap

high SNR and high 
waveform overlap

Verification Galactic Binaries
Steps for an Frist transition L2 /L3: 

● Convergence criteria : 
○ Check Mismatch 

posterior/Global Fits
○ Check Priors

● Statistical test of Gaussianity
○ Global Quality check of 

the convergence
○ Comparison of normality 

distributions.
● Overlap and relative error 

between Global Fits
○ Comprehensive view of 

the recovery.
○ Quality assessment 

criteria.

7. Conclusions/Next step
1. Continuous integration with new Global Fits
2. Fusion catalogue with quality user variation

• Purity vs completeness.
• Adaptability to different LISA sources.

3. Developp Visualization tools in collaboration
4. Implement other sources
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Fig 11: Classical AC-Coupled CSA 
(Cac ={0.1; 1 ;10; 30 pF}

Fig 12: Multi-Transistor Reset 
DC-Coupled CSA 

Require High Value Capacitance to maintain Gain
Cac min =30 pF (inconceivable)

Dynamic Range Collapse 
with Two Reset Transistors 

Detector
Fig 9: Pmos based Charge Sensitive Amplifier Circuit

Pmos Folded 
Cascode Amplifier

We need A0 to be high:
A0 *Cf >> Cdet

Fig 10: Small signal PMOS folded cascode
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Low 
capacitance 
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Aimed spectral resolution: 500 eV @ 60 keV  (FWHM) 
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Fig 6: Simplified View of In-Pixel Analog Chain

Fig 14: Equivalent Noise Charge 
Function Leakage Current

Fig 15: AC Classic VS AC Special Function 
Coupling Capacitor

Mini Matrix of Pixels with Different 
Charge Sensitive Amplifier Architectures

3D Packaging ( 
full-custom ADC 

-

CdTe pixel 
detector
(64x64 pixels
250 µm pitch)

4 Full-Custom 
front-end 

Pixelated Readout 
ASIC

1st fully digital single
photon counting module

32 channels full-custom ADC

Fig 5: Mini CdTe On-Chip 
(MC2 Module)

Detection Principle : Photoelectric Effect

Simulation  Results Simulation  Results

What do we want to understand ? How to measure ?

Our Solution

My work

Fig 3: Dominant Interaction function of Energy
and Atomic Number Z

Particle 
Transportation

CME

Magnetic
Loop

Particle 
Acceleration

Particle 
Acceleration

Thermal
Loop
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Feet

Eruptive 
RibbonsX-Ray Sources

Fig 2: Schematic representation 
Of a solar eruptive event

Sun and its Magnetic Field

4 Sides Abutable, Compact, and fully digital Imaging Spectroscopy Module

Fig 4: Photoelectric interaction
in Detector

Localizing and measuring 
Energy of X-ray photons

0.5-100 keV With:

PERSPECTIVES

CdTe  based Semiconductor Detector
(1000 µm thick)

Fig 1: Sun in EUV view
(solar flare focus)

= Or Or

Fig 13: Special AC 
Coupling CSA

Charge Sensitive Amplifier Noise Model

Total Ionizing Dose (TID) 
on X-FAB Technology

Fig 7:Charge Sensitive Amplifier Noise Model

PhD Perspective:

Reception of ASIC 
Wire Bonding
Characterization Of Pixels: Validation of Noise 
Calculation Models for the New architectures 
(<20 el.rms Expected ).
Choosing the most performing pixel for MC2

MC2 Project:
Design of a full scale Readout ASIC (32x32 or 
48x48 pixels) with the pixel architecture 
chosen from my work.

²

High Spectral Resolution Readout ASIC

High Spectral Resolution needs 
Low noise Analog Channel

Charge Sensitive Amplifier has the most 
important impact on the noise

Design a Proto-Chip to test and study 
different optimizations and 

architectures for CSA

What do we need: Photoelectric effect privileged: 
Local charge deposition 

Design prototype ASIC (Application Specific Integrated Circuit) 

High spectral 
resolution to 
study thermal 

and non-
thermal 
emission 

mechanisms.

High spatial 
resolution to 
discriminate  

different X-ray 
generating events.

contribution of input noise 
considered as a voltage noise

contribution of input noise
considered as a current

Mainly Determined by the 

Thermal Noise
(agitation of 

charge carriers)
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I – INTRODUCTION / CONTEXT :
 What is an AGN ?

X-rays as a key to understand the emission of AGNs

Astrophysical neutrinos are mainly produced through hadronuclear and photohadronic 
interactions, which also generate same amount of !-rays. However, observations of NGC 1068 show 
that its GeV-TeV !-ray flux is over ten times weaker than its neutrino flux, suggesting the neutrino 
production region is highly opaque to GeV-TeV photons. This points to a compact emission region, 
possibly involving the AGN's disk and corona. Emissions in the X-ray to soft gamma-ray range (~50 
keV to ~100 MeV) are key to probing hadronic contributions in NGC 1068. Several studies (e.g. [7, 8]) 
have proposed that AGNs may appear faint in !-rays due to gamma-ray interactions, producing 
secondary particle cascades that re-emit in the keV-MeV range. This signal is expected to be 
significantly stronger than the usual leptonic coronal emission, which cuts off between 100 and 400 
keV. Therefore, detailed X-ray observations are crucial to refining AGN emission models and 
exploring leptonic and hadronic components. In this study, we analyze the most up-to-date 
datasets of NGC 1068 from XMM-Newton, NuSTAR, Swift-BAT, INTEGRAL-IBIS, and INTEGRAL-
SPI to search for the hard X-ray signature of a hadronic component.

Unveiling the hard X-ray emission of NGC 1068, 
a possible high energy neutrino source

A. Foisseau1, A. Coleiro1, F. Cangemi1, A. Goldwurm2, C. Lachaud1
1 : Université Paris Cité, CNRS, Astroparticule et Cosmologie, F-75013 Paris, France

2 : Université Paris Cité, CNRS, CEA, Astroparticule et Cosmologie, F-75013 Paris, France 

AGNs as probable emitters of high 
energy neutrinos?

The study of Active Galactic Nucleus (AGNs) allows 
us to better understand the accretion and ejection 
processes and address the question of the origin of 
high-energy cosmic rays (HECRs). While HECRs, 
being charged particles, are deflected by magnetic 
fields, high-energy neutrinos produced by 
hadronic interactions near black holes, travel 
unaffected by such fields. Unlike gamma-ray 
photons, these neutrinos are also not absorbed by 
!! interactions, making them unique probes for 
investigating HECR sources. In this context, the 
IceCube neutrino observatory has identified the 
Seyfert 2 galaxy NGC 1068 as one of the most 
promising candidates with a significant neutrino 
excess of 4.2" over 10 years of observations [1]. 
Located at 14.4 Mpc, NGC 1068 is currently the 
strongest known neutrino source in the northern 
hemisphere.

CONCLUSIONS AND DISCUSSIONS :

We present the most recent spectral fit of NGC 1068 from 3 to 195 keV. Our results remain
consistent with a leptonic scenario, indicating a cutoff energy of the primary emission at #! =
118.6"#$.&'#(.( keV, compatible with inverse Compton scattering of soft photons. Still, our analysis
also confirms that the [15-55] keV luminosity )),+,-. = *. *+"/.0'1.23×-.45erg/s is compatible
with the neutrino luminosity )6 = *. / ± -. - ×-.45 erg/s [1]. This result may also be
consistent with neutrino production in γ-obscure regions as suggested e.g., by [5, 6] who
predict a correlation between hard X-ray and neutrino luminosities. The lack of a definitive
conclusion highlights the need for MeV-range data, where the primary X-ray emission from the
vicinity of the black hole becomes dominant, to conclusively distinguish between hadronic and
leptonic processes in the future.

NuSTAR
3 – 79 keV

Swift
14 – 195 keV

INTEGRAL 
15 keV – 10 MeV

XMM-Newton
0.15 – 12 keV

MODEL AND RESULTS :
 Model :

The hard X-ray flux includes Compton reflection, which can dominate in heavily obscured sources
like NGC 1068. This leads to uncertainty in estimating the primary intrinsic luminosity from the
black hole environment, potentially linked to hadronic emission. To accurately model the various
emission components, we use the approach outlined in [2, 3, and 4]. It consists of a double 
reflection emission scenario combined with an additional primary emission originating from 
the corona. The primary X-ray radiation from the corona passes through the dusty torus, 
resulting in significant absorption in the soft X-ray range (see figure 3). We also account for the 
reflection on the far-side of the dusty torus and for the emission of the host galaxy. 

Results :

We fit the model described above to our data following the methodology outlined in [4]. The intrinsic 
emission of the corona is described by an absorbed cutoff power law leading to : Γ = 2.08"7.78'7.79, 
4: = 3.67"7.8;'7.8<×109;cm−2, #! = 118.6"#$.&'#(.(  keV, and 7 = 5.77"#.(8'8.78×10"9 ph/cm2/s/keV at 1 keV with 
a 9=>?@!>?9 = 1.55. All the parameters are consistent with previous works of [2] and [4] except the 
normalization which is found weaker than in the previous studies. Computing the intrinsic X-ray 
luminosity in the range 15-55 keV, we find :A,B=CD = 2.25"7.('#.E$×10;9erg/s which is smaller than the 
values found in [2] and [3]. While the exact value of :A,B=CD depends on the complex structure of the 
reflection components, this result is still fully compatible with a leptonic scenario as origin of the 
observed X-ray emission. Finally, we find that the primary X-ray emission starts to dominate 
above a few hundred keV, showing the importance of having data in the range [100 keV - 1 MeV] 
to constrain further the presence of a hadronic component.
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Figure 2 : Clustering map of the neutrinos (white cross). NGC 1068 and its 
angular size are highlighted with red dot and circle (optical wavelength).
Crédit : [1]

Figure 3: Scheme of the 
geometry of the model.
Crédit : Ricci 2011, PhD 
thesis

Figure 4 : Spectral energy distribution (SED). 
Here “MYTS-L” components stands for the 
reflections at different angles.  The term “host” 
refers to the emission of the host galaxy 
whereas “nuc” is for the emission of the 
nucleus. The primary X-ray emission of the 
corona is represented by “prim” in the legend. 
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Figure 1 : Schematic view of 
the unified model of AGNs. 
Crédit : Beckmann et al. 2012



Étude du comportement aux irradiations de 
détecteurs infra-rouges faible gap

T. FRIESS1,2,3,4, V. GOIFFON3, O. GRAVRAND2, A. ROUVIE1, S. RIZZOLO4, A. LE ROCH3, E. DE BORNIOL2

1 2CEA Leti, Grenoble, France. 
3ISAE-SUPAERO, Toulouse, France. 4AIRBUS Defence and Space, Toulouse, France.

Contexte
Les capteurs sont de plus en plus présents dans nos vies (appareils
photos, cameras, etc.) et représentent un enjeu scientifique et stratégique majeur.
Les capteurs numériques transforment lumineuse (photon)
en signal électrique en utilisant photo-électrique. Un photon interagit avec un
semi-conducteur, générant une paire électron-trou collectée sous forme de courant.
Cependant, des charges peuvent parfois être générées sans photon, créant du faux
signal encore appelé "courant d'obscurité". Comprendre et limiter ce courant, qui
varie selon les capteurs, est un défi central et constitue l'objectif de ce travail de
thèse.

Permet les émissions de chaleur
Essentiel pour les missions de météorologie,
thermographie et astronomie

Le matériau privilégié pour des IRs
est le tellure de mercure cadmium (HgCdTe) car en faisant
varier la proportion de mercure de il est possible

son gap pour observer du spectre IR.

© Manfred Hayk, AMETEKLand

Dégradations des performances des capteurs
induite par les rayonnements spatiaux

(solaire ou cosmique) [1]
Les particules (protons, gamma, rayon X, etc.)
provoquent 2 phénomènes principaux:

Objectifs: caractériser les dégradations de performances
provoquées par des irradiations de protons sur un capteur
infra-rouge bas flux à vocation astronomique (opérant dans le
SWIR).

Résultats

Augmentation du
courant d'obscurité
après irradiations

dommages de
déplacement causés
par des protons.

Estimation facteur
de dégradation du
courant
suite aux irradiations
de protons dans la
technologie.

Perspectives

Déterminer un facteur de dégradation universel dans 
]. 

Références
[1] G. Hopkinson. "Radiation effects on solid state imaging devices". In : Radiation Physics and Chemistry 43.1-2 (1994), p. 79-
91 (cf. p. 30, 39, 123).
[2] J. R. Srour and D. H. Lo, "Universal damage factor for radiation-induced dark current in silicon devices," IEEE Transactions 
on Nuclear Science, vol. 47, no. 6, pp. 2451 2459, Dec. 2000, doi: 10.1109/23.903792.

Pourquoi observer dans les infra-rouges?

Reproduire les expérimentations dans
technologies HgCdTe et à longueurs
Comparer les résultats pour étudier et comparer la
physique de dégradation





Insights into the Transforming Growth Factor superfamily specific modulation: 
unravelling the impact of winter-hibernating bear serum in primary human muscle cells

Chloé Richard1, Guillaume Fourneaux1, Charlène Pourpe1, Alexandre Geffroy2,  Gwendal Cueff1, Christophe Tatout3, Alina L. Evans4, Jonas Kindberg5, Guillemette Gauquelin-Koch6, Fabrice Bertile2, Etienne Lefai1, Lydie Combaret1

1Université Clermont Auvergne, INRAE, Unité de Nutrition Humaine, UMR 1019, Clermont-Ferrand, France, 2Université de Strasbourg, CNRS, IPHC UMR 7178, Strasbourg, France UCA, 3Université Clermont Auvergne, CNRS, Inserm, GReD, Clermont-Ferrand, France, 4Department of Forestry and Wildlife Management, Inland Norway University of Applied Sciences, Campus Evenstad, NO-2480 Koppang, Norway, 5Norwegian Institute for Nature Research (NINA), 
Trondheim, Norway, 6Centre National d'Etudes Spatiales, CNES, 75001 Paris, France

(b)

Human myotubes (HM) after 
5 days of differentiation

Introduction Methodology

Fig. 2: Experimental procedures. (a) Sampling: Serum samples were collected from paired free-ranging bears during active and hibernation periods (Sweden, Tackåsen). (b) Cell culture: Human myotubes,
cultivated in a differentiation medium, were treated for 48h with 5% SBS or WBS. (c) Transcriptomic analysis: Total RNA samples were subjected to DNBSEQ Sequencing (BGI, China). DESeq2 analysis was used to
identify differentially expressed genes (DEGs, Padj<0.05), and functional analysis of the DEGs was conducted using Rstudio software. (d) Protein content for some identified DEGs from (c) was assessed using
Western blotting. (e) TGF- /BMP challenge: Human myotubes cultivated with 5% SBS or WBS for 48h were then treated for 30 min with increasing concentrations of BMP7 (0 to 2000 ng/mL) or TGF- 3 (0 to 100
ng/mL). SMAD1/5 and SMAD3 phosphorylation (P-SMAD) were analyzed by Western blotting on whole protein content.

Muscle atrophy poses significant challenges in patient care, with no proven effective treatment available, despite the huge knowledge
acquired using rodent and human models of induced atrophy. We seized opportunity to study a natural model of resistance to muscle
atrophy: the brown bear. Despite prolonged fasting and physical inactivity during hibernation, brown bears do not experience muscle loss.
This resistance is associated with a shift in the balance between pro-atrophic TGF- signaling and hypertrophic BMP signaling, favoring the
latter in muscle from hibernating brown bears (Fig. 1a,b). Additionnally, bear serum demonstrates translational effects on human myotubes,
resulting in higher myosin heavy chain protein content in WBS conditions (Fig 1c).

Investigating the effects of Winter Bear Serum on human myotubes, focusing on TGF- and BMP signaling

5-7 months of hibernation

BMP
TGF-

Resistance to 
muscle atrophy

(a)

Active bear Hibernating bearSummer bear 
serum (SBS)

Winter bear 
serum (WBS)

5% SBS or WBS
48h

RNA-seq analysis

BMP7 or TGF- 3
challenge

Cussonneau et al, 2021

Pro-atrophic Muscle mass 
maintenance

Fig. 1: The Brown Bear: A Model for Studying Skeletal Muscle Atrophy
Resistance and Regulation of the TGF- Signaling Pathway. (a)
Graphical scheme of mechanisms involved in muscle atrophy resistance during
brown bear hibernation. (b) TGF- and BMP signaling. (c) Immunolabelling of
Myosin Heavy Chain (MyHC) of human myotubes cultivated for 48h with either 5%
of Summer-active (SBS) or Winter-hibernating (WBS) bear serum.

(a) (b) (c)

P-SMAD analysis

Protein analysis

(c)

(d)

(e)

30mins
Context

MyHC
Chanon et al, 2018

Results

Fig. 3. Biological pathways enriched in humanmyotubes cultivated in WBS conditions.
(a) Volcano plot of the identified genes in human myotubes cultivated with SBS or WBS (Fig. 2b). Red dots represent the DEGs. Green and red
arrows depict the down-regulated and up-regulated DEGs respectively and the blue arrow corresponds to the p-adj. (b,c) Functional annotation
the up- and the down-regulated genes using the Gene Ontology (GO) resource. The color code for the functional cluster is indicated and the bold
numbers refer to the numbers of DEGs from each biological process (BP). Log2(FC), Log2 Fold Change.

(a) (b) (c)

Fonctional analysis reveals enrichment of muscle development processes and BMP signaling among DEGs identified in human myotubes in WBS conditions 

Transcriptomic analysis identified 352 DEGs between human myotubes
cultivated with WBS vs. SBS (Fig. 3a). Functional annotation revealed a
significant enrichment of multiple biological processes within up and
down-regulated genes.

The 159 upregulated DEGs are mainly involved in muscle tissue
development and sarcomere architecture (Fig. 3b) and the 193
downregulated DEGs are involved in extracellular matrix organization
and BMP signaling pathway regulation (Fig. 3c).

Bone formation
Muscle tissue development
ECM organization
BMP signaling pathway
Peptidyl-tyrosine modification

Muscle tissue development 
& architecture
Multicellular organismal process

Key informations

(a) (b)

Fig. 4 Upregulated genes involved in the enriched BPs related to muscle architecture (Cf. Fig. 3b)
(a) Data are expressed as Log2(FC) between WBS vs. SBS. (b) Localization of these up-regulated genes is shown
schematically in red.

WBS induced an up-regulation of several genes associated with the structural 
organization of human myotubes 

These specific genes are involved in the organisation of the sarcolemma and ion exchanges (CAV3, KCND3, KCNE4, CACNG1),
sarcomere, cytoskeleton assembly and function (NEBL, MYOM3, TNNT2 ), and also in cell-cell interaction (PDGFRB, NPNT).

(a)
(c)

Fig. 5. Expression of genes involved in the enriched BP « BMP signaling regulation » (Fig. 3c).
(a) Data are expressed as Log2(FC) between human myotubes cultivated with WBS vs. SBS. (b) Localization of these genes is
shown schematically. Upregulated and downregulated DEGs are shown in red and green respectively. (c) Protein levels for
endoglin and gremlin-1 were assessed by Western blotting in SBS (S) and WBS (W) conditions (upper panel). Signals were
quantified and normalized with the amount of loaded proteins (lower panel).
*Pvalue < 0.05 (n=9, Ratio-paired t-test).

WBS mainly down-regulates the expression of extracellular and intracellular 
BMP modulators

Most BMP signaling inhibitors (e.g. GREM1/2, CHRDL2, SMAD6) or activators (ENG) were downregulated at the mRNA
level. Several BMP repressors such as HJV and CHRD were however upregulated (Fig. 5a). Among these regulators, ENG
and GREM1 were also downregulated at the protein level.

GREM1

ENG 70kDa

21kDa

S  W  S  W  S  W

(b)

(a) (b)

WBS changes the TGF- and BMP response to their respective ligand

Fig 6. Effect of bear serum preconditioning on BMP or TGF- signalling response to a challenge of human myotubes.
TGF- /BMP challenge of human myotubes cultured with SBS or WBS were challenged with increasing BMP7 (a) or TGF- 3 (b) ligands (Fig. 2e). SMAD1-5 (a) and SMAD3 (b) phopshorylation were assessed by Western blotting (upper panels). Signals were
quantified and normalized with the amount of loaded proteins (lower panels). *Pval<0.05 vs. untreated myotubes from SBS or WBS conditions; #Pval<0.05 vs. same dose of ligands in SBS condition (n=10-12, 2-way ANOVA, post-hoc test). Dot lines are
arbitrary set at 1.

P-SMAD1-5 
BMP7 [ng/mL]

57kDa

WinterSummer

0 100 500 2000 0 100 500 2000

P-SMAD3 
TGF- 3 [ng/mL]

48kDa

WinterSummer

0 0.01 0.1 1 10 100 0 0.01 0.1 1 10 100

Overall, our findings indicate a transcriptomic reprogramming with an enrichment of biological processes 
associated to muscle tissue development and regulation of BMP signaling, with down-regulation of several BMP 

regulators in WBS conditions.

Challenging the BMP and TGF- higher responsiveness of the BMP pathway in myotubes under 
WBS conditions, contrarily to the TGF- signaling which remained consistently weaker. 

This suggests that WBS shifts the TGF-

Altogether, our results are in agreement with the hypertrophic phenotype observed in human myotubes cultured 
with WBS (Chanon et al. 2018) and the specific TGF- -resistant muscles from the 

hibernating brown bear (Cussonneau et al. 2021).

Further studies will investigate how bear serum induced this reprogramming and how this 
might influence BMP signaling and/or muscle mass maintenance during catabolic conditions.

Conclusion

BMP7 and TGF- 3 treatment induces dose-dependent SMAD1/5 and SMAD3 phosphorylation, respectively. BMP7 triggers SMAD1/5
phosphorylation at 100 ng/ml in SBS, but at 500 ng/ml in WBS. However, at high concentration, SMAD1/5 phosphorylation was much higher
in the WBS. TGF- 3-induced SMAD3 phosphorylation is consistently lower in WBS compared to SBS.



Couplage Surface-Orbite en spectroscopie infrarouge pour la caractérisation
des aérosols martiens et le l'hydratation de la surface

Aurélien Stcherbinine, IRAP, CNES, Université Toulouse III Paul Sabatier, CNRS, Toulouse, France

Vapeur d'eau

Nuages

OMEGA/MEx

Nadir

ACS-MIR/TGO

Occultation Solaire

EMIRS + EXI/EMM

Nadir

Eau adsorbée

Pergélisol
Glaces en surface

Minéraux hydratés

MARS

SuperCam/

Perseverance

MIRS/MMX

Nadir

Poussière

La compréhension et caractérisation des aérosols est un enjeu crucial 
pour mieux comprendre et modéliser le climat martien ainsi que les 

échanges entre la surface et l'atmosphère de la planète.

Aujourd'hui de nombreuses sondes en orbite et à la surface de Mars 

permeent d'étudier les aérosols (poussière & nuages) ainsi que 

l'hydratation de la surface et les glaces, incluant plusieurs instruments 

à contribution française portés par le CNES.

Complémentarité des différentes géométries d'observation pour 
l'étude des aérosols :

Nadir : profondeur optique colonne intégrée, large couverture spatiale

Occultation Solaire : extinction, taille, structure verticale détaillée, 

haute sensibilité

Passive sky : fonction de phase, albédo de simple diffusion, basses 

couches atmosphériques

LA RICHESSE ACTUELLE DES OBSERVATIONS MARTIENNES

CONTACT

hps://aurelien.stcherbinine.net

Aurelien.Stcherbinine@irap.omp.eu

Poussière atmosphérique

Régolite

?

ÉCHANGES ATMOSPHÈRE-SURFACE & HYDRATATION DES SOLS

La poussière martienne est à l'interface entre l'atmosphère et la surface de 

Mars, issue de l'érosion du matériau de surface et élevée jusqu'à plusieurs 

dizaines de kilomètres dans l'atmosphère.

La question de l'hydratation de la surface martienne, de la quantité d'eau 

présente en surface et de sa nature (minéraux, adsorbée…) est complexe mais 

d'une grande importance. La poussière, élément mobile en partie hydraté 

pourrait jouer un rôle.

Récemment, les mesures infrarouges de l'instrument Supercam on révélé des 

niveaux d'hydratation bien supérieurs à ceux obtenus depuis l'orbite dans 

la même gamme spectrale. Cela soulève de nombreuses interrogations, mais 

l'écart d'échelle rend la comparaison directe ardue.

De nouvelles mesures en spectroscopie infrarouge par un potentiel futur 

instrument orbital à plus haute résolution spatiale que OMEGA ou CRISM 

pourraient permere de combler l'écart entre les mesures orbitales actuelles et 

les observations réalisées depuis la surface à Jezero.

antin-Nataf et al. (2024)

Audouard et al. (2014)
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Les mesures en occultation 

solaire fournissent désormais 

une climatologie précise de 
la distribution verticale des 
aérosols dans l'atmosphère. 

ACS-MIR/TGO

Occultation Solaire

SuperCam

Passive sky

Des observations simultanées multi-
instruments peuvent permere de 

mieux contraindre les propriétés des 

aérosols en combinant différentes 
géométries.

COUPLER LES JEUX DE DONNÉES POUR MIEUX CARACTÉRISER LES AÉROSOLS MARTIENS

Or, les profils verticaux des aérosols sont nécessaires pour dériver les propriétés 

atmosphériques en géométrie nadir, le choix d'une hypothèse empirique peut avoir 

des conséquences notables sur les résultats (Stcherbinine et al., 2025).

Lors d'un workshop international en 

septembre, des spécialistes des observations 

de la poussière martienne et des 

représentants des principaux modèles 

climatiques ont pu échanger sur les moyens 
d'améliorer nos connaissances en 
travaillant ensemble.

Parmi les principales actions mises en avant : 

l'intérêt de réaliser des observations 
conjointes dans différentes géométries, 

et le besoin d'observations spécifiques 

supplémentaires (mission MMX avec MIRS).

Workshop international à Toulouse 

les 23 & 24 Septembre 2024 sur les 

propriétés radiatives de la poussière 

martienne.

Adapted from Stcherbinine et al. (2022)

Profondeur optique des nuages 

de glace d'eau avec EMM/EXI 

(UV nadir – Wolff et al., 2022).

Profils verticaux taille et extinction des 

nuages avec TGO/ACS-MIR comparés 

aux prédictions de modèles climatiques 

(Stcherbinine et al., 2022).
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Impacts on integrated wave parameters
In the Southern Ocean

Models and simulations

Validation of MFWAM simulations with buoys
and altimeters

Abstract

Conclusions – Next steps

References

The CFOSAT space mission
➢ Developed jointly by the Chinese (CNSA) 

and French (CNES) space agencies
➢ Launched in October 2018  data available ⇒

since January 2019

2 on-board instruments :
➢ SCAT : wind scatterometer
➢ SWIM : wave scatterometer : 

measures wave energy density 
and wave numbers and wave 
heights(1) 

Wave 
forcing for 
NEMO 
computed 
by MFWAM

Config 
iORCA025

➢ Wave forecast model of Météo-France
➢ Spectral resolution of 24 directions and 30 

frequencies
➢ Assimilation scheme : optimal interpolation

1st step : 
assimilation 
of SWIM data 
in MFWAM

2nd step : 
NEMO simulations 
with improved or 
not, wave forcing 
from MFWAM

Fig. 1 and Table 1 :Validation of Significant Wave Heights (SWH)  in 
MFWAM simulations in 2021 with Jason3, SARAL, Sentinel-3A and B, 
CryoSat-2, HII-B

Fig. 2 : Validation of Peak period (Tp) in MFWAM 
simulations in 2021 with SOFAR (SPOTTER) buoys

➢ SWH bias globally reduced, and 
particularly in depressions track in 
NH, a part of Southern Ocean, 
North and South Pacific ocean

➢ Still a large SWH bias in the 
Southern Ocean relative to 
uncertainties in the wind forcing  

SI reduced for every type of 
waves, especially for long waves 
(Tp > 13s) : up to 34 %

Impacts on ocean key parameters

Wave age is an indicator of wave dependence on wind :

➢ Waveage = 1.2, the equilibrium between wave and 
wind fields is reached

➢ Waveage < 1.2 : the dominant wave regime is the 
wind sea

➢ Waveage > 1.2 : the dominant wave regime is swell(2) 

With

velocity phase and Tp the peak period

The peak

Fig. 3 : Histogramme of Tp for Run A and Run C in 
the Southern Ocean, 2019-2022.

Fig. 4 :  Impact of  the SWIM DA on  the 
wave age (RunA- RunC) 2019-2022. Fig. 6 :  Probability  of 

occurrence  of  swell  in  RunA  in 
Southern Ocean, 2019-2022

Fig. 5 : Impact of the SWIM DA on the dominant 
direction  (RunA- RunC)  in  the Southern Ocean, 
2019-2022.

➢ Tp  smaller in RunA compare to RunC  so is waveage  wave ⇒ ⇒
growth and spread are impacted by SWIM data assimilation

➢ Southern Ocean is an area with infinite fetch with nonlinearities 
driving the transition from wind to swell waves : SWIM data 
assimilation helps reduce these model uncertainties(3)  

Integrated wave parameters significantly impacted by SWIM data assimilation  so ⇒
are wave-ocean coupling processes 
➢ Correction of model bias ? → validation of surface currents with AIS 

data(4) 

➢ What are the impacts of better representated waves on ocean key 
parameters? → case of an subtropical storm near Aghulas current

Fig. 9 :  Bias  of 
surface  current 
module  of  FREE 
simulation (above) 
and  ALL 
simulation  (below) 
compare  to  AIS 
observations,  in 
Aghulas  current 
(JF 2020)

(1)  Hauser et al. (2017) SWIM: The First Spaceborne Wave Scatterometer
(2) Pierson and Moskowitz (1964), Alves et al. (2003)
(3) Aouf,  L.,  Hauser,  D.,  Chapron,  B.,  Toffoli, A.,  Tourain, C.,  & Peureux, C.  (2021). New directional wave  satellite 
observations: Towards  improved wave forecasts and climate description  in Southern Ocean. Geophysical Research 
Letters, 48, e2020GL091187
(4)  Le Goff, C., Boussidi, B., Mironov, A.,Guichoux, Y., Zhen, Y., Tandeo, P., et al. (2021). Monitoring the greater 
Agulhas Current with AIS data information. Journal of Geophysical Research: Oceans, 126, e2021JC017228. 
https://doi.org/10.1029/2021JC017228 
 

Fig. 8 : 
ALL, 
FREE 
and AIS 
surface 
current
s 

How can we explain that only the 
ALL simulation is in agreement with 
the AIS observations?

Fig. 7 :  Impact  of  the  SWIM  data 
assimilation on the SST (ALL - FREE) 
in Aghulas current

➢ Strong SST gradient 
in the current in ALL 
simulation

➢ Waves create an 
ondulation in this 
gradient : creation of 
dipolar structures

 ⇒ Uncertainties related to IFS wind forcing at 
10m in this area 

 ⇒ Modification of wind stress received by 
waves 

 ⇒ Mean wave direction impacted
 ⇒ A more accurate and faithful description 

of the directionality of the various wave 
trains through the assimilation of SWIM 
data 'compensates' for the wind forcing 
missfit

➢ In recent years, satellite wave observations have stepped forward with the innovative measurements from the wave scatterometer SWIM of the 
CFOSAT mission which provides both the significant wave height along the nadir-track and the directional wave spectra on each side of the nadir 
track.

➢ In climate or ocean circulation models, wave-dependent ocean-atmosphere flows have often been parameterized by surface winds, or have been 
ignored altogether : too simplistic and far removed from reality.Or in the context of global warming and climate changes, ocean waves forecasting is 
crucial for predicting and analyzing the exchange of momentum and heat fluxes at the atmosphere/ocean interface and for the protection against 
natural hazards in coastal regions during severe storms.

➢ Data assimilation reduces model bias on wave height and peak period and reduces the scatter 
at high latitudes, in the Tropics and in strong currents areas.

➢ The best corrected wave systems are long waves with peak periods greater than 13s.
➢ Data assimilation has a impact on the waveage and compensates for uncertainties due to non-

linearities in the transition from wind waves to swell in the Souther Ocean.
➢ Wave forcing for NEMO improved with SWIM DA leads to a significant improvment of the 

representation of the module and direction of the current of Agulhas
➢ Ocean key parameters like SST are sensitive to wave forcing improved with SWIM data during 

a subtropical storm

mailto:emma.bedossa@meteo.fr
https://doi.org/10.1029/2021JC017228
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GraphCast for SITS
Forecasting water resources from satellite image time series 

using a graph-based learning strategy

CONTEXT
⊳ Constellations of satellites with high spatial and temporal 

resolution enable precise and dynamic resource monitoring
⊳ Graph-based learning can be used to exploit spatio-temporal 

dependencies in Satellite Image Time Series (SITS) [1]

DATA & RESULTS

⊳ Use of a single region-specific mesh
⤷ SLIC segmentation applied to the stack of 

input images
⤷ input node's features = pixel time series, 

spatial (latitude-longitude) and temporal 
(day-of-year) embedding

⊳ consisted of Sentinel-2 time series
⊳ gathered from July 2020 to Dec. 2022
⊳ over 17 basins in Spain and Italy
⊳ at a 10 m spatial resolution
⊳ about one cloud-free image every 2 months
⊳ 3 682 NDWI patches of size 64 × 64 pix

Corentin DUFOURG1,* Charlotte PELLETIER1 Stéphane MAY2 Sébastien LEFÈVRE1

How to adapt a model for global meteorological forecasting 
like GraphCast to a monitoring task of local water resources 
from satellite image time series?

1  Université Bretagne Sud, IRISA, UMR CNRS 6074, Vannes, France

SEN2DWATER dataset [3]

2 Centre National d’Etudes Spatiales (CNES), Toulouse, France
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Influence of the number of superpixels

METHODOLOGY
⊳ Encoder-processor-decoder architecture

⤷ encoder projects the pixel's features into the mesh nodes
⤷ processor learns representations of the mesh nodes via 

message passing
⤷ decoder maps the learned features to each pixel using only the 

three nearest mesh nodes

⊳ Objective: forecast the next image of a sequence of N satellite images

⊳ GraphCast is a state-of-the-art model for global meteorological 
forecasting based on graph neural networks [2]

Influence of the input time-series length

PROSPECTS
⊳ Explore the capability of GraphCast roll-out
⊳ Analyze more complex (multi-)mesh, especially for large patch predictions



Simulation des performances 

Mission COMCUBE-S pour la mesure de la polarisation des sursauts gamma 
Sélectionnée par pour une phase de faisabilité (Phase A), cette
collaboration européenne (IJCLab (Orsay), UCD (Dublin), Clyde Space
(Glasgow) + CEA (Saclay)) propose une constellation de CubeSat
« Compton ».

La configuration optimale retenue : 27 CubeSats également espacés en
orbite basse équatoriale à 500 km . Ses performances ont été
obtenues par simulation de la détection de sursauts par les satellites.

Polarimétrie des sursauts gamma avec une mission CubeSat
Nathan Franel IJCLab nathan.franel@ijclab.in2p3.fr

Collaborateurs V. Tatischeff1, C. Hamadache1, D. Murphy2, A. Ulyanov2,  C. Mc Kenna2, L. Hanlon2 et al.
1 IJCLab (Orsay, France)   2 UCD (Dublin, Irlande)

La polarimétrie gamma repose sur la
diffusion Compton.
La détermination de azimutal de
diffusion grâce aux énergies déposées et
aux positions des photons sert
alors à estimer la fraction et de
polarisation.

Références 

Un prototype est développé au sein
de la collaboration et a été testé en
juin 2024 lors vol ballon
stratosphérique transatlantique
organisé par le CNES.

Durée : 3 jours, 17h

Esrange
(ESA Suède)

Surface efficace
moyenne de 1500
cm². Taux de
détection de 520
GRBs/an, plus
que toute autre
mission existante
ou prévue.

35 sursauts de
faible fraction de
polarisation
(MDP 30%)
détectables par
an.

des performances de polarimétrie par de simulation MEGALib basée sur GEANT4. Les sursauts sont simulés à une
position dans le ciel et un moment aléatoires, en prenant en compte le bruit de fond et les zones de non-observation dues aux ceintures de
radiation de Van Allen.

[1] Ghirlanda et al. 2016, A&A, vol 594
[2] Lan et al. 2019, MNRAS, vol 488, Issue 4
[3] Lien et al. 2014, ApJ, vol 783, Issue 1

Test du prototype 

Polarimètre
composé de 3
types de détecteurs :

- 2 détecteurs silicium
double face à pistes (D1 en vert)
- Scintillateurs au GAGG (D2A en bleu)
- Scintillateurs au CeBr3 (D2B en jaune)

Les paramètres nécessaires aux simulations
(spectres, courbes de lumière) sont tirés

réelles (catalogue GBM) [5]
ou estimés par des distributions ajustées
sur les observations [1-3] et [6]. Un modèle
de masse du satellite est ensuite nécessaire
pour simuler la détection.

[4] Piron, C. R. Physique, 2015, vol 17, Issue 6
[5] Poolakkil et al., 2021, ApJ, vol 913, Issue 1
[6] Yonetoku et al. 2010, PASJ, vol 62, Issue 6

Les sursauts gamma (GRBs)

GRBs [5]

Ce sont les évènements les plus lumineux de l'Univers,
émettant principalement dans le domaine gamma. Ils se
distribuent en deux populations :

Du fait de leur distance ils pourraient être utilisés en
cosmologie comme chandelles standards en comprenant
mieux la physique de leurs jets ultra-relativistes.
De nombreux télescopes spatiaux fournissent des données
spectroscopiques (Fermi, Swift, SVOM). Pour compléter ces
informations une autre approche peu développée est
d'étudier la polarisation de l'émission en gamma.

Sursauts courts

compacts

Sursauts longs
Effondrement 

Spectre de GRB990123 [4]

Délais de coïncidence entre D1B et D2B

Temps (microsecondes)

Polarisation minimale détectable (%) sensibilité à la polarisation 

Distribution cumulative de MDP







  

Extensive coverage of ultrathin TTL cirrus clouds 
Comparisons with space-borne lidar CALIOP highlight the unique sensitivity of 
BeCOOL to ultrathin cirrus, both from case studies of collocated observations 
and from a statistical point of view. 23% of BeCOOL profiles exhibit TTL clouds 
(above 14 km) that are below the detection capabilities of CALIOP.

A case study of collocated observations over a thin cirrus cloud. a: 11 μm brightness temperature map at 
coincidence; b: BeCOOL L1 curtain (along the solid line on the map); c: CALIOP L1 curtain (along the dashed 
line on the map); d, e: time series of brightness temperature under the balloon and the satellite; f, g: time 
series of optical depth τ above 16.5 km

Distributions of cloud optical depth and cloud top altitude seen from BeCOOL and CALIOP during Strateole2 
campaign. Clear cut-off at 2.10-3 in CALIOP’s cloud optical depth distribution, with a perfect agreement 
between the two lidars above this threshold. 27% of BeCOOL’s clouds have an optical depth lower than this 
threshold while it is below 1% for CALIOP. Those ultrathin clouds mainly exist in the TTL.

Balloon-borne lidar observations of tropical cirrus clouds
Thomas Lesigne(1), François Ravetta(1), Aurélien Podglajen(2), Vincent Mariage(1), Jacques Pelon(1) 

(1) Laboratoire Atmosphères, Observations Spatiales (LATMOS/IPSL), CNRS, Sorbonne Université, UVSQ, Paris, France
(2) Laboratoire de Météorologie Dynamique (LMD/IPSL), CNRS, Sorbonne Université, ENS, École Polytechnique, Paris, France

Tropical cirrus clouds have a significant impact on the climate, modulating both the Earth’s radiative budget and the amount 
of water vapor transported to the stratosphere. Observing those clouds remains a challenge as their optical depth covers 
several orders of magnitude. In the framework of Strateole-2 project, three microlidars have been flown in the lower tropical 
stratosphere onboard super-pressure balloons, providing high-resolution observations of tropical clouds with an 
unprecedented sensitivity to very thin cirrus.

TTL cirrus and wave-induced temperature anomalies
Dynamical perturbations such as gravity waves trigger the in situ formation 
of TTL cirrus clouds by lowering temperatures enough for ice crystals to form 
and grow. BeCOOL’s observations confirm results from recent studies about 
the distribution of clouds with respect to temperature anomalies : half of the 
TTL clouds are found in the cold and cooling phase of waves.

1: schematic of temperature anomalies profile and its phases ;  2: distribution of BeCOOL cloudy lidar 
bins with respect to the 4 wave phases, (temperature COSMIC2) ; 3: composite of ERA5 temperature 
anomalies (8-days rolling mean background removed) with respect to cloud top and cloud observation 
time. 

 

Three nights of BeCOOL cirrus observations with ERA5 temperature anomalies (8-days rolling mean 
background removed). 

On-going work
● Characterizing the lifetime of TTL cirrus
● Microphysics simulations along backward/forward trajectories of air parcels 

initialized within and around observed clouds

Fig.1 from Chang and L’Ecuyer (2020)

Strateole-2 project
● in situ and remote sensing balloon-borne observations of the Tropical Tropopause Layer (TTL)
● long duration super-pressure balloons flying at targeted levels (~20 km) for several weeks
● balloons released from Seychelles Islands, drifting with the wind along the equator
● first scientific campaign : October 2021 – January 2022, 17 balloons, 3 with BeCOOL on board

BeCOOL : Balloon-borne Cirrus and convective overshOOt Lidar
● light-weight, low-power lidar operating in the extreme conditions of the lower stratosphere
● elastic backscatter, single wavelength of 802 nm, no polarization channel
● nighttime observations only, temporal resolution of 1 min, vertical sampling of 15 m
● clouds’ optical depth retrieved from 10-minutes averaged profiles
● Strateole-2 first scientific campaign: 137 nights of observation, ~40 000 lidar profiles Balloon tracks of the 3 BeCOOL flights during Strateole-2 first scientific campaign

Example of lidar curtain (time vs altitude) of attenuated backscatter, 30 nights of the second BeCOOL flight

1 2

3



MAGMATIC SOURCE MODELING AT THE COLOMBIAN ANDES STRATOVOLCANOES 
REVEALED BY GROUND-BASED AND SATELLITE GEODETIC DATA

1. INTRODUCTION 3. PRELIMINARY RESULTS
3.1. Cumulative displacement maps and time series

Fig 1. Colombia’s tectonic and volcanic setting. Magenta triangles represent the volcanic arc. Studied volcanoes 

are shown in cyan: Nevado del Ruiz (north), Puracé (center) and Galeras (south). Volcanoes’ photos taken from 

the Global Volcanism Program website. 

 

Nevado del Ruiz volcano
20 sequential interferograms (11 in ascending orbit and 9 in descending orbit).

20 cumulative maps of deformation.  

ACKNOWLEDGMENTS
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study our Evolving Land Surface) from the Japanese Spatial Agency – JAXA and the 

Earthquake Research Institute of Tokyo University – ERI. GACOS products were obtained 

at http://www.gacos.net/. GPS data is provided by the GeoRED project and the 

Volcanological Observatories of the Servicio Geológico Colombiano. I would also like to 

thank ISTerre researchers from UGA for their guidance in SAR data processing. 

 High conical edifices (>4000 m asl)
 Steep topography
 Snow-capped summits
 Dense vegetation
 Strong climatic disturbances

Nevado del Ruiz, Puracé and Galeras are among the most active volcanoes with a long 

record of eruptions. The eruptions of Puracé in 1949, Nevado del Ruiz in 1985 (~25,000 

casualties), and Galeras in 1993, remain among the deadliest disasters in the country.

Volcanism in Colombia is driven primarily by the 

subduction of the Nazca plate (NZ) beneath the 

North Andean Block (NAB).

Sindy Carolina Lizarazo1, Valérie Cayol1, Fabien Albino2

1Laboratoire Magmas et Volcans – LMV, Université Clermont-Auvergne
2Institut des Sciences de la Terre – ISTerre, Université Genoble-Alpes

Volcano deformation relates to the storage or movement of fluids inside magmatic or 

hydrothermal reservoirs that might be linked to potential eruptions.                                       

 → GPS and tiltmeters* and C-band SAR images (Sentinel).

1.2. Deformation monitoring and challenges

(*installed and maintained by the volcanological observatories of the Servicio Geológico Colombiano)

CHALLENGES POTENTIAL SOLUTIONS

 Limited resolution of displacement maps 
due to sparse instrumental networks.

 Continuous displacement maps by using 
satellite imagery SAR.

 C-band data is affected by vegetation 
(Sentinel mission).

 L-band data is less affected by vegetation 
(ALOS mission).

 Large tropospheric noise due to strong 
weather fluctuations.

 Implementation of weather corrections with 
external datasets (GACOS and GPS).

2. DATA & METHODS
2.1. Data: 100 ALOS-2 images period 2014-2023 in 

ascending and descending orbits.

4. FUTURE PERSPECTIVES

Fig 2. Nevado del Ruiz ALOS-2 

footprints in ascending (red) and 

descending (blue) orbits. GPS stations 

are denoted by black dots.

Fig 4. GACOS ZTD map on October 3rd, 

2015 at Nevado del Ruiz volcano. 

Fig 3. Principe of InSAR technique for ground deformation analysis.  

Taken from: http://insar.space/insar-technology/

2.2.1. InSAR technique
Interferogram: Interference pattern between 2 images 

of the same region at different times → Time series.

2.2.2.Tropospheric noise corrections
 Based on elevation and phase linear correlation.
 Based on ZTD* GACOS products (weather models).
 Based on GPS-derived ZTD maps.
*ZTD: Zenith Total Delay.

2.2.4. Modeling
Inversion of InSAR data to define the internal source 

responsible of the observed surface displacements.
DefVolc ( https://doi.org/10.18145/defvolc)

2.2. Methods

Puracé volcano
21 sequential interferograms (12 in ascending orbit and 9 in descending orbit).

21 cumulative maps of deformation.

Galeras volcano
17 sequential interferograms (9 in ascending orbit and 8 in descending).

17 cumulative maps of deformation. 

1.3. Objectives

 To estimate accurate maps of displacement from satellite geodetic data.
 To perform precise models of each volcano’s internal deformation source 

responsible of surface displacements (magmatic or hydrothermal).

 

Fig 6. Cumulative maps of displacement in Puracé volcano from December 2015 to April 2023 (ascending orbit) 

and from March 2015 to April 2022 (descending orbit). Right side plot represents the time series of displacement 

of a point indicated by the magenta square on the volcano’s summit, showing that the volcano is inflating.

Ascending orbit
2015/01/20 - 2023/04/18 

Descending orbit 
2016/03/27 - 2022/05/29

Ascending orbit
2015/12/17 - 2023/04/13

Descending orbit
2015/03/15 - 2022/04/17

Fig 7. Cumulative maps of displacement in Galeras volcano from January 2015 to April 2023 (ascending orbit) and 
from March 2016 to May 2022 (descending orbit). Right side plot represents the time series of displacement of a 
point indicated by the magenta square on the volcano’s summit. It shows slow deflation during the analyzed 
period.

Assumption: The motion is mostly vertical because ascending and descending orbits 
present the same sense of motion for the three volcanoes.

3.2. Preliminary interpretation

Volcano Preliminary interpretation

Nevado 
del Ruiz 

Upward trend of time series (Fig 5) 
could indicate volcano inflation related 
to magma movement to the surface. 
Risk of eruption?

Puracé
Similar as for Nevado del Ruiz volcano 
(Fig. 6)
Risk of eruption?

Galeras

Downward trend of time series (Fig. 7) 
could indicate volcano deflation.
Risk of collapse of volcano edifice?
No risk at all?

Fig 8. Cartoon representing the ground 
deformation due to inflation and deflation of a 
magma chamber beneath it → simple model. 
(http://www.mshslc.org/activity/volcano-deformation/) 

1.1. Study region and volcano features

2015/10/03 - 2016/02/20 2016/02/20 - 2016/10/01 2016/10/01 - 2017/02/18 2017/02/18 - 2018/03/03 2018/03/03 - 2018/07/21  2018/07/21 - 2019/03/02
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2019/03/02 - 2019/05/25 2019/05/25 - 2020/05/23 2020/05/23 - 2021/05/22 2021/05/22 - 2022/05/21 2022/-5/21 - 2023/04/08

✔ Increasing the redundancy of the time series by computing more interferograms.
✔ Performing further noise corrections (external data).
✔ Modeling the deformation signals to characterize the volcano’s internal source.
✔ Publishing scientific papers and presenting at academic meetings.

Future work will focus on:

2.2.3.Time series of displacements
Analysis of temporal evolution of surface 
displacements related to the volcano dynamics.

Fig 5. Cumulative maps of displacement in meters at 

Nevado del Ruiz volcano from October 2015 to April 

2023 in ascending  orbit. Colder colors indicate the 

ground is moving towards the satellite, while warmer 

colors indicate the ground is moving away from the 

satellite. Left plot represents the time series of 

displacement of a point indicated by the magenta 

square on the volcano’s summit (last map). Positive 

trend in both geometries indicates the volcano is 

inflating.

http://www.gacos.net/




Hypergolic Ignition Drop Testing of Liquid
Propellants with Hydrogen Peroxide

C. Soudarin1,2,3, M. Bellenoue1, Y. Batonneau2, R. Beauchet2, B. Boust1, L. Prévost3

1PPrime Institute, CNRS, ISAE-ENSMA, Université de Poitiers, Chasseneuil-du-Poitou, France
2IC2MP, Université de Poitiers, CNRS, 4 rue Michel Brunet B27, TSA 51106, 86073, Poitiers Cedex 9, France

3CNES, Space Transportation Directorate, 52 rue Jacques Hillairet, 75612 Paris Cedex

Context

Because of current environmental issues, space industry is looking for green and non-carcinogenic propellants to replace hydrazine. Although hydrazine and its derivatives
present very conclusive propulsion performances, the European commission REACH Registration, Evaluation, Authorization and Restriction of Chemicals has identified
hydrazine as a substance of very high concern. Under such circumstances, hydrogen peroxide, HTP, is a promising candidate to replace hydrazine in hypergolic systems
which enable to avoid adding an external ignition system and allow both easy and multiple restarts.
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financial support for some apparatus from the European Union and « Région Nouvelle-Aquitaine ». This work pertains to 
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Parametric study on the ignition delay time (IDT) of a reference mixture of triglyme/sodium borohydride with HTP
Test and compare hypergolicity between HTP and five combinations of three fuels (hexane, heptane, THF) and three additives (TEB, TEA, TMA)

EXPERIMENTAL SET-UP

A test-bed allowing to control atmosphere during drop test was designed:
- Volume of the chamber: 8.2 L
- Chamber wiped out of air with argon
- Fuel poured in a beaker thanks to a syringe through the top plate
- Syringe-pump to drop HTP onto the fuel
- Camera used for visualization: FASTCAM Mini UX50 type 160K-M-8G
- Acquisition frequency: 4 kHz for triglyme and sodium borohydride

8 kHz for other additives (uncertainty on the IDT down to 0.25 ms) Picture of the inside of 
the controlled

atmosphere chamberScheme of the experimental set-up for drop tests

CONCLUSION

Optimum configuration for ignition between triglyme/NaBH4 and HTP:

Triglyme/NaBH4 mixture presents lower IDT than TEA and TMA. However, TMA in heptane shows satisfying ignition delays. Choosing an additive more acid than
TMA in a solvent with low autoignition temperature and heat capacity could decrease the IDT down to 10 ms or less.

4-8 wt. % NaBH4

Max HTP 
concentration Fuel rich environment

Velocity, pressure, 
temperature constant

CHARACTERISATION OF THE IGNITION
Triglyme and Sodium Borohydride (NaBH4)

IDT = time between the first contact of the HTP droplet with the fuel (pic. 2) and the
first flame/bright area (pic. 5)

HTP 90 wt. % + triglyme/3.8 wt. % NaBH4 under argon

Triethyl-, Trimethylaluminum and Triethylborane

HTP 98 wt. % + heptane/15.6 wt. % TEA under argon

Contact 
fuel/HTP

Formation of 
solids Burning of solids, 

sometimes
followed by ignition

Solid 
explosions

TEB: no ignition

TEA heptane: ignition

TEA hexane: faster ignition
(solvent properties)

TMA heptane: faster ignition
(acidic strength)

NaBH4 triglyme : fastest ignition

TEA-heptane

20.3 wt. % TEA in heptane

TEA-hexane

16.5 wt. % TEA in hexane

TMA-heptane

20.7 wt. % TMA in heptane

TEB-tetrahydrofuran

10.2 wt. % TEB in THF

TEB-hexane

14.5 wt. % TEB in hexane

IDT when HTP rich environment IDT when HTP concentration

IDT min. between 4 and 8 wt. % NaBH4 (viscosity with NaBH4 concentration [1])
No impact of the atmosphere over the IDT

Drop tests conditions:

HTP 98 wt. %

Fuel rich environment

Temperature, velocity
and pressure constant 

[1-5]
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Future of space propulsion: toward Polynitrogen High Energy Density 
Materials

Ariane 6
propulsive system

Ariane Ultimate
propulsive system

Technological breakthrough

Chayma Ben Maamer1,2 (chayma.ben-maamer@univ-lyon1.fr), Pierre Cavalere1,2 Jennifer Lesage De La Haye2,3, François Liger2,3, Emmanuel Lacôte1,3, Achraf Dyani2

Université Claude Bernard Lyon 1, LHCEP1 2 (CNES), Centre National de la Recherche Scientifique (CNRS)3

4E. Gamby, F. Liger, L. Joucla, E. Lacôte, Eur. J. Org. Chem. 2022, e202201071. 

HEDMs are required for greener, safer, smaller, reusable and more efficent launchers Technical breakthrough.

HEDMs chemistry of polynitrogen compounds is very complex and difficult Poor literature data for reactivity.
Lots of by-products, unstability of reactants and products.

HEDMs are key for the future of space propulsion and space exploration Global competitive challenge for space agencies.

Lox/LH2

Lox/CH4

MMH, UDMH, N2H4

NH4ClO4/Al/PBHT

Why polynitrogen HEDMs ?
HEDM : High Energy
Density Materials
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CNES Principal Innovative Vector

Lower toxicity with N2 and H2 ejection gases

Monoergol

Cheapest and simplest reignitable rocket 
engine

Small launcher by constructive Index

High density and Isp , storable

Single Stage To Orbit

Decomposition not combustion

Fully- decarbonated
cyclic poly-nitrogen

HEDM

Pathways to High-Energy Density Materials: Key Components
Initial Insights4

Modulation of azide or azo 
compounds remains
 unattainable.

Sulfonylazimines can be
prepared in good yields.

New Insights

Seamless modulation of 
hydrazines and amination
 agents

One step reaction.

Potential Building Blocks: Nitrogen-Rich Molecules as Precursors to Polyazotic HEDMs



Precise positioning using carrier-phase 
measurements in a swarm of satellites

Joan Bernabeu1,2, Lorenzo Ortega1,3, Antoine Blais4, Yoan Grégoire5, Eric Chaumette1

TéSA1, ISAE-SUPAERO2, IPSA3, ENAC4, CNES5

1. Context

References
[1] J. M. Bernabeu Frias, L. Ortega, A. Blais, Y. Gregoire and E. Chaumette, "Time-Delay and Doppler Estimation with a Carrier Modulated by a Band-Limited Signal," 2023 IEEE
9th International Workshop on Computational Advances in Multi-Sensor Adaptive Processing (CAMSAP), doi: 10.1109/CAMSAP58249.2023.10403430.
[2] Bernabeu, J.M., Ortega, L., Blais, A. et al. On the asymptotic performance of time-delay and Doppler estimation with a carrier modulated by a band-limited signal. EURASIP J. 
Adv. Signal Process. 2024, 47 (2024). https://doi.org/10.1186/s13634-024-01134-2

2. Signal model

A. Static model B. Dynamic model C. Dynamic model + comp. 

   
,

Evidence: 
Phase and are mixed up together as a single entity.

Hypothesis: 
If is compensated, can be included in the signal model allowing for:
- more representative signal model
- more accurate estimation performance assesment of .

Methods: Devise strategies dealing with term,

b. MLE: Maximum-Likelihood Estimator

*. Figure 2: Transmitter (T) sends and receiver (R) receives

x

Figure 2*

A distributed instrument in space missions consists of multiple satellite nodes that 
must operate as a single entity by merging their measurements. 

This demands accurate positioning of each satellite, both globally and within the 
group, which typically involves measuring the time delay ( ) between nodes. 
Finer time-delay measurements lead to more accurate positioning, which can be 
enhanced by considering the impact of  

This thesis aims to characterize the impact in estimating under such conditions 
through performance assessments.

(x, y, z)

Figure 1 º

º. Figure 1: Satellite computes its coordinates from differences in time of arrival

3. Methods
Conduct performance assessment by deriving the CRLB and MLE  , based on assumptions on the signal model. 

Doppler b and known and compensated b unknown and compensated b unknown and estimated & compensated

a. CRLB: Cramér-Rao Lower Bound



Approche numérique

• Mise en place d’une simulation à grande échelle (LES) du point de fonctionnement MASCOTTE 
expérimental avec le code CEDRE de l’ONERA pour une approche plus détaillée des phénomènes

• Début de validation avec les données expérimentales : comparaison des grandeurs moyennes

• Objectif: confirmer, par analyse spectrale, que la flamme reproduit les comportements
expérimentaux. Meilleure compréhension de l’écoulement (par visualisation 3D de
multiples grandeurs physiques)

• Finalité: forçage acoustique de la flamme via la modulation de la vitesse d’injection des
réactifs afin de valider l’approche analytique

Dynamique et instabilités de combustion d’une flamme 

swirlée LOx/CH4 en conditions d’injection transcritiques dans 

les moteurs fusées
Maxime BOUTON – ONERA DMPE/MPF

Directeur de thèse : Guillaume RIBERT, CORIA

Encadrant ONERA : Aurélie NICOLE, DTIS/RFDS; Aurélien GENOT DMPE/STAT

• Volonté de l’Europe de développer de nouveaux lanceurs réutilisables et réallumables à bas coûts

• Développement de nouvelles technologies : injecteurs swirl LOx/CH4

• Problème: injecteurs susceptibles de présenter des instabilités thermo-acoustiques[1], potentiellement 
destructrices pour la fusée

• Collaboration CNES/ONERA pour étudier la dynamique des injecteurs swirl

• Objectif industriel : Disposer d’un outil permettant de simuler un injecteur swirlé et de prévoir rapidement le 
développement de ses instabilités thermo-acoustiques

Approche expérimentale

• Post-traitement d’un tir du banc cryogénique MASCOTTE de l’ONERA

• Première compréhension de la physique de l’écoulement

• Observations vidéos de la phase liquide LOx (ombroscopie) et de la combustion
(chimiluminescence OH*)

• Début du post-traitement et mise en évidence de modes anti-symétriques et symétriques par
analyse spectrale et filtrage des vidéos

• Données de pression en milieu de chambre et de température aux parois disponibles mais qui
restent à être exploitées

• Objectif de l’exploitation des tirs expérimentaux : constituer une base de données détaillée
pour un point de fonctionnement du banc MASCOTTE en vue de la validation des simulations
numériques avant de réaliser des excitations acoustiques la flamme numérique.

Image ombroscopie (phase liquide)

Instabilité thermo-acoustique:

• Interaction entre l’acoustique de la chambre et la flamme en phase [2]

• Emballement du niveau des fluctuations de pression [2]  destructeur à haute fréquence [3]

• Plusieurs mécanismes en sont à l’origine, notamment l’excitation acoustique de la vitesse d’injection des 
réactifs [3]

Swirl:

• Mise en rotation de la phase liquide (oxygène liquide = LOx) à l’injection [4]

• Phénomène de succion en sortie d’injecteur [4]

• Meilleur mélange des réactifs et stabilisation de la flamme [4]

Contexte

Définitions

Processus d’interaction flamme/acoustique

Image chimiluminescence OH* (combustion)

3109Hz

3634Hz3483Hz

3169Hz

Phase liquide Combustion
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Approche analytique

• Mise en équation du mécanisme de déstabilisation de la flamme

• Travaux préliminaires: utilisation d’un modèle existant [5] dans des conditions de forçage fortes, impliquant une réponse de flamme non-linéaire dans le cadre d’une flamme coaxiale [6]

• Objectif: extension du modèle à une flamme swirlée par transformation géométrique de la trajectoire d’une perturbation de vitesse autour de la flamme

• Finalité: modèle d’estimation rapide de la stabilité d’une flamme swirlée LOx/CH4 pour peu de ressources numériques et matérielles
Effet du forçage de la vitesse d’injection du CH4 sur une flamme coaxiale

Flamme non forcée

Flamme forcée

Principe d’extension par transformation géométrique du modèle initial

Bibliographie[1] Guven U. (2018). Simulation haute-fidélité de la combustion pour les moteurs-fusées. PhD, Normandie Université

[2] Rayleigh, L. (1896). The Theory of Sound. Macmillan.

[3] Hakim, L. (2013). Dynamics of transcritical coaxial flames in high-frequency transverse acoustic fields: Application to liquid rocket engine instabilities. PhD thesis, Ecole Centrale Paris.

[4] Syred N., Beér J.M. (1974). Combustion in swirling flows: a review. Combustion and flame, 23, pp143-201

[5] Nez R., Schmitt T., Gonzalez-Flesca M.S., Candel S. & Ducruix S. (2017). Response of a transcritical coaxial flame to fuel injection rate modulations: analysis and low-order modeling of the generation of unsteady heat release rate. EUCASS

[6] Bouton M., Genot A., Nicole A., Ribert G. (2024). Flame dynamics under methane injection modulations in a transcritical coaxial flow. Space Propulsion
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3. Active airborne terminal flight tests

Free-Space Optical link via a balloon for clock comparison
S. Fernandez*1, F. -X. Esnault1, T. Lévèque1,

P. Wolf2

1 – Centre National d’Etudes Spatiales
2 – SYRTE, Observatoire de Paris-PSL, CNRS, Sorbonne Université, LNE

*email : sebastien.fernandez@cnes.fr

2. Phase-stabilized folded link to a balloon

1. Introduction and State of the art Abstract

[Nature Communications, 2021, 12, 515]

Phase stabilization

Up to 20-minute long phase time series were acquired
during the campaign with no power loss.

• System performance : MDEV of the out of loop beat
note fractional frequency

• Reaches 8.10-19 after 20s integration time, PLL ON

• 300m ground link for horizontal/vertical comparison

• Open loop main phase noise source :

- GROUND : air index fluctuations (turbulence )

- FLIGHT : balloon & payload motion (Doppler
effect )

Noise characterization

Phase noise power spectral density reveals the link’s
frequency stability limiting factors:

• Phase noise correction delay : fundamental limit reached
between 0.1 and 3Hz (2)

• Thermal uncompensated effects : below 0.1Hz (1), e.g.
in the out-of-loop measurement fibre

• Amplitude to noise conversion (AMPM) between 3 and
100Hz (3), due to mixing in the measurement chain

• At higher frequencies (4), the PLL itself is limitating (as
compared with a 300m fiber link).

March 2023 campaign setup at 

Aire-sur-l’Adour

Phase compensated folded link architectureOut of loop verification

Clock Laser
1550 nm

5 mW

PLL

AOM

Mirror

Rx

AOM

Mirror

Phase

meas.

PID

OpticalTerminal

300 m

Tip/Tilt mirror

Beam diam. 5cm

δφ

1310 nm Lasers beacons

Opt. power

EDFA

Dichroic
mirror

Corner cube
reflector

IR
camera

Equatorial mount

Tx

42MHz

38MHz

ResultsSetup

4. Coming next
Next step : active terminal onboard the balloon

 couple the received laser beam into a monomode fibre

 Tests at Aire-sur-l’Adour August 2024

Terminal design

- Commercial gimbal : 2-axis pointing actuator

- Visible camera : ground beacons imaging

- µ-computer

- Fibre collimator + photodiode

- 1330nm laser beacons

Max. weight : 8kg (balloon limitation)

Next step : March 2025

Goals :

1. Onboard tip-tilt mirror design

2. Ground functionnal tests : TT ability to compensate for gimbal pointing error

3. In flight tests at Aire-sur-l’Adour

4. Try & attach a fibre along the tether

5. Point-to-point phase stabilization (with fully deployed & folded architectures)

Current optical clocks reach incertitude levels as low as 10-18 in terms

of fractionnal frequency. In the meantime, work is on the way to make

them transportable.

Numerous applications will take advantages of such characteristics,

such as chronometric geodesy , that will enable geopotential

mapping over a region with centrimetric level acuracy.

10-100 km

We develop such a free space link relayed by an

optical transceiver mounted on a balloon to

avoid line-of-sight obstruction.

TOFU: Ultrastable Optical free space Frequency Transfer, via
the phase of a continuous 1542nm laser.

Free space optical (vs. fiber) link  high phase and power
noise levels and bandwidths :

- Atmospheric turbulence (Δf/f~10-13 up to 500Hz)

- Balloon & payload motion (Doppler effect Δf/f~10-11)

Next step: build an active flying terminal

- Onboard power coupling into a fibre

- Point-to-point architecture

- Opens the way for a 3-point operational
architecture

Worldwide demonstrated free space links :

- Point-to-point vs. folded

- Ground to ground vs. ground-air

- Continuous vs. pulsed laser

Shen et al, 2022

113km point-to-point link (type I) between 2
static terminals with 89dB power loss. Time &
frequency transfer. Reaches 10-19 frequency
instability using optical frequency combs.

Dix-Mathews et al, 2023

1.3km folded link (type III) to a corner cube onboard a
flying drone. Frequency transfer via a continuous
laser’s phase, reaching 2.5.10-18 fractionnal frequency
stability after 3s integration time, despite drone motion
up to 0.3m/s.

Caldwel et al, 2023

300km round trip folded link
between two closely located (type
II) optical terminals. Time and
frequency transfer using frequency
combs.

Tx : Transmitter
Rx : Receiver
AOM  : Acousto Optic Modulator
EDFA : bi-directionnal Erbium Dopped Fiber amplifier

[1] Maron Nicolas, Fernandez Sébastien et al., "Free space optical link to a tethered balloon for frequency transfer and chronometric
geodesy," Opt. Express 32, 4267-4276 (2024)

TOFU folded link to a balloon

- Retroreflector onboard the balloon = passive payload

- Emitter & receiver co-located => easy local phase noise
verification

- Reaches 8.10-19 uncertainty after 20s integration time
[1]

Transportable, flexible and easily deployable

optical link over 10 to 100km are needed to

supplement the fibre metrology network.

2 m 

Beacons

Corner cube attached

along the tether

To/from phase stab.

Airborne payload

- Corner cube aligned with the tether for passive pointing at the ground
terminal

- 4 laser diode beacons with λ=1330nm

Optical terminal

- Common Tx & Rx transceiver : fine optical pointing at the corner cube

- Actuators : tip-tilt mirror (+/-1mrad HF) + equatorial mount (slow
motion)

- IR camera : beacons image acquisition (200fps)

- Pointing bandwidth limited at 25Hz due to camera USB delay

Phase stabilization unit

- Michelson unbalanced architecture

- Digital Phase Lock Loop (D-PLL) + AOM actuator : 30kHz BW

- Rx and Tx co-located => out-of-loop verification

Both configurations offer
advantages :

- I : genuine point-to-point
link

- III : power budget
representative of a 3-point
link

Onboard injected power

Gimbal pointing error
Setup Results

Functional tests

- Software, power, wifi control

- The gimbal remains locked to
ground station for hours of
operation

Laser power stabilization

- Depending on weather conditions

 Better with constant stable wind

- Gimbal max depointing +/-1mrad

 500µrad required

 Frequent power extinctions

Campaign rex

- Need for a second pointing stage

- Ground terminal limitating too



A Worldwide campaign of observations to detect the transit of HIP41378f

This analysis is important to plan future PLATO follow-up of 
long-period planets.

HIP41378f is the planet with the longest orbital period with a 
measured obliquity.

The system around HIP41378: a testbed for PLATO
The PLATO (ESA) MISSION

Characterisation of transiting planets in the habitable zone
Aix Marseille Univ, CNRS, CNES, LAM, Institut Origines, Marseille, France

Result: From the analysis we can conclude 
that the planetary orbit is misaligned with 

the stellar rotation axis. This is a step 
forward a better understanding of planetary 

formation and evolution. 
 

This is a view of the star and the 
planetary orbits with a projected 
obliquity of ~ 50 degrees and a 

stellar inclination of  ~ 70 
degrees 

 

With a duration of 19 hours, the transit can only be observed in its 
totality by combining observations from different places on Earth. 
All the instruments listed on the map had planned observations 

for this unique event. Eight of them were able to observe a part of 
the transit.

The challenge is now to combine the observations from these 
different instruments with different techniques of radial velocity 

reduction.

2022, November 12-13

HIP41378 is a fascinating planetary system hosting at least 5 transiting 
planets discovered by the K2 mission in 2016. HIP41378f (P = 542 days), 
the most well-known of the three outer planets has been observed to 
transit 5 times. This planet, having a size of about Saturn and a temperate 
climate, is classified as a 'Super-Puff' due to its unusually low density that 
still needs to be fully understood.  The HIP41378 system will provide 
valuable insights and help us prepare for the upcoming PLATO mission. 
The study of long-period planets presents unique challenges in terms 
of characterization.  

The PLATO mission is expected to be launched in 2026. It is the ultimate 
transit discovery space mission, with the objective of detecting and 
characterising Earth-like planets in the habitable zone of Sun-like stars.
More than 5600 exoplanets have already been discovered but very few 
are in the habitable zone of their host stars.  

Four transits of planet f have already been obsersed thanks to 
space-based instruments. In 2022 we observed the 5th transit from 
the ground using the Rossiter-McLaughlin effect. This enables us to 

follow-up the planet and understand if the planetary orbits is 
aligned or misaligned with the stellar rotation axis.

Problem : The transit is 19 hours long... longer than the duration of a 
night! 

PLATO will use the method of transits to 
detect exoplanets: When an exoplanet 
passes in front of its host star, it causes a
temporary dip in the star’s brightness, 
which can be measured to determine 
the planet’s size 

Planets already detected  

This poster 
focuses on 
this planet! 

PARAS/MountAbu

Fraunhofer telescope

SOPHIE/OHP

CARMENES/Calar Alto

HARPS-N/TNG
HERMES/MERCATOR

ESPRESSO/VLT

HIRES/Keck
MAROON-X/Gemini

NEID/WYIN
EXPRESS/DCT

full transitfull transit ingress egress

Salomé Grouffal
PhD supervisor: Alexandre Santerne
CNES supervisor: Christian Mustin

The principle of the Rossiter-McLaughlin effect

How can we better understand the nature of 
planet HIP41378 f and the architecture of the 

planetary system?

The Rossiter-
McLaughlin (RM) effect 
is the measurement of 
the stellar radial velocity 
variation during 
planetary transit. With 
this method it is 
possible to measure the 
projected obliquity of a 
system. A
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Planet f
Pf = 542 days

Pd = 278 days?

Pc = 31 days
Pb = 15 days

Pg = 62 days ?

Pe = 371 days ?
Planet e

Planet dPlanet g?

Planet c
Planet b

References: Akinsanmi et al. (2020), Alam et al. (2022), Berardo et al.(2019), Lund et al. (2019), McLaughlin (1924), Rossiter 
(1924), Santerne et al. (2019), Vanderburg et al. (2016)
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5 planets detected by transits
Two K2 campaigns, six sectors of TESS
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Summary

Observing sea state under cyclones

Toward a synergy 
obs. & model

Modeling tropical cyclones

Motivation
        If the forecast of tropical cyclone’s (TC) tracks have greatly improved in the last decades, the prediction of their intensity still fails to capture rapid intensity 
changes (Emanuel 2018). Among the factors likely to help improve forecasts is the in-depth understanding of air-sea interactions. 
    Air-sea exchanges indeed regulate exchanges of mass, heat, momentum and gas between the ocean and the atmosphere, which drives the development of TCs. 
Surface waves (the ones that surfers love) have been shown to modulate such exchanges. However, observing and modeling waves and air-sea exchanges under 
intense rotating and translating cyclonic winds is a real challenge.  Air-sea exchanges are therefore parameterized in state-of-the-art forecasts and climate models, but 
the existing parameterizations are imperfect. Thanks to newly available satellite observations and high-resolution coupled models, we aim at evaluating and improving 
wave-induced effects on air-sea interactions under TCs. 

Future efforts oriented toward a comparison between collected 
observations & simulated TCs:

- characterize the sea state in simulated & observed TCs (categories 
of translation speed, intensity, and size)

- evaluate the sensitivity of simulated TCs on various air-sea 
exchange parameterizations (based on wave age, peak period of 
wind waves, wave directional spreading, new source terms and 
coupled exchanges in WW3 ...)

- use obs. to evaluate the most realistic parameterization(s)

- compare simulations with/without waves: what physics is missing 
when waves are not taken into account ? 

→ Results will be tested on several real-case simulations of TCs 
impacting French overseas territories, on which CFOSAT and/or SWOT 
observations are available. 

    What are most climate models missing in TC dynamics by not 
simulating waves ? Which parameterization should they use to 
be the most accurate ? How does the spatial asymetry of waves 
under a TC impact its dynamics and structure ? Using our 
idealized framework in synergy with newly acquired satellite 
observations of the sea state, we will try to answer these 
questions.

        Our understanding of air-sea interactions in tropical cyclones is slowed down by the difficulty of observing the sea state and its spatial variability under such 
extremely violent conditions. Two CNES satellites have recently added new elements to the characterisation of this complex sea state:

Case study: TC Ernesto (Cat 2, August 2024)

agreement SWOT/CFOSAT: 
large wave heights (6 m) in 
front of the TC + lower 
heights in the back

waves propagating 
at ~45° from TC 
direction, as 
observed by Le 
Merle et al. 2022 in 
slow- and 
moderate-moving 
TCs.  

Air-sea exchanges under tropical cyclones
Lisa Maillard (lisa.maillard@ifremer.fr) 1,  Swen Jullien 1

1 Ifremer, Univ. Brest, CNES, CNRS, IRD, Laboratoire d’océanographie physique et spatiale 
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Horizontal uniform environment + zonal wind
→ adjustable coriolis, sea surface temp., wind
  Not trivial! Follows Nolan et al. 2011
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Weak initial TC (Rotunno & Emanuel 1987)
→ adjustable intensity & size

3km

!

Idealized framework 

Only forced simulations for now
Coupling coming soon ...
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    Tropical cyclones interact with the background environment (land, basin 
dynamics, synoptic flow, etc.) and each tropical basin has its own 
specificity. To overcome these specificities and focus on the impact of air-
sea exchanges only, a simplified modeling framework is constructed in 
which a TC is translated by a uniform zonal flow. 

wind-waves

swell

saturation

Evolution of proxy of air-sea exchanges 
 (charnock) with wind speed

SWIM instrument 
full wave spectrum

 ✓ under TCs (Le Merle et al. 2022)

CFOSAT
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wave height
very wide swaths

SWOT
altimeters
wind (radars & 
radiometers)

Other data
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L’indicateur de connectivité hydrologique par SMA

Intérêt de  l’étude de la microtopographie : vers l’analyse de l’inter-connectivité hydrologique

Résultats : Reconstitution de l’évolution du paysage et sorties du modèle de connectivité sur le waalo
Figure 2 : Fonctionnement du modèle multi-agents (SMA). 

Figure 3 : Résultats de la simulation d’une crue provenant des 
défluents.  Extraction de l’indicateur de connectivité moyen pour 
les 6 mares principales du waalo de 1998 à 2020 (10 simulations 
pour chaque année) et des potentiels chemins d’écoulements

• Les mares du waalo (zone inondable du fleuve Sénégal):
• un remplissage lié à la crue du fleuve et ses défluents
• bouleversé ces dernières décennies («grande sècheresse»,

aménagements hydrauliques et hydro-agricoles)
• Quels impacts sur la connectivité des mares avec le fleuve?

Figure 6 : Spatialisation des connectivités issues des différentes simulations par année. 

Figure 4 : Evolution de la connectivité  
totale des 6 mares. Deux périodes 
principales de diminution rapide de la 
connectivité : 1999 – 2000 et 2012 – 2015

Figure 7 : Impact de la résolution du MNT pour l’identification des mares (complexe Koyli
Goti) par SMA. MNT à résolution de 5m à gauche et à résolution 50 cm à droite. Meilleure 
discrimination des connectivités à 50 cm.  

Contexte et problématique

Discussions 
et 

perspectives

• Dans le waalo, l’indicateur de connectivité de la plupart des mares diminue au fil des années, validant ainsi l’hypothèse que la mise en place des
périmètres irrigués déconnecte ces entités du fleuve. Certaines gardent une valeur constante car elles restent alimentées par les défluents.

• Les simulations à résolutions fines réalisées dans le jeeri plateau à faible dénivelée offrent un énorme potentiel pour la compréhension du comportement
hydrologique à l’échelle micro topographique et pour le développement d’un autre indicateur tourné vers la notion d’inter-connectivité hydrologique

Figure 1 : Les mares principales du waalo, les défluents (Ngalanka et 
Namarde) du fleuve Sénégal et les chemins de l’eau selon B. Diallo

Figure 8: La mare de Koyli Goti en 
saison des pluies

Figure 5 : Evolution de la structure du paysage (périmètres irrigués) de 1998 à 2019 
utilisée comme donnée d’entrée dans le modèle SMA. 

Un système multi-agents pour la compréhension du fonctionnement des mares de la vallée du fleuve Sénégal.
Rakotoarisoa Mahefa Mamy1, Ba M.2, Kebe E.A.K.2, Taibi A. N.1

1Université d’Angers, ESO-Angers, France, UMR 6590 CNRS .  2EDEQUE/ UCAD, Sénégal, UMI SOURCE 272 IRD.

• Développement d’un modèle utilisant un système multi-agents (SMA) basé 
sur le mouvement simple « d’agents hydrologiques »

• La simulation permet de :
• suivre le comportement de chaque agent en interaction avec son 

environnement (topographie, occupation du sol, éléments du paysage)
• reconstituer les chemins d’écoulements de l’eau
• produire des indicateurs spatiaux à échelle fine permettant de 

caractériser la connectivité des entités hydrologiques

• Construction d’un MNT (Modèle Numérique de Terrain) 
à échelle fine (résolution centimétrique jusqu’à 7cm) à 
l’aide de relevés drones sur le complexe des mares  de 
Koyli Goti dans le Jeeri (zone non inondable au sud du 
fleuve avec un remplissage des mares par les pluies)

• Utilisation des données topographiques à haute 
résolution pour le système multi-agents

• Identification des mares à travers un algorithme 
utilisant le modèle SMA

• Etude du comportement des mares entre elles, vers le 
développement d’un indicateur d’inter-connectivité



Mechanical properties of rubble pile asteroids 
though surface boulder morphological analysis

Colas Q. Robin 1 , Alexia Duchene 1, Naomi Murdoch 1, David Mimoun 1

1Institut Supérieur de et de (ISAE-SUPAERO), Université de Toulouse, Toulouse, France.

Context
History and physical properties of the regolith of an asteroid may be
recorded in the shape of the boulders/pebbles at its surface

Method
JAXA MMX mission (launch: 2026)

Sample return from Phobos
CNES/DLR Rover: IDEFIX

Rover with scientific payload
WheelCams
Cameras observing the wheels of the rover

What are the size/shapes of the boulders/rocks at the surface of 
Phobos ? What are the mechanical properties of the material ?

Roundness = 

: number of corners
: radius of corner circles

: radius of the maximum inscribed circle

Morphological analysis pipeline
Semi-automatic boulder 
detection/segmentation

segmentanygrain python package
2D analysis pipeline for morphological 
parameters 

Elongation Ratio =

Link with mechanical properties

Haack et al. (2020)

Roundness and particle size are linked to the angle of friction

Lower roundness/larger median particle size = larger friction angle
[Bareither & al., 2008]

Elongation ratio of boulders on asteroids has also been linked with the 
formation mechanism [Michikami & al., 2016]

Application of the pipeline on rubble-piles asteroids 

Conclusions & Perspectives

- Bareither, C.A., Edil, T.B., Benson, C.H., Mickelson, D.M., 2008. Geological and Physical Factors Affecting the Friction
Angle of Compacted Sands. Journal of Geotech. and Geoenv. Eng. 134, 1476 1489.
- Barnouin, O. et al. The geology and evolution of the Near-Earth binary asteroid system (65803)Didymos. Nat. Commun.
https://doi.org/10.1038/s41467-024-50146-x (2024).
- Haack, D., Otto, K., Gundlach, B., Kreuzig, C., Bischoff, D., Kührt, E., Blum, J., 2020. Tensile strength of dust-ice mixtures
and their relevance as cometary analog material. A&A 642, A218.
- Lucchetti, A., Cambioni, S., Nakano, R., Barnouin, O. S. & Pajola, M. Fast boulder fracturing by thermal fatigue detected on
stony asteroids. Nat. Commun. https://doi.org/10.1038/s41467-024-50145-y (2024).
- Michikami, T., Hagermann, A., Kadokawa, T., Yoshida, A., Shimada, A., Hasegawa, S., Tsuchiyama, A., 2016. Fragment
shapes in impact experiments ranging from cratering to catastrophic disruption. Icarus 264, 316 330.
- Pajola, M. et al. Evidence for multi-fragmentation andmass shedding of boulders on rubble-pile binary asteroid (65803)
Didymos. Nat. Commun. https://doi.org/10.1038/s41467-024-50148-9 (2024).
- Suh, H. S., Kim, K. Y., Lee, J. & Yun, T. S. Quantification of bulk form and angularity of particle with correlation of shear
strength and packing density in sands. Eng. Geol. 220, 256 265 (2017).

References

Application of the pipeline the last image of Dimorphos (secondary of the 
binary asteroid Didymos) captured by the DART spacecraft and other 
rubble-pile asteroids : Itokawa, Ryugu and Bennu

a) Dimorphos b) Itokawa
c) Ryugu d) Bennu

The morphology of 
boulders provides 
information about 

mechanical 
properties and their 

history

Angles of internal friction
(from boulders larger than 30px: minimal values):

Dimorphos : >32,7 ± 2,5°
Itokawa : >32,2 ± 2,5°
Ryugu : >31,6 ± 2,5°
Bennu : >31,1 ± 2,7°
Values derived from roundness values, method from Suh 
& al., 2017 

In agreement with 
simulations or surface 
observations

Boulders formed by catastrophic disruption
In laboratory, disruptive impacts form fragments with b/a ~ 
0,7-0,74 on average
In this study:

b/a Dimorphos = 0.66 ± 0.15 
b/a Itokawa = 0.71 ± 0.15
b/a Ryugu = 0.71 ± 0.14
b/a Bennu = 0.68 ± 0.14

Other studies proposed that Dimorphos were formed by very slow mass-
shedding of Didymos [Pajola & al., 2024, Barnouin & al., 2024]

Here, we propose that boulders at the surface of Dimorphos were formed 
by catastrophic disruption (assuming the apparent b/a is different from the real b/a)

A further argument for the mass-shedding scenario as the formation of 
the binary did not change the shapes of the boulders 

Assuming these boulders were on Didymos surface before
Dimorphos surface is 40-130x older [Barnouin & al., 2024]

Could other processes have modified the shape of the boulders ?
Thermal fatigue but only horizontal cracks has been observed
Dimorphos surface is too young for thermal cracks to reshape boulders 
[Lucchetti & al., 2024]

Demonstration of the utility of the pipeline that will be used with the 
WheelCams images and can be used for any other cameras observing 

boulders, rocks, etc. with a good enough resolution

All these results has been published in Nature Communications:
https://doi.org/10.1038/s41467-024-50147-w

In agreement 
with other 
studies



VAE (Pinheiro Cinelli et al. 2021)
Projects non linearly the data onto the latent space
(LS) keeping the important information.
Decodes the LS to reconstruct the original data.

The Solar activity ensures an energy transfer from the
Sun to the near-Earth space environment via the solar
wind and transient structures: CMEs and solar flares.
When interacting with the E magnetosphere,
these structures can strongly deform it and cause
geomagnetic storms which have numerous
consequences on human activity, mainly
disrupting satellite operations, communication
systems and power grids.

Deep-learning for the prediction and modelisation of the effect 

I. Context and objectives

Proposed solutions to enhance the 
predictions 

Use images at high spectral (512x512) and
temporal resolution (1 image/6mins)
SDO-ML dataset (Galvez et al. 2019).

Adapt a physical feature extractor for solar
imagery.

Use initial CME parameters that affect the
most its geoeffectiveness as additional input
to the model.

M. Tahtouh(1), G. Bernoux(1), A. Brunet(1), A. Sicard(1), D. Standarovski(2)

(1) DPHY, ONERA, Université de Toulouse, F-31000 Toulouse, France; (2) CNES, Toulouse, France

ML-based models

Physics-based models

Credits: SDO

Geomagnetic activity prediction, directly from
solar imagery, with parameters such as the
solar wind speed and geomagnetic indices
(Kp, Dst, etc.)

III. Feature extraction from images and Kp index predictions using SERENADE

Reduced representations 
of the images at different 

wavelengths

Limitations
Models using ML show limitations in their capacity to predict
storms associated to CMEs. This could be due to the
nature of the input data.

Upendran et al. 2020
Brown et al. 2022
Bernoux et al. 2022
Hu et al. 2022

SERENADE 
(Bernoux et al. 2022)

Probabilistic predictions 
of the daily maximum of 
the Kp index at t + days

GoogLeNet (Szegedy et al. 2015, used in 
SERENADE)

ImageNet (Deng et al. 2009) pre-trained
Convolutional Neural Network.

2. Sampling 3. Upsampling
Output = 

decoder(z)

Encoder Decoder

LS

Preliminary results
GN predictions very unstable could lead to false alerts.
VAE predictions much more stable and smooth.
Lower CRPS for VAE  (Continuous Ranked Probability Score, equivalent to the 
MAE in the case of a probabilistic forecast).

Next steps
Exhaustive test-bench.
With further fine-tuning better capture of CME associated storms.
Experiment with images of different nature (magnetograms and coronographs) 
and initial CME parameters. 

Solar wind

Stream Interaction Region
(SIR)

Coronal Mass Ejections (CMEs)
Credits : SOHO LASCO C2

Solar flares
Credits : SDO/NASA Geomagnetic stormsCredits : SDO

II. Problematic and approach

Obtained by comparing different 
dimensionality reduction 
methods: 
- Pre-trained GoogLeNet
- Principal Component Analysis 1

- AutoEncoders 2

- Variational AutoEncoders

Initial CME parameters

Development of a metamodel
describing EUHFORIA + SWING
(Collaboration with KU Leuven) for
quantifying the uncertainties and
analyzing the sensitivity of the
geoeffectiveness of a CME to its
initial parameters.

Probabilistic model to 
estimate the intensity 
and time of arrival of a 

storm

IV.

Define a 
distribution

( , )
1. Projection

Case study CME July 2012

SWING
Space weather modelisation
tool (Pomoell and Poedts, 
2018).

RNN predict geomagnetic
indices such as Kp and Dst 
(Bernoux et al. 2021).

Polynomial chaos expansion3: 
metamodel describing the 2 models

Sobol indices4: quantify the effect of each 
input parameter on the final output: max Kp. 1 Greenacre et al. 2022, 2 Bank et al. 2023, 3 Crestaux et al. 2009, 4 Owen 2013

Variation of the CME initial parameters given to EUHFORIA 

What affects the value of  
maximum Kp index the 
most?
- From the first order 

index The variation of 
the density parameter.

- From the total order 
the interaction between 
the density and the rest 
of the parameters, 
namely with the radius 
parameter.
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Régularisation par apprentissage profond
pour la restauration d’images satellites

Maud Biquard 1,3 Marie Chabert 2 Florence Genin 3 Christophe Latry 3 Thomas Oberlin 1

1ISAE-Supaero 2IRIT/INP-ENSEEIHT 3CNES

Résumé

On s’intéresse à la restauration d’images satel-

lites (débruitage et défloutage, avec et sans

super-résolution). Les méthodes de régularisa-

tion basées sur un réseau de neurones génératif

offrent un cadre intéressant mais s’avèrent

fortement dépendantes de la qualité du réseau

utilisé. On propose ici d’utiliser un autoen-

codeur variationnel moins contraint, utilisé orig-

inellement pour la compression. De plus, on in-

troduit un cadre bayésien favorable pour échan-

tillonner la distribution a posteriori du problème,

permettant la génération de plusieurs images

solutions ainsi que d’estimer des incertitudes.

Les simulations, sur des images naturelles ainsi

que des images satellites, permettent de con-

clure à des performances similaires à l’état de

l’art, et démontrent le potentiel de cette méth-

ode pour la restauration d’images satellites.

Introduction

On considère le problème inverse suivant :

y = Ax + n (1)

avec y la mesure, A l’opérateur de dégradation,

x l’image d’origine et n le bruit.

→ A = h∗, n ∼ N (0, σ2 = a2 + b(h ∗ x)) pour le
débruitage et défloutage d’images satellites.

Classiquement, on recherche la solution du

problème (1) sous la forme:

x̂ = arg min
x

||y − Ax||2 + λR(x) (2)

où R est la régularisation.

→ Apprendre R à l’aide de réseaux de neurones

permet d’améliorer considérablement les per-

formances en restauration d’images.

→ Apprendre uniquement R permet de ré-

soudre plusieurs problèmes inverses avec le

même réseau de neurones [3].

Deux possibilités : implicitement à l’aide de

débruiteurs [3], ou explicitement à l’aide de

modèles génératifs [1].

Régularisation par réseaux
génératifs

1. Apprentissage d’un réseau génératif G sur

un dataset d’images idéales x.

Generator

Figure 1. Principe d’un réseau génératif

2. Restauration d’images. On recherche la so-

lution du problème inverse dans l’espace la-

tent de G [2] :

ẑ = arg min
z

||AG(z) − y||22 + λ||z||2

avec x̂ = G(ẑ) (3)

+ Minimisation d’une fonction de coût ex-

plicite

+ Cadre bayésien intéressant : ẑ peut être

vu comme un estimateur MAP (Maximum

A Posteriori)

- La contrainte x = G(z) rend la performance

de la méthode très dépendante du modèle

génératif utilisé

Utilisation d’une structure d’autoencodeur compresseur

Autoencodeur choisi :

Grand espace latent (= espace encodé).

Les données sont réparties dans l’es-

pace latent suivant une loi flexible

N (µz, σz) définie par l’hyperprior.
→ Apprentissage de textures et formes.

→ Applicable sur des données complexes.

Hyperprior

Latent space

Figure 2. Structure d’autoencoder

compresseur.

Estimation de la distribution a posteriori du problème

→ AlgorithmeVBLE [1] : Approximation de distribution a posteriori p(z|y)
par un petit volume dans l’espace latent.

Latent space

x

Figure 3. Algorithme déterministe

Latent space

x

Figure 4. Notre algorithme (VBLE)

On utilise de l’inférence variationnelle:

→ Définition de la distribution paramétrique

Ez̄,a =
{

qz̄,a(z) = U(zk; [z̄k − ak

2 , z̄k + ak

2 ])
∣∣z̄, a ∈ Rp, a > 0

}
(4)

→ Minimization de KL(qz̄,a(z)||pZ|Y (z|y)) qui revient à maximiser l’ELBO

arg max
z̄,a

Lz̄,a = arg max
z,a

Eqz̄,a(z)
[

log pY |Z(y|z) + log pθ(z) − log qz̄,a(z)
]

(5)

with log qz̄,a(z) = −∑
k log ak and log pθ(z) = R(z) the hyperprior.

Minimisation de (5) par descente de gradient

→ Estimateur MMSE: x∗
MMSE−x = 1

L

∑L
i=1 Dθ(zi) with zi ∼ qz̄∗,a∗(zi).

Expérimentations - images naturelles / satellites

Métriques : PSNR (erreur quadratique en échelle log), SSIM (métrique per-

ceptuelle classique), LPIPS (métrique perceptuelle deep).

Réseau : Utilisation de réseaux compresseurs préentraînés, finetunés sur

les datasets testés.

Baselines : DPIR/PnP-ADMM (algorithmes Plug&Play avec débruiteur

deep), PnP-ULA (algorithmeMCMC), DiffPIR (algorithme utilisant des mod-

èles de diffusion)

BSD Deblur (Gaussian) SISR ×4 SISR ×2

Method PSNR ↑ LPIPS ↓ SSIM ↑ PSNR ↑ LPIPS ↓ SSIM ↑ PSNR ↑ LPIPS ↓ SSIM ↑
VBLE wCAE 29.77 0.2002 0.8617 25.47 0.3459 0.6977 29.65 0.1830 0.8749

MAPz wCAE 29.28 0.2215 0.8405 25.38 0.3462 0.6966 29.65 0.1675 0.8757

PnP-ULA 27.71 0.2675 0.7809 24.82 0.3730 0.6894 28.42 0.1659 0.8763

DPIR 29.72 0.2127 0.8623 25.18 0.3652 0.6937 29.55 0.1706 0.8784

PnP-ADMM 28.96 0.2155 0.8456 24.77 0.4227 0.6659 29.31 0.1907 0.8678

DiffPIR 29.26 0.1832 0.8420 25.03 0.3164 0.6771 29.20 0.1645 0.8539

Table 1. BSD results on diverse inverse problems: Gaussian deblurring (σblur = 1,
σ = 7.65/255), SISR ×4, SISR ×2. Methods in italics allow for posterior sampling.

TARGET IMAGE VBLEREFERENCE METHOD

DEGRADED IMAGE Error Error 

Figure 5. Exemple de restauration au point de fonctionnement Pléiades (50cm). VBLE : notre

méthode. Méthode de référence : classiquement utilisée pour restaurer les images satellites

(NL-Bayes + déconvolution). Milieu : images restaurées. Bas : Erreur signée x̂ − x. ©CNES

2024

Expérimentations - Images
satellites réelles

Dataset : Images Pélican (images aéro-

portées) utilisées pour simuler le point de

fonctionnement Pléiades.

Problèmes considérés : Débruitage +

défloutage avec et sans super-résolution.

L0 IMAGE (UNRESTORED)

L1 IMAGE

RESTORED BY VBLE

 RESTORED BY VBLE (with super-resolution)

Figure 6. Exemple de restauration d’une image Pléiade

réelle. Image L1: restaurée par la méthode de référence.

©CNES 2024

L0 IMAGE          RESTORED
MARGINAL 

DEVIATIONS

VBLE SAMPLES

Figure 7. Restauration par VBLE d’une image Pléiade

réelle, incertitude et exemple d’échantillons. ©CNES

2024
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N2 and H2
ejection

gases

Mono-
ergol

Lower
toxicity

Single 
Stage to 

Orbit

Small 
launcher

Catalytic N-N bond formation via a decarbonylative Ni-mediated process and 
application to polyazanes

Ariane 6 propulsive system

Fully-Decarbonated
cyclic poly-nitrogen

Molecules
HEDM

Ariane Ultimate propulsive system
Technological breakthrough

HEDMs are required for greener, safer, smaller, reusable and more efficent launchers technical breakthrough
HEDMs chemistry of polynitrogen compounds is very complex and difficult Poor literature data
HEDMs are key for the future of space propulsion global competitive challenge for space agencies

Viktor Boshevski , (viktor.boshevski@univ-lyon1.fr), Gaël Tran , Lionel Joucla , Abderrahmane Amgoune*, , Emmanuel Lacôte*,

Université Claude Bernard Lyon 1, LHCEP (UMR 5278), ICBMS team SCORE (UMR 5246)

CNES Principal Innovative Vector
The Future of Space Propulsion

Intramolecular Ni-catalyzed N-N coupling : recombination after CO extrusiona

Photoinduced N-N Bond Formationb,c
XRD Structure

Conclusion

Stoichiometric study

a A. Amgoune, Synlett., 2021, 32, 1531-1536; b G. C. Fu, J. Am. Chem. Soc., 2017, 139 c Y. You, ACS Catal., 2019, 9
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Development of a 100MHz Quartz-MEMS resonator
B. Fischer-Kaszuba1*, P. Lavenus1, R. Levy1, T. Baron2, N.Vorobyev3

1. ONERA, the French aerospace lab; 2. FEMTO-ST; 3. CNES; France

What is a Quartz-MEMS resonator ?

Quartz crystal 

Advantages1:

High Q-factor
High thermal stability
Naturally piezoelectric
Low power consumption

MEMS

Advantages1:

Collective process
High production efficiency
Easy integration
Miniature size

An ideal resonator features for time & frequency domain due to :

What's the link with space?

New Space:

Miniaturization of satellites 
Cost reduction

Increase of equipment flow rates 
As Telemetry, Telecommand & Inter Satellite Links

Increase accuracy of navigation systems 
Multi-GNSS Timing and Localization

First six vibrational mode of a quartz plate

How to achieve 100 MHz with thickness-shear vibration ?

E: Extensional

F: Flexural

FS: Face-Shear

TSh: Thickness-Shear

TT: Thickness-Twist

TSt: Thickness-Stretch

Which one to choose to achieve 100MHz?

Thickness-shear:

Usually used for high frequencies
High Q-factor
Low motional resistance (Rm)

n : mode number (n = 1 , fundamental)
h : blade thickness (15µm)
C66 : stiffness matrix component (34,8GPa)

: density (2648 kg / mm3)

of 15µm ( 100µm)

Thin plate
Fundamental mode
Large electrode surface area

S : electrode surface area (1mm²)
k26 : electro-mechanical coupling factor (0,77%)

How to reach high performance ?

How to fabricate a Quartz-MEMS resonator ?

[2] G. Pillai and S. -

[1] G. Pillai and S. -S. Li, MEMS Resonators: A IEEE
Sensors Journal, vol. 21, no. 11, pp. 12589 12605, 2021.

[2] R. W. Cernosek, S. J. Martin, A. R. Hillman, and H. L. Bandey,
of lumped-element and transmission-line models for thickness-shear-mode
quartz resonator IEEE Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, vol. 45, no. 5, pp. 1399 1407, Sep. 1998.

[3] S. Ghaffari et al., Limit of Quality Factor in Silicon Micro and
Nano Mechanical Scientific Reports, vol. 3, no. 1, p. 3244, Nov.
2013.

3

What is the real performance?

SiO2

HF
SiF4

QUARTZ WAFER

QUARTZ WAFER

FILM PROTECTION

H2O

SiO2

GOLD BONDING

C4F8 PLASMA
Electric 

Field

SiO2

IONS SiF
CO

Ni MASK

PHOTORESIST

Al
Al

Al

Step 1: Wafer thinning

Step 2: Bottom wafer 
chemical etching

Step 3: Top wafer deep 
reactive ion etching

Step 4: Electrodes 
deposition by evaporation

etching in hydrofluoric acid

GRIND WHEEL

Final state of one resonator

Patent

pending

Encouraging performance allowing a Q.f product of
2.5 1012Hz on the fundamental and 1.3 1013Hz on the 5th

overtone near the theoretical limit of quartz of 3.2 1013Hz
in the Akhiezer regime2 for a surface lower than 10mm2.

Butterworth Von Dyke 
equivalent circuit 

Impedance frequency 
response Measurement

Fundamental

Frequency 114MHz

Q-factor 24 000

Motional
resistance

60

Q f Product 2.5 1012Hz

This work demonstrates the possibility of using a quartz-on-quartz

wafer with deep reactive ion etching (DRIE) to produce a

miniaturized self-suspended resonator with encouraging

performance.

Future work will focus on characterizing the resonator mounted as

an oscillator.
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Landscape metrics for estimating population characteristics in rural areas
Narovana ANDRIAMANANTENA1,2,4, Valérie GOLAZ1,2, Anne-Elisabeth LAQUES3

1.
2.Laboratoire Population Environnement Développement (LPED)

3.Institut de Recherche pour le développement (IRD)
4.Aix-Marseille Université

Introduction and aims

- Rural landscapes change unevenly over time (fast or slow 
transformations depending on the local context).

- Agricultural transformations, new land management practices and 
deforestation or reforestation processes modify landscape 
structure(Lambin et al., 2003).

- Landscapes are dynamic, influenced by human and environmental 
factors.

Main objective of the thesis: To analyze the dynamics of land use and the 
evolution of structures in order to construct an indicator for assessing 
population density in rural areas

Aims of the poster:
To produce land use maps using high-resolution Pleiades images.
To calculate landscape metrics that quantify changes in rural landscape 
structures.

Pleiades Images
- Pleiades images, 2014, Arivonimamo
- Pleiades images, 2024, Arivonimamo

Pre-processing
- Geometric correction, 

atmospheric correction
- Pansharpening

Pre-processed images

Calculating NDVI
Object-oriented classification

- Segmentation
- Classification : KNN 

algorithm

Land use classes
Tapia Forest, Rice field, Crops, Savannah, 

Built-up area and Others

Filtering and accuracy
assessement

Land use/ cover map 2014 and 2024

- Lande use change 
detection

- calculating landscape
metrics

Perspectives

Métriques Description

Numbers of patchs 
(NP) 

- Indicate the degree of fragmentation of natural areas. 
- Creation of new fragments: Closely related to the activities of local 
populations and their land use practices.

Mean Patch Area 
(MPA)  (ha)

Area  - Enables us to quantify the extent of landscape units.
- For larger agricultural areas, it is often correlated with higher 
population densities due to the increased need for food production.

Evolution of landscape structures

Detection of land use change based on land 
use/cover maps derived from Pléiades images 
for the years 2014 and 2024

Panchromatic
- Product with a single
-  spectral band black and white
- 50 cm resolution

Multispectral
- Product with 4 spectral bands (B,R,V,PIR)
- Color
- 2m resolution

Pre-processed image (pleiade 2024)

Segmented image(pleiade 2024) Classified image (pleiade 2024)

Land use/cover map for 2014 and 2024 from Pleiades images

Land use map developed from Pléiades 
images from 2014. © CNES (2014), 
distribution Airbus DS.

Land use map developed from Pléiades 
images from 2024. © CNES (2024), 
distribution Airbus DS.

Some landscape metrics

Evolution of landscape metrics for the land use Tapia forest class and crops
class Forêt Tapia Culture Pluviale

2014 2024 Change (%) 2014 2024 Change (%)

NPNP 23264 33205 29,93 14130 23264 39,26

MPA (ha)MPA (ha) 0,054 0,0324 -66,66 0,035 0,030 -16,66

Area (ha)Area (ha) 1237,20 1075,97 --14,98 504,51 711,36 29,07

- Spatial correlation or Spatial modeling: Use spatial modeling tools to 
simulate land-use scenarios based on variations in population density.

In this poster, we present the 
results for the Tapia Forest 
Landscape. Tapia forest, an 
endemic forest in Madagascar 
. It is used and managed by 
the local population as an 
economic and food resource 
(Kull et al., 2005 ). 

Land cover 2014 (%) 2024(%) Change (%) 

Tapia Forest 41,024 35,68 -13,03

Rice field 16,992 17,11 0,69

Crops 16,729 23,59 41,01

Savannah 20,443 17,98 -12,05

Built-up area 1,085 1,39 28,11

Othres 3,728 4,25 14,00

increase in cultivated areas 
(+41%): agricultural 
expansion to meet food
needs; Increased
demographic pressure 

Reduction in forests (-13%) 
and savannah (-12%): 
Conversion of natural land 
for agriculture, Deforestation
due to demographic
pressure

Study area

Increase in the number and average size of cultivated plots: 
Increased demand for agricultural land due to population growth, 
indicating intensive farming practices

Creation of new forest fragments and reduction in average size of 
forest fragments: Demographic growth could explain the increased 
fragmentation of forest patches, with an increase in the number of 
fragments and a decrease in their average size.

Pleiades images available in the DINAMIS Catalog

Acknowledgments: 
Thank  Pléiades © CNES 
2014, © CNES 2024; Distribution Airbus

Delimitation of landscape types on the Arivonimamo site carried out by 
colleagues from the LMI-Paysage Madagascar using Sentinel-2 images, with 
the selection of 3 study areas for each landscape type, including the sites 
where demographic surveys were conducted.

References
- Kull C.A., Ratsirarson J. & Randriamboavonjy G., 2005. Les forêts de tapia des hautes terres malgaches. Terre Malgache, 24(2), 22-58.
- Lambin, E., Geist, H., Lepers, E., 2003. Dynamics of Land-use and land-cover change in tropical regions. Annu. Rev. Environ. 
Resour 20, 49205 41.
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Relaxations of internal and strain-induced stresses in 
colloidal glasses  

Ce poster n’est pas dans le recueil  
pour des raisons de Copyright 



References: [1] Martinot et al. (2020), Icarus. [2] Adams, Hörz
and Gibbons (1979), LPS X. [3] Lucey (2002), GRL. [4] Ohtake et
al. (2013), Icarus. [5] Adams and Goullaud (1978) LPS IX.
[6] Pieters et al. (2009), Curr. Sci. [7] Paige et al., (2010),
Science.

Modified after Donaldson Hanna et al. 
(2014)

Wavelength (µm)

Albite

Anorthite

Wavenumber (cm-1)

17

600

The Moon Mineralogy Mapper
(M³) is a VNIR hyperspectral
imager that measured
reflectance at the lunar surface
between 0.45 and 3 µm (Pieters
et al., 2009). M³ is used to map
areas that are featureless (FL),
as well as areas that have a
plagioclase signature.

Characterization of the regions displaying featureless spectra 
on the Moon, using visible to near-infrared and thermal infrared 
remote sensing datasets: implications for the lunar crust
Mélissa Martinot, Jessica Flahaut

Adams, Hörz & Gibbons (1979) Lucey (2002) Ohtake et al. (2013)

Wavelength (nm)
Modified after Martinot 

et al. (2020)

Plagioclase Featureless

Wavelength (nm)

Relationship?

Modified after Adams & 
Goullaud (1978)

Modified after Martinot 
et al. (2020)

Shock
pressures

Space weathering Spatial
mixtures

Composition 
(Fe content)

1. M³ 2. Diviner
FL areas are then investigated using Diviner data (0.3
to 400 µm), which channels in the 8 µm region
provides key information about the composition of the
lunar surface (Paige et al., 2010).

3. Lab

Green et al., 2011

Lab measure-
ments of lunar
meteorites and
synthetic
plagioclase will
be done to
investigate if
composition or
shock pres-
sures cause FL
spectra.



Vacuum Arc Thruster - PJP Experimental arrangement

Spot surface

Clustering

High-speed imaging of titanium cathode spots in a
Vacuum Arc Thruster

Etienne Michaux, Jérémie Julien, Stéphane Mazouffre

Active spot surface

Motion tracking

Current density

Conclusion and perspective



Satellite:
(passive) Optical, NIR, IR : Sentinel-2 (20 m), Sentinel-3 (300 m), Landsat 8&9 >> chl-a, SPM (suspended 
particulate matter) +SST
(active) SAR+ : Sentinel-1, SWOT (winds,  surface water dynamics) 
In Situ:  ILICO (Infrastructure de recherche Littorale et Côtière)/REPHY data:  phytoplankton, 
temperature, salinity
Auxiliary: Bathymetry (SHOM), currents (CMEMS Marine Copernicus), ROMAR (3D fields with physical 
conditions

Analysis of submeso- and mesoscale dynamics of phytoplankton blooms in coastal 
waters influenced by river plumes

Dr. Anastasia Tarasenko with Dr. Pierre Gernez
Nantes Université, ISOMer laboratory

ASAMPLE

:

L. polyedra 

off the Vilaine River estuary, 

14 August 2021 
M. rubrum red tides

off the Loire River estuary,

 12 April 2017 

Recent advancements in optical imagery algorithms allow the optical bloom type 

detection with high-resolution satellite data (as different plankton species have different 

pigments, thus, spectral signatures). 

Some blooms, identified as “harmful algal bloom” (toxic for the environment) are also 

called “red tide”. They can last from hours or months and might be difficult to predict. 

Depending on the plankton species, the impact on environment will be different: toxins 

absorbed by mollusks, anoxia for fish and marine mammals, - they disturb coastal 

fishing, tourism and aquatic activities, and often need special management.

Phytoplankton blooms: why to study?

▪ Phytoplankton is the base of marine food chain

▪ It plays a special role in the Earth carbon system: fixes 
CO2 and produces oxygen

▪ Especially important for the coastal ecosystems, but also 
brought into open ocean

▪ Can be toxic and create hypoxia areas

observe plancton blooms at high resolution (satellite & in situ)

describe the environmental conditions of blooms (water mass state & 
dynamics)
adapt/propose algorithms for satellite data to distinguish a particular optical 
bloom type (a proxy for plankton species)

find the descriptors to predict some phytoplankton blooms with satellite dataP
R

O
J

E
C

T
 

G
O

A
L

S

L. chlorophorum 

off the Loire River 

estuary

 21 July 2019.

D
A

T
A

- What is seasonal and interannual variability of phytoplankton 

blooms in estuary area? Can we define the optical type of bloom 

(“species”)?

- What are the environmental conditions: temperature, optical 

properties, tidal dynamics?

- Can we relate the small-scale dynamics to the phytoplankton 

bloom predictions? 

QUESTIONS :

offshore wind is low

(less than 5 m/s)

Sentinel-1/SAR-C

Chl-a S2/MSI 

(GRS 

Gons05)

SPM S2/MSI 

(GRS 

Nechad,10)

Case study: May 31, 2022

SST Landsat

(NASA L2)

Sentinel-3 SLSTR
[L2 ESA WST, 
3.74, 10.85 and 12 µm]
1000 m

Possible explanation:

The Lingulodinium p. bloom area* is situated between the

Loire waters (warm, rich in SPM) and rising tide (colder and

clearer Atlantic waters). *Bloom has started about a week before.

Bloom is observed within resulting vertical stratification &

convergence of 2 flows (Loire and Atlantic) - local vertical

stirring at the shallow banc (7-15 m)

Overall, these are good conditions for the plancton

development: clear waters for photosynthesis + initial

stratification where plancton is situated within thermocline.

In situ measurements of chl-a concentrations in the Villaine estuary (station Ouest Loscolo) showed an unprecedent high values in the end of May-beginning of June 2022. This bloom is showed as a case study.

- same chl-a algorithm for S2& S3 (derived from
Gons, 2005 using 779, 705, 665 nm bands), but
with different atmospheric corrections. S3
overestimate the bloom due to its spatial
resolution

- Landsat lacks 705 & 779 bands, thus, OC3
algorithm is used (less precise, crucial for optical 
types retrieval)

 (!) TRISHNA data will allow similar to L8&9 
measurements and help to get longer time-series of 
chl-a, SPM & SST simultaneous data

Sea surface
temperature
[S3 SST – LS SST] small
study
(19 cases with time
difference [0 – 2 hours])
Good agreement 
offshore, but 
statistically Landsat ST 
> S3 SST (+0.5°C)

 (!) No coastal S3 SST 
data, problems within 
river plume area

References:
Gons, Herman J., Machteld Rijkeboer, 
and Kevin G. Ruddick. "Effect of a 
waveband shift on chlorophyll retrieval 
from MERIS imagery of inland and 
coastal waters." Journal of Plankton 
research 27.1 (2005): 125-127.
 Gernez, Pierre, David Doxaran, and 
Laurent Barillé. "Shellfish aquaculture 
from space: potential of Sentinel2 to 
monitor tide-driven changes in turbidity, 
chlorophyll concentration and oyster 
physiological response at the scale of an 
oyster farm." Frontiers in Marine Science 
4 (2017): 137.
Gernez, Pierre, et al. "The many shades 
of red tides: Sentinel-2 optical types of 
highly-concentrated harmful algal 
blooms." Remote Sensing of 
Environment 287 (2023): 113486.

(from 
Gernez et 
al, 2023)
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Étude aéro-thermo-acoustique des 
jets chauds diphasiques

Pierre Beltra*, Yves Gervais *, Gildas Lalizel*, Eva Dorignac, 
Florian Moreau et Patrick Berterretche

*Doctorant / ISAE-ENSMA
*Directeur de Thèse / Université de Poitiers

*Co-encadrant / ISAE-ENSMA

Etudes acoustiques

CONCLUSIONS

Présentation
Lors du décollage de lanceurs, le bruit généré est suffisament fort pour endomager
le lanceur, sa charge utile ainsi que le pas de tir. Le pic sonore est atteint
lors des premières secondes du vol, lorsque les jets superoniques issus des
moteurs impactent le pas de tir.
Il est donc nécessaire de réduire le bruit lors des premières secondes du vol.
Pour ce faire, de est injectée, en grande quantité, dans les jets supersoniques
depuis le pas de tir. (ou déluge) dans les flammes des moteurs est
couramment employée mais son fonctionnement reste mal connu. Les conditions
étant complexes et transverses : écoulement supersonique, chaud, diphasique

CONTACT : 
pierre.beltra@ensma.fr
yves.gervais@univ-poiters.fr
gildas.lalizel@ensma.fr

Cette thèse est cofinancée par la Région Aquitaine et le CNES

- Visualisation de 
la phase gazeuse (ZnO) et des gouttes (non prévue)

Développement métrologie diphasique
Pour comprendre les effets de il est nécessaire de
connaître les paramètres aérodynamiques du jet en aval de l'injection

. La difficulté est de mesurer les paramètres des deux phases
(gazeuse et liquide) indépendamment.

Il est nécessaire de mettre au point une nouvelle technique de mesure
pour observer du jet: une nouvelle métrologie diphasique est
développée sur le banc BATH (Banc AéroTHermique): un laser double
pulse à 266 nm excite deux traceurs : de de zinc (ZnO), dans
dont le rayonnement de phosphorescence est centré sur 400 nm et de la
Rhodamine B (Rh B) dans qui fluoresce vers 590 nm.

Cette technique permet également de des réflexions du laser
sur les gouttes susceptibles endommager les caméras.

Des mesures de PIV peuvent alors être effectuées sur chaque phase
séparément.

Les premiers essais réalisés ont mis en lumière une mauvaise séparation
des phases : les gouttes sont visibles sur dédiée à la
visualisation du ZnO. Il est possible que le ZnO pénètre dans les gouttes et
les rende visibles à travers le filtre ZnO.

de la thèse est la compréhension des phénomènes
physiques liés à la réduction sonore par injection . Pour ce faire:
- Des essais acoustiques sur les effets de sont menés.
- Le développement nouvelle méthode de mesure est entrepris pour

observer de jets supersoniques soumis à une injection .

Pour étudier les effets acoustiques de des expériences ont
été réalisées sur le banc MARTEL (Moyen Aéroacoustique de Recherche &
Technologie sur des Lanceurs). Elles consistent à générer
un jet supersonique chaud par combustion et
comprimé, dans une chambre semi-anéchoïque, et à injecter de grandes
quantités 2 l/s) dans ce jet.

Pour simplifier un jet libre, sans interaction avec le pas de tir est
étudié.
Des microphones sont placés sur 4 antennes à 1,5 m de la sortie du jet.
Différents paramètres sont étudiés pour tenter de déterminer
les meilleures conditions représentatives du phénomène pour la deuxième
phase de la thèse (voir à droite) et connaitre les paramètres les plus
décisifs.
Par exemple, la vitesse de peut avoir un effet néfaste vers

du jet, du fait de du bruit entre et le jet.

-2s (gauche) et T+2s (droite)
Pas de tir au repos à gauche et interaction du déluge avec le laceur à droite

Configuration Mach Température totale (K)

Jet de laboratoire 1,5 500

Jet MARTEL 3 1700

Moteur fusée 5 3500

Banc MARTEL

Représentation spectrale de la nouvelle technique de mesure

10 m
Vue rapprochée de la sortie de la 

tuyère de MARTEL avec une injection 

Les essais réalisés en première année sur MARTEL ont permis d'acquérir une meilleure compréhension de de la température, du débit de la vitesse
et de la hauteur sur acoustique issue de jet supersonique et une injection .

Les essais sur la nouvelle méthode de diagnostic des deux phases ont mis en lumière une séparation des phases imparfaite. Il est nécessaire de développer des
solutions matérielles ou logicielles (suppression des gouttes sur de ZnO à des informations de Rh B) avant cette méthode sur
MARTEL pour mesurer les effets aérodynamiques injection sur la dynamique chaud et sur son émission acoustique.

-
Visualisation de la phase liquide (Rh B)

15 cm
30 mm



FLAIR#1 (French Landcover Aerial ImageRy) [1]

● Images aériennes THR (0,2 m/pixel)
● Variabilité géographique plus ou moins importantes (paysages et climats).

● Domaines spatiaux définis par les départements de la France Métropolitaine.

SEGMENTATION
Atténuer l'oubli catastrophique par PEFT

Les Parameter Efficient Fine Tuning (PEFT) permettent d’ajuster efficacement un
modèle pré-entraîné à de nouvelles tâches ou domaines en ne modifiant que

certaines couches tout en gardant la majorité des paramètres fixes.

Choix de PEFT : AdaptMLP [4]

CLASSIFICATION

Domain Incremental Probabilistic PCA [2]

Extraction de caractéristiques à l'aide d'un modèle de fondation :
● L’encodeur est fixe : il génère des caractéristiques invariantes.

● Le classificateur linéaire est remplacé par un classificateur génératif afin
d’atténuer l'oubli.

CLASSIFICATION : Expériences

INTRODUCTION

Les images de télédétection en expansion offrent de nouvelles opportunités
pour la cartographie et le suivi à grande échelle de l’utilisation des sols.

Objectif Global

Concevoir un système de classification à grande échelle (ex. France),

optimisé en ressources, et capable de s'étendre progressivement à de

nouvelles zones géographiques.

Défis :

1. Adaptation de domaines successives.
2. Atténuation de l’oubli catastrophique.

Mémoire
t=1
● Nombre de caractéristiques N
● Moyenne E(X)
● Moment d’ordre second E(X²)
t>1
Mise à jour des paramètres exacte avec
l'algorithme de la "Running Average"
(moyenne mobile)

Projection par
ACP
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Classification
Pour chaque classe :
● Modélisation par une gaussienne multivariée
● Calcul de la vraisemblance
● Classification à l'aide de la distance de

Mahalanobis

Pre-training Data SL SSL FT
DIPPCA ER

SUP.
ACC BWT DEGRAD. ACC BWT DEGRAD.

ImageNet21K x 91,7 -2 -4,8 90,9 -6,9 -5,6 96,9

ImageNet1K DINO 91,6 -3,2 -4,1 91 -6,9 -4,8 95,8

SA-1B MAE 90 -4 -4,1 90,1 -5,6 -3,9 94

MillionAID MAE 69,3 -24,5 -20,3 74,3 -9,5 -11,4 85,7

RSSCN7 x x 81,3 -11,6 -7,8 81,7 -8,2 -7,4 89,1

Classe k
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Transformer Encoder

Linear Projection of Flattened Patches

87654321

0

* 9

MLP

Norm

Multi-Head
Attention

Norm

LES MODÈLES DE FONDATION

● Pré-entraînement sur des datasets diversifiés et vastes.
● Généralisation : performants sur diverses tâches en aval.
● Accessibilité : modèles open-source.

MLP

Norm

Multi-Head
Attention

Norm

AdaptMLP Pool

Norm

Multi-Head
Attention

Norm

MLP
Down

ReLU

Up

Nx

Comment exploiter efficacement les modèles de fondation pour l'apprentissage

incrémental en télédétection ? [3]

Approche proposée :
L'idée de base est d'apprendre une série de modules d'adapter, domaine par

domaine, à l'aide d’un transformer pré-entraîné.

MLP
Down

ReLU

Up

Nx

2 stratégies d’apprentissages à tester :

● Dépendante du passé : Les nouveaux modules AdaptMLP sont influencés par
les paramètres des modules déjà appris.

● Indépendante du passé : Chaque nouveau module est appris de manière
indépendante des modules précédemment appris.

Objectif final : Créer un modèle capable de généraliser sur l’ensemble des
domaines spatiaux tout en minimisant l'oubli catastrophique.

Paramètres figés

Paramètres entraînés

APPRENTISSAGE INCRÉMENTAL POUR LE PASSAGE A L'ÉCHELLE DES ALGORITHMES
D'INTERPRÉTATION DES IMAGES DE TÉLÉDÉTECTION

Marie-Ange BOUM1,2, Dawa DERKSEN2, Pierre FOURNIER1, Stéphane HERBIN1
1ONERA/DTIS, 2CNES

Utilisation des modèles de fondation (FM) pour la télédétection :

● Les FM pré-entraînés sur des images naturelles sont efficaces pour extraire des

caractéristiques expressives.

● L'ajout d'un classificateur génératif réduit l'oubli, à condition que les caractéristiques soient

pertinentes.

● Cette méthode surpasse les baselines (ER).

Limites :

● Les caractéristiques extraites dépendent des données de pré-entraînement.

● Les RSFM sont confrontés au surajustement et à la faible diversité des datasets.

RÉFÉRENCES
1. Garioud, Anatol, et al. "Flair# 1: semantic segmentation and domain adaptation dataset." arXiv preprint arXiv:2211.12979

(2022).

2. Boum, Marie-Ange, et al. "Continual Learning in Remote Sensing: Leveraging Foundation Models and Generative Classifiers

to Mitigate Forgetting." IGARSS 2024-2024 IEEE International Geoscience and Remote Sensing Symposium. IEEE, 2024.

3. Dosovitskiy, Alexey. "An image is worth 16x16 words: Transformers for image recognition at scale." arXiv preprint

arXiv:2010.11929 (2020).

4. Chen, Shoufa, et al. "Adaptformer: Adapting vision transformers for scalable visual recognition." Advances in Neural

Information Processing Systems 35 (2022): 16664-16678.



Absence of a global magnetic
shield

Very thin atmosphere

Surface dose modulated by 
surface pressure (Pa) or 
atmospheric column depth
(g.cm-2)

% % %

95.482 %

2.705 %

1.603 %

0.13 %

51.2 %

32.1 %

9.3 %

7.4 %

28

Martian surface flux of neutron, photon, proton and e+/e- on Gale Crater from 19
August 2012 to 17 February 2013, given by ARAMIS and compared to measurements and other 

models with FTFP_INCLXX_HP.

Martian surface fluence of neutrons (left) and photons (right) on Gale Crater from 19 August
2012 to 17 February 2013 for different SPE historical events

[1] Charpentier G., Ruffenach M., Benacquista R., Ecoffet R., Dossat C., et al. (2024). ARAMIS: a Martian radiative environment model built from GEANT4 simulations. Journal of Space Weather and Space Climate
[2] Zhang, J., J. Guo, and M. I. Dobynde, 2023. What Is the Radiation Impact of Extreme Solar Energetic Particle Events on Mars? Space Weather, 21(6)

Neutron Photon

Proton

e+/e-



Estimation of plume altitude from stereoscopic 
processing of GOES 17 and Himawari 8 images 

Carr et al., GRL, 2022

The plume reached 56 km altitude within
30 minutes following the paroxysmal
explosion. The bulk of the plume was
produced between 26 and 34 km.

PRESENTATION
The phreato-magmatic eruption of Hunga (20°S, 175°W) on 15 January

2022 was exceptional in several respects. Its explosive intensity was
close to that of the eruption of Pinatubo in 1991 with a Volcanic
Explosivity Index of ~6 (Poli & Shapiro, 2022).
The induced atmospheric Lamb wave circled the globe at least 4 times
with an amplitude comparable to that of the 1883 Krakatau eruption
(Matoza et al., 2022; Vergoz et al., 2022, Wright et al., 2022).

We report here about the impact of the eruption in the stratosphere
based on the following works of the ASTuS - PyroStrat consortium :
Sellitto et al., 2022, Nat. Com., DOI: 10.1038/s43247-022-00618-z
Legras et al., 2022, ACP, DOI: 10.5194/acp-22-14957-2022
Kloss et al., 2022, GRL, DOI: 10.1029/2022GL099394
Khaykin et al., 2022, Nat. Com., DOI: 10.1038/s43247-022-00652-x
Duchamp et al., 2023, GRL, DOI: 10.1029/2023GL105076

CONCLUSIONS

Water vapour recorded within the plume
and its vicinity displayed extremely large,
never seen, values in the stratosphere with
a saturated profile at least up to 33 km
altitude within the plume in the hours
following the eruption.
The water in excess generated precipitating
ice and a rapid washout of the ashes.
The remaining water vapour in the
stratosphere was estimated at + 140 Tg
(Millan et al., 2022), that is an
instantaneous 10 % increase of the
stratospheric content.

AEROSOL PLUME ANALYSIS (SAGE III)

OTHER PARTNERS
• Main injection of the plume by 26-34 km with a saturated water profile. No ash remains after a few days in this range of altitudes.

• Fast conversion of SO2 to sulfates, due to the presence of water. Persistent plume for at least 2 years.

• Fast initial descent of the plume (water and aerosol) until 20 Feb due to water vapour cooling.

• Following months : unmixing and separation of water which is rising in the BDC and aerosols which are sedimenting.

• The size distribution is characterized by larger particles than recent stratospheric eruptions with an unusually small mode width.

• The unusual size distribution of aerosols is related to the fast conversion of SO2 to sulfates (Legras et al., 2022). 

• The total mass of stratospheric H2SO4 is estimated at 0.66 Tg (matches estimates of the stratospheric SO2 source of ~ 0.4-0.5 Tg). 

• This mass has been found to be very stable over the period March 2022 to November 2022 after which it slowly declines linearly. 

COSMIC-2 radio occultations
Khaykin et al., Nat. Com., 2022

MLS H2O profiles
Millán et al., GRL, 2022

Saturation 

curve

Profile in 

the plume

on 15 Jan

COMPOSITION OF THE PLUME

LOAC measurements at La
Reunion OPAR, 21°S, show

submicronic mainly non
absorbing particles (for
23 Jan)

Kloss et al., GRL, 2022

Eumetsat RGB Ash recipe using Himawari IR channels
Brown and dark blue: ash and ice; Greenish: sulfur

The initial ash + ice plume dissipates rapidly leaving
a double plume mostly with sulfur compounds.
Fast conversion to sulfates due to the large
amount of water vapour, especially in the southern
and highest cloud which is also the one with largest
amount of water (Sellitto et al., 2022).

RAL IMS/IASI double retrieval of SO2 (DU) & sulfate aerosol
optical depth

Eastern strip : Incomplete
conversion to sulfates 

Western strip: Complete 
conversion to sulfates

(no SO2 left)

Mainly SO2 cloud at lower level
(not seen by CALIOP and the 
ASH RGB and no anomalous

moisture)

After a few days, the two clouds are turned into elongated strips (higher, southern and moistiest -> western
strip, lower, northern -> eastern strip) which exhibit different conversion rates to sulfates according to their
moisture and altitude.
SO2 returns to background value by the end of January whereas sulfate aerosols persist in the stratosphere.

IMS/IASI SA optical depth and CALIOP total extinction distributions evolve in the same way.

RGB Ash shows sulfates, not SO2

as usually believed!

On 16 Jan, CALIOP sees two aerosol clouds at 31
and 28 km, mostly with very large scattering ratio
and no depolarization => liquid droplets. There
are also two areas of high depolarization close to
35% which could correspond to remaining ice
crystals (stay only for a few days).

CALIOP

EVOLUTION OF THE ZONAL MEAN PLUME
OMPS-LP 745 nm daily zonal average aerosol extinction ratio

CALIOP 532 nm daily zonal average attenuated aerosol scattering ratio 
MLS water vapour daily zonal average mixing ratio (ppmv)

Plume’s latitudinal extension stops at 20 in the NH while it
extends close to the pole in the SH.
AEROSOLS : (CALIOP + OMPS-LP)
• After a period of initial fast descent, the plume

stabilises near 24-25 km and descends slowly.
• Since 2023, tropical ascent linked to the Brewer

Dobson circulation (BDC).
• In the same time, close to the South Pole, fall towards

the troposphere through sedimentation.
WATER VAPOUR : (MLS)
Initially mixed with the aerosols, water vapour
separates by rising with air while aerosol sediment
under gravity, until the moist and aerosol layers are,
respectively, above and below 25 km (see also Schoeberl
et al., 2022). Since 2023, water vapour has behaved like
aerosols, but at higher altitudes.

The aerosol size is estimated from
fall speed using Stokes formula.
Fall speed is estimated from the
apparent descent speed corrected
by the MLS water vapour ascent
or by the ERA5 ascent (valid
when the cooling effect of water
vapour has ceased).
In the long term, aerosols
radius seems to be around 0.4
µm.

The initial fast descent of aerosols and water (>100 m/day) was
attributed to intense longwave cooling by water vapour (Sellitto
et al., 2022). Cooling is reduced but persists until June producing
temperature anomaly (Schoeberl et al., 2022) and anomalous
warming in ERA5 (here).

‘Tape recorder’ water vapour signal in the tropical stratosphere between 10°S and
10°N.

Very large water vapour disturbance which has no equivalent since at least 2006.
The maximum perturbation is 5.36 ppmv in March 2022 at 24.5 km altitude.

Retrieval of the sulfate aerosols (SA) size distribution based
on the two color ratios 449 nm / 755 nm and 1543 nm / 755 nm
for the aerosol extinction coefficients (Wrana et al., 2021).

Fig. a) : the curves for equal mode width σ

and median radius rm form a skewed grid in
the domain of interest allowing the
identification of the two parameters.

The good performance of the method can be
appreciated from Fig. b) where modeled Mie
extinctions using σ and rm drawn from Fig. a)

are compared to the SAGE III measured
extinctions. The agreement is excellent over
the whole range which is another indicator of
the absence of ash in the plume.

Fig. c) & d) : observed extinction ratios at the
level of maximum extinction in the plume are
distributed over a domain of the diagram that
clearly differs from the background points.

The particle effective radius reff can be
estimated and then the total number density
N0 using the extinction at 755 nm.

• σ : 1.2-1.3 in the plume, 1.4-1.5 for the background (Wrana et al., 2021) and 1.8-2.0 for other

recent stratospheric volcanic plumes together with smaller sizes (Wrana et al., 2023).
• reff : ~ 0.4 µm in the plume, 0.2 µm or less for the background (with Khaykin et al., 2022).
• N0 : 3-5 cm-3 in the plume, 20-30 cm-3 for other stratospheric volcanic plumes from recent eruptions

with similar sulfur injection but much smaller particles (Wrana et al., 2023).
Recent comparison cases : Ambae in 2018, Raikoke & Ulawun in 2019 and La Soufrière in 2021.

H2SO4 mass in SA (H2SO4 weight percentage : 70%).
Between March and November 2022 : 0.66 Tg ± 0.1

Tg, remarkably constant in spite of a considerable
redistribution in latitude (b).
Matches initial SO2 injection of 0.4-0.5 Tg (Carn et
al., 2022; Millan et al., 2022).

Tracking and analysis of the Hunga plume in the 

stratosphere
C. Duchamp1, B. Legras1, P. Sellitto2,3, A. Podglajen1, F. Wrana4, C. von Savigny4, 

E. Carboni5, R. Siddans5, C. Kloss6, R. Belhadji2, J.-U. Grooß6 , S. Khaykin7 & F. Ploeger6

1 LMD-IPSL, Paris; 2 LISA-IPSL, Créteil; 3 INGV, Catania; 4 Institute of Physics, Greifswald; 

5 RAL, Oxford; 6 FZJ, Jülich; 7 LATMOS-IPSL, Paris







I. Context

Interference Management for Robust Satellite AIS 
Receivers in Dense Maritime Traffic Areas

1- IMT Atlantique, Brest, France. 2-Tésa, Toulouse, France. 3-Kinéis, Toulouse, France. 
4- CNES, Toulouse, France

Linda Kanaan1,2,4, Karine Amis1, Frédéric Guilloud1, Rémi Chauvat3, Adrien Gay4 

      

Problematic:
➢ Characteristics of the AIS System:

 

 Difficulties of Sat-AIS receivers :
● Multiple Access Interference - Figure 2 [2]
● Satellite Propagation Delay ≈ 2-10 ms
● Satellite Doppler Shift ≈ ±3.8 kHz

Figure 2:  AIS multiple access interference [2] 

IV. Conclusion IV. References

Figure 4:  SIC Algorithm 

Figure 1: AIS communications

Objective:

➢ Our main focus is to cope with the overlapping messages issue to improve 
the success rate of detected AIS messages. 

➢ This could be achieved through satellite interference management. 

II. Interference Management

  To mitigate the effect of interference and to improve the detection rate          
 using SIC, the main goals are:

i.  Improvement of all the iterations of detection

ii. Robust reconstruction of the modulated signal (Future work)

[1]  ITU, Technical characteristics for an automatic identification system using time division multiple      
access in the VHF maritime mobile frequency band - recommendation ITU-r m.1371-5, Feb. 2014.
[2]  M. A. Cervera and A. Ginesi, "On the performance analysis of a satellite-based AIS system," 2008 
10th International Workshop on Signal Processing for Space Communications, Rhodes, Greece, 2008, pp. 
1-8, doi: 10.1109/SPSC.2008.4686715.
[3]  N. Seshadri and C.-E. Sundberg, “List viterbi decoding algorithms with applications,” IEEE 
Transactions on Communications, vol. 42, no. 234,pp. 313–323, 1994
[4]  L. Kanaan, K. Amis, F. Guilloud and R. Chauvat, “Application of List Viterbi Algorithm for Satellite-
based AIS Detection”- Submitted.

III. Methodology

IV. Results

➔  List Viterbi (LV) algorithm is 
exploited [3].

➔ For each state at each time 
instant, store these parameters:

1) Cost Metric
2) Path history (previous state  

  and path rank)

  For improving all the iterations of detection, two main methods are                  
 investigated:  

1. Exploiting the a priori information about AIS signals in the mixture

2. Increasing the diversity of candidates

  Utilizing the training sequence and start flag of the AIS 
packet in Figure 5.

Figure 5:  AIS packet 

Figure 6:  Cost Metric of LV algorithm

➢ The multi-user received signal model during a given AIS time slot:

➢ Interference Cancellation approach  using   SIC   (Successive Interference 
Cancellation) is considered.

➢ Several approaches have been implemented 
for the purpose of interference management 
of AIS signals:

➔ Phased Antennas Array Approach
➔ Bandwidth Separation in Sub-zones 

Approach
➔ Interference Cancellation Approach  

( PIC, SIC)

  Exploiting the a priori information improves the probability of correct            
 detection robustly with respect to the position of interference.

  The optimized List Viterbi Algorithm enhances the success rate of             
 detection. It could be very efficient when combined with the a priori                 
 information exploitation method.

  Future Perspectives include robust reconstruction of the correctly detected    
 signal.

● Classical Viterbi (CV) and List Viterbi (LV)
                    No Interference 

● Classical Viterbi (CV) and List Viterbi (LV)
                   1 Interfering signal

ii. 

i.  

25.8 %
  gain

 56 %
 gain

iii. 

Figure 3:  AIS Messages collision

● Performance of exploiting 
the a priori information 
with the CV algorithm 
shows remarkable gain ≈ 
2 dB at PER= 10-3

➔  To ensure better performance and less complexity , the parameters 
of LV algorithm are optimized. 

➔  More details could be found in [4].

● The memory requirements 
increases rapidly for higher 
values of the list size.

● Utilizing the optimized 
parameters of the LV algorithm 
can significantly improve PER at 
the cost of a limited increase of 
the complexity.

Contact: Linda.Kanaan@imt-atlantique.fr

●  Memory complexity of the LV algorithm 
with different list sizes.







Understanding the hydroclimatology of the world's la rgest tropical watersheds: 
The use of remote sensing and modeling in the Amazon  and Congo basins 

*Sly Wongchuig (1), Fabrice Papa (1,2), Pauline Casas (1), Adrien Paris (1,3), Ayan Fleischmann (4), Rodrigo Paiva (5)

• The Amazon (ARB) and Congo (CRB) river basins are the largest in
terms of drainage area (~6 and ~3.7 million km2, respectively) and flow
exported to the oceans with an annual average of 206x103 and 41x103 m3 s-1

(Laraque et al., 2020).
• Home of a large percentage of the world's tropical forests , which plays a

crucial role in the local, regional, and global climate , hydrological and
biogeochemical cycles (Nogherotto et al., 2013).

• Guarantees fundamental ecosystem services to the population such as
food provisioning, biodiversity conservation, climate and freshwater
regulation, and mitigation of natural disasters. However, these regions are
now facing risk under climate and anthropogenic changes (Casagrande et
al., 2021).
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• The hydrological-hydrodynamic MGB model (Collischonn et al. 2007, Pontes et
al., 2017) is a large-scale, distributed, process-based hydrological and
hydrodynamic model.

• The sequential DA method, the multi-observation local ensemble Kalman
filter (MoLEnKF) , is implemented and designed to effectively integrate multiple
variables simultaneously (Wongchuig et al., 2024).

Contact :
*sly.wongchuig-correa@univ-tlse3.fr

3.1. The MGB model and Data assimilation

• We use information from in-situ observations and remote sensing , as
well as atmospheric and oceanic reanalysis data .

• MoLEnKF was able to improve the timing and
amplitude of discharge (Q), water surface elevation
(WSE) (not shown) and evapotranspiration (ET) (not
shown) in a weighted manner among each individually
assimilated observation (e.g. Óbidos station).

• MoLEnKF provides an intermediate condition , being
able to holistically outperform univariate experiments.
Its robustness ensures replicability worldwide ,
facilitating hydrological reanalysis and improved
forecasting.

3.2. Study area and data 

Want to know more 
about these studies? 

scan this QR

1. Study the spatio-temporal variability of flow and water levels over the
past 30 years (Hydrological Reanalysis).

2. Analyze the potential effects of future climate on the hydrology (e.g.,
discharge and water level).

3. To understand the relationships between hydroclimatic variability and
local-regional or global atmospheric and oceanic processes.

J F M A M J J A S O N D

Drying of the central Congo (1981-2022)

• The central CRB (magenta rectangle) shows a
decreasing trend in P, with an average of -90 mm
per decade, and an increasing in PET (not shown) of
30 mm per decade.

• River discharges (not shown) and water levels are
significantly decreasing over the central CRB, around
-240 m3 s-1 and -6 cm (-20 cm from radar altimetry).

Meteorological and hydrological level:

Potential drivers:

• A significant decrease in specific
humidity at low levels, and a significant
increase in atmospheric subsidence at
different atmospheric levels over the
central CRB.

• 14 out of 28 GCMs from CMIP6 with the
ssp585 scenario were chosen to force the
MGB model , called as a multi-model
ensemble (MME).

• The inter-period (2070-2100 and 1984-
2014) analysis difference revealed mostly a
decrease in discharge exceeding 25% in
Sangha, Ubangui (northern regions) and
Middle Congo regions by 2100.

• There is a systematic increase of drought
intensification by about 30%.

• This pattern of decreasing discharge is
mainly explained by the systematic
increase in surface temperature , from
4°C to 5°C on average.

Relative differences (%)

Average discharge Minimum annual discharge

1. Introduction 2. Objectives

3. Data and methods

Amazon Hydrological Reanalysis (2000-2020)
Projections of the Congo’s hydrology 

(2070-2100)

Cross-section

4. Ongoing results and conclusions
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Light disperser

Nanostructured blazed gratings for high-performance spectrographs
Simon Ansa,b, Guillaume Demésyb, Frédéric Zamkotsiana, Andrei Mursac, Roland Salutc, and Nicolas Passillyc

aAix Marseille Univ, CNRS, CNES, LAM, Marseille, France
bAix Marseille Univ, CNRS, Centrale Med, Institut Fresnel, Marseille, France
cFEMTO-ST, CNRS, UFC, Besançon, France

Abstract : We study the light disperser of a spectrograph, which is traditionally a blazed grating with a sawtooth profile. On the one hand, preliminary
manufacturing results are presented. On the other hand, in order to find the optimal opto-geometric characteristics of this keystone device, topology optimization
based on the Finite Element modelling of the equations is used.

Context of the project
Physical problem
The classical sawtooth blazed grating in reflection is a periodic pattern that mostly reflects the incident 
light on a particular diffraction order (for our case the order 1). It is widely used in spectroscopy and 
the goal of the new generation of spectrographs is to be more efficient though more compact.

Theoretical model
Finite Element Method and topology optimization
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[1] Zamkotsian et al. SPIE Instru. Astro. VII. 107025P (2018)
[2] Demésy et al. Presses Univ. Prov. (2014)
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Numerical results
Optimizing blazed gratings
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The optimization problem is first solved on a single wavelength in order to reach a diffraction efficiency 
close to 100%.

Light disperser

24°

5°

Mirror 1

Mirror 2

At the nanometer scale, the grating can be seen as a periodic collection of diffracting objects with a 
pattern defined in the design region. The framework here is the conical case: the consideration of a 2D 
geometry where the incident plane wave parameters are let totally free [2]. Moreover the permittivity 
distribution within the design region is free as well.

The problem is solved numerically using the Finite Element Method. The triangular discretization 
meshing and the numerical resolution are resp. supported by the open-source softwares Gmsh [3] and 
GetDP [4]. It enables to access the diffraction efficiencies .

In topology optimization, on each triangle the dielectric permittivity depends on a design vector  
constant per triangle of the finite element mesh through the SIMP method :

The optimization problem is then, for a fixed diffraction order  : density  on 
the triangle D

ensity o
f d

ielectric

Conclusion
A totally open-source topology optimization code has been implemented with mathematical calculations of 
the tools for the gradient descent. It enables to generate designs of blazed nanostructured gratings made of 
a dielectric layer.  The results show an improvement of the diffraction in the infrared region, which has now to 
be confronted to the manufacturability contraints.

, , , °

, , , °

It is solved using GCMMA [5] and the Jacobian of  is computed using 
the adjoint method [6].

Binarization Connectedness
 is a spread function, here with a 

radius of 

In order to obtain a readable and realistic shape after the topology optimization, both filters 
presented below are necessary. Their (analytic) derivative is also implemented in the calculation of the 
Jacobian.

Manufacturing metasurfaces
Optimizing the e-beam lithography

cut of the etched sampleetched Nb2O5 Resin

2 2 400

Starting from a 3D metasurface pattern developed by considering the phase shift induced by the 
sawtooth grating (Ans et al. OWTNM 2023), the strengths and constraints of the manufacturing of 
nanostructures are defined.
First samples of blazed gratings have been manufactured on an Nb2O5 layer of 150nm using e-beam 
lithography (RAITH Voyager lithography system) with locally adjusted electronic doses.

, , , °

The brodband optimization outperforms the sawtooth grating on a wide range of wavelengths, so that 
the efficiency averaged on the interval [400,1500]nm reaches 80% instead of 52% with the traditional 
grating.

silica air

silica air

silica air
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Micro peignes optiques pour la synthèse de fréquence micro-
onde et optique

Germain BOURCIER1,2, Stéphane BALAC3, Julien LUMEAU4, Antonin MOREAU4, Olivier LLOPIS1, Arnaud FERNANDEZ1
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Nous explorons le résonateur Fabry-Pérot fibré (FFP), une nouvelle plateforme pour la génération de peignes de fréquences. Cette thèse permet d’étudier
théoriquement et expérimentalement la génération des peignes. Les instabilités de modulation sont la première manifestation des effets non-linéaires. Une étude
analytique relative à leur apparition est présentée ici et est comparée à l’expérience afin de comprendre leur déclenchement, d’améliorer les paramètres de fabrication,
et ainsi de réduire la puissance nécessaire à leur génération. Pour aller plus loin, nous considérerons les pertes liées au miroir déposé. Enfin, il est possible de réaliser
différent setups pour obtenir des solitons de cavité, la stabilisation par rétro-injection est présentée, celle-ci permet d’obtenir des peignes à très faible bruit de phase.

Résumé

Le résonateur Fabry-Pérot fibré (FFP) est délimité par des miroirs diélectriques multi-
couches de quelques µm d’épaisseur.

Résonateur Fabry-Pérot fibré 

➢ Facilité de conception et de manipulation
➢ Couplage durable et reproductible
➢ Q > 108

FFP

La biréfringence de la fibre crée une
double cavité par la présence de
deux polarisations linéaires P1 et P2
d’ISL propre.

Dégénéré

En
er

gy

Non-dégénéré

En
er

gy

La fibre optique est non-linéaire d’ordre 3 il est donc possible de générer du mélange à
quatre ondes.

Le peigne de fréquence optique

Ensemble de raies fines et équi-espacées obtenu grâce à
la génération d’un étalement spectral à l’intérieur d’un
résonateur optique.

Peigne Kerr

νISL 1550nm
ν (Hz)

Étalement spectral par mélange à quatre onde

Laser CW 

𝜈

Peigne de fréquence

𝜈

FWM
Dégénéré

FWM 
Non-dégénéré

Fibre optique
Miroir de BraggMiroir de Bragg

Férule Férule

Cavité nonlinéaire

Théorie et simulation Résultats expérimentaux

Simulation des pertes par diffraction dans le miroir

Théorie self-injection locking

Equation temporelle de Lugiato-Lefever :

𝑡𝑅
𝜕𝜓

𝜕𝜏
= − 1 − 𝑎𝜌2 𝜓 − 𝑖𝛿𝜓 + 𝜅𝐸𝑖𝑛 + 2𝐿 −𝑖

𝛽2
2

𝜕2

𝜕𝑡2
+ 𝑖𝛾 𝜓 2 + 𝑖𝛾

2

𝑡𝑅
න

−𝑡𝑅/2

𝑡𝑅/2

𝜓 2𝑑𝑡 𝜓

Pertes

Detuning

Pump

Dispersion

Non-linearité avec
co-propagation et contra-propagation 

Terme spécifique au 
FFP

𝜈 𝜈

Instabilité de modulationSeuil d’apparition des effets non-linéaires
Laser CW 

• Lobes symétriques
• Lignes supplémentaires par mélange à quatre ondes
• Espacement > 1THz ≈1000 ISL (cordon 10 cm)

                    

               

   

   

   

   

 

 
 
  
  
  
 
 
 
  
  
 
 
 
 

                

                        

 
  

  
 
  
 

 

 
 
  
  
  
 
 
 
  

  
 
 
       

𝑷𝑰𝑵,𝒕𝒉 =
𝟏 − 𝒂𝝆𝟐

𝟑

𝟐𝑳𝜸 𝟏 − 𝝆𝟐
𝟏 + 𝟑 − ∆ 𝟐

Seuil de puissance input : 𝑷𝑰𝑵,𝒕𝒉
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PIN = 1W

𝑷𝑰𝑵,𝒕𝒉 =
𝟏− 𝒂𝝆𝟐

𝟑

𝟐𝑳𝜸 𝟏 − 𝝆𝟐
𝟏 + 𝟑 − ∆ 𝟐

PIN = 1W

Validation 
de la théoriePeigne primaire

Pump
step soliton

▪ Signal injecté : 

• P=1W

▪ Cavité FP:

• 𝛽2 = −5𝑝𝑠2𝑘𝑚−1

• 𝛾 = 1,4𝑊−1𝑘𝑚−1

• 𝑄 = 1,2 .108

▪ Seuil puissance intracavité : 

• P=11W

Optimisation de la réflectivité ➔ 15,6% de 𝑷𝑰𝑵 en moins

Férule

Ei

→ Approximation du mode fondamental Gaussien

→ model d’optique de Fourier (fréquences spatiales)

→ Calcule des coefficients de Fresnel pour N couches minces 
(méthode récursive de Rouard)

𝜂 = ඵ
𝐸𝑖

𝑃𝑖

∗
𝐸𝑟

𝑃𝑟
𝑑𝑥𝑑𝑦

Q = 5.109

Avec une fibre multimode 
=

quasi sans pertes : 

0 50 100 150 200 250 300 350 400
0.0
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108

Effective area [µm2]

Q

103

0.0

0.5

1.0

1.5

2.0

2.5

F

F = finesse
Q = facteur de qualité

Aire effective (µm²)

F=600 avec 𝐴𝑒𝑓𝑓 = 12 µ𝑚2

F=2200 avec 𝐴𝑒𝑓𝑓 = 320 µ𝑚2

𝐴𝑒𝑓𝑓 = 12 µ𝑚2 𝐴𝑒𝑓𝑓 = 320 µ𝑚2

12

𝑨𝒆𝒇𝒇 = 𝟏𝟐 µm2

𝑨𝒆𝒇𝒇 = 𝟑𝟐𝟎 µm2

Aeff (µm²)
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R = 99,86%

( R = 99,96% )
Intégrales de recouvrement

DFB

1

2 3

90%
10%

CIRC

VOA

∆ϕ

FFP

Time (s)

Oscilloscope

Frequency (THz)

OSA
Peigne primaire

Peigne primaire

Soliton de cavité

Soliton de cavité

Setup self-injection locking

Battement RFLow phase noise

+

Mesure des pertes par diffraction

Instabilité de modulation

Etude de la dynamique de formation du peigne (simulation) Etude de la dynamique de formation du peigne (expérimentation)

PIN = 0,1W

Développement d’un modèle théorique : ξ = ζ +
α𝐾

τ𝐿𝐶
𝑇 ζ sinψ

𝑹𝑴𝑰 =
𝟑𝒂 − 𝟏

𝟐𝒂

Ces travaux sur le FFP ont permis de mieux comprendre les verrous technologiques associés à sa fabrication et à son utilisation. Nous savons maintenant améliorer le
seuil de déclenchement des peignes en choisissant la réflectivité optimale et en réduisant les pertes au miroir. Les outils nécessaire à la compréhension de la
dynamique non-linéaire ont été développés. Différents setups ont été mis en places dont la stabilisation par rétro-injection. Cette méthode permet de générer des
solitons de cavité avec des puissances de pompe inférieures à 150 mW ce qui est exceptionnel dans ce type de résonateur. De plus, la dynamique complexe de ce type
de setup a été étudiée à l’aide d’un modèle théorique.

Conclusion
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Modélisation géométrique de scènes urbaines avec le 
formalisme LOD2 à partir d’images satellite

Motivation

Motivation

Motivation

Références

Contexte

Motivation

Paramètres du problème

Pipeline

Motivation

LineFit

• Demande croissante de modèles numériques 
urbains

• Traditionnellement, modèles 3D via données 
aéroportées (Lidar, images multi-vues)

• Potentiel accru des images satellites : couverture 
mondiale, coût moindre, fréquence élevée

• Satellites Pléiades Neo : résolution proche des 
images aéroportées

Objectif : Reconstruction 3D 
de zones urbaines en LOD2

Informations 
sémantiques

Bâtiments

Végétation

𝑈 𝐱 =  λ 𝑈 𝐱 + λ 𝑈 𝐱 + λ 𝑈 𝐱

Fidélité
Favorise des courtes distances 
entre les inliers et leur lignes

Complétude
Favorise un grand nombre 

d’inliers

Régularité
Favorise des segments peu 
nombreux, et régularisés

Régularités : co-linéarité, lignes concourantes , 
parallélisme and orthogonalité.

Configuration A Configuration B Configuration A Configuration B Configuration A Configuration B

Construction du wireframe

• Utilise une carte de gradient d’image pour  
garder les points d’intérêt

Image gradient map 2D point cloud

• Approximation des points par des lignes, 
avec une tolérance 𝜀

• Recherche d’une bonne configuration de ligne : qualité de la configuration 
𝐱 = (𝐬, 𝐥) mesurée avec l'énergie 𝑈 : 

𝜀

𝜀

• Optimisation : depuis une configuration initiale, l’opérateur géométrique 
qui réduit le plus l’énergie est appliqué itérativement :  

𝜀 contrôle le niveau d’approximation

Transfer

Fusion

Séparation

Régularisation

Exclusion
Insertion

Configuration actuelle

• Résultats 

Wireframe

Lignes détectées

Segmentation bâtiment

Partition

Élévation

2

3

Paire d’images

Modèle LoD2

Carte de hauteur (MNS)

Haute

Basse

Segmentation section de toit

1

Extraction du wireframe : agrégation de la partition 
et d’une segmentation de section de toits

Création d’une partition d’image: 
• Détection de segments de droite sur les bâtiments avec LineFit [2]
• Partionnement de l’image avec Kippi [3] : prolongation des segments pour 

créer des polygones 

1

2

3

LineFit [2]

Kippi [3]

Extruder en 3D : attribution d’un plan 3D à chaque 
polygone du wireframe grâce à la carte de hauteur

Détection de segments de droites dans les images, sur les structures linéaires 
mais aussi sur les formes courbées.

Inliers
𝜀

𝜀

Inliers

Outliers

• Opérateur local : change une ou deux lignes
• Opérateur global : toute la configuration peut être modifiée

Images satellites Images formes libres

Lignes détectées Partition

Résultats préliminaires

Segmentation des 
sections de toits

Segmentation filtrée avec 
la segmentation du bâti

ASIP [4]

 Sur le contour puis à 
l’intérieur des bâtiments 
grâce à la segmentation 
du bâti

Segmentation 
du bâti  Utilisation de Segment Anything [5] fine tuné pour 

les sections de toits

Données d’entrée : 

[1]

Images satellite

Résolution : 30 cm
1 bande panchromatique
6 bandes multispectrales

Informations 3D
mètres

108,42

78,43

Modèle Numérique de 
Surface (MNS) avec CARS

Chaîne de 
reconstruction 

3D du CNES

[1]

[1]

[1] Youssefi, D., Michel, J., Sarrazin, E., Buffe, F., Cournet, M., Delvit, J. M., ... & 
Bosman, J. : Cars: A photogrammetry pipeline using dask graphs to construct a 
global 3d model. In IGARSS (2020)

[2] Bauchet, J. P., & Lafarge, F.: Kippi: Kinetic polygonal partitioning of images. In 
CVPR (2018).

[3] Bauchet, J. P., & Lafarge, F. (2018). Kippi: Kinetic polygonal partitioning of 
images. In CVPR (2018).

[4] ] Li, M., Lafarge, F., Marlet, R.: Approximating shapes in images with low-
complexity polygons. In: CVPR (2020).

[5] Kirillov, A., Mintun, E., Ravi, N., Mao, H., Rolland, C., Gustafson, L., Xiao, T., 
Whitehead, S., Berg, A.C., Lo, W.Y., Dollár, P., Girshick, R.: Segment anything. In: 
ICCV (2023)



CONV
(Convection)

Machine learning method4

Extreme cloud systems, occurs in Intertropical zone

air, aerosols & water updrafts up to the tropopause
Strong impacts on : Water & Energy Cycles

Issues around deep convection :
o Lack of observations of convective updrafts

o High spatial and temporal sampling

o In-situ measurement difficulties over oceans. 
o Limited representation in meteo/climate models

Scientific context: Deep Convection1

Contribution to Atmosphere Observing System (AOS) program (NASA-led with CSA, JAXA, CNES)

Observation of clouds and storms dynamics

Twin multispectral passive microwave radiometers 

Measurement expressed in brightness temperature (Tbs)

related to ice scattering attenuation

related to growth of convection [1][2]

Space mission : C²OMODO2

Table.1 : Description of C²OMODO and 
instrumental configuration used. IFOV at nadir.

General Description Frequency 
[GHz]

IFOV
[km]

Orbits Inclined

± 55° latitudes

Launch : [2028 2030]

Mean altitude : 427 km

Swath : > 750 km

183.31 5

325.15 3

89 10

[1] : Brogniez et al, (2022), Front Remote Sens. 
[2] : Auguste F and Chaboureau J-P (2022), Front. Remote Sens.
[3] : Houze, R. A, Jr (2014), Cloud Dynamics.
[4] : Marinescu et al (2016), J. Geophys. Res. Atmos.
[5] : Lac et al (2018), Geosci. Model Dev.
[6] : Dauhut T and Chaboureau J-P (2015), Atmos. Sci. Let.
[7] : Saunders, R., et al (2018), Geosci. Model Dev.
[8] : Geer et al (2021), Geosci. Model Dev.
[9] : Ke, G., et al (2017), Neural Information Processing Systems.
[10] : Rodgers (2000), World Scientific Publishing.

Among other possible products, C²OMODO enable the retrieval of:

Using Machine Learning : Cells structure and Integrated geophysical variables

Using 1D-VAR : Profile of : Ice Water Content & Vertical wind velocities

PHD perspectives : Investigation of 1D-VAR biases, Application on other cloud structure,
Sensitivity analysis to tandem parameters (Tandem simulator), Publication on the 1D-VAR.

Conclusions and perspectives5

Variational approach method (1D-VAR) 
Method :

Iterative principle - Based on Bayesian theory [5]

Retrieval of ice water content

Retrieval of vertical wind velocities profile,

o Gaussian model based (Fig.5)

o Advection scheme similar to MESO-NH (Fig.6)

Fig.7: 1D-VAR perormance retrieval map. 
Top line : map of the real and retrieved Wmax. Bottom line : map of the real end retrieved Hmax.

5
Method : GBDT - LightGBM [9] (Article in preparation) :

Convective cell structure (Based on [4]) : 
o Single-radiometer : Cloud structure (Fig.4)
o Tandem-based : Ice variation phases

High performance retrieval of and 

Measuring dynamical properties of atmospheric convection using C²OMODO 

a tandem of microwave radiometers
Thomas Lefebvre1,2,4*, Hélène Brogniez1,3, Laura Hermozo² and Frédéric Chevallier3 Contact*: thomas.lefebvre@latmos.ipsl.fr

1 : LATMOS/IPSL/UVSQ - 2 : CNES - 3 : LSCE/IPSL - 4: Airbus Defense and Space

MESO-NH [5] (Cloud Resolving Model) : 
Laboratoire et Météo-France
Non-hydrostatic (Resolved convection)
Hector simulation [6]:

6h ; 256*200 km² ; up to 30km
= 1km ; = 200m ; 

RTTOV.13 [7] (Radiative Transfer Model) :

Simulation of satellite measurements
No spatial observation geometry yet
Default particle size/shape distribution [8]

To be explored in another study

Hector simulation by MESO-NH  © LA/OMP

MESO-NH

RTTOV

Fig.3 : Tbs samples across channels

C²OMODO (Convective Core Observations through MicrOwave Derivatives in the trOpics) :

Time-Delay : 
30 - 180s

DC
(Deep convection) STRAT

(Stratiform)
ANVL

(Anvil)

Numerical tools3

Fig.9: Scatter plot of 1D-VAR retrieval in function of reality-like values. 
Red line : regression line. 

Fig.1: C²OMODO principle. Cumulonimbus (liquid and frozen water) observed with twin radiometers
: In-cloud vertical wind velocity ; : Terminal velocities ; In red : Cloud classes

Fig.4: Results of the Machine learning methods. 
Top line: map of the real and predicted classes. 
Middle line: map of the real and retrieved IWP (Ice Water Path : total atmospheric ice content). 
Bottom line : Diagram of dispersion of IWP (left) and dIWP/dt (right).

Fig.8: Real and retrieved ice profile and vertical wind velocities 

First results :

Fig.7: Spatial coherence of dynamical properties
Fig.8: Consistent ice content and vertical velocity profile
Fig.9: and well estimated

Fig.6: Advection scheme compute 
vertical motion between initial 

and final time measurement

Ice layer

Fig.5: Wind vertical velocity profile 
based on gaussian model



  

Contexte

Objectif et méthode de travail

Interaction brouillard de gouttes – onde acoustique

Moteur-fusée liquide
  Tête d’injection dans la
  chambre de combustion 

Simulation de l’interaction entre un brouillard de gouttes et une onde 

acoustique

Les modèles d’échanges de quantité de mouvement, d’énergie et de masse utilisés sont 
(quasi-)stationnaires et valides dans le cas d’un champ acoustique de faible amplitude. Cependant, au 
décollage d’un lanceur, le niveau d’intensité sonore atteint 180 dB (0,2 bar), ce qui ne rentre pas dans 
la plage de validité des modèles.

Le brouillard est considéré comme étant composé de gouttes indépendantes les unes des autres, il 
faut donc revenir à l’interaction au niveau d’une seule goutte avant d’élargir les termes d’échanges 
trouvés au brouillard entier. Grâce à une méthode d’intersection de maillage mobile développée à 
l’Onera, les maillages chevauchants conservatifs (MCC), il sera possible de simuler directement, dans 
un référentiel galiléen, l’interaction entre la goutte et le milieu environnant et de capturer les effets 
instationnaires de la goutte sur l’écoulement.

Caractériser l’interaction entre une goutte mobile et une onde acoustique en termes d’échanges de quantité de mouvement

Démarche globale incrémentale de complexité croissante :
● Validation de la méthode en écoulement stationnaire en régime de Stokes ainsi qu’en régime laminaire
● Utilisation de la méthode numérique en écoulement instationnaire à bas Reynolds :
•  Détermination de nombres caractéristiques garantissant la validité des résultats numériques
•  Mise en place d’un environnement de simulation

● Extension des simulations à haut Reynolds et adaptation des modèles analytiques

Étude de l’interaction entre une goutte mobile et une onde acoustique

Visualisation d’un brouillard de 
gouttes de combustible par imagerie 

de fluorescence (PLIF). 
Onera

Moteur-fusée solide
  Gouttes d’aluminium en 
fusion dans la chambre

Chambre de combustion détruite par 
les instabilités thermo-acoustiques [1]

Déluge d’eau lors des 
lancements

Déluge d’eau lors du décollage 
d’Artémis I, NASA

Résultats instationnaires

Bas Reynolds Haut Reynolds

F (t)=6 πμRV (t)+
2

3
π R

3
ρ
dV (t)

dt
+

6π R2μ

δω
(
dU (t)

dt
+ωU (t))

Formule analytique :

δ=√ 2μ
ρω profondeur de déplacementavec

F ' (t)=sin(ω t)+
2

9
R '

2
cos(ω t)+R ' (sin (ω t)+cos(ω t))

adimensionnement

R '=
R

δ
le rayon adimensionnéavec

F ' (t)=A (R ' )sin (ω t+Φ (R ' ))

Évolution de l’amplitude (A) et de la phase (Φ) en fonction du rayon adimensionné

Reynolds > 1

Les résultats issus des simulations sont en accord avec les formules analytiques dans le 
cadre de leur plage de validité. Cependant, lorsque le nombre de Reynolds ne permet 

plus au termes convectif d’être négligé il est nécessaire de revenir à l’étape du 
développement analytique afin de les prendre en compte.

F (t)=CD
1

2
πρ R

2|V ( t)|V ( t)+Cm
4

3
π R

3
ρ
dV (t)

dt
+
Chπ R

2μ

δω
(
dU (t )

dt
+ωU (t))

Formule analytique modifiée:

Odar et Hamilton [2] Michaelides [3]

Cm=1,05−
0,066

Ac
2
+0,12

Ch=2,88+
3,12

(1+Ac)
3

Cm=0.5

Ch=6−3,16(1−e
(−0.14 Re Sl

0.82
)

2.5

)

Ac=
U 2

dU

dt
D Sl=

9μ

8ωρR p
2

Pourcentage de différence entre les forces 
totales 

Nombre d’accélération 

Nombre de Strouhal 

Bibliographie

[1] S. Mariappan, Thermoacoustics instability in a solid rocket motor : non-normally and nonlinear instabilities, Journal of  fluid mechanics, volume 653, pp 1-33, 2010
[2]F. ODAR and W. S. HAMILTON . Forces on a sphere accelerating in a viscous fluid. journal of fluid mecanics, pages 302–314, 1964.
[3] E. E. MICHAELIDES . Particles, bubbles and drops, their motion, heat and mass tranfer. World Scientific, 2006.

Évolution des coefficients en fonction du Reynolds 

En réalisant une exploitation 
similaire à celle d’Odar et Hamilton il 
apparaît que les modèles du 
coefficient de Boussinesq sont 
cohérent avec les résultats issus des 
simulations. Cependant, le 
coefficient de masse ajoutée ne 
correspond pas. Il est donc possible 
d’y apporter des modifications. 
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