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Traitement multi-antennes et formes d’ondes optimisées pour radar compact em-

barqué

Hind AIT TALEB '# Valentine WASIK ! Abigael TAYLOR ? Yassin EL HILLALI *

1ONE‘.RA/DEMR, Université de Toulouse, F-31055 Toulouse
QDEMR, ONERA, Université Paris-Saclay, F-91123 Palaiseau
SIEMN, UMR CNRS 8520, UPHF, 59300 Valenciennes

Contexte

Dans le domaine spatial, les nano-satellites (satellites artificiels mesurant quelques dizaines de centimetres de co6té) interviennent dans une multitude
d’applications, parmi elles la détection de débris spatiaux. Ces nano-satellites inteégrent des capteurs embarqués pour détecter des cibles et déterminer
certaines de leurs caractéristiques (distance, vitesse, angle). Afin d’améliorer les performances de détection, et plus précisément la résolution angulaire,
le radar MIMO (Multiple-Input Multiple-Output) peut étre utilisé. Ce radar doit étre optimisé en termes de formes d’ondes et d’architectures. Plusieurs
critéres interviennent dans le choix des formes d’ondes (portée, résolution, taille des lobes secondaires). Les traitements radar doivent également étre

adaptés au contexte spatial (caractéristique des débris, temps d’intégration .

Choix de la forme d’onde

*Le signal recu est une copie atténuée, retardée et soumise a 1’effet
Doppler du signal émis.

e Pour estimer les
parametres (distance,
vitesse, angle) de la cible,
un filtre adapté est appliqué
au signal recu.

Figure 1: Coupe

5 | de la fonction
I d’ambiguité

3 3 (sortie du filtre

1 adapté) dans le

! domaine temporel

¢ Pour faire le choix entre différentes forméé d’ondes,\ il faut comparer
leurs fonctions d’ambiguité en utilisant les criteres : résolution, PSLR
(peak side-lobe ratio) ou ISLR (integral side-lobe ratio).

(a) TDMA (b) FDMA (c) CDMA

Figure 2: Coupe distance-angle de la fonction d’ambiguité pour différentes formes d’ondes [1]

Méthode de génération de formes d’ondes CDMA

Principe du CDMA (Code Division Multiple Access)
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Meatrice contenant les codes de Gold Signal élémentaire : chirp

Comparaison du CDMA avec codes de Gold ou polynomes d’Hermite
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Figure 4: Coupes de la fonction d’ambiguité dans (a) le domaine temporel et (b) le domaine angulaire.

Modulations Avantages Inconvénients

Forts lobes secondaires en distance

CDMA  (codes de|Bonne résolution temporelle. et angle liés au choix du code.

Gold)

Polyndmes parfaitement orthogonaux
selon le diagramme d’énergie.

Lobes secondaires bas en distance

et en angle.

Dégradation de la résolution.
Bande passante différente pour chaque
polyndme.

CDMA  (Polynomes
2D

Table 1: Tableau comparatif des modulations pour le CDMA.

.

Modeélisation de la trajectoire du débris et du satellite

But : déterminer la

. . . Orbite
trajectoire de la cible par * JRE circulaire
rapport au nano-satellite =~ Modelede C‘ohESSV;/\

Wiltshire{®R) ,~
7z

a partir de ses coor- ,
données initiales dans le &
repere terrestre (modele N
. . \
de  Clohessy-Wiltshire .
~débris Modele terrestre _’
[3D). » b Ny (Re) -

Correction de la migration distance sur une longue durée
d’observation

* Méthode utilisée pour compenser la migration distance de la cible du-
rant le temps d’intégration [4].

* Transformation sur 1’axe temporel pour éliminer le terme qui induit la
migration distance.

600 -400 0 400 600

20 0 200 20 0 20
distance [im] distance [m]

(a) (b)

Figure 5: Coupe distance-vitesse de la fonction d’ambiguité (a) avant application de la transformée de
Keystone et (b) apres application de la transformée de Keystone

i ées
Apparition de lobes secondaires sur la dimension|Appliquer un filtre passe-bas.
vitesse durant le temps d’intégration.
Modification de la distribution du bruit. Déterminer le modele du bruit aprés chaque étape
de la transformation de Keystone.

Temps de calcul important pour les parametres | Adapter la méthode de Keystone au calcul matriciel.
utilisés.

Table 2: Tableau regroupant les différentes problématiques liées au traitement Keystone et les pistes pro-
posées pour les traiter
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Orbital motion

Laser Interferometer Space Antenna (LISA)

LISA is an upcoming space-based gravitational wave observatory. As ESA's third large-class
mission, LISA'is planned to launch in 2035 with a mission duration of 4-5 years. The
detector setup will consist of three separate spacecraft in triangular formation 2.5 million
km apart, trailing the Earth in heliocentric orbit. The spacecraft will be interconnected by
lasers which can detect passing gravitational waves via time-delay interferometry.
Current ground-based instruments can detect the final moments of the merger (i.e.
the plunge) of stellar-sized objects like black-hole and neutron-star pairs. Space-based
instruments have the potential to peer into a range of much lower frequencies, accessing
a rich variety of sources, from supermassive black-holes in galactic centres to primordial
events (see Fig.). Among other sources, LISA will continuously observe the gravitational
waves emitted by inspiraling white-dwarf and neutron-star binaries within the Milky Way
(i.e. galactic binaries). The data acquisition can cover years for each system, with tens of
thousands of binaries monitored simultaneously.

These observations will enable the characterisation of the source systems and our under-
standing of their internal physics and state of matter. Detection is based on matched-
filtering, and shall require templates which remain accurate over thousands of orbits. This
suggests further refinement of dynamical models considering a variety of physical effects,
including spin and magnetic field interaction, tidal forces, and radiation-reaction effects.

The orbital dynamics of a purely gravitational binary system can be described by the post-
Newtonian Arnowitt—-Deser-Misner (ADM) formalism. For a non-spinning point-mass
binary, the conservative Hamiltonian is:

H(r,p) = Ho(r,p) +  Hi(r,p) + &' Ho(r,p) + ..., )

where (r, p) are the binary separation and conjugate momentum seen from the centre-of-
mass frame, and the leading term #, is the Hamiltonian for Newtonian gravity. Any further
dissipative or non-gravitational interactions will show up as additional perturbations.
In general, the above Hamiltonian is not directly integrable, due to the presence of the
non-linear perturbation terms e2H,, €' H,, etc. In [1], we propose incorporating the
Lie series approach into the post-Newtonian context. This technique, described below,
provides a systematic framework for computing the orbital trajectories, capturing both
long-term (secular) and short-term dynamics, arbitrary eccentricities, and can be applied
to systems with a diverse range of perturbations.

The Lie series method

The approach involves finding a near- determining the generator of the transfor-
identity canonical coordinate transforma- mation, which parametriially encodes 7, as:

THE SPECTRUM OF GRAVITATIONAL WAVES

Disarvatnries §
& experiments

{osmic
P

Gravitational waves

Gravitational waves (GWSs) are minuscule rip-
ples in spacetime produced from the accel-
eration of massive bodies. Predicted back
in the early days of General Relativity, they
were finally observed directly in 2015 by the
LIGO-VIRGO observatories.

As they travel, GWs deform spacetime by
alternately stretching and compressing it.
They can be polarised into two independent
‘modes’ hy(t) and hy(t).

The GWs emitted by a binary can be com-
puted from the quadrupole formula:

2G &?
hij(t, @) = E@Qu@) 1)

where Q;;(t) is the mass quadrupole moment,
which is a function of the orbital trajectory.

compact object gravitational waves

credits: Ben Gillland/STFC

Thus, an analytical description of the trajec-
tory of the source is required for modelling
the gravitational waveform. This waveform
may conceivably depend on many parame-
ters of each body, such as masses, spins, mag-
netic and tidal properties, etc.

Post-Newtonian expansions

The Einstein field equations describe how
matter and energy influence the curvature of
spacetime, which in turn dictates the motion
of bodies. Despite an elegant formulation,
scarcely any exact solutions are known. Most
practical scenarios, such as merging black
holes or other compact systems, require the
use of numerical or approximation methods.
Among analytical methods, post-Newtonian
(PN) expansion schemes excel at describing
‘weak-field’ binary orbits, such as inspiraling
compact binaries. The approach involves ex-
panding the field equations perturbatively in
powers of e ~ v/c and solving for the cur-
vature (or rather the ‘spacetime metric’). By
doing so, one is left with equations of motion
for the bodies [3], occasionally in the form of
a Lagrangian or a Hamiltonian [8], resembling
those of Newtonian gravity with additional
relativistic corrections.

While post-Newtonian expansions have been

spacetime

credits: Ben Gilliland/STFC

progressively reaching higher orders, the de-
velopment of tools to analytically solve the
resulting equations remains behind, with ad-
hoc methods frequently restricted to secular
or quasi-circular approximations. The quasi-
Keplerian parametrisation (see [3]) has been
sucessfully determined up to 4PN order to
describe the orbits of non-spinning binaries.
However, a systematic extension of this ap-
proach to broader perturbative situations in-
cluding spinning or dissipative systems re-
mains a challenge.

tion 7,4, which maps the original Hamiltonian
‘H into a new Hamiltonian H* = T,(H). The
mapping is carefully chosen such that the
non-integrable terms in A are deferred to
high PN orders in #*, where they can be
formally neglected. At this point, the dy-
namics of H* can be easily extracted, giving
the secular orbital motion (r*,p*). Finally,
the process is reversed by applying 7, to
the secular coordinates, recovering the com-
plete dynamics of the system.

K 77/
H=3"H s W =Ty

=0

(t), p(t) (1), p*(t)
The core challenge of the approach lies in

Ty
PR

Ty(z) = x+52{x,,g} +%{{x,g},g} +...,

where {, -} is the Poisson bracket. To find
the generator, we progressively solve equa-
tions of the form:

{96, Ho} = Fi(r,p)—H;, (=1,2,..., (3)
where Fy(r, p) are expressions derived from
the original Hamiltonian (2). The two un-
knowns g, and H; correspond to expansion
terms of g and H* in powers of €2 In [1],
we derive generator solutions for (3) for typ-
ical Hamiltonian terms in (2), which include
the local conservative ADM sector but also
other rotation-invariant perturbations. The
framework can be naturally extended to in-
clude non-conservative contributions such
as radiation-reaction terms (Aykroyd et al.,
in prep.), by using the variable-doubling for-
malism [5].

Magnetic interactions

Isolated white dwarfs and neutron stars can
exhibit external magnetic fields as strong as
10° and 10" Gauss, respectively. However,
whether such strongly magnetic degener-
ate stars are commonly found in binary sys-
tems remains unclear. Clarifying this sub-
tlety could provide crucial information on
the stability and formation mechanisms of
magnetic fields in these binaries.

Recent studies show that magnetic interac-
tions in galactic binaries create distinct sig-
natures in GWs that should be detectable
by LISA [4, 6]. Analyzing these signals can
reveal the magnetic properties of the sys-
tems, providing valuable data for population
models and insights into the magnetic fields
of degenerate stars.

Magnetic model

At leading order, the perturbing magnetic
interaction can be encoded by a non-
relativistic term:

o

M =2 gy = 301 ) o 7). (4)

where the dipole moments p, , are assumed
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to be aligned with the spins of the stars. We
show [2] that given enough time, the mag-
netic interaction will drive the dipoles into
a configuration where they are anti-aligned
and perpendicular to the plane of the orbit.

Magnetic signature in GWs

In this configuration, we can compute the or-
bital motion and demonstrate [/] that mag-
netism will manifest as a frequency shift in
the GW mode harmonics proportional to
the magnetic interaction energy (4).
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% STUDY OBJECTIVE

To gain a deeper understanding of the physical phenomena governing Pulsating Heat
Pipes (PHPs) and to optimize their design and development process.

WHAT IS A PHP?

Passive heat transfer device consisting of a meandering capillary structure partially filled with a working fluid’.
Heat generated in the evaporator section is transferred to the condenser through both conduction in the channel
walls and latent and sensible heat transfer with the working fluid.

CONDENSER s*t*ssssssssssssssssssss
The waorking fiuid releases heat to the condenser, '
which is usually maintained at a constant
temperature, Condensation of vapor bubbles

st=mm==se-==-==-=-- EVAPORATOR
Heat input leads to latent and sensible heat
transfer between the evaporator and the
working fluid, resulting in bubble nucleation
and growth.

ADVANTAGES
* Passive operation
+ Design simplicity
* Nointernal capillary wick structure
+ Ease of integration and adaptability

f===-=--------- ADIABATIC ZONE
Mo heat transfer cccurs. Intermittent slug-plug flow

(alternating liquid slugs and vapor plugs)

transports heat along the pipe..

BEsaEERRRER R

Inc tween internal
physical mechanisms (v 7se flow, he an and design parame

e EXIPERIMIENTAL -

NUMERICAL T T TP T T P PP P P PP PN

A 16-turn tubular PHP was manufactured using a copper tube with a 1 mm
internal diameter and a 0.6 m adiabatic zone length. PHP was tested at
varying heating powers and inclination angles.

CASCO v4.0 1D transient simulation software? (developed by CEA) is used
to predict PHP performance and behavior under various input parameters,

such as structural geometry, working fluid, thermal boundary conditions. )
Experimental parameters

/"L, Heating power Inclination angle 5}: | Cooling Temp. .2 Working fluid

Tor :
: Pz :
] . H :
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i =505 P=80W T, =195°C I Key abservations :
P i _ - ;
- S— - Fluid mavement initiate Strong dependenance of the PHP
HE — H T ——— perfarmance on the inclination angle, :
- == P SRR L dueto gravity effects :
: ,.1____‘= —T Plog oo e ]
s H = HEATED BT TON-HEATED :
— - TR < >
i ——— 3 Porow . 5 - %
2 " 5 L= -
P — — 25 - i
| = 1B P Eas o :
: ] 15 Vil 4 I E . u 4 e E
= 1 IR EE N . :
: E:‘ — | 05 | ' H : f E - H
= —] e P ] 2 g . :
i —— 0 200 400 €00, 800 i B Tale :
N —— — TIME fs] P ¥ el ST ¥ :
D p— — P2 oE a=0 . By P . . :
] — CASCO simulzted evoparator P i ) - i
: Schemotic representation of fluid distribution inside the temperalure and root-mean-square : : - _ Y . - :
= 12 chonnels within CASCO fluid velocity femparo) variafion. H x I INCLINATION ANGLE | :
H s H H

APPLICATION DOIIAINS oo o

EMBEDDED SYSTEMS HYPERSONIC BATTERY COOLING HEAT HARVESTING
- N t of heat dissipation f VEHICLES Improverment of temperature PHPs can be used to recover thermal

Err;r:l-.::-.z::enle?:lrg:ici;:wp;u::n1?;r { ] Cooling of high-temperature leading requlation and cooling efficiencyin ) energy from waste heat sources, such
:CF’US GPUS | edges on hypersonic vehicles and || battery packs for electric vehicles and as solar power, co ntributing to energy
| 5 g (—( S ?ﬂ spacecraft during atmospheric re-entry, other high-performance applications. efficiency improvernents.
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Dynamical interpretation BfSWOT SSH
south of New Cale onia

Unraveling the ocean’s
fine-scale circulatio

SWOT |

SSH
10x

AdAC Crossover consortium to assist in-gTi':u e

Objective infer ocean d

SWOT SSH requires accurate disentanglement since it resolves wavelengths
at which ocean dynamics are not purely associated with balanced motions, i.e.

Sea Surface Height alon

— I Coriolis
o force

geostrophic approximation

higher spatial resolution than conventional a"lt"_

el
- T

Yo [o] o]
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NEMO CALEDOGO - regional numerical model output with tides (1/60°)

PSD A . y »
large-scale, slowly evolving dynamics, as it the case for conventional altimetry. * h ‘&‘ ¥ . "‘
) . = balanced
)z el
LEIEREE unbalanced w—unhalanced i ﬁ\‘
mesoscale submesoscale internal gravity ® .L"" p A
waves (IGWs S = R — X *
o g2f o) 100 km -
O(LU-LYY Jepn) O(1-10 km) 0(10-100 km) 530 - A H
O wWasle - 1L srlonin) O(1 day - 1 week) O(1 hour - 1 day) EE@ oo N ¥ . * 3 Y
=T s % . &
855 %5 N bzzi) Jmeso/ unbalanc d e i
Geostrophic approximation partially Balanced motions and IGWs with '-S bmesosga‘fe |GWS .
' not valid as the submesoscale can ' overlapping spatial scales and 100 km wavenumber a T
- ]

be strongly ageostrophic equal contribution to SSH variance relative vorticity

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

Inoitm

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

) upto =100 m

Located beneath the swaths Tahiti

of SWOT's fast-sampling
phase (1-day repeat orbit)

166.7 I8 L6TTS'E 1BBISE

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

Methodolo

SWOTALIS (involvement in SWOT-AdAC)

Ful

depth moorin

101 horizontal kinetic energy spectrum

Allowing for...

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.

107! !

SWOT SSH slnapshot

"i. Decomposing the time series ®
- Full-depth  velocity time series reveals
balancz=d mesoscale component alongside
high-frequency variability dominated by the

unbalanced semidiurnal tide.

2024

Mooring data
processing and
quality control

Coherent semidiurnal tide ®

Derivation of SSH The fraction of tidal variability which is in phase

the derivation of steric SSH (sSSH), i.e. SSH induced by density
(p) changes in the water column such as the downward and {Z
upward displacement of density surfaces, for both balanced and
unbalanced motions: sSSSH(t) = [gp(t,z)dz

1-5 days
—
pfull=pmesoscale+psubmesoscale+Pineltial+pdiumﬂl+psemidiurna[+"'
>5 days ~12 hours

025 —
0.00 E
0257

s00/Mesoscale (ML

Op—== T

signature based with astronomical tidal forcing, i.e. spring-neap tide smasubmesoscale Iﬂg
on steric height 2025 cycle (M2, S2, N2), estimated by harmonic analysis. —— -
depth integral | ) ufull,nz=ucohemnt,pz+uresldual,pz i‘u ‘ .l “ f 2
500
{ ‘ The residual (also referred to as incoherent tide) is the time-
. 1 3 varying component which is out of phase with tidal forcing, L ¥ ~
goon;ll')izgs;:ric\)/fed ! T & highly unpredictable and challenging for SWOT. 0> I I i i ' ‘ l I l ]
and SWOT SSH =0 s00 ~
- - fr—
2026 Full-depth moorings will help allocate... I g
SWOT SSH to the different dynamics in a region where | 1
balanced and unbalanced motions are equally important. E'c,‘,,|»-e5|d|_|a| D2 :’
2023-04 2023-05 2023-06 202307 202308 202309 202310 202311 4

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.
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VenSpec-U / VeSUV:
The next ESA mission to Venus, EnVision, aims to study

the planet as a whole, including its various constituting
parts, their interactions and coupling processes. The
payload includes a suite of three spectrometers, the
VenSpec suite ", among which the UV channel called
VenSpec-U or VeSUV (*Venus Spectroscopy in UV") &
will focus on the upper layer of the atmosphere. It aims
to monitor sulphured species such as SO, and SO, as
well as the unidentified UV absorber, and will also
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observe small scale dynamical patterns such as
convection cells or atmospheric waves.

Constituted of two channels called “LR" and *HR,
referring respectively to the low and high spectral
the instrument will perform dayside
observations of the UV sunlight backscattered by Venus'
clouds. Radiance factor spectra using the spectral solar

resolution,

iradiance will then be derived.

Influence of the Signal-to-Noise Ratio:
The Signal-to-Noise Ratio (SNR) is used as an
optimisation parameter in the Levenberg-Marquardt fitting
algorithm involved in the inverse RTM, which leads to an
increased reliance
on portions of the
spectra with higher
SNR to find the
best estimation of
atmospheric =
features.
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In order to estimate how the uncertainties associated to the retrieved parameters are impacted,
variations in the SNR curve are introduced. Two types of SNR alterations are considered:

» Multiplicative factor: global attenuation similar for all wavelengths

> Gamma correction: modification of the contrast between short and longer wavelengths without
changing the maximal SNR level

Radiative Transfer Model:
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These studies are performed with the Radiative Transfer Model (RTM) updated from the one used for the data
analysis of the SPICAV-UV instrument onboard the previous ESA mission Venus Express .
radiance factor spectra from a set of parameters describing the atmospheric characteristics, including VenSpec-U's
science objectives:
» S02: SO, mixing ratio at 70 km of altitude
» img: imaginary part of the refractive index representing the UV absorber
» Z2: cloud-top altitude control point
» 150: SO/S0, abundance ratio
Three scenarios are defined in order to estimate
variations of the studied performances indicators
within an envelope of expected radiometric

. The model computes
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The main science objectives of the instrument have driven the elaboration of a preliminary design based on the
requirements (such as spectral ranges, spectral and spatial resolutions) that were formulated with respect to these
goals. The compliance of the current design with these requirements, regarding in particular the accuracy of the
retrieved science data, should therefore be assessed.

SNR forbidden domains:
The resulting uncertainties are then retrieved using the inverse RTM for each of these modified SNR
spectra and compared to the requirements in order to determine limits until where the SNR can be
degraded while still reaching the required precision.
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Systematic errors-characterisation

ESRA requirement and gain matrices formalism:

The implemented method is based on the “Effective Spectral Radiometric
Accuracy” (ESRA) requirement, previously defined within the framework of
the ESA Sentinel missions 4, which evaluate the effects of the similarities
between the spectral characteristics of biases and those of the atmospheric
components aiming to be detected.

The “Gain matrices” (G) involved in this method are representing the
linearised inverse RTM, by translating a deviation in radiance factor into a
deviation in the estimated atmospheric parameters, and are defined for each
parameter of interest. They are computed using the Moore-Penrose pseudo-
inverse of the Jacobian matrix associated to the linearised forward RTM (A)
with a consideration of the SNR influence in the fitting algorithm through a
diagonal covariance matrix (S). The spectral index is here noted j and k
refers to the index of the retrieved RTM parameter p.
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Identified biases:
Sources of biases expected to be encountered by VenSpec-U and their impact on the radiance
factor spectra have been identified:
> Straylight mainly due to scattering by optical components
> Loss of transmission caused by the progressive deposition of contaminants on the optics
> Sensitivity to the slight polarisation of the observed Venus scene
» Uncertainties on the solar spectral irradiance variability used to derive the radiance factor
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Generic types of biases are also considered to account for non-specific source of biases,
described with simple mathematical expressions such as constant additive offset or
multiplicative factor. As these biases aims to be corrected, this study is focused on the effects
of remaining errors due to the uncertainties of the corrections, and referred to as “residual

erors’.

ESRA budget allocations :

The ESRA contribution of each individual biases can then be computed. A sensitivity factor
is defined for each bias using the residual error level necessary to fil the total required
ESRA budget, and is used to compare the severities of the various biases. In order to
compute the resulting global ESRA, the biases are combined quadratically, as they are
considered to be independent.
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The allocation of a maximal residual error for each bias can be made as a first approach by
considering their contribution to the total ESRA budget as equivalents.
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In order to make these allocations more
representative of the instrument, Monte-Carlo
simulations can be implemented with realistic
estimations of the statistical distribution of
residual errors levels for each bias, depending on
the calibrations and corrections' expected
efficiencies. 3
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Contexte et objectif:

[Les systemes 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 I'étude de I'atmosphére. Cependant, concevoir des
composants adaptés a ces hautes fréquences reste un défi en raison des limitations des technologies actuelles. Ce travail explore I'utilisation de
I'impression 3D métallique, via la machine CERES, pour créer des lignes de transmission innovantes capables de fonctionner jusqu’a 600 GHz.

Systeme d'impression 3D CERES

Spécifications et retour d’expérience :
v'Résolution et précision micronique : X Effet « Spray »:

Principe de fonctionnement :

Chamber solution

Dgeical feece
Reservor, tiong feedzoch

L)

Vue MEB d’un pilier apres une

coupe réalisée avec un faisceau

ionique focalisé pour évaluer le
spray.

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

> Formation de voxels (blocs élémentaires métallisé, sans support.

métalliques) par dépot 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 .

v'Cartographie de v Identification de I'état X Zone d'impression limitée (8 -16 mm)
surface :

-

des voxels : X Volume imprimable limité (10° um?3)

Dimensions des voxels imprimables:
Diameétre de 1 um -10 um
Hauteur de 250 nm - 4 um

Conception de la stripline suspendue:

Objectifs: faibles pertes, large bande, fonctionnement a partir de 100 GHz - Fréquence maximum ?
- Contrainte : Mesure sous pointe.
- Sortie attendue : positionnement par rapport : waveguide , structure planaire multicouche.
i
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Fabrication de la stripline suspendue:
Procédure de fabrication : Challenges: Surface plus lisse MAIS

Préparation du : * Qualité de I'état de surface: plus de consommation
substrat. | " ; de I'encre ionique |
Alignement par | | - \
oot -'

| « Elimination des défauts géométriques:
Impression 3D | | :

I

I

I

I

I

Gravure de la
métallisation
—
Mesure sous
pointe

-> Fabrication de la ligne compléte ( en cours )
Conclusions:

» Confirmation de la précision de fabrication et

de positionnement a £1um.

Application de la technologie a THF.
Composant passifs : structures 3D suspendue
compliquée a faire avec d’autres
technologies a cette échelle.

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

Références :

* Obtention d’un prototype fonctionnel [1] : https://www.exaddon.com/

* Positionnement par rapport a d’autres structures guidantes ( atténuation, [2] : WHITE PAPER: EXADDON CERES — “Mapping of Surface
adaptation, fréquence max) Topography Using uJAM”. EXADDON AG, SAGEREISTRASSE 25,

* Amélioration des performances de cet objet. 8152 GLATTBRUGG, SWITZERLAND Mb’:‘ﬁ%i‘éis

* Conception et fabrication d’autres composants HF ( filtres, autres guides... ) p[atinom - i

\ en utilisant cette technologie.
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Atom interferometry with ultra-cold atoms onboard a
Zero G plane for space applications ... @
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1. Abstract J

The ICE project (Interférométrie a source Cohérente pour 'Espace) aims to be a proof of concept for a space mission using quantum particles, i.e., atomic clouds of potassium
and rubidium in a matter-wave interferometer to test the Weak Equivalence Principle in microgravity [1]. The whole experiment is adapted to the Novespace Zero G
aircraft that provides 22 s of microgravity per parabolic trajectory. In parallel with the onboard experiments, a microgravity simulator installed in the laboratory allows the
sensor head (200 kg) to be in weightlessness for 500 ms, with a high repetition rate. To increase the interrogation time and the sensitivity of the measurement, the production of
ultra-cold sources in microgravity with all-optical methods is studied both on the simulator [2] and onboard the Zero G plane. In microgravity with ultra-cold sources, a particular
regime of atomic interferometry called double diffraction takes place, which we study theoretically and experimentally on the simulator. We report on the production of Bose-
Einstein Condensates (BEC) in microgravity both on the simulator and onboard the aircraft, and on our first results of interferometry in the double diffraction regime.

/—[2. The ICE experiment }

+  Atransportable experiment,
- [+ n/2 - pulse
Raman adapted to the Og-plane J-L{}

+ “The trajectory of a body in free fall with MOT E/ beams  +  Telecom fiber-based laser systems il§-]
a gravitationnal field is independent of beanis> at 780 nm (*’Rb) and 767/770 nm 5
i(-ﬁr mass-eL ts internal composition” (*K)

=(Mhinert )7 .3 . aK
Lmagmg * Compact, 1 titanium chamber agy 1
neis s lg vacuum system (+ 2D MOT), 19 ._,,
[T “Rb K optical axes o S
. . 8K
+ Eotvos parameter :[, _ o@Re — 3K N ) + Fringe Reconstruction by * Phase sensmve to inertial effects & laser :
e e ol E’ Dipole Accelerometer Correlation (FRAC): o T .
+ Ultimate goal on ICE : UFF test at 1011 colls Hybridization with classical sensors Onground7) = 1.6.10°

level + Dipole trap for evaporative cooling Experiment on the 0g plane. Systematic effects : 6n = 5.10® %

3. Ultra cold atoms on the zero-g simulatgr)f’"["" Ultra-cold sources onboard the Zero-CG plane ——

[ \ /
: | = Increase the contrast (more atoms addressed) e ;&/ * Flight campaign : 3 days,

+ Increase the interrogation time (atoms must stay in 31 parabolas per day,

Raman beams effective area) 22 s of microgravity
Novespace Zero G plane

* Far-off resonance dipole trap : 1550 nm

* Time averaged potential with spatially modulated T,=63411nK T, =91-100K
beams - add a degree of freedom to optimize the ¥
evaporation [5]

= \ =
* Up to 500 ms of microgravity 1.E [ v = :
* Repetition rate : 1 parabola every 12 s ¥ = Tor ror = toms T 7% 1+ g Tof = 100ms
* Thousands of parabolas per day h A & |
* Maximum vibration amplitude : 100 mg e d | bl 7 —
* Repeatability : < 5 mg B med A
9 # T o . )
NSNSl R : ¢ T
X time ."l '|I= g I.' \\ £ - ity s -
2= Bii | { ™ = P=17TW
-2 L Pl [ b o i A=tssomm -+ Work in progress !
II Il I I e s o =50 KM + Evaporation ramps adapted to microgravity : no gravity sag

+ Estimated temperature (using time of flight method ): 80 nK
* Estimated PSD: 2.3

{ H}
Time (=)

I'I = T4 20K T’ = &1.L3nK

n L
IS *J ? i
3 =3 £ 1s a0 RN
. +*+t_* k+ 11 E 10 . R =

- ——"‘ . 5 05 - AN

et ) (L e
Tk = st ot w s TP T s Tar = st " o a0 &0 B0 100 120
« Compensation of
misalignment with an

*  Work in progress active beam
« Evaporation ramps adapted to the stabilization system

« The absence of sag in microgravity allows us
to reach cooler température compare to

\\ standard gravity /

Fisien plutie marvoe

Future work & applications )
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Thesis Title
“Characterization of Directional Effects in Thermal InfraRed :Preparation to the TRISHNA mission”

( iecti D ( Context R

Objectives
‘Source of light
Pressure on water supply for irrigation !
\ Thermal sensor
eUnderstanding of the physics behind directional effects and factors that (Ll sl l e ] e I s bt ‘
B 5 5 s f water - i of plants
primarily drive them + Local climate
=) : =
5] @
eDifferent combinations of BRDF kernels (hot spot, emissivity) will be tested
i f thot spot, v) The TRISHNA mission
with the proper data sets (1IS-RD-CN[S, Izunch.m ZO::for 5 years)
¢ Detect and monitor water stress (design driver): optimize irrigation,

eField campaigns implemented - Aim is to build a database of TIR BRDF for
manage consumption, water saving, drought, etc
different vegetation types, also depicted by SCOPE 1D and DART 3D g B E E Narirviewig -
* Other main topics: urban, cryosphere, coastal areas
(mock-up in construction)
and inland waters

Characteristics:

«Calibration of the BRDF coefficients of parametric model with SCOPE 1D
Spectral bands: 5 VNIR + 2 SWIR + 4 TIR

and DART 3D models
Temporal: revisit time (3 times / 8 days at equater and more towards the poles)
Spatial: 60 meters [ —
eSeveral inversion BRDF model procedures to be tested in accounting for - : L
Directional : wide FOV {(+/-34°), 12:30 PM => anisotropic effects expected ! >,
TRISHNA orbital pass
Twao strategies: Correction ar discard the data in the presence of directional
effects? -
k ) \This depends if we know how ta correct it and also its impact. )

( Methodology b

e Meteosat - 3 km Spatial resolution, 15 minutes temporal resolution datasets provide scope for a detail study of Diurnal Temperature cycle {DTC) in directional effects.
® To cross-calibrate DART using TIRAMISU {in-situ) experiment BRDF datasets {time series of optical and thermal vegetation images) acquired over the crop growing seasan.

Simulated datasets from DART-EB could a generate large BRDF continuum to do model inversions of the parametric models in consideration (KDM -Kernel Driven Madels and DTC - Diurnal

Temperature cycle models)

® A semi-empirical kernel-driven (KDM) model KDMs impose constraints on physical coefficients to best fit the empirical values and also computationally efficient.

In-Situ Measurements DART mack-up Parametric modelling
Sp— ]
!“ R ’a .
e o "a .
" e e
U J W (R— { , !
Rice crap mock-up top view Rice crap mack-upfrontview  DART-EB simulation - vertical temperature w _.
profile ver rice crap
MeteoSat Satellite Datasets: Four camponent of vegetation scene contributing to the modelling [2]
T4, .0, A) =+ fyohap Kinseshape (8] +mew Kriotspor (016, AQ,
width)

OO0

llustratian of parametric Kernel Driven Madel to characterize BROF

\ Optical and Thermal Images of rice crop

J
Future Scope )

Results
e Hotspot conditions are tracked using scattering angle equation cos§ = cos{8,).cos(8,) + sin{8 }.sin{8 ).cos(¢ -
¢} o ldentify the existing datasets to extract a priori information needed
e Solar peak , directional conditions, and thermal inertia are considered to completely understand thermal for the model inversions to correct TRISHNA directional effects
anisotropy. e To understand directional effects at different spatial resolutions.
® DTC + TRD ( Thermal Radial Directionality ) model's performance is better. However, DTC +TRD has six retrieval e Angular normalization techniques in Thermal Domain at TRISHNA
parameters, thus, need more ohservations resolution.
SEVIR L16-10.8um - BTC Model Fitting
RMSE_Meteosat D
RMSE Metaosat DTC AL = 02049
RMSE_Maeteosat DTC_RL_split = 0.4434 \
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Decoding Optical Aberrations of Low-Resolution Instruments from PSFs:
Machine Learning and Zernike Polynomials Perspectives
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INTRODUCTION

The accurate modeling of the Point Spread Function (PSF) is essential to understand the instrumental impact on images taken by optical systems. As a key indicator of an instrument’s optical quality, it reveals

the nature of its optical aberrations which are fundamental in evaluating image quality and systematics. Knowledge of this instrumental response plays a crucial role in applications such as image

deconvolution, where it enables the extraction of ideal images from observed data. While deconvolving images using the PSF, we improve the image clarity and allow the extraction of finer details, and such an

improvement on images global quality can advance our comprehension of physical phenomena.

In this study, our objective is to develop a machine learning model that can establish a connection between Zernike coefficients, which define the Wavefront Error (WFE) of optically deformed systems, and the

related PSF images. Resulting from the combination of neural networks and Zernike Polynomials, a brand-new model was created : ZerNet.

METHODS

RESULTS

Zernike Polynomials and WFE
When describing the Wavefront Error, Zernike Polynomials stand
as a powerful tool for representing a wide range of optical
aberrations, the lowest orders commonly acknowledged by

scientists are represented below.

TipfTilt Defacus Astigmatism Coma Trafall
_—_ ﬁ - - N Y
S -~ P
- - v - v
Spherical  Secondary Astigmatism  Quadrafoil Secondary Coma  Secondary Trefoil
.4"."""\ - A A - A
N - K il - Vae'd
’ |
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Fig. 1 Visualization of Zernike Polynomials and optical aberrations

We may describe WFE, as a linear S
J ®(p,0) = ) @Z;(p,0)
j=1

combination of infinite order [1] :

However, in real-world situations, optical systems are tuned to
reduce higher-order aberrations, thereby limiting Noll's index j to
Norgers- This allows us to express the maximum values of each
radial order (in nanometers of optical path difference) as a finite
WFE budget for the Zemnike coefficients a; in our simulations :

B = [0,100,50,36,18,9]

PSF simulation

i'lm‘
E a0 ©

Fig. 2 Designated pupil

The Python module poppy [2] allowed

to model a telescope with a

Newtonian shape, consisting of two

mirrors, a primary and a secondary

ransmission amplitude

supported by three struts.

Such a configuration is commonly used, particularly in astronomy,
while remaining basic allowing to be customized and adapted.
Unfortunately, one main issue stands out while using machine
learning algorithms : it requires extensive samples of data.

poppy stood out as the perfect tool for our study because it
includes a ZernikeWFE class implementation and parallelized PSF
calculations, which significantly reduces the typically large amount

of time needed to generate PSFs.

Spharical

Defacus Astigmatism Coma

85 60 05 05 o 05

Fig. 3 Aberrated PSFs simulated at 0.2 um
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As a result, it allows the computation of PSFs shown in the
previous plot, where optical aberrations mainly play a role in the
center part of the PSF.

Fraunhofer approximation
While poppy allows to compute PSFs from Fresnel and
Fraunhofer regions, choice has been made to take advantage of
Fraunhofer diffraction region which implies both far field and

paraxial hypothesis, very common in astronomy.

I
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T
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Fig. 4 Diffraction regions after aperture / Credit : Figure from Storkle [3]

After selecting a wavelengths range A between 0.2 ym and 1 ym,
we made use of encircled energy (EE) as estimator of our PSF

loss while cropping it to the region of interest we need.

02um 0.4m 0.64m 0.8gm 1.0um
T as as as . a5 o5
E | —
5 o i ) a0
5 9 @ . |
2-os * -0.51 -04
T 0ocol 01 1e0F G000l 01 1e07 Doool 4l

21
F —
&
3°
E
g
o - -

a.0 az o4 06 o8 1o

Radius [arcsec]

Fig. 5 PSFs and EEs for 1 between 0.2 um and 1 um

Fortunately, for any value of A, our chosen region of interest (ROI)

was big enough to contain more than 98% of the PSF.

ZerNet model

To link the images and their corresponding coefficients, we made
use of Zernet. This study's model is built on the Inception model's
premise and converts a 2D tensor as the input and a 1D tensor of

Noraers Values as the output.

Input_Image

B
x32x32x1 Tx32x32x1 Tx32x32x1

kernel (1x1x1x16}
bias {16]

Activation >— X3
Conwv2D

kernel (3x3x16x32) kernel (SxGx16x32)
bias {32} bias

|| kernal (383088255}

bian (2567

Fig. 6 ZerNet model architecture

REFERENCES

1. Niu, Kuo, and Chao Tian. “Zernike Polynomials and Their Applications.” Journal of Optics, vol. 24, no. 12, Dec. 2022, p. 123001. DOl.org (Crossref),

https://doi.org/10.1088/2040-8986/ac9e08.

2. Perrin, Marshall, et al. “POPPY: Physical Optics Propagation in PYthon.” Astrophysics Source Code Library, Feb. 2016, p. ascl:1602.018. NASA ADS,

https://ui.adsabs.harvard.edu/abs/2016ascl.soft02018P.

3. Storkle, Johannes. Dynamic Simulation and Control of Optical Systems. Shaker Verlag, 2018.
4. G. H. Golub and C. F. Van Loan, Matrix Computations, Baltimore, MD, Johns Hopkins University Press, 1985, pg. 15

ACKNOWLEDGEMENTS

This research effort is part of a project funded by the Agence Nationale de la Recherche (ANR) under the ANR-22-CE46-0009 grant, hosted by
the Centre de Physique des Particules de Marseille. We take this opportunity to express our gratitude to the French space agency (CNES) for co-
funding Lucas Sauniere's PhD.

ZerNet Performance with 1um PSFs

The following figure features an upper plot comparing the
Zernike coefficient of the model with the reconstructed ZerNet
predictions, colors corresponding to different orders. The lower

plot shows the error over a range of real coefficients values.
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Fig. 7 Overview of Zemet's performance for coefficients estimation
The PSF reconstruction error is crucial to the propagation of
uncertainty in scientific applications, and it must be minimized to
limit systematics. In this instance, the error e resulting from
coefficients’ estimation until order j,,,, Was measured using the

Frobenius norm [4]:

€jmax = "(PSFTrue - PSF(“:/‘,,.M))"F
M Nt 1t s
P B S B T S S
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g | | i S —
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Fig. 8 Error Analysis Between True and Reconstructed PSFs

The previous plot showcases, through ¢;, computation, the
ability of ZerNet to precisely assess optical system
aberrations. Even though min-max range appears wide and
variable, the continuous decrease of median error confirms

that using the predictions of several orders is constructive.
DISCUSSIONS

Our novel approach demonstrated that machine algorithms

can establish a relationship between PSF images and
corresponding optical aberrations without prior knowledge of
the WFE.

Key assumptions and Constraints :

* Approximation in Fraunhofer region

» Specific WFE budget

» Low system’s resolving power

Findings :

Models failed to converge on even radial orders in radially
symmetrical optical system, highlighting the advantages of
radially asymmetric systems.

Future Improvements:

» Add noise to match real-case scenarios : Autoencoders &

Diffusion Denoising Probabilistic Models

Train on polychromatic PSFs

Perform element-wise analysis : WFE description per

optical element

Integrate physics into loss functions : Physics Integrated

Neural Networks

In the future, it might be applied to plenty of fields such as
astronomy, microscopy, or medical imaging where the

understanding of WFE might pose a substantial challenge.

Lucas Sauniere | sauniere@cppm.in2p3.fr | CPPM / Renoir Cosmology group | SPIE Conference on Astronomical Telescopes and Instrumentation
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Introduc

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?

Two-dimensional model for the cell

lity

in vitro
experiments

[31:

wide migration tracks,
typical elongated shape
of a migrating cell

presumed
cytoskeletal
changes [5]:

- 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

f= [V Pmax — Po
Pmax — P
surface tension y, maximum perimeter py, ., reference

2K N
H+— (A —AO)]n
Ao

perimeter p, = 2nR,,

radius of circular reference cell shape R,, curvature of contour H(¢,t), area
modulus k, cell area A(t), reference area Ay, unit normal vector (g, t)

cortex velocity (cortex deformation rate) v, =§

drag coefficient ¢
polymerization velocity (filament growth)
depends on actin concentration c(¢p, t) [6]

v, = Verfﬁ

polymerization speed V, reference concentration ¢,
full velocity v = v, + v, describes motion of
filament end points and cell shape evolution

= Focal adhesion proteing

full velocity v
t t 4, cel
‘“Y“NY’\"I/’ mem-

actin cortex brane

=3

r(p.t)

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

¢==0' (vc) + DA'c + B(co — €)

contour Laplace operator A'= v'-v!, homeostatic actin concentration c,,

diffusion coefficient D, restoration rate g

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

Effects of microgravity on

Winfried Schmidt, Alexander Farutin, and

Université

»
cnes

CENTRE NATIONAL
D'ETUDES SPATIALES

Grenoble Alpes

short migration tracks,
contracted morphology

+® Cortical/Perinuclear actin layer

The cell cortex is a thin layer
of actin filaments on the inner
face of the cell membrane. It is
an important part of the cell’s
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.

Spontaneous onset of motility

Non-motile base state: circular cell (radius R,) with homogeneous actin

concentration c, along the cortex
Linear stability analysis:
« first circular harmonic: No cell shape changes

- stationary instability for polymerization speeds above

. ‘o
VT = Z oo [2 - Rop]

spontaneous onset of cell polarity and motility:

Retrograde flow of cortex from cell front to rear

see also three-dimensional case [9]

dynamics

Linear stability analysis:

« higher-order harmonics: Shape changes
consider small perturbations §R(t), §c(t) of
circular cell shape and homeostatic
concentration
coupled dynamics of shape and concentration
complex growth rate 2, of perturbation
oscillatory instability (Hopf bifurcation) for
polymerization speeds above

. Cp S ¥ D
Vet = Leer [(12 — 1) ==+ 2——R,
: Co Ro¢ Ro of

Numerical simulations:

» Second harmonic « Third harmonic

(t=2)

O-0
no polarity polarity

Vretro

->

actin conc.

0.4 - analytical
numerical -

gravith rate RefA/)

polymenization speed 1
analytica
T numerical @

i i PP il
2 AV 6 ¥'a
palymenzation speed V'

frequency fm(4)

Circular trajectories (see also
experiments on fish
keratocytes [10])
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Ex Global Scale Mapping of Mineral Dust in situ Optical Properties in the .
?55‘,{,%;%{5 MIR+FIR spectral domain (100 to 2000 cm~1): Spectroscopic studies li &1 cnes
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towards the exploitation of IASI-NG and FORUM forthcoming missions

P. Alalam' 2, C. Di Biagio®, P. Sellitto' ¢, H. Herbin®, D. Petitprez®, E. Bru®, A. Orta®, J. Cuesta’, P. Formenti®, P. Roy’, J.-B. Brubach’, L. C.-Labonnote®, Q. Libois®

! Université Paris Est Creteil and Université Paris Cité, CNRS, LISA, F-94010 Créteil, France
2 CNES (Centre National d'Etudes 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

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

affects the Earth’s 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.

Methodology and Results

(
1- SOIL COLLECTION AND SELECTION 2- EXPERIMENTAL MEASUREMENTS

Six samples were selected to represent different geographic regions
and cover the diversity of mineral dust

3 Université de Lille, CNRS, UMR 8518, LOA, F-59000 Lille, France

S Université de Lille, CNRS, UMR 8522, PC24, F-59000 Lille, France

7 SOLEIL Synchrotron, L'Orme des Merisiers, 91190 Saint-Aubin, France

& CNRM, Université de Toulouse, Météo-France, CNRS, CNRM, F-31057 Toulouse, France
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Chehab et al., 2024

Samples and minerology from Di Biagio et al., 2017

EXTINCTION MEASUREMENTS : The spectral features reveal

diverse mineral compositions, including the first-time 10

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

With knowledge of the mineral composition percentages, the results were
compared to pure mineral mixtures from literature, revealing similarities

Conclusions and Perspectives
First-time measurements of mineral dust's optical properties filled a

References

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.
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Context of this study:

10 times the
Cryogenic fuel tanks count for more than 5::::2;1
80% of the dry weight of a launcher —
A more performant alternative to their
current design would be carbon fiber
reinforced polymer (CFRP). Half the Appllﬁhle
density of

From density 2,7 to 1,5, replacing aluminum
with CFRP is an economic necessity.

This work:

The stratified association of Carbon
nanotubes (CNT), Carbon fiber (CF), and
Cyanate ester resin (CE) holds a high
potential for cryogenic applications.

This study aims to determine the

best of three different processing m
ways to integrate CNT into a + Bulk Tensile-

stratified carbon fiber/cyanate ester
composite.

Direct growth of vertically aligned
CNT forests on carbon fiber textile

. = &
A £ LEoun
* On a 30cm 50, covered
carbon fiber cloth, ina 800°C
furnace.

= Of up to 300 pm thick VACNT
carpets

~

Stacking, infusion, and
polymerization

#* To make samples fit for

mechanical testing. C MP

30cm*5cm carbon fiber
sample after VACNT growth

SEM of VACNT on Carbon fibers

Stratified composite rough somple

v

Mechanical testing |2~’|

* Cyclic traction trials

» Observing crack formation via
optical microscopy

= At cryogenic temperatures

+ Covalent binding '
between CF and CNT z"é’;ﬁf ;:r:ixzfczii\;;ﬁ ’
+ Growth of VACNT

through CF textile

+ Control over CNT
length

- CF slightly damaged
by the high
temperature of the
VACNT synthesis

Final sample architecture

VACNT covared
carbon fiber

Conclusion:

Aluminum

It is necessary for these CFRP composites to:

scale

to launcher  as it stands, CFIEpoxy composites aren’t resilient enough for cryofuel tanks.

’ A new optimized composite material is needed for the application

Previous works: CNT/Cyanate ester composites

M et et 1]

4

Mean self-ignition temperature of CE;‘CNT

TRACTION (T =-80C)

Tensile strength of CNT/CE aamposites

Ukieate sostils imsngih (F3}

under

> before and after cryog cycling

CNT}EE synergize |';regards to oxidation and cryogenic cracks resistance

Bouillonnet, Chomponnois et al, EUCASS Proceedings (2022)

Hot pressing transfer of VACNT on
preimpregnated carbon fiber textile

T
* Dna 25 cm, flexible m 73]
aluminium foll in a 615°C N :

furnace,
* Of up to 100 um thick

VACNT carpets by CCVD
V

Hot pressing transfer Efm

* On a 25*5cm VACNT

SEM of VACNT carpet on a
ﬂem‘b!e aluminum foil

Dispersion of CNT within the
cyanate ester matrix
Synthesis £ Lenn :
* In a BOD°C quartz reactor

= Of 400 to 600 pm thick VACNT
carpets by ECVD

‘G’

ot
Dispersion - LEDNA
* |n water with 1%m Brij® 520

= Via a sonic probe

carpet
= On a prepreg composite Champonno
* Hot CE Resin permeates fsetal
’ 200Pa ELICASS
the VACNT
- i Proceedings
oy
Stacking & polymerisation

= To gbtaln a sample fitfor
mechanical testing
CMP

Mechanical testing 120

= Cyclic traction trials

= Observing crack formation
via optical microscopy

= At cryogenic temperatures

SEM o CNT carpeton the prepreg
composite after Transfer

Final sample architecture

+ Undamaged carbon fibers

+ Maintained CNT alignment

+ Control over CNT length

- Presence of CNTs only at the
interlayer

- No covalent binding of CNT on CF

VACNT
carpet

o

Mixing, stacking & infusion

* Mixing hot cyanate ester resin
with CNT dispersion under

vacuum to dehydrate CMP

b

Mechanical testing 1= ©

* Cyclic traction trials

* Dbserving crack formation via
optical microscopy

* At cryogenic temperatures

SEM Df dried dﬂsperssd CNT
after sonication.

SEM of Dispersed CNT in
CE resin,

+ Undamaged carbon
fibers

+ Homogeneous
presence of CNT through
the matrix

- CNT length reduced to
roughly 1um

- No covalent binding of
CNT on CF

Final sample architecture

- Several sample sets of composite architectures integrating carbon nanotubes, carbon fibers and cyanate ester have been
produced.

- Mechanical characterizations will reveal the influence of CNT length and concentration on mechanical properties.

- The mechanical behavior of samples for each investigated processing ways will be characterized at room temperature and under
a cryogenic environment

- Investigation of the influence of CNTs on crack propagation in CF composites at room temperature and in Liquid N,.
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Vitrimer matrix composites for space applications
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bLaboratoire Softmat, Université de Toulouse, CNRS UMR 5623, Université Paul Sabatier, 118 route de Narbonne, 31062 Toulouse Cedex 9, France.
¢ Institut Clément Ader, Université de Toulouse, UT3, UMR CNRS 5312, 3 Rue C. Aigle, 31400 Toulouse, France
d|RT Saint Exupéry, Batiment 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.

[ Matrix characterisation ]

Table 1 : Ratios and Tg of the 3 formulations

Formulation 1 Formulation 2 Formulation 3
Epoxy 1 1 1
Amine 1 1,2 1
Tg 199° C 175° C 170° C

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

N
.
-

250

Kamal- Sourour model Di Benedetto model
da
s (ky + kza™(1— )™ Aa

Tg=Tgo+(Tgo - Tﬂo)m

_E;
ki(T) = AieRT i=1;2

do/dt the reaction rate, k; and k, 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.

Tg is the transition temperature at a given a,
with Tgee at a=1 and Tg0 at a=0.

A, a structure-dependent parameter, is
approximated by (ACpx)/ACpO, where ACp is
the heat capacity difference between the non-
polymerized and fully cured polymer.

Degradation

230

150 4 220

s

H
8
"
8
g8

curves ;
® 15%
4 10%
x 5%

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

SOL/GEL GLASS
190 4

o
3

Curing temperature (°C)
1
3

stoichiometric ones at high
temperatures  (>120° C) but
slower at lower temperatures,
easing resin  processing. A

Curing temperature (°C)

o

170

N e
_

i
=1

. 160
SoL GLASS

150

vitrimer processing window can
be defined by the cured resin's

T>Tg = solld glass manerial properties, with a lower Tg

1E+0 1E+1 1E+2 1E+3

Time (min)

1E+4 1E+5 1E+6

1E+0

offering a larger reprocessing

141 window before degradation.

Time (min)

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

Composite manufacturing and

Trayerse carriage

Manarel

o reprocessing

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

Pay out eye

Resin impregnation

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

No pressure

Figure 4 : microscopic sections of CFRV

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.

HTG240-V-1/1.2
-

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.

Initial composite

formulations
i o

10 min 220°C

10 min 230°C

Figure 5 : X-Ray
tomography of
initial
composite
sample and
repaired sample

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

(V.Shenk, K Labastie, M. Destarac, P.Olivier, M.Guerre, Mater. Adv. 2022 @) A. Riuz de Luzuriaga, N.
Markaide, A.M. Salaberria, I. Azcune, A. Rekondo, H.J. Grande, Polymers, 2022, 14 (15), 3180 ®' M.R

Kamal, S. Sourour, Thermomecanica Acta, 1976, 14, 41-59
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Disentangling and characterizing astrophysical GW signals with LISA
Modular global-fit pipeline for LISA data analysis

Senwen Deng*, Stanislav Babak, Maude Le Jeune, Sylvain Marsat, Eric Plagnol and Andrea Sartirana

*deng@apc.in2p3.fr
Whatis LISA? Astrophysical sources
LISA is the acronym for Laser Interferometer
Space Antenna, a space-based gravitational wave /' /‘

observatory. / _/ ._/
* Collaboration between ESA, its member states N e
ass-Ratio "
and NASA black holes Inspiral (EMRI) [HfEs7 (€2)

¢ Constellation of three spacecrafts, exchanging
laser beams, forming an equilateral triangle with
2.5 million km sides.

e Detect gravitational waves in the millihertz fre-
quency band.

LISA constellation in the solar system Massive Black. Hole Blnéfl'v (MBHB)
(Credit:  University of Florida / Simon Barke / CC BY-SA 4.0) (Reproduction / Credit: ESA)

(Why is LISA data analysis challenging?

o LISA data is dominated by signal, making the noise level estima- | ? £
tion difficult. M ST e

e Signals are long-lasting, and they overlap in time and frequency \ ; i AN N ——

"Sangria" dataset

domains.

o All the Galactic binary signals cannot be resolved individually,
and the unresolved ones form a confusion foreground.

Primary LISA sources in the frequency-amplitude plane

o High dimensionality due to the large number of sources. (Crdit: €54/ LISA Defiton Study Report - AT e T B A
S GBs + stationary instrumental noise) J
(How to tackle the challenge? ") Our results

We designed a modular framework applied to anal- P S ara R R rrul s N

yse the “Sangria” dataset. The framework relies on: T DS E S SIS S

e The transitional nature of broadband loud MBHB = Jo: =

signals “F i

o Parallel tempering MCMC algorithm £ e '#«» * ‘i‘ 5 ‘)

o Block parallel Gibbs sampling technique = i g ** +

¢ Refinement through iterations $Y R

e Product space model selection o2 e

o Accelerated likelihood computation with hetero- e

oS > 9P

. o VY ™ L) o A 2 N N LI} o A ® O & > D Gl

XX R R YRR PR ~ VW R R R R R RR S oY o o

dyning S FEFFFFITF I EEEEE R OO
Schema of the pipeline FEP IS FEIES

Source Source

Kick-off

Preliminary —
MBHB detection TDI Data

Posterior distribution for MBHB masses mj,my and spins xi, x2

Correctly identified
(overlap above 0.9)

Iteration

| L Partially recovered
4o B (. erlap between 0.5 and 0.9)

 — Legend False detection
Preliminarily - Outputs (Dverlaptbe:ow 0.5)
reconstructed DI Data | (€ Iteration cycle L sor r
MBHB sources (N Parallel GB fit %’
\—/!’“ J Parallel MBHB fit v o | [
LT S0 — MBHB Block
catalogue
™ 000 .
— Noise model 10?
Frequency [Hz] SNR
)
z:t:::“e — T —p GB Block Detected GB counts as a function of frequency and SNR
w © 00
Conclusion
e We developed a global-fit pipeline for LISA data analysis.
Noise Block
e We applied it to the “Sangria” training dataset and obtained promising
results.

\ e Our pipeline is modular and can be adapted to future datasets.
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Introduction

Ammonia (NH,), primarily emitted by agriculture?, is a key atmospheric
pollutant linked to public health? and climate change®. While satellite
data have assessed NH, variability globally?, regionally?, and locally®,
understanding its diurnal changes and relationship with temperature
remains limited, impacting accurate modeling of NH, emissions and
associated pollution events.

4 km x 4 km for July 2016.

IASI7 (Infrared Atmospheric Sounding Interferometer) instruments (Fig
1) aboard Metop-A,B and C satellites, launched in 2006, 2012 and 2018
respectively, retrieve NH, total columns within the 800-1200 cm™
spectral range. The upcoming IRS® (InfraRed Sounder) on the MTG

A5

Assessing the future IRS-MTG NH; observations

Nadir Guendouz!, Camille Viatte!, Anne Boynard®2, Sarah Safieddine?, Carsten Standfuss?, Soléne Turquety?, Martin

3 Université libre de Bruxelles (ULB), Spectroscopy, Quantum Chemistry and Atmospheric Remote Sensing (SQUARES),Brussels, Belgium

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

Fig 3 illustrating the absolute Thermal Contrast (TC) on the 19% 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
(T.) and the temperature at 600 meters above ground level (Equation 1).

\
cnes

CENTRE NATIONAL
D'ETUDES SPATIALES

L . Theoretical
radiative transfer model and a realistic atmosphere simulated by the CHIMERE Rea"sﬁ'c Sv”lm"f“r dreEEaEiEen
model®! (Fig 2) with a temporal resolution of 1 hour and a spatial resolution of atmosphere ISR in terms of

simulation IRS and IASI

uncertainties

CHIMERE Model Radiative transfer (4A/OP)

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

Measurement uncertainties are determined using

Equation 2?2, utilizing the NH, Jacobian (Equation 3)

and the Instrumental Noise Covariance Matrices for

[hermal Contrast
5'E

(Meteosat Third Generation) satellite?, scheduled for late 2025, will
offer high-resolution observations in space and time, promising insights
into the role of NH; and temperature during pollution episodes. In this
study we assess the future satellite measurement uncertainties and

explore its contribution to the observation of atmospheric NH.. e

Circle of 12 km diameter
Twice a day 9:30 AM - 9:30 PM

Spatial resolution (nadir) 4 km X 4 km 47°H|

Temporal resolution Every 30 minutes (Europe)

15°W o L5 _ M»&‘;;' 4.
TR 5 8 IASI and IRS (given by Eumetsat).
19.,{4”“‘ Dol L Reims
. 'wris I TC =Tsurf —Tgyom (1) I
-~ T — : To-1p-1
L _unt_: Sieany nstrument = S = (K'STTK)™ (2)

| K= @& +dx)—LX))/dx (3) |
Units Equation 2 :

K :NH; Jacobian (W/(m?.sr.cm™)/(molecules/cm?))

Se :Full Instrumental Noise Covariance Matrix(W/(m?.sr.cm))?
S :Measurement Uncertainty Matrix (molecules/cm?)?

Units Equation 3 :

K :NH; Jacobian (W/(m?.sr.cm™)/(molecules/cm?))

Spectral resolution 0.5cm? 0.754 cm't
700cm™ - 1210cm*
Spectral bands 645cm™t —2760cm? and

1600cm* -2175¢cm™?
Figure 1: Technical comparison between IASIand IRS

Figure 3: Monthly average of absolute thermal contrast (°C) simulated by CHIMERE for

L(X) :Radiance spectra (W/(m?sr.cm™)
X :NH, total column (molecules/cm?)

the 19/07/2016 at 1AM dX :0.01% increment of the total column (~10*2 molecules/cm?)

. Computing IRS and IASI measurements uncertainties

AM 1.1 Can CHIMERE simulate a real
atmosphere ?
The monthly NH, total column
measured by IASI and simulated by

1
1

)
Lo R0y
- cmee g Oudlle | AT

* medeciins cm

3 CHIMERE  coincident with the

g0% \W morning overpasses in July 2016

E ¢ = are 0.46 + 0.06 10%® and 0.37 + 0.03

. 106 molec/cm’, respectively (Fig 4).

E The main difference between both
o 3 10 25 a0

datasets is the NH; enhancement
observed by IASI on the 20t of July

1% 0
Time [DaynTR0EE]

Figure 4: Timeseries of daily NH, total column derived from IASI and

CHIMERE simulation in July 2016 2016, which is almost 4 times
1.2 Distribution of measurement uncertainties higher  than the CHIMERE
Fig 5 displays measurement uncertainty over the CHIMERE ~ simulation.

domain for the 19" of July 2016 at 1 AM. The
measurement uncertainty variability is very high (9.4 10

The strong correlation (R=0.82)
between IASI observations and the

molec/cm? corresponding to 1.17 times the mean total CHIMERE model suggests that
column of NH,) with the minimum at 3.2 10* molec/cm? CHIMERE represents a realistic
and the maximum at 4.6 107 molec/cm? These high atmosphere.

measurement uncertainties are correl)awt“ed to areas with a
thermal contrast S - 8
close to O (Fig 3).

N

ity JCrermant Ferrand

am

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

W IAS Mesn: (8.0 +8.5) 10 moleckm®

The average of the IRS measurement
N 29938

uncertainties (Fig 6.a; 7.5 10 molec/cm?) is'
twice higher than IASI one (3.2 10
molec/cm?) but with a variability 3 times
higher than IASI. This larger variability of IRS ]
measurement uncertainty might be due tol
the higher number of observations (factor of '
10) with respect to IASI.
—2 Measurement uncertainties depend on
_ thermal contrast with higher measurement.
uncertainties associated with lower thermal l
contrast (Fig 6.b). Considering the entire IRS l
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 l

Frequancy @

+1.8) 10" malaciom®
= B3] 101* moleciom®

%
8 3

Fraguent
=i

10

15 ES)

Uncertainty {102 molec/om?)

cerirast (K]

E w wsz | (bottom panel), the IRS measurement
Fs " uncertainty decreases by a factor of 2.3 and
is similar than IASI measurement uncertainty ]

a 1 B i D i i (3.5 10 molec/cm? for IRS against 3.2 10%°

Uncertsmry (10°F molecim?|
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).

molec/cm? for IASI). This means that '
analyzing IRS data every 2 hours is sufficient

to achieve a similar measurement |
uncertainty than IASI. L

2. Difference between urban and rural sites

% = 2.1 NH, diurnal variability

g /7 The mean NH, total column simulated by
£ CHIMERE in July 2016 is higher at the rural
E:: . JIE than at the urban sites with 4.39 + 2.61 10%
S S A molec/cm? compared to 3.50 + 3.21 105
20l molec/cm’.

£ /

225 Pk

220 \\_H__ e The diurnal variability for the rural case is
"5, 3 At 15 i T 4.73 times higher than for the urban case (Fig

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

7), suggesting the local influence of NH;
source at the rural site.

2.2 Diurnal variability of rﬁgglsearements 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 NH, total column of the first day of July 2016 (Fig 8 purple big dots) is the lowest
of the month (2.70 + 0.88 105 molec/cm’) and the NH, Jacobian is one the highest for the month. When the
NH; total column is low, the measurement uncertainty is highly linked to the thermal contrast.

Diurnal Variablity - Rural Case - 0772016

B o Diurnal Variablity - Urban Case - 07/2016

H: Jacohizn

Hours

Hours
Figure 8: Diurnal Variability calculated at the urban (a) and rural (b) cases. From top to bottom panels: NH, total column, NH;
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.
Conclusion

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 NH; 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 NH; concentration estimates. Analysis of rural and
urban cases revealed significant variability in TC and uncertainties, especially when NH, total column are low.
This study demonstrates the ability of the future IRS satellite to study NH; 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 NH;'s relationship with temperature.
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GHz electromagnetic emission from

Hall thrusters
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CONTEXT Il

- 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

Main findings

- Recorded 99 samples of 200 ps e

- 1089 pulses detected for SNR =3

g [rad]

Spectral dependence

Hall thruster

- Most proven technology for electric
propulsion of satellites

- Thrust generated by acceleration of ions

Distance to anode a.u]

- Combination of E L B : closed electron
drift with velocity :

_IEXBI _ K
Ya= B2 B

ach

- Pulse appearance
dependent on the
phase of the Breat!
Mode : few pulses for
low I4 values

- Amplitude distribution
of the pulses

Experimental setup __

- ID-HALL Il [1] double-stage Hall thruster,
used in single stage operation

DC block
inner/outer

vaeum | (Y1
chamber 'JI
v

Probe.

1D-Hall I
thruster

- 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 /4

Connector

500
coaxial
L cable

Ceramic

Core

% Mean frequency of occurence : 55 000 pulst-!s.s'1

Number of pulses

10 15 20 25
Pulse amplitude [mV]

- Search for a spectral dependency : pulse spectra stacked by increasing values of ¢gy

Total set of pulses

assification less obvious,

- 2 phase ranges for ¢gy rat

Pulses of highest amplitude

- Explicit classification of t

e pulse spectra following 3

phase ranges of BM oscillations

- In particul

, quasi-monochromatic character for

6 rad at 1.7 GHz

but still discernible

her than 3

- Similar behavior and value of phase boundary

[1] Dubois L. et al., Physics of Plasmas 2018, 25, 093503.
[2] Maziéres V. et al,, Physics of Plasmas 2022, 29, 072107.

Other relevant references :
[3] Beiting E. J. et al., 46th AIAA/ASME/SAE/ASEE Joint
Propulsion Conference & Exhibit, 2010.
[4] Beiting E. ). et al,, ISPC-2008-070, 2008.
[5] Beiting E. ). et al.,, IEPC-2009-072, 2009.

E:E2E Download
this

poster

Data processing

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

Pulse detection

- Detection based on the HF envelope of the probe
signal

- Threshold for detection following a fixed value of
Signal to Noise Ratio (SNR)

Probe signal [mV]

f [GHz)

Amplitude [a. u]

—— Raw envelope

R J

B Lo gl N |

LS [P Y U1 1§ W—
a0 B 6 o B0 0 20 40 e 0 1m0

tlus]

Phase retrieval of Breathing Mode

- Amplitude of CWT gives the value of the BM
frequency when a pulse occurs

- The phase of the BM ¢y is retrieved from the
argument of CWT at the same time and BM
frequency

Amplitude [a. u]

Phase [rad]

Discussion

- 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

CONCLUSION I

- 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

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

1. CONTEXT |

| 5. PREVIOUS WORK

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 (FSS) - without flow
reattachment:

*\ shock wave

3 £

Free shear layer

Boundary layer

Flow separation

Flow injection

-
Ariane 6 first liftoff !

2. OBJECTIVES |

> The nozzle is axisymmetric, however, a new 2D experimental setup
developed by Demni (PhD 2022, CNES)? 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 |

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.

Axisymmetric nozzle ‘ P lateau
region |Shock
b =
Shock ‘
P Pansion Wind tunnel symmetry fine - Sketoh is not o scale _
Shock " Expansion 2 o
X Supersonic  generator
istributi flow M1 ~2.1 % ;
Wall pressure distribution ) W

3

Wind tunnel Vi -
bottorn wall $ Subsonic flow

injection M2 ~ 0.15
‘@ [Acoustic excitation

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

4. THE EXPERIMENTAL SETUP |

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, 8* = 1.67
mm, 6 = 0.55 mm, Re, = 4850.

|[Expansion Generator (EG)|  Particle Image Velocimetry (PIV)

Acoustic Secondary Pressure Hot-Wire
Excitation subsonic flow| [measurements | |Anemometer (HWA)
injection (Kulites)

Demni (PhD 2022, CNES)% For the same small_variation in_pressure, the
separation length (Lsep) varies significantly more for the detached flow case.

25 .
- -Attached Flow Whe’re: )
__ 20 —Detached Flow > P'1is the static pressure upstream of
E - Demni the shock.

» P2 is the static pressure downstream
of the shock.

L L M~25 o
12 1416 1.8 2 22 ‘ _—

P2/P'1

_—

The PIV result for the EG6.5 [ghock
case shows the separated free

shear layer induced by the
shock.

Shear
Layer

Secondary
subsonic flow
Injection M ~ 0.15

6. RESULTS: Acoustic excitation at 5 kHz

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.

10— Kulite (A) ) )
& 100 = The kulite placed at the exit of the
=2 =2 secondary flow injection (sensor A, see Fig.
a 0| —EG4 In  Experimental Setup) measures the
& gy —EGS5 pressure fluctuation, and its PSD (left Fig.)
—EGB.5 gives approximately the same max. peak
70 ~110dB at 5 Khz for all three cases.
102 100 10t
f [Hz]

The 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.

10*

10°
f[Hz]

| 7. CONCLUSION + FUTURE WORK

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.

| 8. REFERENCES

1) https://www.esa.int/ESA_Multimedia/Missions/Ariane_6

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

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

Funding/Sponsorship: CNES
@lrphé ” (Aix Marseille @




Ea
REPUBLIQUE
FRANGAISE

Liberté

L]
universite
PARIS-SACLAY

\
cnes

CENTRE NATIONAL
DETUDES SPATIALES

Dust-obscured star-forming phase at the origin of

the galaxy bimodality

M.Tarrasse, D .Elbaz, B. Magnelli, C.Gémez-Guijarro

CNES, CEA, IRFU, DAp, AIM, Université Paris-Saclay, Université Paris Cité, CNRS

maxime.tarrasse @cea. fr

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 =, , = g , A,SM, 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.

| Aim [
Study and compare the morphology of blue and red SFGs to the one of QGs in a mass-complete
sample at 3<z<4.

the CEERS field

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.
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(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
L galaxies at high mass are the OFGs and is complete for log(M . /Mg )>10.

(| Optically-Faint Galaxy w

population

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./Mg) ~
10.2. This low A,'M demonstrates that despite being compact and cuspy these galaxies have
little gas and dust.
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(a) Color selection (b) Main Sequence relation (c) Dust attenuation

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 10 scatter. (¢) Dust attenuation as a function of stellar mass. The regression
lines for each population are displayed as solid and dotted lines.

— A mass-complete sample in 2

’—I Resolved SED-fitting

i ~

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. )

Bulge formation and
compaction event ‘\

—

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 = sgz we rescaled to the main sequence
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e

s

P |
) .‘}_—*_‘n:*ﬁ.’

o (M

- Reaens ke Riwern pe]
Fig 3. OFGs and QGs show similar stellar profiles and in terms of Xz 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.
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Fig 4. OFGs mass profiles are more concentrated than SFGs at all mass and become analog to the
one of QGs for log(M . /Mg )~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
Levent that OFGs undergo. J

gl M. /M, TagIM. /M)

o Origin of the galaxy ~

bimodality

For log(M . /Mg, )>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. )
-
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Introduction Results
a
Forest ecosystems are increasingly vulnerable to climate-related BeADr Dape By moen S0 = 02078 . .
disturbances. Optical remote sensing has long been used to detect | @ LAlis the ratio between the total leaf area
anomalies like fire and pest outbreaks, often relying on spectral vegetation o and the ground area.

indices (SVI) (Gao et al., 2020). While these studies successfully identify e This variable is involved in various

anomalies through SVI thresholds, they often lack insight into changes in 3 functions, such as canopy radiation

vegetation structure and biochemical components. Monitoring biophysical H balance; (e-g. photosynthesis net primary

properties such as leaf area index (LAI), chlorophyll content (Cab), leaf mass 1L production, efc.) ) )

per area (LMA) and leaf water content (EWT) is crucial for understanding a o It is very v'vell estimated by mzverztmg

plant-environment interactions. This study aims to detect forest plantation 1 ot et s PROSAIL with a RMSE of 0.82 m“/m

disturbances by monitoring biophysical properties in Eucalyptus : messund

plantations using Sentinel-2 images. The focus is on radiative transfer o

models (RTM) and inversion strategies to estimate biophysical properties cab ot

(LAI, Cab, LMA and EWT) to assess anomalies such as fire risk. This poster oa s susrmanso=3zs @ Cab is the main leaf pigment responsible

highlights the data processing and testing efforts related to using the 7 for light absorption in plants and is an

PROSAIL model as a radiative transfer model (RTM). : indicator of plant photosynthetic capability.
e It is very poorly estimated by inverting

Keywords: Radiative transfer models, PROSAIL, Biophysical Variables § PROSAIL

retrieval, Forest E ey A0\ e The unsatisfactory results may be due to

ry i m..—.-‘- ry y

several reasons, such as model
Materials and Methods parametrization, correlation with other
’ variables, high Cab variability within the

Study area In-situ data T P canopy, among others.

Lal cab =
12343

Lma
gy e e menso-one @ | MA corresponds to the leaf dry mass per
unit area. The LMA is key in many plant
adaptation strategies.
e For instance, low LMA species typically

LAI (m2im-2)

Cab_ (ugtem]

LMma EWT

3 3 2 have rapid metabolisms (high rates of
oy ey ig’ '_' e photosynthesis and respiration per unit
= § 3 Sl i leaf dry mass)
- 5 e vedorypots oty tsks N 2t 3l ouon) o It is well estimated by inverting
= ey . okt el Bt PROSAIL with a RMSE of 0.0154 g/m?
Model ﬂ“"“'y““tf’é i ? FRE
PROSAIL ac » - «
Leal SEA \ Ewr

refinctance

PROSPECT

=05 musE= 0001, memso 0003 @ EWT refers to a hypothetical water layer
86,884 858887 83,812 .
1 thickness spread across the leaf surface
e |t is yet another crucial attribute for
assessing plant physiology, ecosystem

Leat e £ 3 processes, hydraulic status, and leaf-level
b ‘ y B (T 3 e tolerance to dehydration.
;. N _ Hot > g 7
G S - §. e It is modestly well estimated by
Co > ‘ . . .
cc,, ! c. sercer et 201 inverting PROSAIL with a RMSE of
ann & Beroerelal. 2010 R 2
0.00179 g/m
Cab : chlorophylla + b Cm: Dry matter content LAL: Leaf area Index SZA: Sun zenith Angle :
Cex: Total carotenoid content Cw: Equivalent water thickness ALIA: Average leaf inclination angle  0ZA: Viewing (observer) zenith angle am o1 w
Canth: Total anthocyanin content N: Leaf structural parameter Hot: Hot spot parameter rAA: Relative zenith angle measured EWT
Cbp: Brown pigments psoil: Soil spectrum
|
Workflow EAES

Pre-processing

Compute LAI, H Find a 52 ‘
measurement

Take home messages

In-situ
dataset

| This study focused on estimating biophysical variables (BVs) such as LA,
chlorophyll content (Cab), LMA, and EWT by simulating spectral
measurements using PROSAIL in forward mode. A machine learning algorithm
- Perform i was then applied to estimate these BVs from the simulated data. Key findings
1 @ geometric and H Surface level S2 ‘ § highlight the critical importance of model parameterization, noise levels,
| atmospheric data | . . .

| comections K 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

Cab, LMA and . N
EWT within a window of
+/- 15 days

in-situ BV
+82
surface reflectance

PROSAIL: forward mode investigation.
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| EWT: Equivalent water thickness
| LA Leaf area index

| LMA: Leaf mass per area
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1. Introduction 2. Injection and Submissions

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. )
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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. y

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 p;,, a covariance matrix 3y, and a mixing coeffi-
cient 7. The Probability Density Function (PDF) of a
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4. Gaussianity Test

J

5. Proposal of fusion L3 Algorithm

19 1

3. Convergence check| L3 preprocessing

Mismatch between Global Fits and Posteriors

Distribution of Mismatches Mismatches
’v"‘u"""“ Frouencyin iz S REea=S Peametors [ n Hzs

Paameters: [

comergence

convergence

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 50 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

Czntries exhibit mismatches for at least one parameter. y

6. Results : A first comparison for GB

Result of recovery between APC and USA / recovery between Injection:

Recovery Global
Fits and Injection

—» Recovery between
o Global Fits

Example: Waveform Overlap : give
accuracy of recovery

Subs : APCNUSA; Nstd : 10 l

high SNR and nigh ¥
wavtom e A |

[Frequency, Amplitude, fdot, lat, lon, iota]
Parameters overlapping: o

[f: Only frequency overlapping
[f.A}: Frequency and Amplitude
overlapping

[f.A.B] : Frequency and sky \ N
position overlapping e

[FAAB.1) : All parameters
overlapping

— X, = X, = X, = X : Error bar
level - 5,3, 2, 1 recovery

low SNR and o
wavafom overap

Waveform Matching;
~— waveform overlap matching
~— : waveform overlap + SNR >8
matching

©: Example analyse

We performed the merging of two Global Fits based on their that these
significantly impact the merging outcome. Additionally, the quality level (- X~ Error bar level) also provides different

_—» Recovery between

3 Global Fits 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 accuratelv assess the berformance of various Global Fits.

Verification Galactic Binaries

* ATV Steps for an Frist transition L2 /L 3:
rrrrrrrrrrrrrrr = 3 e Convergence criteria :
10 o Check Mismatch
i posterior/Global Fits
SIS " o Check Priors
L e Statistical test of Gaussianity
The Global Fits merging method integrates parame- . o Global Quality check of
ter information from two Global Fits, assessing overlap ; >, the convergence
based on specified standard deviation levels. It aims to d o Comparison of normality
merge these Global Fits into a unified catalog, ensur- A 3 distributions.
ing each candidate from one catalog overlaps optimally ¢ Overlap and fe'a“)/e error
with candidates from the other. This overlap, which rep- 5. between Global F't.s .
resents the correlation between waveforms, also serves 5 ° EZT;EEC?SNE view of
to prioritize candidates when multiple entries coincide. . ExfydeLosghota 5 o Quality asggsmem
This facilitates a streamlined selection process within criteria.
\()verlapping regions. AN A fAS )
7. Conclusions,/Next step
1. Cor{tlnuous mtegraFlon Wltb new Glob.al Flts [1] Stas Babak et al.. Lisa data challenge 2a: Sangria. [3] Tyson B. Littenberg and Neil J. Cornish. PRD,
2. Fusion catalogue with quality user variation Technical report, 2020. 107(6):063004, March 2023.
e Purity vs completeness. [4] Michael L. Katz et al. arXiv e-prints, page

« Adaptability to different LISA sources.

3. Developp Visualization tools in collaboration

\_ 4. Implement other sources y

[2] Stefan H. Strub et al. arXiv e-prints, page arXiv:2405.04690, May 2024.
arXiv:2403.15318, March 2024. [5] APC. In preparation. 2024.
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CONTEXT
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3. Résultats obtenus

Introduction

Contexte Données utilisées et protocole expérimental
Données simulées par le CNES pour la mission MicroCarb
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EN Unveiling the hard X-ray emission of NGC 1068, L\ “ﬂ

| —INTRODUCTION / CONTEXT : AGNs as probable emitters of high
energy neutrinos?
Whatis an AGN ?

e o The study of Active Galactic Nucleus (AGNs) allows

fogampa ey fom us to better understand the accretion and ejection 0.6

nign pewer processes and address the question of the origin of

high-energy cosmic rays (HECRs). While HECRs,

Optical/UV ine being charged particles, are deflected by magnetic 0.4

e 'i;f‘; fields, high-energy neutrinos produced by
»Ihadrnnic interactions near black holes, travel

1ow pawer

Non thermal X-rays
emission from the coroj
(primary X-ray emiss6n)

e tcut VLY AG

unaffected by such fields. Unlike gamma-ray
photons, these neutrinos are also not absorbed by
Yy interactions, making them unique probes for
investigating HECR sources. In this context, the
\f\/\/\j\) omteson o IceCube neutrino observatory has identified the 0.2
torus Seyfert 2 galaxy NGC 1068 as one of the most
promising candidates with a significant neutrino
excess of 4.2g over 10 years of observations [1].
Located at 14.4 Mpc, NGC 1068 is currently the 11.2 410 408 406 404 402
) ) strongest known neutrino source in the northern Right Ascension |deg
Thermal optical/UV emission  Figure 1 : Schematic view of hemisphere. Figure 2 : Clustering map of the neutrinos (white cross). NGC 1068 and its

from accve1§un:‘§k “bigblue  the unified model of AGNs. angular size are highlighted with red dot and circle (optical wavelength).
P Crédit : Beckmann et al. 2012 Crédit : [1]

a

ek quien (1) AGH

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 y-rays. However, observations of NGC 1068 show
that its GeV-TeV y-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, & Y. .
possibly involving the AGN's disk and corona. Emissions in the X-ray to soft gamma-ray range (~50 % X NuSTAR
keV to ~100 MeV) are key to probing hadronic contributions in NGC 1068. Several studies (e.g. [7, 8]) . . 3-79 keV
have proposed that AGNs may appear faint in y-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.
XMM-Newton
0.15-12 keV

MODEL AND RESULTS : diation
Model : Refle ‘ef}'—rey-@:’ e

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 [ Torus |
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 | f \ \ /
the corona. The primary X-ray radiation from the corona passes through the dusty torus, / BLR - X Figure 5: Scheme of the
resulting in significant absorption in the soft X-ray range (see figure 3). We also account for the X-ra Accretion goometry of the model.
ing g I P Y range g . y disk b Crédit : Ricci 2011, PhD|
reflection on the far-side of the dusty torus and for the emission of the host galaxy. source thesis

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 : I' = 2.0873:0%, ’
Ny = 3.677935x10%*em2, E, = 118.67123 keV, and K = 5.777333x1072 ph/cm?/s/keV at 1 keV with £
a xfedumd = 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 Ly pyim = 2.25%§3°x10*2erg/s which is smaller than the

values found in [2] and [3]. While the exact value of Ly i, 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 datain the range [100 keV - 1 MeV]

to constrain further the presence of a hadronic component.

Results :

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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Contexte

-

\thése.

Les capteurs d'images sont de plus en plus présents dans nos vies (appareils
photos, cameras, etc.) et représentent un enjeu scientifique et stratégique majeur.
Les capteurs d’images numériques transforment I'information lumineuse (photon)
en signal électrique en utilisant I'effet photo-électrique. Un photon interagit avec un
semi-conducteur, générant une paire électron-trou collectée sous forme de courant.
Cependant, des charges peuvent parfois étre 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 I'objectif de ce travail de

© Manfred Hayk, AMETEKLand

Pourquoi observer dans les infra-rouges?

* Permet d’observer les émissions de chaleur

* Essentiel pour les missions de
thermographie et astronomie

Le matériau privilégié aujourd’hui pour I'observation des IRs

est le tellure de mercure cadmium (HgCdTe) car en faisant

varier la proportion de mercure de lalliage, il est possible

d’adapter son gap pour observer 'ensemble du spectre IR.

météorologie,

Exemple d’expérimentation d’irradiations

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

SWIR). . e
Etapes d’une campagne d’irradiation
A o AN
* Mesures préliminaires du capteurnon " Périodes
dégrade durant
lesguelles le
« Déplacement et mise en place du banc au EepEt st
lieu d'irradiation maintenu a
température
ryt crycgénigue (-
* Irradiations et mesures du capteur dégrade 193°C) pour
limiter le
* Analyse des résultats et interprétation ,wuran,t 4
: d'obscurité
physique E
thermigue
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.

Désgradation de courant

Sabseute par pixel

Les effets de I’environnement spatial

» Dégradations des performances des capteurs
d'images induite par les rayonnements spatiaux
(solaire ou cosmique) [1]

* Les particules (protons, gamma,
provoquent 2 phénoménes principaux:

rayon X, etc.)

Effet singulier (SEE) Effet cumulatifs
Gt de lecliire Sillsr ., it de lecture Silicum Ciarges
E— e o Création bR pidgies 3
Particule incidente | 40 dufauts RO, —Vinterface
ey B Métallisation ; @@@_@§
. N+
[]
L ]
Laphi, Hgbata Coiath i i g LT

—

Résultats

Avant irradiation

-

* Augmentation du :T:l
courant  d'obscurité PE-
aprés irradiations 3

> dommages de S
déplacement  causés 1 ?g
par l'impact des protons. g
0 &)

Aprés forte irradiation

Estimation d’'un facteur
' de dégradation du
| courant d’obscurité
suite aux irradiations
. | de protons dans la
4 ¥ .+ technologie.

Fliance cumubée gar povel {profonsiem ik
Perspectives
* Reproduire les expérimentations dans dautres
technologies HgCdTe et & d’autres longueurs d’ondes
« Comparer les résultats pour étudier et comparer la
physique de dégradation
« Déterminer un facteur de dégradation universel dans
linfrarouge a la maniére du Silicium [2].
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Interseismic Coupling and Megathrust Earthquake Potentlal on the South Peru subductlon

The Central Andes subduction has been the theatre of several large earthquakes
since the beginning of the 21t century:
- 2001 Mw8.4 Arequipa, 2007 Mw8.0 Pisco, 2014 Mws.1 Iquique earthquakes

In Lovery et al. (2024) we analyzed 73 GNSS points covering the last decade to
extract the interseismic velocity field. This field has been inverted to model the
interseismic coupling distribution at the scale of South Peru in an elastic half-space.
Then, by performing a moment budget analysis (Avouac, 2015), we are able to
estimate the potential maximum magnitude earthquake in the area, with the
associated recurrence time.

The interseismic coupling (or locking) quantifies how locked the plate interface is.
Interseismic coupling is defined between 0 (plates are slipping without any friction)
and 1 (plates are fully locked)

Seismotectonic background of the Central Andes subduction zone. The slip models for the
M,8.0 2007 Pisco (Chiieh et al, 2011}, M,8.4 2001 Arequipa (Lovery et al, 202¢), and M,8.1
2014 Iquique (Lovery et al, 2024) earthquakes are displayed n colors along the subduction
interface. Triangles show the location of GNSS stations.

e
ot
W

= During the observation period in this study (2012-2023 for most stations),
the observed interseismic velocity at AREQ is reduced by about 15% relative
to its value before 2001

on

- What is the impact of
loading?

> Postseismic can be caused by:
- aseismic slip on the fault (afterslip) > medium-term
- viscoelastic relaxation in the asthenosphere = long-term
- poroelastic rebound = short-term

- Can we extend the spatial coverage of measurements with InNSAR?

Evidence for a Peruvian Sliver? we inverted the interseismic velocities corrected from the
rigid block motion defined by Villegas et al. (2016), the so-called Peruvian Sliver (PS). The results tend
to accredit the Peruvian Sliver hypothesis, with a lowered misfit and a more sensible locking depth.

Figure from Vilegas et al
(2016) defining the so-
called Peruvian Sliver.
The rigid block motion
has been defined from
the residuals of the
inversion In the  Stable
South America frame.

Residuals from our inversions using GNSS data in the SSA frame (a) and in the PS frame (b). Residuals at

inland tations, ighighted
Moment budget analysis and earthquake potential:

We performed a moment budget at the scale of the South Peru °

segment, from the Nazca Ridge to the Arica bend. This methodology, o - - -

described in Avouac (2015), balance the seismicity rate with the & s - ”

moment deficit rate on the megathrust interface to estimate the

earthquake potential in the area. 864 combinations of these e
parameters have been computed, following the logic tree on the right. 2018 Mw7.1
The b-value of instrumental catalogues as well as the amount of Acar earthquake
aseismic slip in the transient slips (alpha) are the two parameters that E
show the largest variability in the determination of the Mmax. | 1‘“5,'“";;“
| . earthquake
- Overall, we found a median value of Mw=8.55, a 15t percentile at | A i
Mw=8.15, and a 85" percentile at Mw=9.0. Considering the largest | | | .
earthquake recorded on the South Peru segment was the 2001 R A " i
Mw=8.4 Arequipa earthquake, we can state that the earthquake | imk 1 . =
potential on this segment is at least Mw=8.4. The recurrence time for a -l I 14 3 \
Mw=8.4 would be ~100 years, while it would be ~1,000 years for a | 3 ':-
Mw=9.0. ey - ¥ " -
- i . gy Ramps in the AO76N
- = Tap: Logic tree used for exploration of uncertainties. y track, with modelled IGS TEC ramps (red), SET ramps (green), and OTL ramps (blue}
ef: Eathaake potentialin functio ofthe p . The dotsrepr M value, whilethe
g " = i i the AO7EN
ttom right: Distribution of the earthquake potential, accounting for all the discussed factors of uncertainty. d o track, with modelled IGS TEC ramps (red), SET ramps (green), and OTL ramps (blue)
Media, 15thand 85th percenties ae depicted by dashedne. 2014 M1 ¥
g and with a smoothing A = 30 km, for the ISC-GEM catalog (left) and the IGP catalog (right). earthquake e o et et s
Instrumental earthquakes from the catalogs are depicted by cyan dots, historical postseismic
Ty earthquakes from Villegas et al. (2016) by green dots. -
H 4 Firste disphorrnent fickl ' " -
Conclusions ¥ et B

- 2001 M,8.4 Arequipa earthquake postseismic relaxation is still ongoing

= Accounting for the viscoelastic relaxation following the 2001 Arequipa earthquake increases the moment
deficit by 6%, but remains within uncertainties with My, ranging from M,=8.4 to M,=9.0 (Lovery et al.,
2024)

> The Nazca Ridge can be assumed as a strong barrier, however the Nazca Fracture Zone can only be seen as
2 weak barrier

Next challenges

-> Inversion of interseismic velocities with viscoelastic Green functions

Figure from Arriagada et al. (2008), showing
Paleogene to present displacement vectors
from paleomagnetism analysis.

> We expect a viscoelastic model to produce a broader displacement, with horizontal displacements extending

further inland. Uplift and subsidence amplitudes are also expected to increase with a viscoelastic rheology.

- Viscoelastic models should also predict higher magnitudes of deformation in the late stage of the interseismic
period, especially in the near-field and in the far-field.

> Finally, a shallower optimal locking depth for visco-elastic models is expected.

-> Combine GNSS and InSAR in a joint inversion of interseismic at the scale of the central Andes

> Discriminate slip on the slab interface from internal deformation, benchmarking the solid sliver motion |
hypothesis
Figure from L et al. (2015) . Comparison between clastc
and viscoelastic models, for horizontal displacement (a)
and vertical displacement (b).

References:
a 6. Mpod bolc, .. (2008 276 sl a0 oo
Avouac, 1P, s o5 27. .
Dain, Ni-2, Guilazo, 5 o Lode, . Ducre, . & Grandin, 8. (011, P o o0 100 " the fringe
s 337 S 7. s
Loy, . Chh, - orabane, £ g, C. e, . Coe, . 5 024 ne soutn - 129, 20235027114,
Luo, . “am 2021 (2, 1041 "

541561.02000675.9
i arth, 12601
Kostoglodo, V., & Coxe, N. (2011). Spatial 3 temporal evolution of 3 long term sow slp event: the 2006 Guarrero Slow Sip Event. Geopysial Joural Intenatonal, 154(2), 816528

)
1D, Socaer, Rt M, ot . & R, B, Q00)
. . Vesiole, i, Camil, . Ve, &

Tholar, - Cese 0. o, v
Vileges Larza . . Cien

e, D . G . et 2020 AT 5081, 3734
e

0. Tovr . Gy, . O

Wang, K, Mo, 1. (201

407304327

Acknowledgements:

2Instituto Geofisico del Peru (IGP), Lima, Peru
3CNES, Toulouse, France

Université
Grenoble Alpes
U
[
Sier::
sttt o Recherche .
[y e ————

Postseismic viscoelastic FEM model

In order to assess the local rheology, we carried out a case study on the 2001 Mw8.4 Arequipa using a
the subduction. Our model is constrained by the timeseries of the AREQ continuous GNSS station, operating since 1993 in Arequipa.

FEM model of

= 3-D FEM model solved using PyLith, meshing performed with Coreform CUBIT
> slab contours from Slab2 (Hayes, 2018), Bathymetry & topography from SRTM15+

> “Cold-nose” up to 85-km depth
> Bi-viscous Burger rheology in the asthenosphere | —

Burger body

> The blue model fits the horizontal but
not the long-term vertical

- Fitting the vertical requires a low-
viscosity zone in the cold-nose

1 e | 252 | 5
(Pa.s) ||’a5)
-

Uthosphere

- We compute the velocities associated with the

viscoelastic relaxation during the observation period s | Codnose  Mewel  40-85 It
of the GNSS network used for interseismic coupling PO A P o s sws
modelling (~2012-2024), at each GNSS sites

Memel  20-100  los-2s 50

o

Without accounting for viscoslastic relaxation = |
Viscoelastic - e 5 i
correction -

)

e T -.--.-'-.-: |

10 mmyr data
10 mmiyr model

E

oW ey

Higher coupling in the Southern
segment, no more creeping where
the NFZ is subducting

L.

Moment deficit on the Nazca-Arica segment:

=2.24%10% Nm/yr, without accounting for relaxation d”"

> My~ 8.70

o =2.37x10% Nm/yr, accounting for relaxation (+6%)
3 Mo~ 873

Large-scale InSAR coverage - FLATSIM Andes project

i) \ Mean velocity map in LOS

-> Sentinel-1 C-band InSAR timeseries: 2015-2021

ocean tide loading (OTL), solid Earth tides (SET), and
total electronic content (TEC):

> SET show strong correlation in range

> TEC shows good correlation on ascending tracks (acquisition

* > Processed on the CNES HPC using the NSBAS processing
time in the evening)

chain (Doin et al., 2011; Thollard et al., 2021)
> 12 orbits in 16-look resolution > OTL shows moderate correlation. This correlation is
improved by removing SET and TEC from the FLATSIM ramps,
the OTL signal being significantly smaller

Atacama salar

[T

» +—— CerroGalan

Viscoelastic
correction

elastic nterseismic model
terseismic model corrected from visco.

. Corrected from the 2018 Mw7.1 Acarl (model

Mean velocity map (2015-2021) in LOS on descending tracks. Carrected from the 2018 Mu7.1 Acar (model
from 1.C. 2014 MwB.L L 1.,2024)

from.c. 2014 MuB1

2024) + viscoelastic
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Insights into the Transforming Growth Factor superfami y specific m

unravelling the impact of winter-hi

Chloe Richard?, Guillaume Fourneaux!, Charléne Pourpe?, Alexandre Geffroy?, Gwendal Cueff!, Christophe Tatout3, Alina L. Evans®, Jonas Kindberg®, Guillemette Gauquelin-Koch®, Fabrice Bertile?, Etienne Lefai!, Lydie Combaret?

},France, 2Université de Strasbourg, CNRS, IPHC UMR 7178, Strasbourg, France UCA,

Tar [

(a)

R 5-7 montas of hibernation

w5

Chanon et ol 2018

Fig. 1: The Brown Bear: A Model for Studying Skeletal Muscle Atrophy
Resistance and Regulation of the TGF-6/8MP Signaling Pathway. (o)

g " Grapical scheme of mechonisms involved in muscle atrophy resistonce during
Pro-atrophic Muscle mass brown bear hibernation. (b) TGF-4 and BMP signaling. () Immunolabelling of
maintenance Myosin Heavy Chain (MYHC) of humen myotubes cultvated for 48h with either 5%

of Summer-active (S85) o Winter-hibernating (W8S) bear serum.

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

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 ina ity during hibernation, brown bears do not experience muscle loss.
This resistance is associated with a shift in the balance between pro-atrophic TGF-B signaling and hypertrophic BMP signaling, favoring the
latter in muscle from hibernating brown bears (Fig. 1a,b). bear serum effects on human myotubes,
resulting in higher myosin heavy chain protein content in WBS conditions (Fig 1c).

CNRS, Inserm, GReD, €I

Pley e
Jﬁ"’J

France, y

thotology

Sciences, Campus Evenstad), E

(c)
-
i ‘ | @S.udla

Active bear Summer bear Hibernating bear Winter bear !
serum (S85) serum (W8s) RNA-seq analysis
(d)
;&:—;I N W
Protein analysis
(), 5%SBS or Wes (e)

“'-.;_-:'5'? 30mins ==
P-SMAD analysis

Fig. 2: Experimental procedures. (o) Sampling: Serum samples were collected from paired free-ronging bears during active ond hibernation periods (sweden, Tackdsen). b) Cell cuture: Human myotubes,

cultivated in a differentiation medium, were treated for 4h with 5% SBS or WBS. (c) Transcriptomic analysis: Total RNA samples were subjected to DNBSEQ Sequencing (BG1, China). DESeq2 analysis was used to

identify diferentially exwesseﬂ genes (DEGs, Pad<0.05), and functional analysi of the DEGs was conducted using Rstudio software. (d) Protein content for some identified DEGS from (c) was assessed using

Western blotting. (e) SBS or WBS for 48h were BMP7 (0 to 2000 ng/mL) or TGF-63 (0 to 100
ng/im). SMAD/S and SIAD3 phosphorylation (P-SMAD) were analyzed by Western loting on whole protein content.

Human myotubes (HM) after
5 days of differentiation

UItS

-

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

(a) e —— (b) 10 top-scare enriched terms from (c) 10 top-score enriched terms from
“ I el the 158 upregulated DEGS the 193 downreguted DEGs
Muncle crgan dewlopmant Oisilication
Wuscie tesue deviopment Osteotiast dfferentizion Key informations
Whsicie call devekament Ewtracalislar matr amanization Q Transcriptomic analysis identified 352 DEGs between human myotubes
- mﬁ:lli- P-:“a—wll:‘ cultlvated Wlth' \QIBS vs. SBS (Fig. 3a). Functu?nal annotation revealed a
Paliadirerupionael iaxibly Wi ool ol of multiple [ within up and
Imeched n marphogenssk down-regulated genes.
Aciomyoen struckie erganzsson Sheinlal system deselepment
Ry Ml e e “ﬁ'ﬂ'ﬁﬂuﬂ; a The 159 upregulated DEGs are mainly involved in muscle tissue
Cikamurin-HEAT sgnaiing cascats Muscle tissue development Smacth muscin ol mgration Bone formation and e (Fig. 3b) and the 193
L.:z';ﬂ S — &architecture m"‘;ammm DEGs are involved in extracellular matrix organization
misscle s davacgmant R voraina patws BMP signaling pathway and BMP signaling pathway regulation (Fig. 3c).
Positive reguiation of stnated Pregulation of papadyi-tyrnzine Peptidyl-tyrosine modification
cell dfferertiaton e
::l Voteano plt of the denifid genes in humon myotubes cutivoted wnmsﬂ;w :ss (Fig26). Red dots represent the DEG. Green and red gy T o 2 4 A
eup- e color
\ ToozieC) Jogt0{P-adjusted) -Hog10{P-adjusted)

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

(b)

KNBS mainly down-regulates the expression of extracellular and intracellulah
BMP modulators

—_—
L
-

(a)

" om channeds
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e,

1.5 Cobcall internction | oL s W s W s w
(PDEFAR, NPNT)
orsaaiars § ENG ...... 70kDa
Sancoshusm R
E} cava Shelutal muncis GREML .
a o 5 e e 21kDa
g Myofibril i
z ,ﬂ__..-. Buscle sl Z
] = 3 _ ENDOGUN(ENG)  _ GREMLIN.1 (GREW1)
b I o e 3 2804 S 154
) . S, % . 3 +
a e e T B
4 o czmalen
P :
rredppippeidpp: . 8 g
0.0 (b) mPaulram BMP repressars. T g "
PETEIRERRE! S5 ] [zm i ; :
a
SRS PG P et e 57 g : i1l
{RTHT, COBL WL, Wi [ g 0 - o .
(a) Dota are expressed as Log2(FC) between WBS vs. SBS. (b) Localization of these up-requiated genes is shown 2 o i 4
These specific genes are involved in the of the and ion h (CAV3, KCND3, KCNE4, CACNG1), g g
sarcomere, cytoskeleton assembly and function (NEBL, MYOM3, TNNT2...), and also in cell-cell interaction (PDGFRB, NPNT). a Summer Wintes L= Summer Winter

E 3
(a) Dota e expressed as Log2(FC) between human myotubes cultvoted with WS vs. S55. b) Localization of these genes is
shown schematically. Upregulated nd downregulated DEG are shown in red ard green respectivey. (c) Protein lvels for
endoglin and gremiin-1 were assessed by Westen blotting in SBS (5) and W8S (W) conditions (upper panel. Signals were

WBS changes the TGF-f# and BMP response to their respective ligand
[ winter | | winter __|

SUMf

(L) -~

s (b) P.SMAD3 R SRS u0: “Pualue <0.05 (1=, Rtio-pairedt test).
BMP7[ng/ml] 0 100 S0 2000 o w0 500 2000 TGF@3(ng/ml] 0 001 01 1 10 10 0 001 01 1 10 100
Most BMP signaling inhibitors (e.g. GREM1/2, CHRDL2, SMADS6) or activators (ENG) were downregulated at the mRNA

- " level. Several BMP repressors such as HIV and CHRD were however upregulated (Fig. 5a). Among these regulators, ENG
E L. 1 and GREM1 were also downregulated at the protein level.
5 - : |
§ : g —-

o ; | . ; : —Conclusion
o . E - WBS L o ®
-] s a 1o M nom q A A n g A A
o 4 . ] I H zh Overall, our findings indicate a transcriptomic reprogramming with an enrichment of biological processes
= . © 5 associated to muscle tissue and of BMP signaling, with d ion of several BMP
-] " a L7 regulators in WBS conditions.
; 24 i 3 » SEE § 5 i
2 - : o - WER 2 Challenging the BMP and TGF-B shows a higher of the BMP pathway in myotubes under

- WBS conditions, contrarily to the TGF-B signaling which remained consistently weaker.
01 H 10 00 1000 10000 ome1 oot 1 ; T 100 This suggests that WBS shifts the TGF-B/BMP balance towards the BMP pathway.
log{BMPT) [ng/mL] log{TGF}3) [ng/mL]

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-B/BMP balance depicted in atrophy-resistant muscles from the
hibernating brown bear (Cussonneau et al. 2021).

Tar 1wt cplenge of peron myorabes uwed with 05 o1 WB4 ware ehlnged whth i BW () o TGF83 (3 nds (. 2e). SWADS 50 ard SHAD3 (1) hptortonwere ey Weser ot (e or) ot were
‘quantified and normalized with the amount of loaded proteins (lower panels). *Pual<0.05 vs. untreated myotubes from S8 or WBS conditions; #Puai<0.05 A, T test). Dot s e
arbitrary setat 1

BMP7 and TGF-B3 treatment induces dose-dependent SMAD1/5 and SMAD3 phosphorylatlon, respecnvely BMP7 triggers SMAD1/5
phosphorylation at 100 ng/ml in SBS, but at 500 ng/ml in WBS. However, at high , SMAD1/5 ph ylation was much higher
in the WBS. TGF-B3-induced SMAD3 phosphorylation is consistently lower in WBS compared to SBS.

Further studies will investigate how bear serum induced this reprogramming and how this
might influence BMP signaling and/or muscle mass mai during ¢ conditions.
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Couplage Surface-Orbite en spectroscopie infrarouge pour la caractérisation
des aérosols martiens et le I'hydratation de la surface

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

[ LA RICHESSE ACTUELLE DES OBSERVATIONS MARTIENNES J

La compréhension et caractérisation des aérosols est u.n enjeu crucial OMEGA/MEx MIRS/MMX EMIBS + EXI/EMM
pour mieux comprendre et modéliser le climat martien ainsi que les Nadir y Nadir M Nadir \g
échanges entre la surface et I'atmosphére de la planéte. w ACS-MIR/TGO

Occultation Solaire
Aujourd'hui de nombreuses sondes en orbite et a la surface de Mars
permettent d'étudier les aérosols (poussiére & nuages) ainsi que
I'hydratation de la surface et les glaces, incluant plusieurs instruments
a contribution francaise portés par le CNES.

Complémentarité des différentes géométries d'observation pour
" . Vi d
I'étude des aérosols : apedr deat
» Nadir : profondeur optique colonne intégrée, large couverture spatiale .
» Occultation Solaire : extinction, taille, structure verticale détaillée,

haute sensibilité SuperCam/
Perseverance

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

couches atmosphériques

[ COUPLER LES JEUX DE DONNEES POUR MIEUX CARACTERISER LES AEROSOLS MARTIENS J Adapted from Stcherbinine et al. (2022) )

45°S < lat = 45°N

o12000m
)

Des observations simultanées multi-
instruments peuvent permettre de
mieux contraindre les propriétés des
aérosols en combinant différentes
géométries.

Les mesures en occultation 8
solaire fournissent désormais
une climatologie précise de
la distribution verticale des .} : | : Y
aérosols dans I'atmosphere. i : ‘ ] y o1

180° 270° 3 90° 180° 270°
My 35 My 36 L:

Altitude (km]

my 37

Or, les profils verticaux des aérosols sont nécessaires pour dériver les propriétés
atmosphériques en géométrie nadir, le choix d'une hypothése empirique peut avoir
des conséquences notables sur les résultats (Stcherbinine et al., 2025).

Profondeur optique des nuages
de glace d'eau avec EMM/EXI
(UV nadir — Wolff et al., 2022).

L=2730 Y 35) | lat =345

Lors d'un workshop international en
septembre, des spécialistes des observations
de la poussiére martienne et des
représentants des  principaux modéles
climatiques ont pu échanger sur les moyens
d'améliorer nos connaissances en
travaillant ensemble.

Parmi les principales actions mises en avant :
l'intérét de réaliser des observations
conjointes dans différentes géométries,
et le besoin d'observations spécifiques
supplémentaires (mission MMX avec MIRS).

100 — ACSMR — Hors P

1T

T T w0 6 R m w
ratum] Kuuh=32um) k) haoice (POM) (oo

Workshop international a Toulouse
les 23 & 24 Septembre 2024 sur les
propriétés radiatives de la poussiére
martienne.

Profils verticaux taille et extinction des
nuages avec TGO/ACS-MIR comparés
aux prédictions de modéles climatiques
(Stcherbinine et al., 2022).

[ ECHANGES ATMOSPHERE-SURFACE & HYDRATATION DES SOLS J

La poussiére martienne est a 'interface entre I'atmosphére et la surface de " i i I
Mars, issue de I'érosion du matériau de surface et élevée jusqu'a plusieurs ~ ¥
dizaines de kilométres dans 'atmosphére. |

Poussiére atmosphérique

A - . La question de I'hydratation de la surface martienne, de la quantité d'eau " - I o
présente en surface et de sa nature (minéraux, adsorbée...) est complexe mais . o 3 X 98
b o d'une grande importance. La poussiére, élément mobile en partie hydraté ——
pourrait jouer un réle.

, ) . s BT & e s B S
Récemment, les mesures infrarouges de l'instrument Supercam on révélé des . e i L 5
niveaux d'hydratation bien supérieurs a ceux obtenus depuis I'orbite dans
la méme gamme spectrale. Cela souléve de nombreuses interrogations, mais
I'écart d'échelle rend la comparaison directe ardue.

De nouvelles mesures en spectroscopie infrarouge par un potentiel futur -e
instrument orbital a plus haute résolution spatiale que OMEGA ou CRISM -2, R —
pourraient permettre de combler I'écart entre les mesures orbitales actuelles et 25 Zea e 10

water wt. %:

. P . N e
les observations réalisées depuis la surface a Jezero. Audouard et al. (2014)
7

CONTACT

[ REFERENCES )

Audouard et al. (2014). Water in the Martian regolith from OMEGA/Mars Express. JGR: Planets, 119, 1969-1989

Quantin-Nataf et al. (2024). Orbital infrared spectroscopy: lessons learned from in situ SCAM VISIR in Jezero. 10th Mars Conference, abstract 3390 Aurelien.Stcherbinine@irap.omp.eu
Stcherbinine et al. (2022). A Two Martian Years Survey of Water Ice Couds on Mars with ACS Onboard TGO. JGR: Planets, 127, €2022JE007502

Stccherbinine et al. (2025). On the impact of the vertical structure of Martian water ice clouds on nadir atmospheric retrievals from simultaneous EMM/EXI and TGO/ https://aurelien.stcherbinine.net

ACS-MIR observations. Icarus, in press

Wolff et al. (2022). Diurnal Variations in the Aphelion Cloud Belt as Observed by the Emirates Exploration Imager (EXI). GRL, 49, €2022GL100477




N
REPUBLIQUE
FRANCAISE

e JOURNEES CNES

"' . ' ' o JEUNES CHERCHEURS & 1_12

cnes

i i +*

Recueil des posters
Session 4

S04-01 | Doc | BEDOSSA Emma | Météo-France (CNRM), Toulouse | Encadrant CNES : Annick SYLVESTRE-BARON | E POSTER |
Apport des observations directionnelles CFOSAT pour le couplage vagues/océan

S04-02 | Doc | DUFOURG Corentin | IRISA / Univ Bretagne Sud, Vannes | Encadrant CNES : Stéphane MAY | E POSTER |
Apprentissage et analyse d’objets spatio-temporels a partir de séries temporelles d’images satellitaires a hautes résolutions

S04-03 | Doc | FRANEL Nathan | 1JCLab, Bures-sur-Yvette | Encadrant CNES : Philippe LAUDET | & POSTER |
Polarimétrie de sursauts gamma avec une mission CubeSat

S04-04 | Doc | GAUGNE Charlotte | IPGP, Paris | Encadrant CNES : Mioara MANDEA | E POSTER |
Etude des redistributions de masse a la frontiére noyau manteau par gravimétrie spatiale

S04-05 | Doc | HERVAS PETERS Fabian | CosmoStat, CEA, Gif sur Yvette | Encadrant CNES : Philippe LAUDET | E POSTER |
Mesurer la connexion entre matiére noire et baryons dans la toile cosmique a I’aide de I'effet de lentille gravitationnelle
faible et des corrélations croisées entre Euclid et DESI

S04-06 | Doc | LESIGNE Thomas | LATMOS/IPSL, Paris | Encadrant CNES : Adrien DESCHAMPS | E POSTER |
Etude du cycle de vie des cirrus dans la tropopause tropicale a partir des mesures lidar de la campagne d’observation
Stratéole2

S04-07 | Post-doc | LIZARAZO Sindy Carolina | Lab. Magmas et Volcans, Aubiere | Encadrant CNES : Félix PEROSANZ | £ POSTER |
Magmatic source modeling at the Colombian Andes stratovolcanoes revealed by ground-based and satellite geodetic data

S04-08 | Doc | RIBEIRO Uelison | UMR 6554 — LETG, Rennes | Encadrant CNES : Philippe MAISONGRANDE | E POSTER |
Automatisation d’une méthode de suivi des écosystemes humides en contexte tropical a partir d’images satellitaires
Sentinel 1 et 2

S04-09 | Doc | SOUDARIN Célia | ISAE-ENSMA/PPRIME, Chasseneuil du Poitou | Encadrant CNES : Pierre LEROUX | E POSTER |
Hypergolic ignition of liquid storable propellants

JC22024| 16, 17 et 18 octobre 2024 -Toulouse |07/10/2024


https://cnes-jc2.fr/wp-content/uploads/S04_01_Bedossa_Emma.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_02_Dufourg_Corentin.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_03_Franel_Nathan.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_04_Gaugne_Charlotte.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_05_Hervas_Peters_Fabian.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_06_lesigne_thomas.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_07_Lizarazo_Sindy.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_08_Ribeiro_Uelison.pdf
https://cnes-jc2.fr/wp-content/uploads/S04_09_Soudarin_Celia.pdf

ER
REPUBLIQUE
FRANGCAISE

Liberts
Egatieé
Fraterstizé

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.

on wind :
peak

Wave age is an indicator of wave de|
= ith ¢ =
wave, . = G—cos With 8
velocity phase and T,the peak period
Waveage = 1.2, the equilibrium between wave and
wind fields is reached
= Waveage < 1.2: the dominant wave regime is the
Fig. 3 : Histogramme of T, for Run A and Run C in wind sea
fhe Southem Qoean, 2019-2022. Waveage > 1 2 the dominant wave regime is swell®

Developed jointly by the Chinese (CNSA)
and French (CNES) space agencies

> Launched in October 2018 = data available
since January 2019

& et ouur

2 on-board instruments :

> SCAT : wind scatterometer

> SWIM: wave scatterometer:
measures wave energy density
and wave numbers and wave .
heights™

Wave forecast model of Metéo-France

ST TS - Spectral resolution of 24 directions and 30
of SWIM data frequencies

in MFWAM > Assimilation scheme : optimal interpolation

Fig. 5 : Impact al the SWIM DA on the domin

Fig. 4 : Impact of the SWIM DA on the N
wave age (RunA- RunC) 2019-2022. direction (RunA- RunC) in the Souithem Ocean, Fig. 6 Probability

occurrence of swell in RunA i

> T, smaller in RunA compare to RunC = so is waveage = Wave Southern ocean, 2019-2022
growth and spread are impacted by SWIM data assimilation

Grid resolution  Wind foreing ;WH Pt n:;“ wam“mm:lf i Period

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®

Run © 0.25° IFS (CEP) x x 2021
Run A 0.25° IFS (CEP) v e 2021

2nd step :
NEMO simulations

with _improved o
not, wave forcing

from MFWAM
SWIM DA in MFWAM forcing Wind foreing  Grid resalution

E Stokes: drift , =
MQ ALL Stress SWI {nadic) 1FS {CEP) 0280

Wave
forcing for
NEMO
computed
by MFWA|

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®

> What are the impacts of better representated waves on ocean key

parameters" — case of an subtropical sh:rm-- ar Aghula: rrent
Fig. 7 : Impact of the SWIM data - 1

assimilation on the SST (ALL - FREE) ;’EL' 8
. in Aghulas current .

. Wavedudieod TICE, YV Prommbers oomponents B Strong SST gradient FREE
Config in the current in ALL surface
! N N P current
iORCA025 FHEE Stress No 1FS (CEP) 025 simulation s

4 Waves create an i =i :
0:‘:;::‘r:'tc’"cr£tl Héw can we explain_that only the
dipolar strusturesALL simulation is in agreement with

the AIS observations?

Wane-induced THE

e = Uncertainties related to IFS wind forcing at
T i 10m in this area
- = Modification of wind stress received by
ORI inetricohs 2021, i A Txp  Dins () RMSE (%) ST waves

s Cilobal HUNC o 123 123
RUN A 0ok T 105
RUNC 043 11 1t
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and . of the directionality of the various wave
simulation (below) trains through the assimilation of SWIM

compare to AIS ! Y
observations, i clata 'compensates' for the wind forcing
\ghulas ~ current
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Fig. 1 and Table 1 :Validation of Significant Wave Heights (SWH) i
MFWAM simulations in 2021 with Jason3, SARAL, Sentinel-3A and B
CryoSat-2, HIl-B

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

=Sl reduced for every type of
w i waves, especially for long waves
mﬂ(Tp >13s):up to 34 %

Slof Tp 1% 2021

- s
-

SWH blas globally reduced and o
particularly in depressions track in B
NH, a part of Southern Ocean, I
North and South Pacific ocean

() Hauser et al. (2017) SWIM: e Wave Scatterometer

. . . @ Pierson and Moskowitz (1964), Alves et al. (2003)

Still a Iarge SWH bias in the @ Aouf, L., Hauser, D., Chapron, B., Toffoli, A., Tourain, C., & Peureux, C. (2021). New directional wave satelite

Southern Ocean relative to observations: Towards improved wave fc and climate in Southern Ocean. Geophysical Research

L . . N o e Letters, 48, ©2020GL091187

uncertainties in the wind fOrClng Perlad |5 @ Le Goff, C., Boussidi, B., Mironov, A.,Guichoux, Y., Zhen, Y., Tandeo, P., et al. (2021). Monitoring the greater
Fig. 2 : Validation of Peak period (Tp) in MFWAM Agulhas Current with AIS data information. Journal of Geophysical Research: Oceans, 126, €2021JC017228.
simulations in 2021 with SOFAR (SPOTTER) buoy: 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

Corentin DUFOURG*" Charlotte PELLETIER? Stéphane MAY? Sébastien LEFEVRE!
*corentin.dufourg@univ-ubs.fr 1 Université Bretagne Sud, IRISA, UMR CNRS 6074, Vannes, France 2Centre National d’Etudes Spatiales (CNES), Toulouse, France
CONTEXT
> Constellations of satellites with high spatial and temporal > GraphCast is a state-of-the-art model for global meteorological
resolution enable precise and dynamic resource monitoring forecasting based on graph neural networks [2]
> Graph-based learning can be used to exploit spatio-temporal How to adapt a model for global meteorological forecasting
dependencies in Satellite Image Time Series (SITS) [1] like GraphCast to a monitoring task of local water resources

from satellite image time series?

METHODOLOGY > Objective: forecast the next image of a sequence of N satellite images
> Use of a single region-specific mesh > Encoder-processor-decoder architecture
b SLIC segmentation applied to the stack of b encoder projects the pixel's features into the mesh nodes
input images b processor learns representations of the mesh nodes via
S input node's features = pixel time series, TrEREEER message passing

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

Y decoder maps the learned features to each pixel using only the
three nearest mesh nodes

fuesictizn]
UELIES

DATA & RESULTS —

10 Narget)
iy 2030 Sect FOLE Py, 7018 I ot March 3917 My 01T wiy 301

SEN2DWATER dataset [3] o
> 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

TOCM CamelTM

=

Graptecass icursl

# Params RMSE | PSNR 1 SSIM 1 Runtime /epoch (s)

> 3 682 NDWI patches of size 64 x 64 pix Input average - 0.1550 2330 0.7465 z =
Persistence - 0.1332 25.03 0.7897
Influence of the number of superpixels LSTM = 17,345 0.1162.00005 25534005 0.82821p0005 26
0.14 ConvLSTM 150,721 0.1197 400020 25.28.4019 0.8113400030 31
(R o O I e i TDCNN-ConvLSTM 407,681 0.1111400008 256841008 0.808310000e 55
0,134 | —= ConvisTM Ours 228,673 0.1097 +paozs 26.42. 027 0.8170-00070 49

TDCNR-CanvL5TM T
—— GraphCast

PROSPECTS
010 I > Explore the capability of GraphCast roll-out
YT S AEe e & & > Analyze more complex (multi-)mesh, especially for large patch predictions

Mumber of superpixels
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Polarimétrie des sursauts gamma avec une mission CubeSat

‘UCLab [\

« Compton ».

La configuration optimale retenue :

/Mission COMCUBE-S pour la mesure de la polarisation des sursauts gamma
Sélectionnée par I’ESA pour une phase d’étude de faisabilité (Phase A), cette
collaboration européenne (lJCLab (Orsay), UCD (Dublin), Clyde Space
(Glasgow) + CEA (Saclay)) propose d’utiliser une constellation de CubeSat

27 CubeSats également espacés en
orbite basse équatoriale a 500 km d‘altitude. Ses performances ont été
Kobtenues par simulation de la détection de sursauts par les satellites.

szNCA|SE ' Nathan Franel — 1JCLab — nathan.franel@ijclab.in2p3.fr Irine Joliot-Cutie Cnes
F;{g:!,r': Collaborateurs — V. Tatischeff!, C. Hamadache?, D. Murphy?, A', Ulyanov?, C. Mc Kenna?, L. Hanlon? et al. Lsboratoire de Physigue cirerns nariamaL
Fraternité 1-1JClab (Orsay, France) 2 - UCD (Dublin, Irlande) des 2 Infinis DETUOES SPATIALES
(s N O N
Les sursauts gamma (GRBs) ol ; | | La polarimétrie gamma repose sur la
Ce sont les événements les plus lumineux de I'Univers, .. H\ e Re diffusion Compton.
émettant principalement dans le domaine gamma. lls se o I_"* 4] La détermination de langle azimutal de
distribuent en deux populations : i % diffusion n grace aux énergies déposées et
" = '\,. aux positions d’interaction des photons sert
o 7_{‘* A | alors & estimer la fraction et l'angle de
st —st—waa | | POlarisation.
3.5-0 Accumulation Tirme {s]
Durées d’émission des GRBs [5] ]
Sursauts courts Sursauts longs g
Fusion d'objets Effondrement
compacts d’étoile massive 7
-"‘“
Du fait de leur distance ils pourraient étre utilisés en W
cosmologie comme chandelles standards en comprenant = |
mieux la physique de leurs jets ultra-relativistes. 2 e 7 :
De nombreux télescopes spatiaux fournissent des données " "
spectroscopiques (Fermi, Swift, SYVOM). Pour compléter ces o
informations une autre approche peu développée est e ———" .
d'étudier la polarisation de I'émission en gamma. Spectre de GRB990123 [4] )L : )

Polarimétre
composé de 3
types de détecteurs :

- 2 détecteurs silicium

double face a pistes (D1 en vert)

- Scintillateurs au GAGG (D2A en bleu)
- Scintillateurs au CeBr; (D2B en jaune)

J

Simulation des performances

radiation de Van Allen.

Lestimation des performances de polarimétrie s’obtient par l'outil de simulation MEGALib basée sur GEANTA4. Les sursauts sont simulés a 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

Les parameétres nécessaires aux simulations
(spectres, courbes de lumiere) sont tirés
d’observations réelles (catalogue GBM) [5]
ou estimés par des distributions ajustées
sur les observations [1-3] et [6]. Un modéle
de masse du satellite est ensuite nécessaire
pour simuler la détection.

Surface efficace
moyenne de 1500
cm?  Taux de
détection de 520
GRBs/an, plus
que toute autre
mission existante

ou prévue.

Garta da sansibilité aux dvbnamards simala |

s,

14530 Aphla SRR F 180 6Ll

Ascension devite |

Distribution cumulative de MDP

35 sursauts de
faible fraction de

5
g polarisation
3 | (MDP < 30%)
2 détectables par
s (L]
10 | | an.
Pularis;;on minimale d.‘éutec(able (%) — :nsibilité ala p:\‘;risa(iun "
~

(o zex
Références

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

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

1250

1200

- 1150

- 1100

i SRS SUBLELRNG, B ABETHWES a5 XK

1050

[3] Lien et al. 2014, ApJ, vol 783, Issue 1 [6] Yonetoku et al. 2010, PASJ, vol 62, Issue 6

Test du prototype

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

Adtitusa oo}

Durée : 3 jours, 17h

' I

Base d’Esrange
(ESA - Suéde)
6angerluss Lag

Le test a été un succes et les données sont en cours d’analyse.
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Mass redistributions at the core mantle boundary from satellite gravity
Charlotte Gaugne’, Isabelle Panet'?, Marianne Greff', Mioara Mandea®, Séverine Rosat*

1 Université Paris Cité, Institut de physique du globe de Paris, CNRS, IGN, F-75005 Paris, France,
2 ENSG - Géomatique, IGN, F-77455 Marne-la-Vallée, France,
3 Centre National d’Etudes Spatiales, Paris, France,
4 Université de Strasbourg, CNRS, EOST, ITES UMR7063, Strasbourg France

Moativations Detection of signal

Measurements of the space-time variations of the
gravity field from the GRACE & GRACE-FO missions

Anomalous  North-South
(since 2002)

oriented signal across the
boundary between the
Atlantic ocean and the

of the CMB : coupling with ;\.fr:]cqnt °°',‘tti"'~2":r I\Emtha)
T T T R g igh intensity (=1pEGtvos
sudden changes in core flows ? 9000 kam s, i gravity gradients (EGCE) | == e — sz atg the Iargyest SOOO-km
This could help to better understand ___ [ ! spatial scales of the
sudden changes in the secular © - 1 fcross boundary analysis in January 2007.
variation of the geomagnetic field, the <H"°Se etal. 2008) E l B contnersoce
1] 1
b i H | Wi e " Detection of b
- il Objective:  Search  for 5 saoo — €tection of bump
- y Y of mass % = il E wi 4 months around
2t K | redistributions at the § 400 e g | ¢ January 2007 )
= - at timescales of bt W -osmone = i : — same spatial
L 2 £ 20 & = signature over
(Mamdea etal. 2015) | ”5 different timescales
o o ol B A1) ) | 4
Gravity signal related to the magnetic jerk in the % 2004 2006 2008 2010 2017 3014 2004 2000 ?“Wya:m w2 204 20
2 r
Methods Water cycle
o GRACE/SLR and pure SLR geoid models: GRGS04 To investigate a potential origin of the 2007 Hypothesis: observed gravity variations are solely due to
compared with CSR06, ITSG2018, COST-G, SLR-AIUB Atlantic signal within the fluid envelopes of the water.
o We subtract a mean, trend, annual and semi-annual Earth, we now compare its spatio-temporal
signals (2003-2015) it wi ; ; GRACEdma [
% fingerprint with those of hydrological, oceanic and |
ir 1 . . . S T— PSS S
a b T ) atmospheric sources based on global circulation v ] v 1 )
2 . a— e models, GRACE-based reconstructions (V1) and () (o) G o e ———
T — — ) i iatrib it i = el =) 531 | |ampliude and the characteristic scales of |
P the geographic distribution of land and ocean - o M+l the GRACE signals 2 reflcted by Joal
| [ O I : " . D (V2) Fim v spectra in various drainage basins of |
b ) B I TN+ WGa Africa and South America
e -% w8 .
. J E 4 = Atinntic ocean (150-10%,-30-10%) GRES04 l\'.f
(M7 i ; ' |
B ~dlg e 1m0 : 5o For continental hydrology and
Ttk i H ag_. oceanic sources (modelled or
W s ’ o D:j]ac 2000 z s.ug reconstructed from GRACE), their
Figure 1- Multi-scale gravity gradients (Panet ot al, 2022) 2 s 20Z  combinations, and tests of
o Gravity gradients in the local spherical frame, at different S e e |""% coalescence of  continental
spatial scales (no terms of degree 0 nor 1) R Tl %% & sources, the characteristic scale
o Rotations of the spherical frame to align with the € '1,,“« ”’é and location differ from those of
-20

orientation of the signals - separate signals with

different characteristic scales and orientations (Panet et \h‘)"‘ *Wﬁw INW £ the 2007 GRACE anomaly.

402 The 2007 Atlantic signal is not
5o Well explained by surface water
sources.

al. 2018 ; Panet 2019)
o Wavelet transform of the gravity gradients time series at F;JMM'*,MM,\ }
scales 28-32 months : search for peaks in the period f

September 2006 - April 2007 e o o0 e
oBump in the time series <« peak in the
wavelet-transformed coefficients

. . . The 2007 Atlantic signal is not well
Source from the core is expected to be to small to generate dynamic CMB topography, we focus on a mantle side source.

Source at the top of the CMB can not explain both geomagnetic jerk and gravimetric magnitude anomaly. Iee):apc::m:: I:Z s:rrc‘::z:ew::]:rt s::rrtce; 1;:::

..w'__,.l

These conclusions support the possibility of a deeper origin within the solid Earth.

. Source in the mantle above CMB: gravity signal could reflect deep mass
o Characteristics of Pv-pPv : fast (Langrand et al 2019), density redistributions from the Pv-pPv phase
contrast (100 kg/m®), occur in the D" region transition and generate a dynamic CMB
o African LLSVP : Pv-pPv phase transition deeper (7-14 K/m) topography notable. We next propose to
o Scenario proposed: Pv cold anomaly (T’) passing through the do the same study on the magnetic field.

phase transition and transform to pPv before other material at
temperature T creating a mass anomaly.

o Model parameters: elastic D" layer of 350 km, phase transition References
at 50 km above CMB, 2 calottes (4°W,29°N and 5°E,15°S) o, Panet JGR, 123 (12):11-062, 2018

I " . ; M. Mandea, et al., JGR, 120:5983-6000, 2015
kmn?ctiglggg E:s)transformed pPv of different size (radius from 50 <3, Wah, et 2, JGR, 103(B12):30205-30229, 1998

e Langrand et al, Nature communications, 10(1), 5680, 2019

il

F . G0 AB0 BB B 4D 1D 20 -ib 04 18 20 23 a0 83

Reproduce characteristic of the 2007 anomalous signal (spatial

o AR S Nl e fingerprints) Acknowledgment
Generate a dynamic CMB topography of at least 12 cm. Authors have received funding from the European Research
\ ‘ Council (ERC) GRACE-FUL Synergy Grant No. 855677 and from
CNES.
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We use accurate shape measurements from 3500 deg? of the Ultraviolet
Near- Infrared Optical Northern Survey (UNIONS) [1] with redshift

information from BOSS/eBOSS to measure intrinsic alignement
Our goals are:

1. Measure the strength of intrinsic alignment with specific samples
combining precise shape and redshift measurements

2. ldentify galaxy properties allowing for a finer model of intrinsic alignment,
either analytic or in simulations

3. Distinguish amongst the developed models the one which most accurately
captures the intrinsic alignment signal

Weak-lensing, Intrinsic Alignment

. Weak lensing is the
- ) study of  coherent
L « Path of light di . -
N, £B -aruind dark mater istortions of galaxies

to infer the foreground
distribution  of dark
matter and to con-
strain cosmologica
s?_enarios from the am-
plitude of the lensing.

\
Distant
universe

Intrinsic Alignment is
a systematic for this
effect as it produces a
similarly coherent de-
formations in galaxies.
During their formation
galaxies get stretched
by the tidal field which
makes them align with
the surrounding large
scale structure.

Image credit: Fortuna and Chisari 2022

Sky coverage of the different surveys (NGC,SGC)

Catalogue Information

-

normalized density

i-‘_\""'\-\__

on as Lo 1% 6 18 20 e =
r magnaude

n(z) distribution and r-magnitude distribution of the different samples

Measuring Intrinsic Alighment in the
UNIONS and BOSS/eBOSS surveys

Fabian Hervas Peters!, Martin Kilbinger!, Romain Paviot!, Lucie Baumont!
Jean-Charles Cuillandre, Thomas Erben, Sébastien Fabbro, Axel Guinot, Stephen Gwyn, Valeria Pettorino,
Hendrik Hildebrandt, Mike Hudson, Alan McConnachie, Lance Miller, Ludovic van Waerbeke

1. Université Paris-Saclay, Université Paris Cité, CEA, CNRS, AIM, 91191, Gif-sur-Yvette,

Introduction

cea N

cnes

< CosMoOSTAT

UNIONS
France

The two most commonly used models to quantify the contribution of
intinsic alignment are the non-linear alignment (NLA) [2] and Tidal
Alignment and Tidal Torque (TATT) [3] model. TATT is a higher-order
expansion of NLA.

The tidal tensor is defined as:

s5(0) = (ks — 25,)0(K)

The intrinsic part of the shear of a galaxy is:

1
"/é-(x) = Cls,-j + CQ(S;kSkj — 5(50‘52) + Cl,s((;S,'j)...

Measuring the integrated correlation function

_ Shape, (Density — Rand)p)
$ai (1 1) = RandpRands

Estimator:

Mimax
L.O.S. Integration: Wi (rp) = /

J —Mmax

Signal — w,. of different samples

CMASS = 200 000 galaxies LRG = 80 000 galaxies
NLA: A; =4.86 £ 0.51 NLA: A; =3.6+£1.0

&g+ (rp, MM ; Mg = 150 Mpc

re [Mpc] e [Mpe]

Results — NLA or TATT?

Best NLA fit:
x%/d.o.f. =3.40/(6-1)=0.68

Best TATT fit:
x?/d.o.f. = 3.58/(8-3)=0.72

n [Mpc)

Conclusions

Our work is in broad agreement with previous measurements showing:
» Strong intrinsic alignment in Luminous Red Galaxies (LRG and CMASS)
» No preference for TATT on large linear scales
» Systematics in the UNIONS ShapePipe catalog are under control

We want to use these precise measurements to identify properties
correlating with intrinsic alignment (luminosity, density...)

References
[1] A Guinot, M. Kilbinger, S. F: et al., “ShapePipe: A new shape pipeline and weak-| application to
UN|0NS/CF|S data”, en, / y & Astrophysics, vol. 666, A162, Oct. 2022, 1sSN: 0004-6361, 1432-0746.
2] C. M. Hirata and U. Seljak, “Intrinsi interfe as a cc i of cosmic shear”, en, P/
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Balloon-borne lidar observations of tropical cirrus clouds

Thomas Lesigne®, Francois Ravetta®, Aurélien Podglajen®, Vincent Mariage®, Jacques Pelon®

@ Laboratoire Atmosphéres, Observations Spatiales (LATMOS/IPSL), CNRS, Sorbonne Université, UVSQ, Paris, France
@ Laboratoire de Météorologie Dynamique (LMD/IPSL), CNRS, Sorbonne Université, ENS, Ecole 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.

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

altitude [km]

2021-11-05 2021-11-10 2021-11-15 2021-11-20

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

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.

CALIOP L1 (532 nm)
Time [mrarute:second after 20h UT)
06:00 06:15 06:30 06:5 07-00

Brightness temperature 20:00 BeCOOL L1 {802 nm}

atibude (km|

oo

P C) -
; L ¥
180 200 220 240 260 o 30 E8 o © i O
arightness temperature (K] o ] !
i 200
-- g CALIOP track and peaibion at 20:08:31 ama 1 :
— @ BeCOCL track and position st 20:06:31 t (f)) | — caucerzipean (g9
++ Balloon track. daytime (BeCOOL OFF zE \ ma val
Balloan track. daytime [BeC0OL OFF) 2 uoos oot . auulrelr,a
Distance at comcidence ; 104 %km = i | o i
0,000 S = .
12:00 14:00 16:00 18:00 20:00 22:00 SN AN XN N 1N
fime UT [heurminte| Labitude

A case study of collocated observations over a thin cirrus cloud. a: 11 ym brightness temperature map at
coincidence; b: BeCOOL L1 curtain (along the solid line on the map); ¢: 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 T above 16.5 km

Cloud Optical Depth 7 . Cloud Top Altitude
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Distributions of cloud optical depth and cloud top altitude seen from BeCOOL and CALIOP during Strateole2
campaign. Clear cut-off at 2.10° 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.

— Lst flight |12 nights| Znd Might {54 nights)  —— 3rd fEgnt {71 nightz]
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Balloon tracks of the 3 BeCOOL flights during Strateole-2 first scientific campaign
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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.

Fig.1 from Chang and L'Ecuyer (2020)
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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.

BaCOOL & TRAS Tan
572113 5T 203

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

Sindy Carolina Lizarazo', Valérie Cayol', Fabien Albino?
!Laboratoire Magmas et Volcans — LMV, Université Clermont-Auvergne
?Institut des Sciences de la Terre — ISTerre, Université Genoble-Alpes

1. INTRODUCTION

1.1. Study region and volcano features
Volcanism in Colombia is driven primarily by the
subduction of the Nazca plate (NZ) beneath the
North Andean Block (NAB).

* 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.
= » -

a 1y M et
fyr (bloca P et al

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.

1.2. Deformation monitoring and challenges

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).

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

CHALLENGES POTENTIAL SOLUTIONS

* Limited resolution of displacement maps |* Continuous displacement maps by using
due to sparse instrumental networks. satellite imagery SAR.

* C-band data is affected by vegetation|* L-band data is less affected by vegetation
(Sentinel mission). (ALOS mission).

* Large tropospheric noise due to strong|* Implementation of weather corrections with
weather fluctuations. external datasets (GACOS and GPS).

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).

2. DATA & METHODS

2.1. Data: 100 ALOS-2 images period 2014-2023 in
ascending and descending orbits.

2.2. Methods

2.2.1. InSAR technique
Interferogram: Interference pattern between 2 images
of the same region at different times — Time series.

“ground mefion
Irelative to the satelife] /
3
ey from ——»
o e[ T TR, 5.
- 283 0| i\/
rCIRANY

et

4 Fig 2. Nevado del Ruiz ALOS-2
e footprints in ascending (red) and
descending (blue) orbits. GPS stations
are denoted by black dots.

. 9

Fig 3. Principe of INSAR technique for ground deformation analysis.
Taken from: http://insar.space/insar-technology/
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.

2.2.3.Time series of displacements

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

2.2.4. Modeling _ 2
Inversion of INSAR data to define the internal source s e awm T i

responsible of the observed surface displacements. Fig 4. GACOS ZTD map on October 3%,
DefVolc ( https://doi.org/10.18145/defvolc) 2015 at Nevado del Ruiz volcano.

3. PRELIMINARY RESULTS

3.1. Cumulative displacement maps and time series

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

2015/10/03 - 2016/02/20_ _2016/02/20 - 2016/10/01

2016/10(01 - 2017/02/18

2019/05(25 - 2020/05/23 _ 2020/05/23 - 2021/05/22

2019/03/02 - 2019105125 2021/05/22 - 2022105121 2022/-5121 - 2023/04108

Towards the
satellte

- aca o

Nevado del Ruiz volcano from October 2015 to April
5 a 2023 in ascending orbit. Colder colors indicate the
o o L 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
ot - | displacement of a point indicated by the magenta

g square on the volcano’s summit (last map). Positive
trend in both geometries indicates the volcano is
inflating.

et (m)

Cumulative daglacem
%
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Puracé volcano
21 sequential interferograms (12 in ascending orbit and 9 in descending orbit).
21 cumulative maps of deformation.

Cumudntive displacement imi

Ascending orbit

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

sachasalaiobaselaiobnielhoalaiolaishaic

20k 4 2R 2T 2010 A M0 20 M2E M
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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.

Galeras volcano
17 sequential interferograms (9 in ascending orbit and 8 in descending).
17 cumulative maps of deformation.

[AScending orbit [Descending orbit
2015/01/20 - 2023104118 016103127 - 202210529

Gumulstve dagfaccment i
8

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.

3.2. Preliminary interpretation

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

Volcano Preliminary interpretation
Upward trend of time series (Fig 5)
Nevado |could indicate volcano inflation related

del Ruiz |to magma movement to the surface.
Risk of eruption?

Similar as for Nevado del Ruiz volcano

Puracé |(Fig. 6)
Risk of eruption?
Downward trend of time series (Fig. 7)
Galeras could indicate volcano deflation. Fig 8. Cartoon representing the ground

deformation due to inflation and deflation of a
magma chamber beneath it — simple model.
(http:/Awww.mshslc.org/act 10~ V)

Risk of collapse of volcano edifice?
No risk at all?

4. FUTURE PERSPECTIVES

Future work will focus on:

v Increasing the redundancy of the time series by computing more interferograms.
v Performing further noise corrections (external data).

v Modeling the deformation signals to characterize the volcano’s internal source.

v Publishing scientific papers and presenting at academic meetings.
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/~ INTRODUCTION

. The Pantanal biome is a heterogeneous and dynamic ecosystem located in the heart of the South American continent.

\

. In the context of climate change, understanding how different plant physiognomies respond to ongoing hydroclimatic regimes is essential
information for planning mitigation and adaptation strategies at the landscape level.

. Wetland functional assessment approach could improve the efficiency of environmental management [1].

. Here, we investigate the spatio-temporal variability in the dynamics of the forest and savanna formations in the Pantanal do Abobral, one of the
Pantanal's sub-regions.

METHOD RESULTS

1. Study area Dynamics between phenology and rainfall

- Pantanal do Abobral (19°18’31°°S; In general, tree vegetation responds to rainfall with a one to two
57°03°15°W). months lag time.
. - =03 :
- subregion of the Pantanal wetland. - o3-0 [
01-02 -
m 03163 3
2. Land cover S B e
- Forest and Cerrado (wooded savanna) land cover classes: Brazilian =il 1
. : 2T gt
Annual Land Use and Land Cover Mapping Project [2] i by
B it [ eyt i e
3. Phen ology 4. Rainfall Fig. 1. Spatial distribution of the maximised Pearson correlation between monthly NDVI time series of
woody vegetation and precipitation for the Pantanal do Abobral (left) and the number of months of lag
Data: Harmonized Landat Data: Climate Hazards Group needed to maximise the correlation (right). i _
Sentinel-2 (HLS) [3] InfraRed Precipitation with ZZ n _nh ‘i Zii
Stations (CHIRPS)[4 s
= r ( 4] Even within the same
f e
@ HLS Data —— = CHIRPS daily land cover class,
(2015-2023) HAYl = padity . .
—h’ | ieryipieen) Prﬂtl;gf:lg;;?h different typologies
Apply Fmask i e respond differently to ; |
=) NDVI dataset fo L 4
) Remave highly + | the study local precipitation i
>400 images ) [-] values = e . Lnndus.nnmil:md!\
] |[ & Monthly Total st regimes. Couer Classes o
ey Rainfall
£ Monthly NDVI Areas always raster stack - SRk tommen
2 vanmah Formation
(mean) ciassified as jan/14 - Dez/23 Resampiing B wetiand
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jani5 - Dez/23 Faorest [Savanna] _ spatial Pasture 1 Pantasal do Abobeal '
T . from 2015-2023 = ~ | resolution - Pk Al Goagle Satefite
1 based on =4 Monthly Total (nearest Fig. 2: Land cover in the Abobral Pantanal in 2022 (MapBiomas).
Rainfall j Highlight points A-H with graphical representations indicating Pearson's
£ Monthly NDVI MAPBIOMAS ‘ F ! s . .,
30 m resolution correlations with 0 (con correlation) up to 6-month lag.
{ of woodland 3 ./:(_\ ! & ;73 ;
f e &y : £y 3 Fig. 3 Monthly NDVI and
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f e i -B ii 18 precipitation from points E (left)
5. P9'| ntw|§g_Cerre|at|on E‘E E g‘i : and G (right) shown in Fig. 2.
é/'/ . T— L an e M wa o omm owm
| ; ; J Spatial variations in functional indices
TG Map 1: Conventianal R /| Correlation Map | ] ) p ) ) )
Correlation | | Map 2: Rwitha lag of 1 month ; Riparian forests show higher NDVI-I (as a proxy for primary production)
o tm“' 1 and less pronounced RREL (seasonality of carbon fluxes) than other forest
: Map 7: R with a lag of & month * Lag time map ‘ typologies in the region.
i o . 20950 £ :
+ - W 5,50 - 10,00 e o I 0,010 - 0,015
. . . , - I 10,00 - 10,50 ] . . 0035 - 0000
6. Functional indices : — e 00
We calculated the average annual cycle from the monthly NDVI 4 S ~ o “-"”‘-
. | N ®
betwen 2015-2023, due to the high cloud cover. Negative values ] TN,

Fig. 4: NDVI- (left) and RREL (right) of the forest and savannah formations derived from the
average annual NDVI cycle (2015-2023), Pantanal do Abobral.

CONCLUSIONS N\

Although the change from forest to other land uses has received a great deal
of monitoring effort in recent years, the habitat diversity of the remaining
forests may be silently fading away. Mapping approaches that describe the
functional attributes of vegetation can, therefore, contribute to landscape-
level planning of mitigation and/or adaptation strategies to the effects of
climate change.

were replaced by zeros [5].

- annual NDVI integral (NDVI-I): sum of the NDVIs of the
average annual cycle;

- Intra-annual relative range (RREL): subtraction between the
maximum NDVI and the minimum NDVI of the average annual
cycle, divided by the NDVI-I.

(R v.4.2.3 software)
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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.

—> 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

Exit of
nairal gas

A test-bed allowing to control atmosphere during drop test was designed:

- Volume of the chamber: 8.2 L St e Mo "

- Chamber wiped out of air with argon et il i

- Fuel poured in a beaker thanks to a syringe through the top plate f

- 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) “funal g

adiission

Picture of the inside of
£ the controlled
Scheme of the experimental set-up for drop tests atmosphere chamber

CHARACTERISATION OF THE IGNITION

Triglyme and Sodium Borohydride (NaBH,) Triethyl-, Trimethylaluminum and Triethylborane
I!Z)T = time b.etween the.flrst contact of the HTP droplet with the fuel (pic. 2) and the TEB-tetrahydrofuran TEB-hexane
first flame/bright area (pic. 5) " ;
. - . 10.2 wt. % TEB in THF 14.5 wt. % TEB in hexane
=11 =925 m 9.5 ms SaLL.

TEA-heptane TEA-hexane TMA-heptane
20.3 wt. % TEA in heptane 16.5 wt. % TEA in hexane 20.7 wt. % TMA in heptane

HTP 90 wt. % + triglyme/3.8 wt. % NaBH, under argon

5 = = 5
MOT i HTP- {squares) and fuel- rich environment kir(‘leﬂl ||DTfo| different wt, % of hydrogen peroxide
o an
-
]
=15 o =15
£ B a E e §
E = 8 = @
B } ] B §
s
o [ H
e s

o o
no 20 40 [} an 10 120 1 5 a0 B an %5 100
NaBH, concertration [wt. %) HTP Concentration (wt. %)

» IDT » when HTP rich environment » IDT N when HTP concentration »

Burning of solids,
sometimes

Solid
explosions

followed by ignitio
3 IDT in different atmospheres .
i Drop tests conditions:
20 A b 225 JOT regarding the solution
L]
® |——————— | S5 @ TEA Hoptano . . [P
g s | HTP 98wt % | ™ F| oweancune . » TEB: no ignition
4 ¢ 4 Iy = S N 3 LRV * > TEA heptane: ignition
=10 ! 4 ° | Fuel rich environment || 150 F|amamss uigyme B igniti
- s S —_—e——— i » TEA hexane: faster ignition
s :::;)n $ ! : Temperature, velocity | B (solvent properties)
@ Hedun | and pres?r_rse] constant : - . i) ; » TMA heptane: faster ignition
0 SR L S - o i e 3 (acidic strength)
2 22 2 slija&H :;ri%entral-llgnoim 9(3]10 e - ;
‘ ’ 25 N 8 ® g 13 B » NaBH, triglyme : fastest ignition
. . . . ) a 4 & =
» IDT min. between 4 and 8 wt. % NaBH, (viscosity » with NaBH, concentration [1]) ”M e A i

10, 15.0 0.0
gddltwe concentration fm %)

CONCLUSION

Optimum configuration for ignition between triglyme/NaBH, and HTP: Max HT'_’
4-8 wt. % NaBH, concentration

Triglyme/NaBH, 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.

> No impact of the atmosphere over the IDT

Velocity, pressure,
temperature constan
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Future of space propulsion: toward Polynitrogen High Energy Density
Materials
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Why polynitrogen HEDMs ?
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Pathways to High-Energy Density Materials: Key Components
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cyclic poly-nitrogen Small launcher by constructive Index || EDG EDG a Seamless modulation of
EDG EWG - J : 3 . N
HEDM - - | HN=NH Amination Agent EWG, N R Oxydation EWG. N R hydrazines and amination
High density and I, , storable | Conditions H H o ® agents
| 0
[°N
Single Stage To Orbit | | | [*N N_<NE¢
EDG  Amination Agent EDG | Eto,cJ-N-Boc o 2
—_—

0 One step reaction.

0
| / - EDG\ﬁ,N\\N,R | Eto,c
Decomposition not combustion | I EDG Oxydation ® | o

| Amination Agents
|

Potential Building Blocks: Nitrogen-Rich Molecules as Precursors to Polyazotic HEDMs
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"7 HEDM s 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.

J

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

4E. Gamby, F. Liger, L. Joucla, E. Lacéte, Eur. J. Org. Chem. 2022, e202201071.
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1. Context

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 (7) between nodes.
Finer time-delay measurements lead to more accurate positioning, which can be
enhanced by considering the impact of T on the signal’s carrier phase.

This thesis aims to characterize the impact in estimating 7 under such conditions

through performance assessments.

. 1
|
!. ”u>"
] 73 it A | 4
]
Figure 1 ©

A. Static model !

Doppler b and 1 known and compensated

x(t) = aa(t — T)(»_’_j‘vcr + n(t)

-BassBand (F =1} | |
Cartier [F =1}
|~ = ~BasaBand (F =20}
| Garrier [F | = 20)

wor

MEEmYdH]

Isag ~~

SUPA

2. Signal model

T§ g o® x() 3 BR
g '8

Figure 2*

x(t) = (ael®) a(t;m)e Ve 4 (),

¢=9v—wsz, n=(b1), nl)~CNOsY, a€cR

* Evidence:
Phase 1y and w, T are mixed up together as a single entity.

* Hypothesis:
If ¢ is compensated, w,t can be included in the signal model allowing for:
- more representative signal model
- more accurate estimation performance assesment of 7.

* Methods: Devise strategies dealing with 1 term,

3. Methods

Conduct performance assessment by deriving the CRLB ¢ and MLE ? | based on assumptions on the signal model.

B. Dynamic model 2

b unknown and 1 compensated

X(t) = aa(t; n)ejq)()]) + n(t)
o) = we (& +b(t ~ 1)

C. Dynamic model + comp.

b unknown and 1 estimated & compensated
x(t) = aa(t;g)e’?Me®@=P) 4 n(t)
b= +n, 0, na(6) ~N(,07)

MEEm [db;

L —CHE,

—g— CRB,{F. = 1540)

1 b | CRBg(F, = T70)
= MLE{F = 3%)

¥
120 oo ML By (Fe = 770 [

30T | MLE o (Fe— 00} [

150 CREBy( I = 385}
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a. CRLB: Cramér-Rao Lower Bound
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b. MLE: Maximum-Likelihood Estimator
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©_ Figure 1: Satellite computes its coordinates from differences in signal’s time of arrival T*

*_ Figure 2: Transmitter (T) sends a(t) and receiver (R) receives x(t)

[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.

Adv. Signal Process. 2024, 47 (2024). https://doi.org/10.1186/s13634-024-01134-2

[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.
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Dynamique et instabilités de combustion d’une flamme
swirlée LOx/CH, en conditions d’injection transcritiques dans
les moteurs fusées

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

( ) ) Contexte . i ) ) Processus d’interaction flamme/acoustique
« Volonté de I'Europe de développer de nouveaux lanceurs réutilisables et réallumables a bas co(its
« Développement de nouvelles technologies : injecteurs swirl LOx/CH, Chambre de
* Probléme: injecteurs susceptibles de présenter des instabilités thermo-acoustiques[1], potentiellement
destructrices pour la fusée ?
* Collaboration CNES/ONERA pour étudier la dynamique des injecteurs swirl gt i oAkl iyt
« Objectif industriel : Disposer d’un outil permettant de simuler un injecteur swirlé et de prévoir rapidement le it
\_ développement de ses instabilités thermo-acoustiques ) Injecteur =
= = 1
P Pt ]
( , Deflnltlons Fluctuations
Instabilité thermo-acoustique: vitesis
* Interaction entre I'acoustique de la chambre et la flamme en phase [2] injection
*  Emballement du niveau des fluctuations de pression [2] = destructeur a haute fréquence [3] 'f actit
*  Plusieurs mécanismes en sont a I'origine, notamment |’excitation acoustique de la vitesse d’injection des
réactifs [3] L ' L ] [
Swirl: @ Excitation de la © Excitstion de la © Interaction flamme/acoustique
. N P N P I vitesse d'injection du flamme
*  Mise en rotation de la phase liquide (oxygene liquide = LOx) a I'injection [4] iacht ot criaticn da
¢ Phénomene de succion en sortie d’injecteur [4] vartex
\_ * Meilleur mélange des réactifs et stabilisation de la flamme [4] ) e e o b

\§

prproche expérimentale

Post-traitement d’un tir du banc cryogénique MASCOTTE de 'ONERA
Premiere compréhension de la physique de I'écoulement
la  combustion

et de

Observations vidéos de la phase liquide LOx (ombroscopie)

(chimiluminescence OH*)

Image ombroscopie (phase liquide) Image chimilumii OH*

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

Ut }“‘ L, -3483Hz : 3634Hz
3E -
s3? o

LR TR S

) ) Ph:se liquide Combustion
#9844 L e 3169Hz. 3109Hz

A, % . ‘I

4 SipaEmsaw WO ‘V) fooW

Phase liquide Combustion

= Phase dense ® Phaselégére | = Rayonnement OH* m AbsenceOH*‘

Données de pression en milieu de chambre et de température aux parois disponibles mais qui
restent a étre exploitées

Objectif de I'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.

- Méthodologie & Résultats
( Approche analytique 8 )
¢ Mise en équation du mécanisme de déstabilisation de la flamme
«  Travaux préliminaires: utilisation d’un modeéle existant [5] dans des conditions de forgage fortes, impliquant une réponse de flamme non-linéaire dans le cadre d’une flamme coaxiale [6]
¢ Objectif: extension du modéle a une flamme swirlée par transformation géométrique de la trajectoire d’une perturbation de vitesse autour de la flamme
*  Finalité: modéle d’estimation rapide de la stabilité d’'une flamme swirlée LOX/CH, pour peu de ressources numériques et matérielles
Effet du forgage de la vitesse d’injection du CHa sur une flamme coaxiale Principe d’extension par transformation géométrique du modele initial
Flamme non forcée U“ i, A
Flamme
LOx e Trajectoire perturbation coax
Trajectaire perturbation swirl
. J

(Approche numérique

* Mise en place d’une simulation a grande échelle (LES) du point de fonctionnement MASCOTTE
expérimental avec le code CEDRE de 'ONERA pour une approche plus détaillée des phénomenes
Champ instantané de température, vecteurs vitesses et iso-volume de fraction massique d’oxygéne liquide

Début de validation avec les données expérimentales : comparaison des grandeurs moyennes
Taux de dégagement de chaleur

Chimiluminescence OH*

Numérique

Ombroscopie

3 |

Contour simulation
Contour expé

Angle flamme simu

Numérique

*  Objectif: confirmer, par analyse spectrale, que la flamme reproduit les comportements
expérimentaux. Meilleure compréhensi de I’écoul it (par ion 3D de
multiples grandeurs physiques)

*  Finalité: forcage acoustique de la flamme via la modulation de la vitesse d’injection des

réactifs afin de valider I'approche analytique

[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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loon for clock comparison
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Current optical clocks reach incertitude levels as low as 108 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.

Transportable, flexible and easily deployable

optical link over 10 to 100km are needed to

supplement the fibre metrology network. ?_
g
We develop such a free space link relayed by an
optical transceiver mounted on a balloon o~ )
\,
avoid line-of-sight obstruction. M
W\
\
o
10-100 km

~

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  (Af/f~1013 up to 500Hz)

- Balloon & payload motion (Doppler effect Af/f~1011)

TOFU folded link to a balloon

Retroreflector onboard the balloon = passive payload

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

Reaches 8.109 uncertainty after 20s integration time
[1]

Next step: build an active flying terminal

AR 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

Dix-Mathews et al, 2023

1.3km folded link (type Ill) to a corner cube onboard a
flying drone. Frequency transfer via a continuous
laser’s phase, reaching 2.5.108 fractionnal frequency
stability after 3s integration time, despite drone motion |-

up to 0.3m/s.

300km

combs.

113km point-to-point link (type 1) between 2
static terminals with 89dB power loss. Time &
frequency transfer. Reaches 101° frequency
instability using optical frequency combs.

Caldwel et al, 2023

round
between two closely located (type
1) optical terminals. Time and
frequency transfer using frequency

trip folded link

2. Phase-stabilized folded li

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

Actuators :
motion)

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

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

Tolfrom phase stab.

Phase noise [rad®Hz]

1E-10 - T T
Setup = .
PLL 1310 nm Lasers beacons Phase stabilization 1E-11 >
N E Sa Up to 20-minute long phase time series were acquired 1E-12 |- e
AN Dichroic ." during the campaign with no power loss.
aomiz mior A8 1613 |
- AOM %E \..y - . Sytslefm ?_erfolrrfnance ' MDEV of the out of loop beat 1
note fractional frequenc =
ClockLaser | - ) R Cuvr;‘erfube q y 1E-14 4
'55?‘;/"‘ ' &« camera TipTitmirror reflector « Reaches 8.101 after 20s integration time, PLL ON a
1E-15 1
. ) 300m - 300m ground link for horizontal/vertical comparison =
' T Tansmiter 1E-16
! RoM - rcousto opic Modulator « Open loop main phase noise source : [ -~ Ground OFF|
// ! Opt. power EDFA : bi-directionnal Erbium Dopped Fiber amplifier BT ——~ Ground ON
:1::: ..N._ Equtoral mount - GROUND : air index fluctuations (turbulence ) Flight OFF
- - FLIGHT : balloon & payload motion (Doppler T1E-18 Flight ON
Corner cube attached flect) 7
Outof loop verification Phase ated folded link architecture along the tether e 1E-18 ) y : s
Aitborne payload . : < . i 0,001 0,01 01 1 10 100
i e
- Corner cube aligned with the tether for passive pointing at the ground F Elight OFF Averaging time [s]
terminal oy Flight ON
Beacons P AMPM Noise characterization
- 4laser diode beacons with A=1330nm 0 —— Theor. lim. ) . o
w Fiber link ON Phase noise power spectral density reveals the link's
Optical terminal A frequency stability limiting factors:
10

« Phase noise correction delay

between 0.1 and 3Hz (2)

Thermal uncompensated effects
in the out-of-loop measurement fibre

\"\1 100Hz (3), due to mixing in the measurement chain
1 « At higher frequencies (4), the PLL itself is limitating (as
i | i | | 1 compared with a 300m fiber link).
March 2023 campaign setup at wE o 10° o 10° 10t 10t 10

Aire-sur-I'Adour

Faurier fraquency [Hz]

: fundamental limit reached

: below 0.1Hz (1), e.g.

Amplitude to noise conversion (AMPM) between 3 and

_/

3

Next step : active terminal onboard the balloon

-> couple the received laser beam into a monomode fibre
-> Tests at Aire-sur-I'’Adour August 2024
Terminal design

ctive airborne terminal flight test

Gimbal pointing error
2504 00 717 31 08
Functional tests ]

- Software, power, wifi control

Next step : March 2025
Goals :

1. Onboard tip-tilt mirror  design

J/

geodesy," Opt. Express 32, 4267-4276 (2024)

2. Ground functionnal tests  : TT ability to compensate for gimbal pointing error
- Commercial gimbal : 2-axis pointing actuator - ;roeung'mk:;u;m?gs I'?gll:resd Lof 3. Inflighttests atAire-sur-I'’Adour
- Visible camera : ground beacons imaging operation 4. Try & attach a fibre along the tether
- H-computer 5. Point-to-point phase stabilization (with fully deployed & folded architectures)
- Fibre collimator + photodiode Laser power stabilization
o
- 1330nm laser beacons - Depending on weather conditions Both  configurations  offer
Max. weight : 8kg (balloon limitation) - Better with constant stable wind advantages :
- Gimbal max depointing +/-1mrad - | : genuine point-to-point e
link
-> 500prad required
o - power  budget
- Frequent power extinctions " 1 representative of a 3-point
g link
Campaign rex M &
- Need for a second pointing stage m g
- Ground terminal limitating too k Type |ty deployed) Typ 1l (foided]
[1] Maron Nicolas, Fernandez Sébastien et al., "Free space optical link to a tethered balloon for frequency transfer and chronometric @ 8 :‘,{,\]r\stohglh& " il FIRST SY RTE II@““—“‘ | PSL *
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Characterisation of transiting planets in the habitable zone
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The PLATO (ESA) MISSION

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.

Habitable Zowne

The system around HIP41378: a testbed for PLATO

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

141 of characterization.
121 e Planet e & Planet
— ©  PLATO will use the method of transits to P, = 371 days ? “ Py =542 days
= 1.0 % detect exoplanets: When an exoplanet € )
9 - © g passes in front of its host star, it causes a
£ 0.8, 2 temporary dip in the star’s brightness,
5 — which can be measured to determine "l t d |
Z o6 mE the planet’s size Planet g? P a_ne278 days? This PDSteV
— d = :
0.41 Py = 62 days ? focuses on
’ — <™ Planet b . this planet!
1 g = ane s planet!
0.2
vy ® @ P, = 15days . © Planetc
10 / 00 P Planet P. = 31 days
Semi-major axis [AU] %
Planets already detected E _Lf—
J
_—
Time
5 planets detected by transits
m’ Two K2 campaigns, six sectors of TESS
How can we better understand the nature of
planet HIP41378 f and the architecture of the I e i - e R ¥ R = 2 P SR R
g
[ planetary system? £ 1000f W , Y o sy .
Eﬂ planet b b pla“.': :"" © b c
A 5o0g | planete 4
??i planet f
% ogs | -
The principle of the Rossiter-McLaughlin effect = ©

A=0° A = 50°

Anomalous RY

The Rossiter-
McLaughlin (RM) effect
is the measurement of

variation during

2 planetary transit. With
4 this method it is
% possible to measure the
) ‘/\/- projected obliquity of a
< system.

time time

the stellar radial velocity

0.993 L n " n " " " n " L " s " " L
2310 2315 2320 2325 2330 2335 2340 2345 2350 2355 2360 2365 2370 2375 2380

BJD - 2454833
Adapted from Berardo et al.(2019)

Four transits of planet f have already been obsersed thanks to
space-based instruments. In 2022 we observed the 5" 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!

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.

A Worldwide campaign of observations to detect the transit of HIP41378f

2022, November 12-13

Fraunhofer telescope
EXPRESS/DCT __Tsopmg/onr
Py "\CARMENES/Calar Alto ~ PARAS/MountAbu
HARPS-N/TNG
P H ERCATOR
/" HIRES/Keck
MAROON-X/Gemini
ESPRESSO/VLT

full transit ingress egress full transit

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.

relative radial velocity [m/s]

Best fit

HARPS N
ESPRESSO
CARMENES
NEID
HIRES
EXPRES
HERMES
PARAS

FRELEREE

~104

—204

—304

10 5 0 5 '
time [hours from midtransit]

Result: From the analysis we can conclude This is a view of the star and the
that the planetary orbit is misaligned with planetary orbits with a projected
the stellar rotation axis. This is a step obliquity of ~ 50 degrees and a
forward a better understanding of planetary stellar inclination of ~ 70
formation and evolution. degrees

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)




REPUBLIQUE \
FRANCAISE
Liberte Cnes

Egalité CENTRE NATIONAL
Fraternité D'ETUDES SPATIALES

Conception, réalisation et test de solutions de filtrage
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Introduction

Contexte : Miniaturisation du volume et de la masse des équipements radiofréquences (filtres et duplexeurs) pour des
missions satellitaires petites plateformes.
Solution étudiée . Filtres basés sur des résonateurs coaxiaux présentant des sauts d'impédances qui permettent "
d’obtenir plusieurs degrés de libertés dans les plans transversaux et longitudinaux.

Filtre a résonateurs coaxiaux SIR 1,/2 Champs — Mode TEM
(CC-CC) a 4 sections

- CC-CC,

— 2 étages,

— 4 sections, -
- Mode TEM, "
= A, 2. R =

Simulation eigenMode - /2 CC-CC 4 Section : Distribution des

Synthése : champs électriques et magnétiques : a) vue isométrique, b) vue de
dessus, et ¢) vue de coté.
__1_ Hg 1 Ei i
2m |gpen d; ~
Lt 1 P
“2mr, M H < '8 - N
M-jz-i i 7 »’;‘ﬁ?ﬁk .
- 44 vis de v
serrages Simulation eigenMode - 2 /4 CC-CO 2 Section : Distribution des
- 22 vis de M= Mqp 4+ Moz + MyaMag + MyaM3y champs électriques et magnétiques : a) vue isométrique, b) vue de
réglages T MypMpsMag + MyaMay + Mag + 1 dessus, et ¢) vue de coté.
— Usinage - =
classique (CNC) b Filtre a résonateurs coaxiaux
Z T
phe 4(atan29—ﬁtan“9—1) SIR A’ /2 et A /4
Filtre réalisé par usinage classigue g g

o e ——r—— T — Bande [_’
------ o
S (0B} - Smdativin — Bande L - fy = L.5GHe,
S 00 - Mesun 4 1 35
A it Wesien = f, = L5GHz, - W= 45%,
= - W 450 ~ Volume RF = 159cm?,
=0 - Volume RF = 159¢m?, — Matériau utilisé :
& - - Matériau utilisé - Aluminium i
% 50 " e Aluminium Tatumintum = 221075 /m
o o - - . . . - Version symétrique
o "M 1 T guminium = 38.10°8 fm : " " e s .
- - Version symétrique Filtre — Mi ologique réalisé par usinage classiqu
!
o
I ittt = 0, 3Zel —— S;;{dB) - Measurement
12 13 14 15 16 17 18 A it =0 3BdE —— 5u(dB) - Measurement
Fréquence (GHz) S11(dB) - Simulation
Simulations et mesures des parameétres S (transmission et i =3Bk = Simaton
réﬂexi0n1 = - Couplages intrinséques
ﬁ complémentaires
= B —40 \
Conclusion i
=50 ||
po

— La topologie SIR coaxiale A,/2 court-circuit & quatre sections a éte étudice et presentee,
— Filtre avec des résonateurs symeétriques identiques, c'est-a-dire, My, = 1/My, et M3 = 1, répondant aux

spémﬂca‘llons attendues et présentant un seuil élevé de tenue en puissance pour un uolume RF reduit, 12 13 14 Frequglr:éy mnz:l.’s 17 18

' ‘Filaesia)fesdratuuts cogsialik SIR; fopologique /2 et:4,/4 de's cOgRE; IR Simulations et mesures des paramétres S (Transmission et réflexion}

différents) permettant d'obtenir des zéros de transmissions sans 'ajout d'élément physique
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(] 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.

g Modeling tropical cyclones

Tropical cyclones interact with the background environment (land, basin

Ideal:l.zed framework
¥ e T

25
dynamics, synoptic flow, etc.) and each tropical basin has its own
specificity. To overcome these specificities and focus on the impact of air- 25
sea exchanges only, a simplified modeling framework is constructed in E
which a TC is translated by a uniform zonal flow. E : o : L!'%
=, v I e - 10@
i - o ®
24 AT Bt St 5 3
v / - ¥ T g
2 ~ atmosphere — o
@ g 9km Weak initial TC (Rotunno & Emanuel 1987) Horizontal uniform environment + zonal wind
Q Q WRF + 3km around TC - adjustable intensity & size - adjustable coriolis, sea surface temp., wind
A » 5 1k Not trivial! Follows Nolan et al. 2011
o (+ 1km soon)
£ ) £ D 5
air-sea exchanges ‘ g I: waves 0.08
paramet] % 9km T 4 b wave age
= T iy | - % .
Zz I: ocean (soon) B TC intensifies 40 g Eaiedl & 25 130 saturanon
) = R @ 0. .
g | okm & 980 E i e 20-35
S z 205 ] 7 ke
without waves with waves T T T T T = win waves i
(=]
o
‘\ _ & 0.02 - lil i
Y E 101 5 o* g o
3 swell
Only forced simulations for now Ex“ 0.00 . : y
Coupling coming soon o .. and generates waves il 10 20 30 40

0 20 40 60 80 Yo moisk
. Evolution of proxy of air-sea exchanges
umehoars) (charnock) with wind speed

Observing sea state under cyclones

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:

CFOSAT swoT Other data Toward a synergy

SWIM instrument KaRIn instrument altimeters
full wave spectrum wave height wind (radars & Obs & mOdeI
v under TCs (Le Merle et al. 2022) very wide swaths radiometers)

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)

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

- evaluate the sensitivity of simulated TCs on various air-sea

agreement SWOT/CFOSAT: exchange parameterizations (based on wave age, peak period of

A0.5°N i large wave heights (6 m) in wind waves, wave directional spreading, new source terms and
. front of the TC + lower coupled exchanges in WW3 ...)

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

N - compare simulations with/without waves: what physics is missing

when waves are not taken into account ?

s 1
wave directiopal
spac

‘ CFOSAT ““‘th_'isw

| ]

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

Summary ©

r

waves propagating
at ~45° from TC
direction, as
observed by Le
Merle et al. 2022 in

significant wave height

=
k]
il gt 1)

34.5°N |-

o

i%vge?anti_movmg 33N |- What are most climate models missing in TC dynamics by not
TCs . simulating waves ? Which parameterization should they use to
-‘né be the most accurate ? How does the spatial asymetry of waves

5N wi under a TC impact its dynamics and structure ? Using our

0 idealized framework in synergy with newly acquired satellite

L observations of the sea state, we will try to answer these

questions

GE*W B5°W B4°W 63°W B2W

ANR CFOSAT-
AWARE LAGOON
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Un systeme multi-agents pour la compréhension du fonctionnement des mares de la vallée du fleuve Sénégal.

Rakotoarisoa Mahefa Mamy?, Ba M., Kebe E.A.K.2, Taibi A. N.%
Université d’Angers, ESO-Angers, France, UMR 6590 CNRS . 2EDEQUE/ UCAD, Sénégal, UMI SOURCE 272 IRD.

Contexte et problématique L'indicateur de connectivité hydrologique par SMA

* Les mares du waalo (zone inondable du fleuve Sénégal): « Développement d’'un modeéle utilisant un systéme multi-agents (SMA) basé
« unremplissage lié a la crue du fleuve et ses défluents sur le mouvement simple « d’agents hydrologiques »
* bouleversé ces dernieres décennies («grande seécheresse», * Lasimulation 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 I'eau

* produire des indicateurs spatiaux a échelle fine permettant de
caractériser la connectivité des entités hydrologiques

URégles simples >
émergence d'une
dynamique globale

Ulnteraction
écoulements -
entités paysagéres

.‘:GU.’H-d 'eau
|:| mare

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

Périmétre
Enuement eermttent fcaanged acti irrigue
Ay, Chemindelenu fipris e pokme e Dl . Route
@ « Indicateur
& ® c De
Dunes rauges connectivité
Figure 1 : Les mares principales du waalo, les défluents (Ngalanka et "
Namarde) du fleuve Sénégal et les chemins de I'eau selon B. Diallo — Figure 2 : Fonctionnement du modeéle multi-agents (SMA).

- oF i

i Comngitie AVANT -~ |

= connectivité aux-caangal / |
5 I R S f
= connectivité au Namarde [ MR f 1998 r

= connectivité au Ngalanka e N

.:;_l
Connectii P 2 Vi
3 I e iy - 7 LA 5 e
e M, - U N 0

Conpectiat

ST W2010 :

i

o i |
- ] i %T,‘- 3
R ; : : e e E ‘;%,b - ”“{g‘,/% c—J

de I mare taka K £ ¥ 3 2 : fo X
e nan _ - 2 : |PEal ".‘iﬁ“ J

Evolution de la structure du paysage
Figure 5 : Evolution de la structure du paysage (périmétres irrigués) de 1998 a 2019
utilisée comme donnée d’entrée dans le modéle SMA.
] ~
Conmectiit e AVANT /r

COnnecingd iofak f
b i ST 1998 /=

8]

.
=
(=]
'\‘\
o2

2 | 2015
il
2
] o ~
. = Wl
Figure 3 : Résultats de la simulation d’une crue pr des i i »
défluents. Extraction de I'indicateur de connectivité moyen pour £ [ s |'“"_L A A e A e
les 6 mares principales du waalo de 1998 a 2020 (10 simulations zam [ é __J o zsm (LW ~— oz
our chaque année) et des iels chemins d’ I .
L g / - 5 N . es principabes manus ina s nigion s waaks NI 1 v
Figure 4 : Evolution de la connectivité Coers foau Indicateur de connectivite
totale des 6 mares. Deux périodes ol Mpuiarka au Sue Ly spadold
principales de diminution rapide de la Campal ke 0
connectivité : 1999 — 2000 et 2012 — 2015 =R T ik "' Figure 6 : Spatialisation des connectivités issues des différentes simulations par année.

Construction d’'un MNT (Modéle Numérique de Terrain)
a échelle fine (résolution centimétrique jusqu’a 7cm) a
I"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 a haute
résolution pour le systéme multi-agents

Identification des mares a travers un algorithme
utilisant le modele SMA

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

Figure 7 : Impact de la résolution du MNT pour I'identification des mares (complexe Koi F
Goti) par SMA. MINT & résolution de 5m & gauche et & résolution 50 cm & droite. Meilleure
discrimination des ivités a 50 cm.

* Dans le waalo, I'indicateur de connectivité de la plupart des mares diminue au fil des années, validant ainsi I’hypothese que la mise en place des
\ L

saison des pluies

Discussions
périmetres irrigués déconnecte ces entités du fleuve. Certaines gardent une valeur constante car elles restent alimentées par les défluents.

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

et
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Mechanical properties of rubble pile asteroids
though surface boulder morphological analysis

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

TInstitut Supérieur de UAéronautique et de UEspace (ISAE-SUPAERO), Université de Toulouse, Toulouse, France.

- Context

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 ?

- Link with mechanical properties

- Method

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

Morphological analysis pipeline
» Semi-automatic boulder
detection/segmentation
» segmentanygrain python package
» 2D analysis pipeline for morphological
parameters

A
Roundness = N“—“

‘Imax

N : number of corners
1;: radius of corner circles
Timax: radius of the maximum inscribed circle

b

Elongation Ratio = 3

4 Angle of
| repose
. The morphology of
Lol boulders provides
Fire sanel Coarse sand Arngular pebbles information about
Haack et al. (2020) mechanical
<z Tensike Strength SN properties and their
> ' i _ history
9. S Py
% -

* 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]

" Conclusions & Perspectives

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)
»  Afurther 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 than Didymos’ [Bamouin & 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

- Application of the pipeline on rubble-piles asteroids

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

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

@ =25,02x(1—R)+20

In agreement with
simulations or surfac
servations

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 I agroement
b/a ltokawa =0.71 + 0.15 with other
b/aRyugu=0.71 £ 0.14 studies
b/aBennu=0.68 £0.14

a) Dimorphos b) Itokawa
c) Ryugu d) Bennu
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Deep-learning for the prediction and modelisation of the effect

of CMEs on the Earth’s magnetosphere
M. Tahtouh, G. Bernoux(, A. Brunet"), A. Sicard("), D. Standarovski?

(Y DPHY, ONERA, Université de Toulouse, F-31000 Toulouse, France; ? CNES, Toulouse, France

l. Context and objectives

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 Earth’s 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.

Coronal Mass Ejections (CMEs)
Credits : SOHO LASCO C2

Solar wind

Stream Interaction Region
(SIR)

) < Solar flares

Il. Problematic and approach

? } Physics-based models ™ Geomagnetic activity prediction, directly from Upendran et al. 2020
&I | hysics-based models - solar imagery, with parameters such as the Brown et al. 2022
solar wind speed and geomagnetic indices Bernoux et al. 2022
I ML-based models > (Kp, Dst, etc.) Hu et al. 2022
v Development of a metamodel
Limitations describing EUHFORIA + SWING
Models using ML show limitations in their capacity to predict Probabilistic model to (Collaboration with KU Leuven) for
i storms associated to CMEs. This could be due to the estimate the intensity _| quantifying the uncertainties and
Credits: SDO nature of the input data. and time of arrival of a analyzing the sensitivity of the
storm geoeffectiveness of a CME to its
—— | initial parameters.
/ Proposed solutions to enhance the \ . . 1
| predictions Initial CME parameters Reducgd represen_tatlons
_Q_ of the images at different
wavelengths J

1 SERENADE

Obtained by comparing different (Bernoux et al. 2022)
dimensionality reduction
methods:

- Pre-trained GoogLeNet

- Principal Component Analysis *
- AutoEncoders 2

- Variational AutoEncoders

+ 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

K to the model. j e - _________ 1

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

GoogleNet (Szegedy et al. 2015, used in VAE (Pinheiro Cinelli et al. 2021) Sl S — Ghsrvationg | | SR Guservanans |
SERENADE) * Projects non linearly the data onto the latent space i /l — Mean | . Mean
« ImageNet (Deng et al. 2009) pre-trained (LS) keeping the important information. s ( R
Convolutional Neural Network. * Decodes the LS to reconstruct the original data. sl

e . . = - "
£ 2 | 24 r]
£ L M | 1 f
L7 . Define a e “ _‘\“'I.,I"l] L
flamingo 4 il tridgs listributi { 1" (M
mirgo ¥ _’\j il pariridg : dlst(r:’::)tlon 2 ‘:.T' ! | ||I.:_rl
£\ v 2. Sampling 3. Upsampling o
{ zatamplnginol Output = : T e
] . . ’ decoder(z) )
Persian cat  Siamese cat tabby Iynx 2 Fad
] +
Preliminary results Next steps
» GN predictions very unstable = could lead to false alerts. » Exhaustive test-bench.
* VAE predictions much more stable and smooth. + With further fine-tuning > better capture of CME associated storms.
« Lower CRPS for VAE (Continuous Ranked Probability Score, equivalent to the » Experiment with images of different nature (magnetograms and coronographs)
MAE in the case of a probabilistic forecast). and initial CME parameters.
IV. Analysis of the impact of a CME’s initial parameters on its geoeffectiveness
5 s [
2 Case study — CME July 2012 12 Kp index Metamadel - Sobol indices What affects the value of
Q\} uhioria + 6 ) » restome maximum Kp index the
@ \ B Parameter | Defanlt value | Uncertainties 10 E 8T oter most?
SWING Speed (s) 63 km /s 563 km /s — 063 km /s . - From the first order
Space weather modelisation || RNN = predict geomagnetic Radms (1) 16.8 Haun 15.19 sy — 1841 figyy —z o8 index = The variation of
tool (Pomoell and Poedts, indices such as Kp and Dst Density (el 10~ Bk /i |5 10 By fim® — T3 % 10 Thy/n® % bd the density parameter.
2018). (Bernoux et al. 2021). Temperature (T) [ 0.8 % 106K | 0.16 % 100K — 4 % 105K z - From the total order >
[ | fere e = - - = the interaction between
Tilt angle (1) 130deg In0deg — —110dey S 04 c
1 Toroidal s (0 |1 x 10908 |05 % 104175 — 0.75 5 104115 o the density and the rest
Polynomial chaos expansion3: Loroidal fhe {1} X1 A Bt b=Ihfascdl Y N o2d, T of the parameters,
metamodel describing the 2 models " i - t : namely with the radius
Sobol indices*: quantify the effect of each Initial parameters ——/
input parameter on the final output: max Kp. [1Greenacre etal. 2022, > Bank et al. 2023, 3 Crestaux et al. 2009,  Owen 2013 ] @
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Gravimetric signature of slabs deep thermal structures

Xavier Vergeron?, Cécilia Cadio?, Fanny Garel®
Xavier.vergeron@umontpellier.fr

- At subduction zones, cold lithospheric plates dive deep into the hotter Earth’s mantle.

2Géosciences Montpellier, univ. Montpellier, CNRS, Montpellier, France

Introduction

- Deep Focus Earthquakes are apparently related to their thermal structures.
- Seismic tomography provides a first-order information on slab morphology.
- Geoid and gravity gradients anomalies already evidenced over subduction zones.

Physical concept :

AT - Ap - gravity anomaly Can gravity data from the GOCE mission be
used to infer slabs’ inner thermal structures ?

Focus of this study :

Main question :

Estimate synthetic gravity data sensitivity to slabs inner thermal structures

Method : from deep (>200 km) slabs thermal structures
to synthetic gravity signals

Results :synthetic gravity signa_ls_'

s detaction threshold

<luh location Left : Fig.7 Geoid N and vertical
gravity gradient T, synthetics
calculated for the slab 1 with Teer. We
focused on the relationship between
the geoid maximum amplitude, max
N, the central peak-to-peak
amplitude of Tz, ATz, and the slab
inner thermal structure (SITS). The
grey and red areas respectively
represent the slab location and
GOCE detection threshold.

N Am}

Max N

Right : Fig.8 N and T, calculated for
all viscosity profiles and both
morphologies 1 and 2, with T to
avoid any SITS variation effect and
focus on viscosity profile and slab’s
morphology influence on gravity
signals. Black line represents the
signals calculated for slab 1 with Teer,
——— in order to illustrate variation effect
(compared to slab 1 with Toc).
Slabs 1 and 2 locations are
represented by the grey areas and
the dashed colored lines (resp.
purple and green for slabs 1 and 2).
If the slab's morphology and mantle
radial viscosity profile control the
signals shape at first-order, SITS
variations has a significative

[ —

e
o ¥ & B

B 88

el

"
)
£

ﬁ ._'.? influence on signals amplitudes. i
5 2 2 8
3 5 &
Termperature (K} w0 i
£ £ — AN
= Isentropic 5_ Fao )
fi conversion J.l::L 24 8T ] |
& 1000 to consider 4 X
ibilif [
1250 o compressibility 20 Y "
1400| Garel+ 2014 Cerpa+ 2022 | _ =1 3 i I| -4
5 0 5 0 0 E E Y I
latitude (*} latitude {*) latitude (*) latitude (*) = = ‘ - B \
Fig.1 Thermal structure of 2 vertical slabs (~ 1250 km) Fig.2 Isentropic thermal structures of slabs 1 and 2 12 2 12 \ . RN nE
from incompressible dynamic models, = L B } n
with the 200 first km removed. Thermodynamic . 8 a8 * X
phase equilibria Pyrolitic mantle i " k
Viscosity (Pa.s) HeFESTo, Stixrude+ 2011 composition al - a PR .
19 21 23 25 o ~ -
P ¥ 10 10 ) 0z 04 o 6 08 10 02 08 08 L0
B g 200 L E) Al (E)
200! Fig.9 Max N and AT,x calculated for viscosity profile A, slab 1 morphology and several SITS. Left : T, homogeneous SITS and
M il 100 bi-thermal SITS with T; = 1000 and T, = 1400 K. Right : T.;, homogeneous and all bi-thermal SITS. Left subplot illustrates the
=1000| - =~ linear regression feasable on all SITS with the same superficial temperature (i.e z, > 500 km). The slope, a, of this
E 5 w00/ E regression remains ~ the same for all superficial temperatures (cf. right subplot).
g 20- 10 kM g a £ 20 . T wisch L . .
= 100 - 220 km =g as ™ - - Fi i " "
=% I i = . % Left : Fig.10 Linear relationship
2 | 00720 bin T &) ' a0 ™ # - between max N and the whole
2000 = TI0 KM =100 . o W | lab t t
— 2830 km 18 ey 2 £ 3 slab’s mean temperature.
i 1500 | £ "ty a2 L& Right : Fig. 11 Li Jationshi
i I i =3 = e m et ight : Fig.. inear relationship
2800 f K ! Iatitu?:le 541 : Ia:itu?:le ) : w =12 i bl " . between combined information
) Fig3. Density anumaly structures, with posmves and ki - E o 1 of max N and AT , and the
Fig4. Radial viscosity profiles considered in this study\ hegative density due to phase visible = Sap % ::2:::?;"::;?;500’500 km)
i DynG* into the slab. = P g
Overview of DynG? workflow : (freeware) i Hux - )
2D vertical grid of density anomalies in Cadio+ 2011 : I’ " :' . Both figures are made for slab 1,
cartesian coordinates (input). N =L = # | viscosity profile Aand all SITS.
— series of 2D global (horizontal) grids | . \ 1000 1200 1400
of surfacic mass in spherical Fig.5 schema of a diving Tor s (K
coordinates, spaced by a vertical step | S1ab and mecanically
of 5 km. induced surface and CMB Fig 12 Left side : same as
— converted into spherical harmonics | deformations, and their e A .
coefficients (SHC)'P individual contribution to the fig.10 but for viscosity profiles
In parallel, Green's functions geoid total signal. A, B and M, and for the slab 1
calculation, solving mass and The slab (positive mass 0- (top) and 2 (bottom).
momentum conservation equations anomaly) contributes Right side : same as fig.11
system for an incompressible positively whlle surface and but for viscosity profiles A, B
ian viscous and i cvB = and M, and for the slab 1
ic medium a radial i (top) and 2 (bottom).
viscosity profile. negatively at short and long ) v
- Geoid SHC by convolving Green wavelengths. Linear regressions
functions and the SHC of the thin coefficients vary with thg slab
layers. rr]orph_ology and the radial
. Geoid SHC adjusted to GOCE mean viscosity profile of the mantle,
altitude (255 km) 2900— o | | but remain feasable for every
— Geoid, gravity and gravity gradients Iron core 1000 1200 1400 tested combinaison of
\ Depth (km) morphology and viscosity

grids derived from Geoid adjusted SHC.
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-Max N leads to T

Modification of _
inner thermal structure

slab
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-Max N combined with AT, leads t0 T ,5,_s00
-z Sensitivity of gravity signals to slab’s morphology, mantle viscosity profile and SITS

-Gravimetric anomalies amplitude due to SITS modification > GOCE detection threshold
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Z
Temperature (K}

1000

Fig.6 illustration of modifications
applied on deep thermal structures.
-Top : Teer, thermal structure from
numerical dynamic subduction model.
-2"line : Fi, increase or decrease of a
factor i (0.5, 0.8, 1.25 or 2) of the
thermal spatial gradient inside the slab.
-37line : T, constant (potential)
temperature (800, 1000, 1200 or 1400
K) set to the whole slab.

-4" line : two isothermal regions Ti; with
a shallow colder slab part (T of 800,
1000 or 1200 K) located above a hotter
one (T of 1000, 1200 or 1400 K), with

a transition depth z, varying between
300 and 1200 km. Represented bi-
thermal structures are, from left to

tight : Teoo000 , Teoo-to00 , Troop-1200 and =
Tiooo-1400 With respectively z, = 300, %
1200, 500 and 800 km.
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Perspectives

Synthetic case :
-Develop an inversion strategy based on a priori from
Natural case :

1400

profile.

Fig.13 Benchmark of
estimated T and T,,_,, for
viscosity profiles A, B and M
and slab 1 morphology. Mean
error < 30 K in each cases.

References :

aio, C., et al, "Pacific geod anomalies.
revited n lght of thermachernicalosclatng
domes in the lower mantle.” Ear

Plntary Sclance Leters 308.1.2 zzum 123

Cerpa, Nestor G., et al. "The effect of a weak
astherospheric layer on surface kinematics,
subduction dynamics and slab morphology in
the lower mantle.” Joural of Geophysical
Research: Solid Earth 127.8 (2022)
202208024494,

Garel, Fanny, et al. “Interaction of subducted
slabs with the mantle transiton-zone: A regime
dlagram fiom 2-D thermo-mechanical models
with a mobile trench and an overriding plate.”

eochemistry, Geophysics, Geosysiems 15.5
(2014): 1739-1765.

seismic tomography

-Isolate the slab signal from the 200 first km in the total signal
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-Apply the inversion strategy to propose a range of possible SITS
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Régularisation par apprentissage profond
pour la restauration d'images satellites

Maud Biquard *3

Marie Chabert 2 Florence Genin 3
YSAE-Supaero

Christophe Latry 3
2|RIT/INP-ENSEEIHT ~ 3CNES

Thomas Oberlin *

Résumé

Utilisation d'une structure d’autoencodeur compresseur

On s'intéresse a 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 savérent
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 probléme,
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 a des performances similaires a I'état de
l'art, et démontrent le potentiel de cette méth-
ode pour la restauration d'images satellites.

Introduction

On considere le probleme inverse suivant :
y=Az+n (1)

avec y la mesure, A l'opérateur de dégradation,
z l'image d'origine et n le bruit.

— A= hx,n~N(0,0>=a’+b(h*z)) pour le
débruitage et défloutage d'images satellites.

Classiqguement, on recherche la solution du
probléme (1) sous la forme:

# = argmin ||y — Az||* + AR(z) (2)
oU R est la régularisation.

— Apprendre R a 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 problémes inverses avec le
méme réseau de neurones [3].

= Deux possibilités : implicitement a l'aide de
débruiteurs [3], ou explicitement a l'aide de
modeles génératifs [1].

Régularisation par réseaux
génératifs

1. Apprentissage d'un réseau génératif G sur
un dataset d'images idéales z.

Z;N(Urld) X~ px

Generator

; ' Gy

Figure 1. Principe d'un réseau génératif

2. Restauration d'images. On recherche la so-
lution du probléme inverse dans 'espace la-
tent de G [2] :

2 = argmin||AG(2) — y|3 + Al|z|?
z
avec & = G(3) (3)
+ Minimisation d’une fonction de colt ex-

plicite

+ Cadre bayésien intéressant : 2 peut étre
vu comme un estimateur MAP (Maximum
A Posteriori)

- La contrainte z = G(z) rend la performance
de la méthode tres dépendante du modele
génératif utilisé

Latent space

Autoencodeur choisi : x Ey z Dy %

* Grand espace latent (= espace encodé).

= Les données sont réparties dans l'es- L s
pace latent suivant une loi flexible I o2
N (u?, %) définie par I'hyperprior.

. Hyperprior
— Apprentissage de textures et formes.

— Applicable sur des données complexes.  Figyre 2. Structure d'autoencoder

compresseur.

Estimation de la distribution a posteriori du probléeme

— Algorithme VBLE [1] : Approximation de distribution a posteriori p(z|y)
par un petit volume dans I'espace latent.

Latent space Z

Latent space Z

Figure 3. Algorithme déterministe Figure 4. Notre algorithme (VBLE)

On utilise de l'inférence variationnelle:
— Définition de la distribution paramétrique
Bra = {ara(0) =
— Minimization de K L(g: (2
arg max L, = arg max]Eq“( [1ogpy‘z(y|z) + log pa(z) —

zk,[zkf—kszr |za€R"a>O} (4)

2
2)|lpzy (zly)) qui rewent a maximiser I'ELBO

log q;ya(z)] (5)

with log ¢za(2) = — > log ai, and log py(z) = R(z) the hyperprior.
= Minimisation de ( ) par descente de gradient

— Estimateur MMSE: @;3/5p_0 = + 337 | Dy(z;) With 2; ~ gz o+(21).

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 préentrainés, finetunés sur
les datasets testés.

= Baselines : DPIR/PnP-ADMM (algorithmes Plug&Play avec débruiteur
deep), PnP-ULA (algorithme MCMQ), DiffPIR (algorithme utilisant des mod-
¢les de diffusion)

BSD Deblur (Gaussian) SISR x4 SISR %2

Method PSNR T LPIPS | SSIM1 PSNR? LPIPS | SSIM1 PSNR?T LPIPS | SSIM 1
VBLEwWCAE 29.77 0.2002 0.8617 2547 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 2771 0.2675 0.7809 24.82 0.3730 0.6894 2842 0.1659 0.8763

DPIR 29.72 02127 0.8623 2518 0.3652 0.6937 29.55 0.1706 0.8784
PnP-ADMM  28.96 02155 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 (oy,, = 1,
o =17.65/255), SISR x4, SISR x2. Methods in italics allow for posterior sampling.

TARGET IMAGE REFERENCE METHOD VBLE

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 & — 2. ©CNES
2024

Expérimentations - Images
satellites réelles

= Dataset : Images Pélican (images aéro-
portées) utilisées pour simuler le point de
fonctionnement Pléiades.

= Problemes considérés Débruitage +
défloutage avec et sans super-résolution.

L0 IMAGE (UNRESTORED

Figure 6. Exemple de restauration d'une image Pléiade
réelle. Image L1: restaurée par la méthode de référence.
©CNES 2024

MARGINAL
L0 IMAGE RESTORED ~ DEVIATIONS

ll

VBLE SAMPLES

Figure 7. Restauration par VBLE d'une image Pléiade
réelle, incertitude et exemple d'échantillons. ©CNES
2024
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Catalytic N-N bond formation via a decarbonylative Ni-mediated process and
application to polyazanes

Viktor Boshevski' * (viktor.boshevski@univ-lyon1.fr), Gaél Tran®, Lionel Joucla®, Abderrahmane Amgoune**, Emmanuel Lacote*t
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The Future of Space Propulsion

CNES Principal Innovative Vector

500
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Ariane 6 propulsive system » Ariane Ultimate propulsive system
Intramolecular Ni-catalyzed N-N coupling : recombination after CO extrusion?
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Conclusion

i HEDMs are required for greener, safer, smaller, reusable and more efficent launchers = technical breakthrough
¥

77 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

2 A. Amgoune, Synlett., 2021, 32, 1531-1536; *G. C. Fu, J. Am. Chem. Soc., 2017, 139, 12153-12156; ©Y. You, ACS Catal., 2019, 9, 10454-10463.
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Development of a 100MHz Quartz-MEMS resonator

B. Fischer-Kaszuba'", P. Lavenus’, R. Levy’, T. Baron?, N.Vorobyev?3
1. ONERA, the French aerospace lab; 2. FEMTO-ST,; 3. CNES; France

What is a Quartz-MEMS resonator ?

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

Quartz crystal == MEMS

Advantages?’: Advantages’:

* High Q-factor » Collective process

* High thermal stability * High production efficiency
» Naturally piezoelectric + Easy integration

* Low power consumption * Miniature size

« E: Extensional

* F: Flexural

« FS: Face-Shear

« TSh: Thickness-Shear
« TT: Thickness-Twist

« TSt: Thickness-Stretch

First six vibrational mode of a quartz plate

Which one to choose to achieve 100MHz?

Thickness-shear:

» Usually used for high frequencies
* High Q-factor

+ Low motional resistance (R,,)

How to fabricate a Quartz-MEMS resonator ?

i

4” wafer after chemical
etching in hydrofluoric acid

Step 1: Wafer thinning

@ —

Step 2: Bottom wafer
chemical etching

Electric]
Field

vl

o o | —

c
o
=
©
o
=
e
©
LL

o] ®

Step 3: Top wafer deep
reactive ion etching

Patent

pending

1

Step 4: Electrodes
deposition by evaporation

Final state of one resonator

v 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.

v Future work will focus on characterizing the resonator mounted as

an oscillator.

* baptiste.fischer-kaszuba@onera.fr

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

How to achieve 100 MHz with thickness-shear vibration ?

n : mode number (n = 1, fundamental)

h : blade thickness (15um)

Cge : stiffness matrix component (34,8GPa)
p : density (2648 kg / mm3)

n C66
2h p

— Necessity of a thin plate of 15um (Hair diameter = 100um)

f=

How to reach high performance ?

(tn)2h
——-—— S electrode surface area (1mm?)
8k268C66S ko6 : electro-mechanical coupling factor (0,77%)

m

— Necessity of a compromise:
e Thin plate
* Fundamental mode
* Large electrode surface area

What is the real performance?

= Measure
== FitBVD

i L Cr
e M

Butterworth Von Dyke

() . —
equivalent circuit
- equivalent circuit
_9 113,7 113,8 113,9
vt Frequency (MHz)
ﬁ - Fundamental —r—
E S0F -~ FitBVD
= Frequency 114MHz = @
(8) z
© e
E Q-factor 24 000 50
< Motional 60Q -100
o resistance 113,7 113,8 113,9
Frequency (MHz)
Qxf Product  2.5%10"2Hz Impedance frequency

response Measurement

Encouraging performance allowing a Q.f product of
2.5%x10"2Hz on the fundamental and 1.3x1073Hz on the 5%
overtone near the theoretical limit of quartz of 3.2x10'3Hz
in the Akhiezer regime? for a surface lower than 70mm?.

[1] G. Pillai and S. -S. Li, ‘Piezoelectric MEMS Resonators: A Review’, 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, ‘Comparison
of lumped-element and transmission-line models for thickness-shear-mode
quartz resonator sensors’, IEEE Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, vol. 45, no. 5, pp. 1399-1407, Sep. 1998.

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

This work was partly supported by the french RENATECH network and its FEMTO-ST technological facility.
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Landscape metrics for estimating population characteristics in rural areas
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Introduction and aims

- Rural landscapes change

deforestation or

factors.

Aims of the poster:

unevenly over
transformations depending on the local context).

- Agricultural transformations, new land management practices and

reforestation
structure(Lambin et al., 2003).

- Landscapes are dynamic, influenced by human and environmental

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

» To produce land use maps using high-resolution Pleiades images.

processes

time (fast or slow

modify landscape

» To calculate landscape metrics that quantify changes in rural landscape

structures.

Study area

Delimitation of land: types on the Ari

where demographic surveys were conducted.

(=R ]

site carried out by
colleagues from the LMI-Paysage Madagascar using Sentinel-2images, with

\ the selection of 3 study areas for each landscape type, including the sites /

~

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
(Kulletal., 2005 ).

Methods

- Pleiades images, 2014, Arivonimamo
- Pleiades images, 2024, Arivonimamo - 50cm resolution

Pleiades Images anchromatic Multispectral
- Product with a single
- spectral band black and white

- Color

- 2mresolution

Pre-processing
Geometric correction,

atmospheric correction
Pansharpening

Pre-processed images

Object-oriented classification

Calculating NDVI

Pre-processed image (pleiade 2024)

Segmentation
Classification : KNN
algorithm

Tapia Forest, Rice field, Crops, Savannah, d

Land use classes

A

Built-up area and Others

Filtering and accuracy
assessement

- Lande use change

| Land use/ cover map 2014 and 2024

detection
- calculating landscape

metrics

images from 2014. © CNES (2014),
distribution Airbus DS.

ey

A

Land use map developed from Pléiades

Land e

B Crops

[ others

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

024

B Tapia Forest
= Rice field

[ savannah
B Ruilr-upa area

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

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

eincrease in cultivated areas
(+41%): agricultural
expansion to meet food

Evolution of landscape structures

Some landscape metrics

Descript

- 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.

- 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 metrics for the land use Tapia forest class and crops

class

Forét Tapia Culture Pluviale
2014 2024 Change (%) 2014 2024 Change (%)
NP 23264 33205 29,93 14130 23264 39,26
MPA (ha) 0,054 0,0324 -66,66 0,035 0,030 -16,66
Area(ha) 1237,20 1075,97 --14,98 504,51 711,36 29,07

Pleiades i ilable in the DINAMIS Catalog

- Product with 4 spectral bands (B,RV,PIR)

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

_ man | mas BGE demographic pressure Increase in the number and average size of cultivated plots:
_ o Increased demand for agricultural land due to population growth,
16,9928 W17,11 0,63 *Reduction in forests (-13%) indicating intensive farming practices

_ 16,729 23,59 41,01 and savannah (-12%):
_ 20443 17.98 1205 Conversion of natural land Creation of new forest fragments and reduction in average size of
_ Logs 139 S8 11 for agriculture, Deforestatlon forest fragments: Demographic growth could explain the increased

. . - due to demographic fragmentation of forest patches, with an increase in the number of
_ 3,728 4,25 14,00 pressure fragments and a decrease in their average size.

Z
__——
Pe rSpeCtIVES Acknowledgments:

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

Thank DS”. to the DINAMIS platform for access to the Pleiades images and, the CNES “Pléiades © CNES

2014, © CNES 2024; Distribution Airbus
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Cross-scale coupling of the solar-terrestrial plasmas:

Novel view on kinetic plasma dynamics
Rungployphan Kieokaew (rkieokaew@irap.omp.eu). Advisors: Philippe Louarn (IRAP), Kader Amsif (CNES).

Introduction

How plasmas (ionized gases) get
heated and accelerated remains one of
the unsolved problems in astrophysics.

The Sun-Earth environments are the
most accessible laboratories where the
physics at work can be probed in situ.

Understanding how these environments
work also help us to mitigate effects
from “space weather” that can damage
space and ground technologies,
leading to loss of several billion euros.

Solar corona Magnetosphere

I1Aofoew 100 - 1000
times times hotter
hotter than the
than its surrounding
surface solar wind

Fig 1. Solar-terrestrial plasmas

A "key” missing piece to solve this
problem is the role of kinetic processes
(i.e., near particle scales) as they need
high-resolution observations in situ.

Plasma kinetic theory

Maxwell-Boltzmann equation is the
most powerful tool for investigating
plasma kinetic dynamics:

I ] f
a

if,
\‘f,)+ ——fE+v x B )—:f =

aF,)
( -U_,f_ )rnll
where fs = fs(t,v,r), the distribution
of a plasma species (s) as a function of
time (), velocity (v), and space (r).

Measurements of plasma velocity
distribution function (VDF) in situ

50785 VF. 2023-11-30T10-48:50 448,

™ He?* bea
Mt ';-5 Fig 2.
: & _ Example
E 9 of ion
i 100 | - VDF
H* core | from
200 Haz‘ norle PAS

—200 -100 O 160 200

Proton-Alpha Sensor (PAS) developed
at IRAP onboard SO measures VDF of
major solar wind ions (H*, He?*) with
unprecedented resolution’.

High-resolution ion VDF observations
show striking kinetic, non-Maxwellian
features (i.e., source of free energy).

Yet, their origins and roles remain
poorly understood.

References

1. P.Louarn, et al. Astron & Astrophys, 656, A36 (2021).
2. P Hellinger, et al. Geophys. Lett. 33, 9 (2006).
3. P lsenberg, et al. J. Geophys. Res. 106, A12 (2001).

This research was supported by the International
Space Science Institute (ISSI) in Bern, through ISSI
International Team project #563 (lon Kinetic
Instabilities in the Solar Wind in Light of Parker
Solar Probe and Solar Orbiter Observations).

¢
nes

CEMNTRE MATIONAL
OETUDES SPATIALES

de Recherche en Astrophysique et Planétologie, IRAP, Toulouse, France

Unsolved problem: Coronal heating and solar wind acceleration

. The Sun continuously launches its
matter and electromagnetic waves
into space. A leading theory is that
the large-scale waves launched by

; _ o the Sun in Alfvénic form (~ restoring

" 3 " force in a rope), transport the energy

= outward while transferring energy to
smaller-scale waves.

wave rellection

wave-particle
wave coupling interactions

& & wrbulence

We still do not understand how
small-scale waves (i*,e- gyroscales)
Fig 3. The Sun as an electromagnetic wave launcher. heat and accelerate the solar wind.

Spacecraft radial alignment: unique opportunity for studying solar wind evolution

Parker Solar Probe (PSP) and Solar Orbiter (SO) are two new solar missions, launched in 2018 and 2020,
respectively. PSP is the first mission that flies through the corona. SO will probe the Sun from above for
the first time. PSP and SO occasionally line up in the radial direction where the solar wind propagates

How does the solar wind evolve "kinetically” on its way to Earth?

LT s..-l-c
Methodology: identifying a parcel that was intercepted by both spacecraft e
On 25 - 27 February 2022, PSP and SO aligned radially (Fig. 4) with PSP \'\ )
being at 0.06 AU while SO being at 0.6 AU. To find an interval that was \;,.-
intercepted by PSP and then SO, we perform the following steps: ot F‘LF
1. Ballistic propagation based on proton speed to find plasma origins. Y

2. Select interval where the He?* to H* density ratio is similar.

3. Compare nonlinear similarity of the magnetic fields. Fig 4. PSP-SO radial alignment

Outcomes: comparison of solar wind stream measured by PSP and SO

We focus on (1) magnetic turbulence, (2) proton instabilities, and (3) VDF of the protons. Magnetic power
spectra (Fig. 5) shows that the magnetic field fluctuations show classic turbulent properties with the
change of the turbulence cascade rate near the proton gyrofrequency (f.). The linear instability analysis?
(Fig. 6) shows proportions of data being unstable to the proton cyclotron instability (above the black dots).
Magnetic power spectrum density

PSP

10!

Fig 5 (left).
Power spectra
of magnetic
measurements.

Prot:
cyclotron

f—ﬁfS

"‘ﬂ" S %

FS0if) [nT7  Hal

Fig 6 (right).
Linear proton
instability
analysis.

Parallel
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Finally, we compare VDF evolution from PSP to SO in Fig 7. At PSP (left), the protonsI are strongly
scattered along the V, direction (perpendicular to the magnetic field). At SO, the the protons are less
scattered along V, (i.e. reduced temperature anisotropy).

1000

Surprisingly, we observe a presence of an
accelerated population along Vj, known as
H* beam, at SO. This implies that the
accelerated H* beam may be formed on its
way while propagating outward from the Sun.

.1 Presence of L

X "

[H* beam &85,
{ pe

B0

4

ang

Fig 7. VDF measured at PSP (left) and SO
(right) shown in V; — V, coordinates, i.e.,
along and perpendicular to magnetic field.

200

600
00 1
—a001
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Summary and perspectives

On the proton beam (H*) formation:

The most-likely mechanism is the diffusion of VDF
owing to wave-particle (i.e. resonance) interaction?®.
Our analysis suggests that ion cyclotron waves,
driven by the instability, might play a key role.

Evolution of kinetic properties:

1. Decrease of proton T, /Ty by half from PSP to SO.

2. Less fraction of protons being unstable to the
proton cyclotron instability at SO.

3. Formation of a proton beam, 2 days later, at SO.

Our work demonstrates a good showcase study for the connection between turbulence, waves,
instabilities, and kinetic features, as well as the coupling from large magnetohydrodynamics to small
kinetic scales. Future work includes refining the analyses and identification of wave modes.
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MODELISATION DES PHENOMENES PHYSIQUES FLUIDE-STRUCTURE ASSOCIES
A LA DEGRADATION THERMOCHIMIQUE DES MATERIAUX EN REGIME HYPERSO-
NIQUE CONTINU LORS DE LA RENTREE ATMOSPHERIQUE DES DEBRIS SPATIAUX
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CONTEXTE ET OBJECTIFS

Boundary layer!
surface detail

« Depuis 40 ans, rentrée atmosphérique de 16.000 T de débris. Menace pour la sécurité au sol. e

Pyrolsis gas

« Fluide : déséquilibre thermochimique, mélange multi-espéce. N
«Interface : échanges convecto-diffusifs, interactions physico-chimiques gaz-surface. .
«Solide : dégradation interne de matériaux composites (pyrolyse, oxydation), dégazage. ;
« Effets du dégazage : injection gaz froid (blocage convectif), modification composition chimique. eesreom o s

Shock layer detail

« Codes d’analyse de survivabilité des débris spatiaux basés sur des modeles réduits a faible temps
de réponse. Influence de la dégradation des matériaux composites non modélisée.

< Bow shock

Objectifs : Développer des modeéles de substitution basés sur des simulations CFD prenant en
compte I'influence de la dégradation thermochimique des débris spatiaux sur le flux de chaleur
convecto-diffusif.

Cadre de I’étude : Débris de type réservoir en composite carbone/époxy (Composite Overwrapped Fig. 1 — lilustration des phénomenes d'interaction
Pressure Vessels). Ré-entrée depuis l'orbite basse, régime hypersonique continu. fluide-structure (Source : Potter - 2011).

INFLUENCE DU DEGAZAGE SUR LA MODIFICATION DU FLUX DE CHALEUR CONVECTO-DIFFUSIF

DESEQUILIBRE CHIMIQUE AIR/PYROLYSE COMPOSITION DES GAZ DE PYROLYSE

5 5%+ Non-Réactlf ' &5 e —+— Py600-RBOO [2]
—— Réactif —s— Py400-R350 [2]
1.8 — T,=1000K 2.0 ~ —#— Py6O0-R350 [2]
— TW=1500K e O,
- 16 —— TWw=2000 K o -#- H2/H20
214 — Tu=2500K =15 L CHA
B 2? % €O
§12 —— % E S0 coz
2 | ol ceactit Competition | REgime, = i HZ
Mevaa,, H20
0.8 A ! 0.5
0.6 ] ALLEN -
0.0 2:5 50 75 100 125 150 175 200 0.0 25 50 7.5 100 125 150 175 200
mlkg. m™2.571 (x10°%) mlkg.m 2571 (x107%)
Fig. 2 — Evolution du flux convecto-diffusif adimensionné au point d’arrét en fonction Fig. 3 — Evolution du flux convecto-diffusif adimensionné au point d’arrét en fonction
du débit de soufflage 1 et de la température de paroi T, [1]. du débit de soufflage m pour différentes compositions de gaz de pyrolyse [1, 2].
- Soufflage non-réactif : I'injection d'un gaz froid induit un blocage - Composition dépendante du composite, état de dégradation, (p,T),
convectif et une réduction des réactions exothermiques proche paroi. etc. Influence majeure sur le flux de chaleur convecto-diffusif.
- Soufflage réactif : nouvelles réactions exothermiques air/pyrolyse. «Espéces composées de H : catalyseurs forts pour les réactions
Compétition régimes réactif/convectif. air/pyrolyse. Pas de régime réactif pour CO/COs,.
\. J |\ J/
REDUCTION DE MODELE PAR KRIGEAGE PERSPECTIVES
n_pts LF =12, n _pts HF =3 npts LF =12, n pts HF =3
1.8 ! | ! ! ® * ™ i
A P (I s | «Genération d'une base d'apprentissage consti-
16 161 o T tuée de simulations CFD prenant en compte I'in-
P 1s fluence du soufflage des gaz de pyrolyse.
i f14 « Simulations couplées fluide/solide. Ajout de I'in-
g12 2~ fluence des processus physico-chimiques a la
£ s surface : recombinaison catalytique, oxydation,
10 L L i E— 22 nitruration, sublimation.
@ Low Fidelity Data @ High Fidelity Dats 11
—— Model LF —— Maode| HF : [ ] Fidelity D — 2 . Y Z B
o8 751 M1 2 S e e «Intégration des modeéles réduits dans un code
00 25 50 7.5 100 125 150 175 20.0 00 25 50 7.5 100 125 150 17.5 200 de rentrée atmosphérique.
m [kg.m .57 (x107%) i [kg.m=2.571 (%107
Fig. 4 — Krigeage [3]. Fig. 5 — Krigeage multi-fidélité [4, 5].
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Characterization of the regions displaying featureless spectra

ﬁ,ﬂm,QUE on the Moon, using visible to near-infrared and thermal infrared

dsaitlll | remote sensing datasets: implications for the lunar crust

Mélissa Martinot, Jessica Flahaut
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1. M3 2. Diviner
The Moon Mineralogy Mapper FL areas are then investigated using Diviner data (0.3
(M® is a VNIR hyperspectral to 400 pm), which channels in the 8 pm region
imager that measured provides key information about the composition of the

reflectance at the lunar surface lunar surface (Paige et al., 2010).
between 0.45 and 3 um (Pieters
et al., 2009). M® is used to map
areas that are featureless (FL), 3. Lab

as well as areas that have a 7~ N\
) Wavenumber (cm™) Lab measure-

plagioclase signature. 1400 1000 800 600

10 ments of lunar

m.\vilﬂf? meteorites and
W\ V synthetic

e plagioclase will
l Anorthite be done to
g investigate  if
. v 7oy composition or
Wavelength (um) shock pres-
sures cause FL

Modified after Donaldson Hanna et al.
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Greenetal., 2011
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ngh speed |mag|ng of trtamum cathode spots in a =
YT s TS Naenym ArcThruster :

Etlenne Mlchaux Jerem|e Jullen

Stephane Mazouffre SRR TS K

Vacuum Arc Thruster - PJP

Vaparization and ionization of metallic

= Miniature space thruster
elements

= Developed and manufactured by COMAT _ 1
= Plasma expansion leads fo thrust generation

iin the opposite direction

Solid propellant

Plasma generation from the cathode:
cathode spots

Pulsed vacuum arc discharge

Diischarge cu
n

insulator

Experimental arrangement

= Camera: Phantom TMX 7510

130L capacity vacuum
chamber
= Sampling period 2.2 us

1 primary pump

2 turbomolecular pumps 256 %128

= Maximum resclution at 450k fps :

= Stochastic phenomenon: are dynamics changes from
pulseto pulse
+ Using a triggerad iCCD leads to inaccuracies
+ Importance of single shot measurements

@ mibar while thruster
operation

- R e e .
. . e el
are pra 2w s P o
tlus] 22 4d [ 1.0 132 154 176 19.8 220

Active spot surface

High degree of similarity between the
evolution of the'surface and I

Spearman rank order coefficient of 0:95
in average

Linear augmentation of the number of
active spots with the augmentation of 1

b - = Rich dynamics, but repeatable values
= PR from one pulse to the other
-:: i} - - - e
::n T - © Parametsr Averaged Value 'l
20 "
! Suiace [ 0,545 T
il . -
I-I'“- = .I- 1 2 .II-.. 4N W it ot bk 230
T e} h o5 0,048
s ek v e 157
- NBE b e » -~ .
Clusterm g
= Detection of spots clusters with a depth-first search
(DFS) algorithm P Y
= Average cluster size: 1.83 x 10F dim? ; 7 ~(1]
) { 12 )
= Maximum size reached around 5 ps: avg 0.3 mm? vl s i
5 ) g

Largest clusters at the beginning of the discharge

« Dwe to their inherent sel niding walk motion

Firckonin 68 0F% akestin

- .‘#4 .ﬁ : “.J'_' -.\;' '. v

tlus] 4.4 8.8 176

i

Conclusion and perspective

= Mew insights into cathode erosion dynamics

= Propellant use can be optimized by matching the
cathode dimension and the discharge parameters

= Mextlexperimental campaigns will be focused an
seeking correlation between spot dynamics and
instantanecus thrust

Current density

. ‘Spcts tracking using a modified PTV algorithm
+ Each spot can sustain a limited j

+ Explains the linear relafion betwesn Ijand
active spot surface

Possible underestimation here

Low camera resolution
Dense and rapidly expanding plasma

= [Over the whole dataset: | = 4.3 X102 A/m? jUST ithe Tha Sk hlgh thghiness)

2 Eacmrdance with the “Large spot” model

x10M

==l 1] 1) 20 At )
T [ps]

sy e = aRiA v )

Motion tracking

First, fo stress the point. the cathode spot is not moving: |

rs to move,

- Andre Anders

Spots tracking using a modified PTV algomhm
Randam walk behavior
Emergence of new spots during the discharge

= Discharge current responsible
of velocity magnifude

Accurate 2D tracking: spots frajectories and velocities

Spots velocities ranging from 20 to 123 m/s = Exietral aléctic Tiekd is nat the

main driver for the
acceleration

Average velocity around 60 m/s, higher than in low
current vacuum arcs

N correlation between velocity and propagation
diraction
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Analysis of submeso- and mesoscale dynamics of phytoplankton blooms in coastal

ASAM P L E waters influenced by river plumes

Phytoplankton blooms: why to study?

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

= Phytoplankton is the base of marine food chain

= [t 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

L. polyedra
off the Vilaine River estuary,
14 August 2021

M. rubrum red tides
off the Loire River est
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 r'
pigments, thus, spectral signatures). ~-
Some blooms, identified as “harmful algal bloom” (toxic for the environment) are also 1

called “red tide”. They can last from hours or months and might be difficult to predict. (from
Depending on the plankton species, the impact on environment will be different: toxins Gernez et
absorbed by mollusks, anoxia for fish and marine mammals, - they disturb coastal al, 2023)

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

!
o . L. chlorophorum
) off the Loire River
estuary
21 July 2019.

QUESTIONS :

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

describe the environmental conditions of blooms (water mass state &

= '] 5
Cu.j » dynamics)
) = B adapt/propose algorithms for satellltgdata to distinguish a particular optical - Wi s mesmenEl A el serEsty of e
o o bloom type (a proxy for plankton species)
E (T] blooms in estuary area? Can we define the optical type of bloom
== find the descriptors to predict some phytoplankton blooms with satellite data
(“species™)?
Satellite: - What are the environmental conditions: temperature, optical
(passive) Optical, NIR, IR : Sentinel-2 (20 m), Sentinel-3 (300 m), Landsat 8&9 >> chl-a, SPM (suspended ) . )
<L particulate matter) +SST properties, tidal dynamics?
'E (active) SAR+ : Sentinel-1, SWOT (winds, surface water dynamics) .
a In Situ: ILICO (Infrastructure de recherche Littorale et Cotiere)/REPHY data: phytoplankton, - Can we relate the small-scale dynamics to the phytoplankton

temperature, salinity

NI
Auxiliary: Bathymetry (SHOM), currents (GMEMS Marine Copernicus), ROMAR (3D fields with physical [Htemm e eiems:

conditions
'Case study: May 31, 2022
47.55"N
aTan v |
axw A = W ——
47.25"°N
offshore wind is'law W
(less than’s m/s)
a7 o,
16.95°N Possible explanation:
pss e The Lingulodinium p. bloom area* is situated between the
\ A e w Loire waters (warm, rich in SPM) and rising tide (colder and
(NASA L2) E = 2 z z 3 = clearer Atlantic waters). *Bloom has started about a week before.
- & o N N ~ ® - o . ) I
~ “ ~ ~ - Bloom is observed within resulting vertical stratification &
- convergence of 2 flows (Loire and Atlantic) - local vertical
e i = L
o stirring at the shallow banc (7-15 m)
¢ Overall, these are good conditions for the plancton
y o : /’ development: clear waters for photosynthesis + initial
2 i o stratification where plancton is situated within thermocline.
- same chl-a algorithm for S2& S3 (derived from
Ser e Tl Gons, 2005 using 779, 705, 665 nm bands), but
emperature " " : i References:
with different atmospheric corrections. S3 eferences:
[S3 SST - LS SST] small N o N Gons, H J., Machteld Rijkeboer,
oty . overestimate the bloom due to its spatial Ko & Rucdick tttact ot o
1‘1‘_2 CESES[DW‘Z‘: ““})ﬁ resolution waveband shift on chlorophyll retrieval
lifference [0 -2 hours] . from MERIS imagery of inland and
Good agreement Landsat lacks 705 & 779 bands, thus, OC3 coastal waters." Journal of Plankton
offshore, but o algorithm is used (less precise, crucial for optical research 27.1(2005): 125-127.
3 statistically Landsat ST < i Gernez, Pierre, David Doxaran, and
¥ > 83 SST(+0.5°C) types retr\evat) Laurent Barillé. "Shellfish aquaculture
- ‘} » from space: potential of Sentinel2 to
(!) No coastal S3 SST s () TRISHNA data will allow similar to L8&9 monitor tide-driven changes in turbidity,
’ e v EEBUEEE AT D G/ SmiEn Y ki s
oy - x& % |\chlze)}SPM& SSTsimultaneolis(data oyster farm." Frontiers in Marine Science
4 4(2017):137.
o S Gernez, Pierre, et al. "The many shades
1 ey . . - of red tides: Sentinel-2 optical types of
i 5 highly-concentrated harmful algal
Sentinel-3 SLSTR i L% blooms." Remote Sensing of
[LZ ESA WST | o * s > > > © Environment 287 (2023): 113486.
’ P S N
3.74,10.85and 12 um] - -
1000 m
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Experimental analysis of cavitation instabilities on

1 - Overview

spatial inducer

Eddy TERRASSE' 2 (eddy.terrasse@ensam.eu), Antoine DAZIN?, Olivier ROUSSETTE?,
Matthieu QUEGUINEUR', Hugo STAUDT?
'CNES, 2LMFL, *ArianeGroup

Blades

- Cavitation « Risks + Inducer aims \
’ i - Performance drop - First overspressure Inducer \
- Erosion - Avoid cavitation in centrifugal L\
- Instabilities - Allow low inlet operating &3 N
-POGO ( A = N
- Overspeed & N *\\
Obiective: x\ Turbines
Build some tools to identify cavitating regime dynamics and the A
impact on the launcher (efforts, vibrations, performance, ...)

2 - Test-rig (SESAME)

Closed loop of water driven by an electrical engine (200 kW)

- Temperature

« Acceleration

« Flow rate

« Pressure (unsteady) at the carter
« Force / moment (rotating frame)

Similitude laws to know the hydrogen behaviour

Radial pump

Pressure pump

WL, "W
Without cavitation

With cavitation

3 - Radial efforts estimation

Quantification of radial efforts on the shaft’s turbopump

Pressure signals - P(1)

s

Continuous Wavelet Transform

&

Denoising
d

Inverse Continuous Wavelet
Transform - P’(1) o 1o 1%

Xn ™[ x1072

Lasyne: Lsync(t) = TR f P'(1).Ax dx

X1

CWT on pressure signal

1 Sampling rate:
2048Hz

10-2 Synchronous regi

T ’ T ox102

4 - Perspectives

Contours detection with
strobostropic light and
camera.

« Improvement of forces estimation method

+ Understand phenomenon behavior using
Cross Wavelet Analysis

Estimation of the cavitation
surface.

«Visualization test campaign
with high speed camera

AN\ Sietiors

arianeGroup



N
REPUBLIQUE
FRANCAISE

= JOURNEES CNES

"' . ' ' o JEUNES CHERCHEURS & 1_12

cnes

i i +*

Recueil des posters
Session 7/

S07-01 | Doc | BELTRA Pierre | Institut Pprime — ENSMA, Futuroscope Chasseneuil | Encadrant CNES : Hadrien LAMBARE
| 2 POSTER |
Etude aéro-thermo-acoustique des jets chauds diphasiques

S07-02 | Doc | BOUM Marie-Ange | ONERA, Palaiseau | Encadrant CNES : Pierre LASSALLE | E POSTER |
Apprentissage incrémental pour le passage a I’échelle des algorithmes d’interprétation d’images de télédétection

S07-03 | Doc | CHARPENTIER Gabin | CNES, Toulouse | Encadrant CNES : Alexis PAILLET | & POSTER |
Radioprotection pour les missions habitées vers Mars : modélisation environnementale, optimisation multicouche,
prévention des risques radiatifs pour les astronautes

S07-04 | Doc | DUCHAMP Clair | LMD, Paris | Encadrant CNES : Adrien DESCHAMPS | E POSTER |
Vortex et panaches d’aérosols (feux et volcans) dans la stratosphére

S07-05 | Doc | FLESSELLES Benoit | IMFT, Toulouse | Encadrant CNES : Hadrien LAMBARE | E POSTER |
Etude expérimentale d’un propulseur électrohydrodynamique soumis a un écoulement forcé

S07-06 | Doc | HOUEIBIB Ahmed | LESIA (Obs. Paris), Meudon | Encadrant CNES : Kader AMSIF | E POSTER |
Accélération de particules énergétiques dans les éjections de masse coronale

S07-07 | Doc | KANAAN Linda | IMT ATLANTIQUE, Lab-STICC, Brest | Encadrant CNES : Adrien GAY | E POSTER |
Interference Management for robust satellite AIS receivers in dense maritime traffic areas

S07-08 | Doc | MEDLEJ Mary-Joe | Obs de la Cote d’Azur, Nice | Encadrant CNES : Bouchra BENAMMAR | E POSTER |
Atmospheric turbulence prediction for optical links optimisation & Astronomical Observations

S07-09 | Post-doc | VIELZEUF Pauline | CCPM, Marseille | Encadrant CNES : Philippe LAUDET | E POSTER |
Cosmic voids in Euclid

S07-10 | Post-doc | WONGCHUIG Sly | LEGOS — CNES, Toulouse | Encadrant CNES : Philippe MAISONGRANDE | 2 POSTER |
Understanding the hydroclimatology of the world’s largest tropical watersheds. The use of remote sensing and modeling in
the Amazon and Congo basins

JC22024| 16, 17 et 18 octobre 2024 -Toulouse |07/10/2024


https://cnes-jc2.fr/wp-content/uploads/S07_01_Beltra_Pierre.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_02_Boum_Marie_Ange.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_03_Charpentier_Gabin.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_04_Duchamp_Clair.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_05_Flesselles_Benoit.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_06_Houeibib_Ahmed.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_07_Kanaan_Linda.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_08_Medlej_Mary_Joe.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_09_Vielzeuf_Pauline.pdf
https://cnes-jc2.fr/wp-content/uploads/S07_10_Wongchuig_Sly.pdf

REPUBLIQUE
FRANCAISE

Liberté
Egalité
Fraternité

Pierre Beltra*, Yves Gervais

*Doctorant / ISAE-ENSMA

*Directeur de Thése / Université de Poitiers
*Co-encadrant / ISAE-ENSMA

Etude aéro-thermo-acoustique des
jets chauds diphasiques

*, Gildas Lalizel*, Eva Dorignac,
Florian Moreau et Patrick Berterretche

®
e~ CNeS

'.& E N S M A CENTRE NATIONAL
DETUDES SPATIALES

® ¢
U mj{)lam'
P'

Institut
Pprime

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 d’énergie sonore est atteint
lorsque les jets superoniques issus des

lors des premiéres secondes du vol,
moteurs impactent le pas de tir.

« |l est donc nécessaire de réduire le bruit lors des premiéres secondes du vol.
Pour ce faire, de I'eau est injectée, en grande quantité, dans les jets supersoniques
depuis le pas de tir. L'injection d’eau (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...

—» L’objectif de la thése est d’améliorer la compréhension des phénoménes

physiques liés a la réduction sonore par injection d’eau. Pour ce faire:
- Des essais acoustiques sur les effets de Peau sont menés.

- Le développement d’une nouvelle méthode de mesure est entrepris pour

observer I'intérieur de jets supersoniques soumis a une injection d’eau.

Pour étudier les effets acoustiques de l'injection d’eau, des expériences ont
été réalisées sur le banc MARTEL (Moyen Aéroacoustique de Recherche &
Technologie sur I'Environnement des Lanceurs). Elles consistent a générer
un jet supersonique chaud par combustion d’hydrogéne et d’air
comprimé, dans une chambre semi-anéchoique, et a injecter de grandes
quantités d’eau (jusqu’a 2 I/s) dans ce jet.

Configuration “ Température totale (K)

Jet de laboratoire 1l 500
Jet MARTEL 3 1700
Moteur fusée 5] 3500

« Pour simplifier 'étude, un jet libre, sans interaction avec le pas de tir est
étudié.

+ Des microphones sont placés sur 4 antennes a 1,5 m de la sortie du jet.

- Différents parametres d’injection sont étudiés pour tenter de déterminer
les meilleures conditions représentatives du phénomeéne pour la deuxiéme
phase de la thése (voir a droite) et connaitre les paramétres les plus
décisifs.

« Par exemple, la vitesse d’injection de I'eau peut avoir un effet néfaste vers

I'aval du jet, du fait de 'importance du bruit d'impact entre I'eau et le jet.
+ OABPL (aB)

== Jul sans injecion d'sau
sse yiiesse

0 0 1 120 140 by

Effet de l'injection d’eau sur le bruit de jet

Vue rapprochée de la sortie de la
tuyére de MARTEL avec une injection
d’eau par 8 buses

Banc MARTEL

Décollage du vol inaugural d’Ariane 6 & T-2s (gauche) et T+2s (droite)
Pas de tir au repos a gauche et interaction du déluge avec le laceur a droite

Etudes acoustiques Développement métrologie diphasique

* Pour comprendre les effets de linjection d’eau, il est nécessaire de
connaitre les paramétres aérodynamiques du jet en aval de l'injection
d’eau. La difficulté est de mesurer les parametres des deux phases
(gazeuse et liquide) indépendamment.

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

« Cette technique permet également de s’affranchir des réflexions du laser
sur les gouttes d’eau susceptibles endommager les caméras.

« Des mesures de PIV peuvent alors étre effectuées sur chaque phase

séparément. Filire Fitra
pasee-bande  passe-bande
1 Prase gazeuss Phace liguie
Camén 1 Camdra 2

14

| 18+ Laser YAG UV
266 nm

Iensing luminsse
{Behamatiqua)

A |nm|
Représentation spectrale de la nouvelle technique de mesure

* Les premiers essais réalisés ont mis en lumiére une mauvaise séparation
des phases : les gouttes d’eau sont visibles sur image dédiée a la

visualisation du ZnO. Il est possible que le ZnO pénétre dans les gouttes et
les rende visibles a travers le filtre ZnO.

Exemple d’'image de la caméra 1 - Visualisation de
la phase gazeuse (ZnO) et des gouttes (non prévue)

Exemple d’'image de la caméra 2 -
Visualisation de la phase liquide (Rh B)

CONCLUSIONS

« Les essais réalisés en premiére année sur MARTEL ont permis d'acquérir une meilleure compréhension de l'influence de la température, du débit d’eau, de la vitesse
d’injection et de la hauteur d’injection sur 'émission acoustique issue de I'interaction d’un jet supersonique et une injection d’eau.

« Les essais sur la nouvelle méthode de diagnostic des deux phases ont mis en lumiére une séparation des phases imparfaite. Il est nécessaire de développer des
solutions matérielles ou logicielles (suppression des gouttes sur I'image de ZnO a laide des informations de I'image Rh B) avant d’appliquer cette méthode sur
MARTEL pour mesurer les effets aérodynamiques d’une injection d’eau sur la dynamique d’un I'’écoulement chaud et sur son émission acoustique.

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

Cette thése est cofinancée par la Région Aquitaine et le CNES
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APPRENTISSAGE INCREMENTAL POUR LE PASSAGE A L'ECHELLE DES ALGORITHMES
D'INTERPRETATION DES IMAGES DE TELEDETECTION

Marie-Ange BOUM"2, Dawa DERKSEN?, Pierre FOURNIER', Stéphane HERBIN'
1ONERA/DTIS, 2CNES

4 AW 4 N
INTRODUCTION LES MODELES DE FONDATION )
Les images de télédétection en expansion offrent de nouvelles opportunités
pour la cartographie et le suivi a grande échelle de I'utilisation des sols. e Pré-entrainement sur des datasets diversifiés et vastes.
Objectif Global e Généralisation : performants sur diverses taches en aval.
) N e N . e Accessibilité : modeles open-source.
Concevoir un systéeme de classification a grande échelle (ex. France), P
optimisé en ressources, et capable de s'étendre progressivement a de
nouvelles zones géographiques. A )
U=
Défis : MLP
. . . Y‘
1. Adaptation de domaines successives. ’ }
2. Atténuation de I'oubli catastrophique. t’ m —)
\ o J ﬂ D ] E[?l ¥§2?I$ iﬁ Norm
: TE \ L’ Linear Projection of Flattened Patches D
FLAIR#1 (French Landcover Aerial ImageRy) [1] ) V
e Images aériennes THR (0,2 m/pixel) I EI Multi-Head
e Variabilité géographique plus ou moins importantes (paysages et climats). Attention
o Domaines spatiaux définis par les départements de la Fra :e Métropolitaine.
Transformer Encoder
Comment exploiter efficacement les modeles de fondation pour I'apprentissage
incrémental en télédétection ? [3]
\L J
N
SEGMENTATION
Atténuer I'oubli catastrophique par PEFT
Les Parameter Efficient Fine Tuning (PEFT) permettent d’ajuster efficacement un
L ) modeéle pré-entrainé a de nouvelles tdches ou domaines en ne modifiant que
certaines couches tout en gardant la majorité des paramétres fixes.
( )
CLASSIFICATION
Domain Incremental Probabilistic PCA [2] Nx
|Extraction de caractéristiques a l'aide d'un modéle de fondation : Choix de PEFT : AdaptMLP [4] | — 5
o L'encodeur est fixe : il génére des caractéristiques invariantes.
o Le classificateur linéaire est remplacé par un classificateur génératif afin
d’atténuer I'oubli.
Approche proposée :
© Classe k L'idée de base est d'apprendre une série de modules d'adapter, domaine par
E ’ - Bomole domaine, a l'aide d'un transformer pré-entrainé.
3 o Nombre de caractéristiques N
s o Moyenne E(X)
Li o Moment d’ordre second E(X?)
® t>1
8 Mise a jour des paramétres exacte avec
& . I'algorithme de la "Running Average™
w o (moyenne mobile)
=
- Projection par
n ACP
©
5]
ﬁ Multi-Head Multi-Head
g Classification Attention Attention
$ Pour chaque classe : :' Paramétres figés
@ e Modélisation par une gaussienne multivariée N o
° e Calcul de la vraisemblance [ Parametres entrainés
@ e Classification a I'aide de la distance de
Mahalanobis
\ J
CLASSIFICATION : Expériences 2 stratégies d’apprentissages a tester :
Pre-training Data SL SSL FT D:":’;“ SEeR = o Dépendante du passé : Les nouveaux modules AdaptMLP sont influencés par
1K | x 91,7 2 28 | 909 69 56 96,9 les paramétres des modules déja appris.
ImageNet1K DINO 91,6 -3.2 41 9 -6.9 -48 958 e Indépendante du passé : Chaque nouveau module est appris de maniére
SA-1B MAE 90 -4 -4,1 90,1 -5,6 -39 94 indé dante d dul scéd t .
MillionAID MAE 69,3 -24,5 -20,3 743 -9,5 -11,4 857 independante des modules precedemment appris.
ROSCNT : x1 813 S <8 L 22 L4 891 Objectif final : Créer un modéle capable de généraliser sur 'ensemble des
Utilisation des modéles de fondation (FM) pour la télédétection : domaines spatiaux tout en minimisant I'oubli catastrophique.
e Les FM pré-entrainés sur des images naturelles sont efficaces pour extraire des
caractéristiques expressives.
e L'ajout d'un classificateur génératif réduit I'oubli, a condition que les caractéristiques soient REFERENCES
perﬁnentes. 1. Garioud, Anatol, et al. "Flair# 1: semantic ion and domain dataset." arXiv preprint arXiv:2211.12979
e Cette méthode surpasse les baselines (ER). (2022). ) o ) ) ) ) )
2. Boum, Marie-Ange, et al. "Continual Learning in Remote Sensing: Leveraging Foundation Models and Generative Classifiers
Limites : to Mitigate Forgetting." IGARSS 2024-2024 IEEE International Geoscience and Remote Sensing Symposium. |EEE, 2024.
3. Dosovitskiy, Alexey. "An image is worth 16x16 words: Transformers for image recognition at scale." arXiv preprint
e Les caractéristiques extraites dépendent des données de pré-entrainement. arXiv:2010.11929 (2020).
e Les RSFM sont confrontés au surajustement et a |a faible diversité des datasets 4. Chen, Shoufa, et al. "Adaptformer: Adapting vision transformers for scalable visual recognition." Advances in Neural
\ N J e il L = 78,
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ARAMIS : A model

of Martian surface radiative environment
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g ae v -+ - st ey
Space Radiation Environment Martian atmosphere specificities N
Mastian tapegraphy
- u — Curkelly [£.6°K. 137.8°F) —_—
Galactic Cosmic Rays (GCR) — Persaveranca |18AN, 71 5°E}
_ - . — Phoenix (68.2°W, 234.3°E) e
T s —— Wiking 2 {48°N, -225.7°€1
= Originated from outside the solar systernand 5 T
anti-modulated with solar cycle - X = Absence of a global magnetic ™™
i shield & i
®  Fully charged atomic nuclei ['H to U} with 2 Lo E wea §
87% Protons, 12% He, ~1% 22 2 | ® Very thin atmosphere i PR
F '.\ !.-
= Extremely high energy and very penetrating 3 L 4 = Surface dose modulated by 9
{dtifficLilt to shigld) E ! P surface pressure (Pa) or ~300
" T hem: — e, — Rt atmospheric column depth e
e N, i e (g.cm-2) W ww e
e who ol w 3 \:: lw 't at g
- Eeeray, £ [MaVAl - +
H Secondary particle generation :
1w lar Particle Events (SPEs):
E Sola article ents {S S) = Alltypesof particle | neutrons, electrons, photons, muons, different ion
i :
§ e = Sparadic and directional events with highest HoloRes.
E gy i Recbabilhy atspisr maximun = Atmosoheric shawer phenomenon: billions of secondary particles
] — Mnmuan,lm = Mostly low energetic proton | < 16eV) created by interaction with the atmosphere
—— fobmiary 1956
—— Octsiar 2003 - morst by u Alart b ! A = Albedo creation - nuclear interaction between the planetary surface
: - Aerttime - 20 minutes and GCR generating mainly neutrons and photons
N
ARAMIS : Atmospheric RAdiation Model for lonizing spectra on martian Surface
n T = Geant4 v111.0{C++} & Pythan codes
o12% " e ran with the CNES High
AlCaKoMgNay 0, 32.1% d Performance Computing (HPC]
FeOs 93% & TR cluster
H0 7.4% 0: 01 = i
’ M = Physiclists - FTFE_INCLXX_HP
= Thermodynamic parameters of the atmosohers |- wi = Convolution of surface response
imparted from the Mars Climate Datasase (MCD Kl function with primary spectra
1) Layers o 10k — B
- a0 _ Z d—-—-N“(T g i
= Parametric atmosphere gaometry ta suit any E ar-l., "ar S kit
landing site regarding altitude and positian {latitude, - = ' S0 Mo A
- Y 25N
longituice} L Relative error calculated per bin: IS:I,_!ﬂ' bt ::v
. Eriter llli?.l. iy
= Higher number of nedr-surface layers Ly oS ki — i " ,2‘..‘.:‘" ft'.l::::'
i EJw-I 7 | 00 Gy A
= Lsed with every primary ion up to 2=28 and evary N E 5|:qu
secondary (charged ar neutral particies) {Zrl TJ'} = . -
i Tite iz Frokn
J

? B [y
3 e
oo
R
= "] photon
g W =] " w E L 3 W W
Secandary enangy. 77 [Mav) Sacondary anargy, T [Mav]
= =
L o e | ANt 1 AL
i — crepmE s st | o KEmw
= Proton o
& W
£ 3
£:9 The
i ME ki LS |
'l s ot ;
— P Mg 00
i — a1 i
£ - aan 5 .
= s i 3 [ w

- £ "
Sacondary amirgy. T [Mev]
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.

SPE induced spectra :

ARAMIS presents an atmospheric cut-off for protons about 160 MeV [1]

A comparison between OLTARIS/ ARAMIS and the methad from [ 2]
definingthe pivot energy asa function of surface pressure;

L p) lmGy] = eplph - F e

iy = —IHH 14 p* & 03500 p & 860

= 61 DR+ 388

surface dose

spectral shapes

ARAMIS and OLTARIS show gaod agreement with pivat method

For combinations of events, the pivot method is therefore not the most
appropriate, although it provides extremely accurate results for other

W b
Smcondary anwgy, T* [We]

Surface Muence. F, fom s L pav 4|

GCR induced spectra :

Much wider range of energy (from 1072 o 10° MeV} and fiux for
reutran, photon, electren, preton, alpha, all isotopes upto Z=28, _

ARAMIS present the best fit with the MSL Curiosity rover's
measurements or protons an the all spectrum and for neutral
| particles at high energies (F=100 MeV) beller than other

" exisling models

ARAMIS allows the distinction inthe fluxes between Albedo
particies and secondary particles created with atmospheric
showers but also with particie incorming an opening angle {i.e.
protons with RAD) [1]

Phatans are mostly generated by nuckear reactions between

cosmic particles and regolith, while electrons are generated oy

s, nuclear reactions between cosmic particles and atmosphere ancd
A neutron's origins are eauilibrated

Primary atomic number, 2

1

2

=

E
¥l = Z [ (T, Tl T T

LI u1—4|l—|T.T -

)

Primary atormic rumber, 2
E' 't

- s
Primary energy, T [MeV]

.n‘l‘

¥

)

'
Prmary energy. T [Med]

L) €
T b=

= The effective dose rate yield I‘unl:tlan,Y{T.q,] allows toidentify the mast contributing
species and energies to the surface dose - GCR hydrogen and helium ions batween 1
and 10 GaV represent the main contributor

= Mante Carlo uncertainty propagation in yield calculation is large (> 14%0) at low
energies for all species whera yield is minimal, which does nat influence its value

ST, 2l [%a}

-

e
=
i i
3
v _
3 5
P &
i L
G 1303 g
Pty 2 -
Homerdms 1051 F the e
| 4 g
1 L
1 &

W 3 3
Secondary enemy, T [Med]

W i 4
Seconcary energy, T° [Mev]

Cutiity 4l e

— Fhosbrin il et
Tty G S
Curinuty epraam natmes

BTy SPRCirU
EL

Martian surface fluence of neutrons (left) and photons (right) on Gale Crater from 19 August el
2012 to 17 February 2013 for different SPE historical events

Bodiels mean absodbesd dose [mGy]  Pivoe method absorbed dise (miy|
Exenis N e i 5
ﬁ!‘M‘IS RIS Th et sl {NIT) Coo ee sl (MUK}
Male  Female  Male  Femule
Febramy 1036 38 8% 3% 187 ER TS =]
Nowember 1960 2154 29 2333 174 3isl £ X
Angust 1972 4.87 4% 672 684 12§ 275
Ociober 1980 1204 1228 1188 1207 1243 1474 -
Oelohec 003 o g ! ! Ity [
Wt bur

/N

Improved Shepard interpolatian
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“buill's eye” effects [considers relative
pasition of data poings and desired
slopes)
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Marineris for interpolation with
surface pressure
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2 Radiation cartograph

1 = Meutronsshow two peaks in the spactrum, at
2.3 MeV and 240 MeV, correspondingto
reutrons evaporating from excited nucierand
neutrons created by spallation processes
between prirary and atrmesphenic nuclel
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Tracking and analysis of the Hunga plume in the
stratosphere

C. Duchamp’, B. Legras’, P. Sellitto?3, A. Podglajen’, F. Wrana®, C. von Savigny?,
Carboni®, R. Siddans®, C. Kloss®, R. Belhadjji, J.-U. Groo6, S. Khaykin” & F. Ploeger®

1 LMD-IPSL, Paris; 2 LISA-IPSL, Créteil; 3 INGV, Catania; 4 Institute of Physics, Greifswald;
AL, Oxford; 6 FZJ, Julich; 7 LATMOS-IPSL, Paris

COGNIC-2 water vapeu. 16,01 2022
o RPN

S

/ PRESENTATION

7 Y o 17|
The phreato-magmatic eruption of Hunga (20°S, 175°W) on 15 January Water vapour recorded within the plume. \ sor 17 0 “
2022 was exceptional in several respects. Its explosive intensity was and its vicinity displayed extremely large, t ] e - ~
close to that of the eruption of Pinatubo in 1991 with a Volcanic never seen, values in the stratosphere with 1 £ o Profile in
Explosivity Index of ~6 (Poli & Shapiro, 2022). a saturated profile at least up to 33 km 2- wf Eu the plume
The induced atmospheric Lamb wave circled the globe at least 4 times altitude within the plume in the hours ] ; 3 on 15 Jan
with an amplitude comparable to that of the 1883 Krakatau eruption following the eruption. J g §w
(Matoza et al., 2022; Vergoz et al., 2022, Wright et al., 2022). Estimation of plume altitude from stereoscopic The water in excess generated precipitating wg
We report here about the impact of the eruption in the stratosphere processing of GOES 17 and Himawari 8 images ice and a rapid washout of the ashes. 2 i 2 A
based on the following works of the ASTuS - PyroStrat consortium : Carr etal., GRL, 2022 The remaining water vapour in the ¥ { b | ElillElioy
Sellitto et al., 2022, Nat. Com., DOI: 10.1038/543247-022-00618-2 stratosphere was estimated at + 140 Tg } " curve
Legras et al., 2022, ACP, DOI: 10.5194/acp-22-14957-2022 The plume reached 56 km altitude within (Millan et al., 2022), that is an + — = o i
Kloss et al., 2022, GRL, DOL: i i instantaneous 10 % increase of the HO o Hi0 misisg rati ppmve)
Khaykin et al., 2022, Nat. Com., DOI: 10.1038/s43247-022-00652-x SO SRRlon ol heRpsroSmal i
Duchamp et al., 2023, GRL, DOI: 10.1029/2023GL105076 explosion. The bulk of the plume was e I MLS H,0 profiles COSMIC-2 radio occultations
K . R produced between 26 and 34 km. Millin etal,, GRL, 2022 Khaykin et al., Nat. Com., 2022 /
On 16 Jan, CALIOP sees two aerosol clouds at 31
COMPOSITION OF THE PLUME and 28 km, mostly with very large scattering ratio Western strip: Complete Mainly SO, cloud at lower level Eastern strip : Incomplete
and no depolarization => liquid droplets. There conversion to sulfates (not seen by CALIOP and the conversion to sulfates

Eumetsat RGB Ash recipe using Himawari IR channels
Brown and dark blue: ash and ice; Greenish: sulfur

are also two areas of high depolarization close to (no SO, left) ASH RGB and no anomalous
35% which could correspond to remaining ice moisture)
crystals (stay only for a few days).

RGB Ash shows sulfates, not SO,
as usually believed!

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).

LOAC measurements at La
Reunion OPAR, 21°S, show
submicronic mainly non

v After a few days, the two clouds are turned into elongated strips (higher, southern and moistiest -> western
g . i} strip, lower, northern -> eastern strip) which exhibit different conversion rates to sulfates according to their:

absorbing particles (for. = " ' ' : zgistur;e and flti't,udi. 4 value by th dof3 n s | i<t i the stratosoh
23 ]an) - . , returns to background value by e end of January whereas sulfate aerosols persist in the stratosphere.
FR LR oG G, () e aes] IMS/IAST SA optical depth and CALIOP total extinction distributions evolve in the same way.
Kloss et al., GRL, 2022 optical depth

Aol racius according tn rorEcted CALOE & OMFS fall rate

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)

il 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).
i In the long term, aerosols
~ radius seems to be around 0.4
pm.

MLS comected | ERAS rmected

MLS 20 deseascnalized mixing rati anamaly (pomy)

Plume’s latitudinal extension stops at 20 in the NH while it e 20
extends close to the pole in the SH. = l
AEROSOLS : (CALIOP + OMPS-LP) -
« After a period of initial fast descent, the plume ¥ |
stabilises near 24-25 km and descends slowly. E ‘ “
i
A & & s Fd

=

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)

Attt lkm]
4 &

-

= . o r = -

X PO LR 3 A * 5 B I Initially mixed with the aerosols, water vapour " pr- - i g g z )
The initial fast descent of aerosols and water (>100 m/day) was separatesibyjisinawithiaiiuhlisiacresol I Z L - = 2 z al k4 2

; > < ) under gravity, until the moist and aerosol layers are, g , . p 0 o
attributed to lntens_e Io_ngwave cooling b_v watelj vapour (Selll_tto eI, elee el Bl 25 6 (620 alks e ] 1;’:&9 recorder’ water vapour signal in the tropical stratosphere between 10°S and
e O o e - i P T e et al., 2022). Since 2023, water vapour has behaved like Very large water vapour disturbance which has no equivalent since at least 2006.
tweaTn':;rgait:EeRAgn(?qg—z;y (EEEEES & Elly AP G EReEes aerosols, but at higher altitudes. The perturbation is 5.36 ppmv in March 2022 at 24.5 km altitude.

H,S0, mass in SA (H,SO, weight percentage : 70%).
e Between March and November 2022 : 0.66 Tg = 0.1
Tg, remarkably constant in spite of a considerable
redistribution in latitude (b).
Matches initial SO, injection of 0.4-0.5 Tg (Carn et
al., 2022; Millan et al., 2022).

and median radius r,, form a skewed grid in Lo
) P P [ pa— the domain of interest allowing the
X identification of the two parameters.

AEROSOL PLUME ANALYSIS (SAGE I") Fig. a) : the curves for equal mode width o

The good performance of the method can be
appreciated from Fig. b) where modeled Mie
extinctions using o and r,, 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

. e e distributed over a domain of the diagram that
o { clearly differs from the background points. i‘p{‘” qn,i_
: B S5 i 5 ~ ? | The particle effective radius r.; can be 1-'--4,-' | e[

estimated and then the total number density
N, using the extinction at 755 nm.

.l

T 3 o ' T + o :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
s cra bt et Pt S recent stratospheric volcanic plumes together with smaller sizes (Wrana et al., 20
Retrieval of the sulfate aerosols (SA) size distribution based © Fegi~ 0.4 |.|21_ in the plume, 0.2 ym or3 less for the background (with Khaykin et al., 2022). _
on the two color ratios 449 nm / 755 nm and 1543 nm / 755 nm * N, : 3-5 cm™3 in the plume, 20-30 cm™ for other stratospheric volcanic plumes from recent eruptions
for the aerosol extinction coefficients (Wrana et al., 2021). with similar sulfur injection but much smaller particles (Wrana et al., 2023). .
Recent comparison cases : Ambae in 2018, Raikoke & Ulawun in 2019 and La Soufriére in 2021.

CONCLUSIONS 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 SO, 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. an r

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. ‘ SCIENCES
SORBONNE

The unusual size distribution of aerosols is related to the fast conversion of SO, to sulfates (Legras et al., 2022).
This mass has been found to be very stable over the period March 2022 to November 2022 after which it slowly declines linearly. U N IVE RS I TE

The total mass of stratospheric H,SO, is estimated at 0.66 Tg (matches estimates of the stratospheric SO, source of ~ 0.4-0.5 Tg).
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IONIC WIND PROPULSION - EFFECTS OF SPEED AND CONFINEMENT

Benoit Flesselles'?, Franck Plouraboué!, Nicolas Binder?
IMFT, 2Isae Supaero

What is ionic wind ?

Tonic wind occurs
when an electric
field is applied to
a gas seeded with
ions of the same
polarity. The ions
are  accelerated
by the electric
field, and through
collisions with
neutral molecules,

the whole gas is Fig. 1: Plouraboué, Nature 2018 [4] (a) : Injection de charges positives par la décharge

accelerated. This couronne. (b) : Accélération du gaz entre I'émetteur et le collecteur.
phenomenon  can

easily be observed in the lab by applying a high voltage between a pair of asym-
metrical electrodes, thus triggering a corona discharge on the electrode of smallest
radius, called the emitter. This emits ions into the gas, which then drift to the

Ionic wind for atmospheric propulsion

Fig. 2: Xu, Nature 2018 [2] Prototype of a model aeroplane powered by an ionic wind thruster.

Electrohydrodynamic (EHD) thrusters boast interesting characteristics : no mov-
ing parts, low noise, no carbon emissions, distributed propulsion. However, this
technology remains challenging to implement due to its low thrust density compared
to conventional propulsion technologies. Xu et al’s [2] prototype shown in Figure
2 had a thrust density estimated at 3N m~2, compared to around 1000 Nm~2 for
a commercial airliner. Attempts to boost this low thrust density include research

larger electrode, called the collector.

on the offeet of air velocity, ion sources, ion mobility, and multi-stage thrusters.

Thrust Fryp produced by an emitter-collector pair
scales with current [ :
Fgup = e (1)
I
With g the ion mobility and D the emitter-collector
distance. Neglecting freestream velocity, Townsend’s
law gives:
1

T oV VW @
With V' the applied voltage and Vj the corona in-
ception voltage, which shows that increasing the
emitter-collector distance for a given voltage reduces
the thrust.

Effect of speed

Taking into account the freestream velocity, the cur-
rent flowing through a corona discharge has been
shown by Chapman [1] to scale as :

I=puC VIV —=Vy)+ Coux(V —-V0)  (3)
With s the freestream veloc This scaling
was verified in an emitter-collector configuration by
Grosse et al. [3].
Neglecting the electrodes’ drag, thrust then scales as

1D

_— 4
(5 Y

Frup =

An experimental study is currently being set up
at ISAE to study the influence of a high speed
freestream velocity on an EHD thruster.

Effect of confinement

Studying the EHD thrusters inside a high speed wind
tunnel was complicated by the electrostatic interac-
tions between the electrodes and the dielectric walls
of the test section. In order to understand these
interactions, a smaller experimental apparatus was
assembled to specifically study the consequences of
a dielectric confinement.

This led to the unexpected observation that current
and thrust do not depend monotonically on the con-
finement length H, equal to the emitter-dielectric
distance.

The influence of confinement on current and thrust
for various voltages and emitter-collector distances
is shown in the following measurements, obtained
at IMFT with a dropshape collector. The dotted
lines are numerical simulations and the arrows show
"unconfined” experiments.

Tvs H, 1EIS, Re=3mm, Le=30mm
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Dynamics of energetic particles

scattered in the solar wind
Ahmed Houeibib!, F. Pantellini! & L. Griton!

1. LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université,
Université de Paris, Meudon, France.

Context

Solar Energetic Particles (SEPs) are high-energy ions and electrons emanating from
the Sun, accelerated impulsivly at the sites if magnetic reconnection in the solar
corona or gradually, at the shock of a Coronal Mass Ejection (CME) during its
propagation through the heliosphere (Reames+ 1999). Once cnergized, SEPs trace
path along the interplanetary magnetic field lines, drifting due to gradients and
curvature of the magnetic ficld and the presence of an electric ficld {Dallat 2015).
Due to the turbulence in the solar wind, these particles experience diffusion both in
velocity space (parallel diffusion) and in real space (perpendicular diffusion).

7

)

Solar wind

LESIA G Sepaatoke
¢
cnes

Model & numerical set-up
Solar wind 3D MHD simulation

Simulation domain :
- Sun centerd spherical grid
- Size: 144 x 48 x 128 in[r, 6, ¢
-Boundaries: r € [0 14 14] AU

Numerical integration of the ideal MHD equations
using the MPI-AMRVAC code

Test Particles propagation

|

(E, B, U)

Bline =2

o e e

dR am

G v T
+{vf (b V)b +v) (v - V)b
+H v (b-V)vg + (Vi - V)vy ] polarisation drift

Bl+yve - [v) (b- V)b + (vi - V)b]

- Integrate relativistic Guiding Center equations
and use (E, B,U) from MHD simulation.

Ml
+ —E|ve
v

curvature drift

mirror force where
B b
b — ve—Ex —
By B]
PRGNS
2[B| n

- Parallel diffusion : probabilty of doing a collision
based on a mean free path along B. If particle
undergoes a collision, the pitch-angle (v,B) is
randomized. When the collision is in the rest
frame, the energy of the particle is conserved !

E-cross-B drift
grad-B drift

Results fig

z

. B
Configuration ™

Particles crossing the inner boundary or the surface )

r =5 AU are re-injected back at the same initial E

position with the same initial conditions. s

w0, =

Chuter Beaindary =

Chier Boalary

Statistically steady
distribution at t = 7h

Pitch-angle distribution

Single event
Chier Bossalay

dt

o |deg]
Steady state distribution

hster Hasnndnry.

can then approximate (*) in terms of the

time evolution a particle’s kinetic energy:

2
o~ m'yvﬁ veg-(b-V)b + mw% vg - VInB

Energy as a function of age for
electrons near r = 1 AU
scattered in the solar wind movin,

frame and with the absence of drifts

Scatter plot : particles color-coded with
their enrgy

Energy evolution

Assuming time steadiness for the fields, we

replacing vg
8~ ytveurs +vop) B
Adiabatic cooling

when

Al

Dominant drifts : grad-B & cruvature drifts !

Ongoing work

The next step is to see how energetic
particles are accelerated by a CME.

This PhD work is connected to
current space missions
as Solar Orbiter (ESA)

and Parker Solar Probe (NASA).

This study has important
implications for Space Weather.
References :

- Droge, W., Kartavyk
- Dalla, S., Marsh, M.

Both in -6 direction !

In the present configuration,

Vg is oriented opposite to the curvature

vector (b - V)b and to the magnetic field
gradient VInB so that the above equations
describe a systematic loss of energy regardless
of the direction the particle is moving towards.

Eniegy los rate b h|
-
\

h, Y. Y., Wang, L., Telloni, D., & Bruno, R. 2018,ApJ, 869, 168,

S., & Laitinen, T. 2015, Apl, 808, 62
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- Parker, E. 1965, Planetary and Space Science, 13,9
- Ripperda, B.. Porth, O., Xia, C., & Keppens, R. 2017, MNRAS, 467, 3279
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I. Context lll. Methodology
e X %7%_ ~ The Automatic Identification ~ For improving all the iterations of detection, two main methods are
= i System (AIS) [1] was mainly investigated:
7 e designed for nautical and

short range communications.

=zl > Satellite AIS emerged from
A the beginning of 2008's.

Figure 1: AIS communications

Problematic:

- Characteristics of the AIS System:

Low-cost iransmitters

with parameters SOTOMA cells Puacket
variation Sz s
Sama frama tormat for Mo error comection code.
all vessels utilized

> Difficulties of Sat-AlS 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]

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.

Il. Interference Management
> The multi-user received signal model during a given AIS time slot:

N
eit) Z“-""” 1, A I e iy

i=1
Jaalt) = fui+ mit /2 ! s i
Gl T
- Several approaches have been implemented ., !
for the purpose of interference management i
of AIS signals: celd
Cak4

»Phased Antennas Array Approach s

»Bandwidth Separation in Sub-zones
Approach

>Interference Cancellation Approach
(PIC, SIC)

Figure 3: AIS Messages collision

- Interference Cancellation approach using SIC (Successive Interference
Cancellation) is considered.

Fovoioed .4 Decade the

- ! Reconsiruct the
-} —_—
signal _b;'_- :Imnqu.&‘l:lmll signal

Merate wntil all the
delectable signals in
the mixtura are

| @atected.

Figure 4: SIC Algorithm

> 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)

IV. Conclusion

> 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.

1. Exploiting the a priori information about AIS signals in the mixture

> Utilizing the training sequence and start flag of the AIS
packet in Figure 5.

Training

T
anl
a0 |suanﬂ.,gE Data FCS | Endflag  Buffer I

Figure 5: AIS packet

2. Increasing the diversity of candidates

> List Viterbi (LV) algorithm is
exploited [3].

»For each state at each time ¥
instant, store these parameters: .

Aoyl Apatel)
1 paihy (g Futostlh 2
Al

Figure 6: Cost Metric of LV algorithm

1) Cost Metric
2) Path history (previous state
and path rank)

> To ensure better performance and less complexity , the parameters
of LV algorithm are optimized.
> More details could be found in [4].

IV. Results

« Classical Viterbi (CV) and List Viterbi (LV)

« Performance of exploiting

the a priori information g |
with the CV algorithm TE‘ e SR
shows remarkable gain = o W,

2 dB at PER= 102 g0? 5

10
EbiNa (dB)

* Classical Viterbi (CV) and List Viterbi (LV)

No Interference 1 Interfering signal

T — _ " N
* a
e . v .
% w, »
Y[ 56% Ny ¥t | " =
' | gain . b
L1 ® 258%"
i jain
y v | ¢
L % X |
' |
Y \ |
A \
" v 5
10 \
\
T 5 1
2 a 5 B ) L !
EbyMo (dit) ] 0

* Memory complexity of the LV algorithm
with different list sizes.

; * The memory requirements
4 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.
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Optimizing atmospheric turbulence predictions for optical links and
astronomical observations by an instrumented drone

Mary-Joe Medlej™!, Christophe Giordano', Aziz Ziad', Alohotsy Rafalimanana', Eric Aristidi'

1 ; Laboratoire Lagrange, Bd de 1'Observatoire, CS 34229, 06304 Nice cedex 4, France Université Cote d’Azur, Observatoire de la Céte d'Azur, CNRS
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Why prediction ?

Gticipating atmospheric conditions in advance helps in both the astronomy and optical telecommunication communities:

~

Astronomical observation

Flexible scheduling:

—Prioritize observations
according to optical conditions.

ELT - 39m

—Maximize scientific output
quality.

foﬁcient resource management.

Optical telecommunication

Smart scheduling:

—ldentify optimal time windows for
optical laser links operation.

—Facilitates optimal selection of
optical ground stations to receive
information, enabling site switching in
adverse conditions.

@W

How to predict ?

We use the Weather Research and Forecasting (WRF)
model, developed at NCAR (Boulder, USA), combined
with an optical turbulence (OT) model.

Weather Parameters (WP) OT parameter

Pressure
WRF Temperature oT
Model Relative humidity Model
Wind speed
Wind direction

CZ rofile
n p

Two different turbulence models are used:
e Empirical model (radio sounding balloons)

o Tatarskii model

Prediction optimization

« Models alone are not enough. Optimization methods have
been developed, showing improvements in free
atmosphere but limited impact in the ground layer (GL):
mm) Statistical learning (Ref7)

mm) New Outer Scale method for Tatarskii's model (Ref2)
mm) Optimizing WRF physico-dynamics configuration (Ref2)

% GL prediction optimization by an instrumented drone:

Scans the GL
(450m), up
and down
above a fixed
point

Equipement:
weather probes

The collected data are injected into WRF to improve the WP
predictions and then OT forecasting

Results

2023-11-22 15:40:00
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Conclusion:
— With drone data injections, the prediction
accuracy improves.
— As the number of injections increases, the
prediction becomes significantly more accurate.

Profiles of potential temperature and wind speed for two different dates, at the Calern site, part of the
observatoire de la Cote d’Azur. WRF_0_injection, WRF_1_injections, and WRF_3_injections present the predicted profiles with 0, 1, and 3 injections, respectively.
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Perspective:
Future improvements will focus on increasing drone injections by:
— Implementing an automated drone station for higher daily
injection frequency.
— Incorporating better vertically resolved data in WRF for
injections at more pressure levels.

1) Giordano et al. 2021, MNRAS, 10.1093/mnras/staa3709

2) Rafalimanana et al. 2022, PASP, 10.1088/1538-3873/ac6536
3) Ziad et al. 2018, SPIE, 10.1117/12.2313386

4) Medlej et al. 2024, SPIE, 10.1117/12.3018254
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Pauline Vielzeuf,

PostDoc CNES @Centre de Physique des Particules de Marseille, vielzeuf@cppm.in2p3.fr

Introduction and Motivations

Cosmology, the study of the universe’s origin and evolution, has advanced
significantly in recent decades. Observations, such as those from the cosmic
microwave background radiation and distant supernovae, strongly suggest
that the universe is expanding. This expansion began from a compact, warm,
and dense state known as the Big Bang, approximately 13.8 billion years ago.

Recent evidence indicates that the universe has entered a phase of accel-
erated expansion, driven by an unknown force termed dark energy. Addi-
tionally, the presence of dark matter, which constitutes about 27% of the
universe, plays a crucial role in the formation of cosmic structures, influ-
encing the motion of galaxies and galaxy clusters through its gravitational
effects. Together, these components challenge our understanding of gravity
and the fundamental properties of the universe. As we gather more data and
refine our models, cosmology continues to evolve, offering deeper insights
into the cosmos and the forces that govern its dynamics.

1) Euclid

The Euclid satellite [1] was launched in July 2023, and will observed about
1/3 of the sky after 5 years. Equipped with a visible-wavelength camera
and a near-infrared spectrometer, Euclid will capture high-resolution im-
ages and spectra, allowing us to analyze the distribution and shape of bil-
lions of galaxies.

Figure 2: Area that Euclid will cover after 6 years of observations

Euclid main objective is to put cosmological constraints on Dark Energy and
Dark matter, using the information contained in the position and shape of
billions of galaxies.

3) Gravitational lensing

Gravitational lensing is a powerful tool in cosmology, it occurs when the
gravitational field of a massive object distorts the light from distant sources.
In the context of weak lensing, the distortions manifest as slight elongations
of galaxy shapes. This lensing effect allows astronomers to map the distribu-
tion of dark matter, as the amount of distortion correlates with the mass of
the lensing object. By measuring the ellipticity of a large number of galaxies
eops, it is possible to infer the amount of distortion of the galaxy field as:

A):(rp) oc Vt(”p) (1)

where ¢jt is the intrinsic ellipticity, that will average if the sample observed
is large enough, and y; is the distortion of the galaxy shape due to grav-
itational lensing effects commonly called tangential shear. Information on
the underlying matter field resides in the correlation between background
galaxy for whom the shape has been distorted and foreground objects that
will act as lenses, as pictured in fig.4. Since lensing is a projected effect, a
common estimator of it is the Excess surface mass density AX(rp) defined
in the right hand side of eq.1 that represent the projected mass crossed by
the light as a function of the distance to the source 7.

€obs = €int T Vt,

4) Objectives

Using the lensing signal from cosmic voids, it's possible to extract cosmo-
logical information. Using cosmological simulations in a first time and Eu-
clid first year of observation then the goal of this project is to modelize and
optimised the measurement of lensing signal of cosmic voids and provide
constraints on cosmological parameters from it.

Figure 1: State of the art of the concordance model of cosmology

2) Cosmic voids

Figure 3: Exemple of a cosmic void
identified in the cosmic web

Cosmic voids are large underden-
sities in the cosmic web, formed
through gravitational interactions
and the universe’s expansion. As
matter accumulates in denser re-
gions, it leaves behind these rela-
tively empty areas. While they may

seem barren, cosmic voids play a
crucial role in our understanding of
cosmology, providing insights into
dark energy, dark matter, and the
overall dynamics of the universe.
Moreover, new-generation galaxy
surveys, such as Euclid, will give
the opportunity to cosmic voids to
become a full cosmological probe
and put constraints on cosmological
parameters by increasing the total
number of observed voids of about
two degrees of magnitude, enhanc-
ing thus their statistical power.

In this project, we are using the al-
gorithm described in [2] to identify
voids in Euclid galaxy catalogues.

References

Figure 4: Left: Diagram explaining gravitational lensing caused by voids (red
points), to background galaxies (brown ellipses). Right: Void lensing mea-
surement by the Dark Energy Survey first year of observations [3]
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[ 1. Introduction } [ 2. Objectives ]

. The Amazon (ARB) and Congo (CRB) river basins are the largest in
terms of drainage area (~6 and ~3.7 million km?, respectively) and flow
exported to the oceans with an annual average of 206x103 and 41x103 m3 s
(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

Study the spatio-temporal variability of flow and water levels over the
past 30 years (Hydrological Reanalysis).

. Analyze the potential effects of future climate on the hydrology (e.g.,
discharge and water level).

To understand the relationships between hydroclimatic variability and
local-regional or global atmospheric and oceanic processes.

3.2. Study area and data

We use information from in-situ observations and remote sensing , as
well as atmospheric and oceanic reanalysis data .

W W TOW W W Ll oW
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al., 2021).

[ 3. Data and methods

3.1. The MGB model and Data assimilation

* The hydrological-hydrodynamic MGB model
al., 2017) is a large-scale,
hydrodynamic model.

(Collischonn

e 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).

Wator energy balance

distributed, process-based hydrological
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[4. Ongoing results and conclusions }
e Amazon Hydrological Reanalysis (2000-2020)  ----.

e 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. Obidos station).

*« MoLENnKF provides an intermediate condition , being
able to holistically outperform univariate experiments.
Its robustness ensures replicability worldwide
facilitating hydrological reanalysis and improved

forecasting. i Obidos
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Drying of the central Congo (1981-2022) -

Meteorological and hydrological level:

¢ 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).
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e 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).

e 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.

e 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.
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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.
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Nanostructured blazed gratings for high-performance spectrographs

Simon Ans??, Guillaume Demésyb, Frédéric Zamkotsian?, Andrei Mursa¢, Roland Salut¢, and Nicolas Passilly®

aAix Marseille Univ, CNRS, CNES, LAM, Marseille, France
bAix Marseille Univ, CNRS, Centrale Med, Institut Fresnel, Marseille, France
CFEMTO-ST, CNRS, UFC, Besangon, 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 Maxwell's 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.

— CCD
Camera

Mirror 2

Mirror 1

Light disperser

Taditional sawtooth blazed
grating [1]

SEM view of the sawtooth blazed

Offner spectrometer grating and angle specifications [1]

Theoretical model
Finite Element Method and topology optimization

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.

W diciectsic [ wir [ retiective metal

The grating considered for the mathematical model

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 R,,.

In topology optimization, on each triangle the dielectric permittivity depends on a design vector p
constant per triangle of the finite element mesh through the SIMP method :

4(p) = (£r.max = Ermin)P + Ermin-
The optimization problem is then, for a fixed diffraction ordern :

max  R,(p)
p
s.t.  Maxwell's equations

Itis solved using GCMMA [5] and the Jacobian of R,, is computed using
the adjoint method [6].

density p; € [0,1] on
the triangle 7;

2uPsBIp Jo Ausuag

Mesh-based density
distribution using SIMP

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.

Connectedness

con(p) is a spread function, here with a
radius of 200nm

Binarization

tanh(B,v) + tanh(B,(p — v))

O (P) = R Boy) + tanh B (1= 7))

filters on a simple pattern

o = Centrale< -
mésne. T @) amU .

Manufacturing metasurfaces
Optimizing the e-beam lithography

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 Nb,Os layer of 150nm using e-beam
lithography (RAITH Voyager lithography system) with locally adjusted electronic doses.

etched Nb,0;

Numerical results
Optimizing blazed gratings

The optimization problem is first solved on a single wavelength in order to reach a diffraction efficiency
close to 100%.

T ——

z
7
silica air % ”EH" | Y
: LI e P
-— = 3300nm 100 £00 Tk 300 00 1200 1400
A =700nm, 0; = 24,5°, ¢; = —11°, ; = 90° Spectral response in the -1¢ diffaction order as
M /e i on a silica dielectrit c to the initial confi

layer and projection of the scattered field at the
targeted wavelength and angles

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.

g
3
2 € [400,1500]nm, 6; = 24,5°, ¢; = —11°, P; = 90° = iemeniiaicy
Broadband optimization TR TR TR TV T TR (TR T 1]
A (nm)
Spectral response in the -1 order as c to
the initial configuration and the sawtooth grating
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S0
A (nm)

HiT] 10 1300 LA

7 € [400,1500]nm, 6; = 24,5°, ¢; = —11°, 3; = 90°

Broadband optimization for a twice higher design Spectral response in the -1° diffraction order

Conclusion

A totally op | code has been implemented with mathematical calculations of
the tools for the gradlent 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.
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Résumé \

Nous explorons le résonateur Fabry-Pérot fibré (FFP), une nouvelle plateforme pour la génération de peignes de fréquences. Cette these permet d’étudier
théoriquement et expérimentalement la génération des peignes. Les instabilités de modulation sont la premiere manifestation des effets non-linéaires. Une étude
analytique relative a leur apparition est présentée ici et est comparée a I'expérience afin de comprendre leur déclenchement, d'améliorer les parametres de fabrication,
et ainsi de réduire la puissance nécessaire a 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 a trés faible bruit de phase. /

\

L

/ Résonateur Fabry-Pérot fibré \ / Le peigne de fréquence optique

Peigne Kerr
Le résonateur Fabry-Pérot fibré (FFP) est délimité par des miroirs diélectriques multi-

Ensemble de raies fines et équi-espacées obtenu grace a
couches de quelques um d’épaisseur.

la génération d’un étalement spectral a I'intérieur d’un
,,,,,,,,,,,, résonateur optique.

> Facilité de conception et de manipulation Vist 155gnm v (H?)
> Couplage durable et reproductible
> Q>108 - . R _Dégénéré  Nondégénéré
La biréfringence de la fibre crée une Etalement spectral par mélange a quatre onde - 1 ¥ -
double cavité par la présence de Peigne de fréquence  © g
Pwmuﬂ - deux polarisations linéaires P1 et P2 er e Cavité nonlinéaire e “
g1 d’ISL propre. =
wiokde oo Mirir de srgg
fibe opique
La fibre optique est non-linéaire d’ordre 3 il est donc possible de générer du mélange a - \ e/ s Y
@tre ondes. / \ /
/ Théorie et simulation \ [ Résultats expérimentaux \
/ Etude de la dynamique de formation du peigne (simulation) \ Etude de la dynamique de formation du peigne (expérimentation) \
X ) Non-linearité avec Omcu g + Signalinjecté: e e Setomion.
Equation temporelle de Lugiato-Lefever : co-propagation et contra-propagation S
Pum ol " Ca i L1
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R Terme spécifique au o .+ P=11W

) FFP /

Seuil d’apparition des effets non-linéaires I:> Instabilité de modulation \
Laser CW S,

V ailia,

+ Lobes symétriques Instabilité de modulation

- « Lignes supplémentaires par mélange a quatre ondes
« Espacement > 1THz ~1000 ISL (cordon 10 cm)

Optical powcr(dsmm /
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o (1-ap?)* [1+G-87 Ot o o e Py-Pwt rencer e Wavelength (nm) . Validation
INth = 2Ly (1 — p?) Peigne primaire de la théorie

/Simulation des pertes par diffraction dans le miroir

= Approximation du mode fondamental Gaussien

Sasa PP ) AN
\ Ry = 'lza |:> Optimisation de la réflectivité = 15,6% de Py en moins k M peines " peunines J

( Mesure des pertes par diffraction
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> model d'optique de Fourier (fréquences spatiales)

oL [ T P P Y T P P

Q! 5 Aepy =12 pm?
soly e w0
H ) !
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> Calcule des coefficients de Fresnel pour N couches minces
(méthode récursive de Rouard)

T
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Intégrales de recouvrement

~

Théorie self-injection locking R Setup self-injection locking

Développement d’'un modeéle théorique:  §=7+ %IT(OI siny

AN

Detuning scan

T
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ol oms o0s ooss oo
Tiane (5)
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Laser-FFP detuning: € (MHz)

e PP deing: € (1L ST — i
K Peigne primaire Soliton de cavité

Conclusion
Ces travaux sur le FFP ont permis de mieux comprendre les verrous technologiques associés a sa fabrication et a 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 a 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 a 150 mW ce qui est exceptionnel dans ce type de résonateur. De plus, la dynamique complexe de ce type
‘\\ de setup a été étudiée a I'aide d’'un modele théorique.
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Modélisation géométrique de scénes urbaines avec le
formalisme LOD2 a partir d’images satellite

« Demande croissante de modéles numériques
urbains

* Traditionnellement, modéles 3D via données
aéroportées (Lidar, images multi-vues)

* Potentiel accru des images satellites : couverture
mondiale, colt moindre, fréquence élevée

« Satellites Pléiades Neo : résolution proche des
images aéroportées

Parameétres du probléme

Obijectif : Reconstruction 3D
de zones urbaines en LOD2

~ X

£ 0 LoDt LOD2

Données d’entrée :
Images satellite

Résolution : 30 cm

1 bande panchromatique
6 bandes multispectrales

Informations

sémantiques Informations 3D

métres

@arsw

108,42
Chaine de
reconstruction
3D du CNES
Py 78,43

Modéle Numérique de
Surface (MNS) avec @a- (1

D Batiments
. Végétation

KIPPI 3

V//
1/ ~ \

Lignes détectées

Segmentation batiment

Paire d’'images

7<= :

Partition

2

) ammr

Wireframe

Segmentation section de toit

Elévation
Haute

Basse I =

Carte de hauteur (MNS)

o Création d’une partition d’image:

Détection de segments de droite sur les batiments avec LineFit [2]
Partionnement de I'image avec Kippi [3] : prolongation des segments pour
créer des polygones

o Extraction du wireframe : agrégation de la partition
et d’'une segmentation de section de toits

° Extruder en 3D : attribution d’un plan 3D a chaque
polygone du wireframe grace a la carte de hauteur

fom

Modele LoD2

mais aussi sur les formes courbées.

« Utilise une carte de gradient d’'image pour
garder les points d’intérét

x = (s,1) mesurée avec I'énergie U :

Fidélité
Favorise des courtes distances

Détection de segments de droites dans les images, sur les structures linéaires

UX) = AUp(x) + AU (%) + AU (%)

Complétude
Favorise un grand nombre

Approximation des points par des lignes,
avec une tolérance &

Transfer
Inliers oo

& contrdle le niveau d’approximation Regulansatlo.n

©
S o

* Recherche d’une bonne configuration de ligne : qualité de la configuration

* Résultats

\

Régularité
Favorise des segments peu

entre les inliers et leur lignes d’inliers nombreux, et régularisés
. \'& . x . }. . . . °
<]
L] L] L]
L] L] L] D
0000 §%0-0 | ¢ Co0 whe® e %00 whee ([ 5000 shee oeo-e-e2e-a || oeooole-o!

ConfigurationA % Configuration 8 Configuration A %¢

Configuration B y

ConfigurationA %¢  ConfigurationB o~
Régularités : co-linéarité, lignes concourantes,

parallélisme and orthogonalité.

* Optimisation : depuis une configuration initiale, 'opérateur géométrique
qui réduit le plus I'énergie est appliqué itérativement :

* Opérateur global : toute la configuration peut étre modifiée
* Opérateur local : change une ou deux lignes

Séparation

oo .
) o
L PP eageat \

Configuration actuelle

(S5}
S ° e °
° ° o wa Fuon
g e S Y L ]
/ | ® e Ve \

N\

o Exclusion o

Oq '_‘__._'__-_._'. . o Insertion
e "o N

Images formes libres

Images satellites

ASIP [4]

Lignes détectées
-> Sur le contour puis a
I'intérieur des batiments

grace a la segmentation
du bati

Segmentation
du bati

T'sy B
Résultats préliminaires

. u] .
Segmentation filtrée avec
la segmentation du bati

Segmentation des
sections de toits

- Utilisation de Segment Anything [5] fine tuné pour
les sections de toits
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Measuring dynamical properties of atmospheric convection using C:OMODO
a tandem of microwave radiometers

Thomas Lefebvre!24*, Héléne Brogniez!3, Laura Hermozo? and Frédéric Chevallier3 Contact*: thomas.lefebvre@latmos.ipsl.fr
1 : LATMOS/IPSL/UVSQ - 2 : CNES - 3 : LSCE/IPSL - 4: Airbus Defense and Space

1 Scientific context: Deep Convection 2 Space mission : CCOMODO
* Extreme cloud systems, occurs in Intertropical zone C20MODO (Convective Core Observations through MicrOwave Derivatives in the trOpics) :
* air, aerosols & water updrafts up to the tropopause * Contribution to Atmosphere Observing System (AOS) program (NASA-led with CSA, JAXA, CNES)
* Strongimpacts on : Water & Energy Cycles « Observation of clouds and storms dynamics
* Issues around deep convection : . . . . q
< Twin multispectral passive microwave radiometers Orbits Inclined 18331 5
o Lack of observations of convective updrafts . :
i i i * Measurement expressed in brightness temperature (Ths)
o High spatial and temporal sampling Launch: [2028-2030]  325.15 3
o In-situ measurement difficulties over oceans * Tbs related to ice scattering attenuation Mean altitude : 427 km
: e Swath : > 750 km 89 10
o Limited representation in meteo/climate models « —— related to growth of convection [1][2] Table.1: Description of COMODO and
dt instrumental configuration used. IFOV at nadir.
Tlme-DeIa ‘E”“ 3 Numerical tools
Y MESO-NH
30 - 180s
A MESO-NH [5] (Cloud Resolving Model) :
I 1 * Laboratoire d’Aérologie et Météo-France Hector simulation by MESO-NH_© LA/OMP
] * Non-hydrostatic (Resolved convection) o ;
— |
] i Zlop| ¢ Hector simulation [6]:
I * 6h; 256*200 km? ; up to 30km
| * Ax = 1km ; Az = 200m ; At = 30s ‘ RTTOV ‘
(Convection) [r——
RTTOV.13 [7] (Radiative Transfer Model) :
* Simulation of satellite measurements
* No spatial observation geometry yet
|1 . _ « Default particle size/shape distribution [8]
Fig.1: CCOMODO principle. Cumulonimbus (liquid and frozen water) observed with twin radiometers » To be explored in another study Fig.3: Ths s,,,,,p,;s across channels

W 44y : In-cloud vertical wind velocity ; V¢ : Terminal velocities ; In red : Cloud classes

4 Machine learning method 5 Variational approach method (1D-VAR)
Method : GBDT - LightGBM [9] (Article in preparation) : Method : iy — S
. . . i L. i T 81 Trasaformad profia
Convective cell structure (Based on [4]) : * Iterative principle - Based on Bayesian theory [5] =
g g a L
o Single-radiometer : Cloud structure (Fig.4) o Faiiiavel of fee wElEr Gamat g :
o Tandem-based : Ice variation phases . . . . !
P * Retrieval of vertical wind velocities profile, W (z) & =
* High performance retrieval of IWP and —— . . arties win vuiecy [ tce water content [gim’]
o Gaussian model based (Fig.5) - - - ] ] N "
Fig.5: Wind vertical velocity profile Fig.6: Advection scheme compute
Real Classfication = Predicted Classfication . il o AdVGCtiOn scheme similarto MESO-NH (F|g6) based on gaussian model v:::;;z«::zi:z:::gl:gl
s
19 Beow .
First results :
j S . . . .
s || * Fig.7: Spatial coherence of dynamical properties
—
o P TR ST il « Fig.8: Consistent ice content and vertical velocity profile
Foal P Rotripvad WP e ¢ Fig.9: Wy ax and Hy, ., well estimated
nay s
TE Bl W Ratrinund ¥, b .
" "3 : i H Eas
. r s v 3 - :
H " H 1eo =
1 1 - 1 i mE H E e
. [ . 1s »
aEE i EE i " s Bk T L * werticn i yatosiey fris] "
WP [kg.m~?] dIvPidt [hg. m. 5% e e e v Fig.8: Real and retrieved ice profile and vertical wind velocities
(SR S | Luiih -
= Pk g {100
& Foo0 § R Rutriaved Hou: Winas [ 577]
1 2 ] ey i
i E “"E s e " a0 ’ Fd ) A
Lo oo = 2 4 5 1
H H wd e 2 v L &
Aersrunca e Peference diwPidr " Sy n P fas 115 =
Fig.: Results of the Machine learning methods. e fin=: S o ] o,
Top line: map of the real and predicted classes. alerence
Midle line: map of the real and retrieved IWP (Ice Water Path [kg.m~2]: total atmospheric ice content). Fig.7: 1D-VAR perormance retrieval map. Fig.9: Scatter plot of 1D-VAR retrieval in function of reality-like values.
Bottom line : Diagram of dispersion of IWP (left) and dIWP/dt (right). Top line : map of the real and retrieved Wmax. Bottom line : map of the real end retrieved Hmax. Red line : regression line.

* [1] : Brogniez et al, (2022), Front Remote Sens. 5 Conc' usions a nd pers peCtlves e

* [2] : Auguste F and Chaboureau J-P (2022), Front. Remote Sens. . . 1

+ [3]: Houze, R. A, Jr (2014), Cloud Dynamics. Among other possible products, CCOMODO enable the retrieval of: =i

: {:} ZZ::?/C{;:;; (é::f:;l}wi?e’;'g:fes‘ Atmos. * Using Machine Learning : Cells structure and Integrated geophysical variables A "

+ [6]: Dauhut T and Chaboureau J-P (2015), Atmos. Sci. Let. ¢ Using 1D-VAR : Profile of : Ice Water Content & Vertical wind velocities

« [7]: Saunders, R., et al (2018), Geosci. Model Dev.

* [8]: Geer et al (2021}, Geoscl. Model Dev. PHD perspectives : Investigation of 1D-VAR biases, Application on other cloud structure,

* [9]: Ke, G., et al (2017), Neural Information Processing Systems. L . ) ) . C 2 O H o D O
 [10] : Rodgers (2000), World Scientific Publishing. Sensitivity analysis to tandem parameters (Tandem simulator), Publication on the 1D-VAR.
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Etude de I'interaction entre une goutte mobile et une onde acoustique

PLIQUE Ronan

Directeur de thése : LABAUNE Julien (Onera DMPE)
Co-directeur de thése : DUPAYS Joél (Onera DMPE)
Encadrant Onera : GRENARD Philippe (Onera DMPE)

Encadrant Cnes : DYANI Achraf

Moteur-fusée liquide
Téte d'injection dans la
chambre de combustion

Visualisation d’un brouillard de
gouttes de combustible par imagerie

Moteur-fusée solide
Gouttes d’aluminium en
fusion dans la chambre

Chambre de combustion détruite par
les instabilités thermo-acoustiques [1]

/ " " .
( / Interaction brouillard de gouttes - onde acoustique \

Déluge d’eau lors des
lancements

Déluge d'eau lors du décollage
d’Artémis I, NASA

Contexte

’ N
/ Simulation de I'interaction entre un brouillard de gouttes et une onde

acoustique

Les modéles 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 modéles.

Le brouillard est considéré comme étant composé de gouttes indépendantes les unes des autres, il
faut donc revenir a 'interaction au niveau d’'une seule goutte avant d'élargir les termes d’échanges
trouvés au brouillard entier. Grace a une méthode d'intersection de maillage mobile développée a
I'Onera, les maillages chevauchants conservatifs (MCC), il sera possible de simuler directement, dans
un référentiel galiléen, I'interaction entre la goutte et le milieu environnant et de capturer les effets

\\instaﬁonnaires de la goutte sur I'écoulement.

de fluorescence (PLIF).
: \ ~ -
L \\ / )

Onera
\_ ,/

Objectif et méthode de travail

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 a bas Reynolds :
* Détermination de nombres caractéristiques garantissant la validité des résultats numériques
* Mise en place d’'un environnement de simulation
\ ® Extension des simulations a haut Reynolds et adaptation des modéles analytiques

Résultats instationnaires

‘ Bas Reynolds Haut Reynolds

Formule analytique : Formule analytique modifiée:

2 5 dV(t) 6xR*u,dU(t) 2
= +< — e (——— 4+ dv(t) C,mRu duU(t
F(t)=6xuRV(t) 3JrR o~ S0 ( &t U (t)) F(t)=CDlﬂpRZ|V(t)|V(I)+CmiﬂR3p ( )+ 0 /‘( ( )+(I)U([))
— 2 3 de ow dt
[2u .
avec 6=15%  profondeur de déplacement . .
Vpo P P Odar et Hamilton [2] Michaelides [3]
adimensionnement 0.066 - e
, . 2 . s C,=1,05——F—— " - e C,=05
F (r)=sm(wt)+§R cos(wt)+R ' (sin (wt)+cos(wt)) Ac*+0,12 "
R 082 12
F'(t)=A(R’")sin (wt+®(R")) ie €,=6-3,16(1—el-014rest™")
-
R . . . C,=2,88+ 3,12 o - =
avec R'=5 le rayon adimensionné (1+Ac) o v >
BaTapet sbanta Fasat Fagar *
1 1 . . . " u
A U’ Argament, Fad
c= Nombre d'accélération i
. . " . " N du Pourcentage de différence entre les forces
Evolution de 'amplitude (A) et de la phase (®) en fonction du rayon adimensionné a totales - P ‘jﬁR? Nombre de Strouhal
% —— Theoretical Reynolds r
< 1004 & At ¥o-SaTm il Evolution des coefficients en fonction du Reynolds
=l o PN PRI R ORPRT AR .
o 210
g 50 g E,;
£ ___.—_.—f/ 3
E ol 1| (. 908 . En réalisant une exploitation
101 107 10t £ % =T similaire a celle d’Odar et Hamilton il
75| — Teoretcalformuton gos — Caerkfandten | apparait que les modeles du
R W L o) 2 coefficient de Boussinesq sont
000 025 050 075 100 125 150 175 2.00 ) A .
5 504 - cohérent avec les résultats issus des
g g Sirmlation H :
% . § T SRR s S|mu!apons. Cependan.t, Ie,
& 55 — Michagiives coefficient de masse ajoutée ne
a .
04 s 2 correspond pas. Il est donc possible
101 10¢ 10t 10¢ 107 a4 ) e g
i d d'y apporter des modifications.
Les résultats issus des simulations sont en accord avec les formules analytiques dans le ] 3 1 ¥
\ " cadre de leur plage de validité. Cependant, lorsque le nombre de Reynolds ne permet & 2 -
\ 000 025 050 075 100 125 150 175 2.00

plus au termes convectif d’étre négligé il est nécessaire de revenir a I'étape du
développement analytique afin de les prendre en compte.

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.
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NOIRE project

(Nanosatellite pour un Observatoire Interférométrique Radio dans I'Espace)

NOIRE is an instrumental concept study that consists in an interferometer in
space at observing at very low frequency (30kHz — 100MHz) [1]

Autonomous Scientific Observatory

~ 50 nanosat in lunar orbit in a formation of 100 km

N — — — — — — — —
e — — — — — — — —

I
I
I
I
I
I
I
I
\
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An Instrumental concept to monitor the sky
at very low radio frequen_cy

Erwan Rouille:, Baptlste Cecconl1 Boris Segret

u?IP SUS) Observatoire de Paris
éﬁbspm fr- I, e
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Simulation purpose

Various specification requirements are yet to be defined.
The scientific objectives are driving their definition.

The instrumental simulation is implemented to test a given I
set of specification in regards to a science case. I

Data
Product

Scientific SN
interest

== Instrument =="

- N e e e e e — — — — — — — — —

A
. | Unique Constraints
* Hardware specifications
- Clock accuracy I Topology |
The - Antenna Gain - Baselines have to be measured onboard A=
H H « Software specifications - Low control » UVW coverage
Simulation - Positionpaccuracy I - Relative velocities - limit integration time '\—
Pi pel ine « Data Volume I Data I|m|tat|.orl|
- Relays - Strong restriction on the volume produced &g
« more I - Telecom, Onboard computation, Power
I Clock accuracy
- Regular Synchronizations, SNR degradation
*Au, T System | Antenna Diagram
+ # Satellites

Description

* Orbits
» Strategy Measurement
. concept
<5
S
. l,II'I-' Simulator

* 3D interferometer

* Model of the source of interest

» Background :
- GSM

- USLA [2] (s )
(model with absorption) \»hﬁ

« Model of foreground sources and RFI

velocities
* Full sky imaging

o ——— ———————— — — — — —

4

Scientific Objectives

Map the sky at extremely low frequency

The sky remains mostly unknown
in this frequency range

Track the propagation of Solar burst
(type Il and IlI)
As a tracer of the pa_.rticle acceleration in the inner

heliosphere and pc I magnetic cc ions from the
lower solar corona to the larger heliosphere.

Study planetary magnetospheres
- radiation belts
- atmospheric electricity

— — — — — — — — — — —

Opportunity to observe Uranus and Neptune
(<10MHz) since Voyager

————————— —— — — — — — — — —

\

Journée CNES des Jeunes Chercheurs JC2 — 16-18 October 2024

* Significant relative

* SWHT [3] to simulate
background visibilities
» Multiple aquisition modes

- Gain, short dipole regime

Raw Usable
Data

Product

Post
Process

Product

Tested against

Relative orbits

Scientific
interest

Test Different Observation strategy

Test Mission Profile vs detectability level

.

O Observation strategy 1 |

<k Observation strategy 2 |

J

Références \
[1] Cecconi et al. (2018), NOIRE Study : Towards a low frequency radio interferometer in
space, IEEE Aerospace Conference
[2] Cong et al. (2021), An Ultra-long Wavelength Sky Model with Absorption Effect,
The astrophysical journal
[3] Carozzi T. D. (2015), Imaging on a Sphere with Interferometers : the Spherical Wave
Harmonic Transform, Monthly Notices of the Royal Astronomical Society: Letters
[4] Novaco & Brown (1978), Nonthermal galactic emission below 10MHz, Astrophysical
Journal
[5] Lamy et al. (2020), Auroral emission from Uranus and Neptune. Phil. Trans.
Image Credit :
- Duisterwinkel et al (2018)
- dias.ie/cosmicphysics/astrophysics/astro-surround/
- Jarmak et al (2020) /

wASAIJPL-CaItech/SwRI/JunoCam /

- Toulouse, France
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Testing the cosmological model with cosmic voids and
CMB lensing in Euclid and DESI surveys
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é 1 Aix Marseille Université, CNRS/IN2P3, CPPM, Marseille, France

COSMIC VOIDS

Vaste underdense regions that dominate the Late
Universe in terms of Volume.

Cosmic voids evolve through time becoming more
spherical and underdense but remaining in maldly
non-linear regime, feature that make them easier to
model than their overdense counterparts.

Cosmological informations from: number
counts, density profiles, shapes, geometrical and
dynamical distortions, lensing, velocity profiles...

Chredits: T MR
van de Waygaert € Platen (2011)

Credits:
Contarini et al. (2022)

COSMIC VOIDS x CMB LESING

The cross-correlation between cosmic voids and CMB convergence maps is
a powerful tool to test the cosmological model

Cosmic voids are identified in the galaxy field through specific void finding
algorithms (left panel). Then, the CMB convergence patches behind every
voids are stacked together in order to let the lensing signal arise from the
instrumental noise. The radial profile of the stacked CMB patch (central
panel) provides us our cross-correlation signal. The cosmological information is
provided by the ratio between the observed cross-correlation and the simulated
ACDM signal, in form of the best-fitting CMB lensing amplitude parameter

A = Kobs!Ksim - (Tight panel, credits: Kovacs et al., 2022, Ay, = 1 for ACDM)

VOIDS x CMB CROSS-CORRELATION

GRAVITATIONAL LENSING OF THE
COSMIC MICROWAVE BACKGROUND (CMB)

Effect due to the presence of density fluctuation in
the line of sight: gravitational fields change in space.

¢ = Px)

The observed CMB is modified and anisotropies are
mtroduced.

Overdensities: ¢(x) acts like a convergent
lens. Positive magnification

Underdensities: ¢(x) acts like a divergent
lens. Negative magnification

Three main observables:

« Rotation ¢

EUCLID AND DESI SURVEYS

The epoch of the large galaxy survey is started, mapping the Universe

to understand its composition and to unravel the mystery of dark energy
ESA Euclid Mission

% 1.2m-diameter space telescope with two
scientific instruments: a visible-
wavelength camera (VIS) and a near-

infrared camera/spectrometer (NISP).
Euclid will provide observation of billion

etz s of galaxies and about 30 million spectra.
The Dark Energy Spectroscopic Currently at the second year of
Instrument (DESI) operations.

Installed on the 4-diameter Mayall
telescope, DESI exploits 5000
robot-fibres to measure around 40
million galaxy and quasar spectra
up to a redshift z=3.5 in a time
span of 5 years. Currently at the
fourth year of operations.

DESI LEGACY SURVEY VOIDS x PLANCK 2018 CMB CONVERGENCE MAP
A new solution to the cosmological lensing tensions

Tensions exist in previous cross-correlation analysis between cosmic voids and CMB lensing:

Different analysis leaded to different tensions with the ACDM simulations, depending by the void populations analysed
and the identification strategies used. On average, a weaker lensing signal than the prediction is observed.

Exploitation of the DESI Legacy survey, waiting for the spectroscopic Euclid and DESI data

In order to investigate the tensions and to provide a new measurements of the signal, we exploited the photometric
DESI legacy survey, that provides the targets for the DESI spectroscopic observation with more than 10 millions

Luminous Red Galaxies (LRGs) over more than 13000 square degrees.

We cross correlate the voids identified in this galaxy sample with the convergence map from Planck 2018.

A new approach: mock calibration exploiting the spectroscopic data

To ensure the perfect matching between observation and mocks (Buzzard, de Rose et al. 2019), avoiding the arising of
fake tensions due to the unaccounted systematics, we calibrate the mocks matching the sparseness and the redshift
error distribution of the observations for the full redshift range, exploit the matching between 1 million spectra of the

DESI Y1 observation and our photometric observations.

A tension-free set of measurements

Our cross-correlation measurement are resulting perfectly in agreement with the ACDM simulated predictions for all
the redshift ranges and the void populations considered, with record significances for our detection up to 18c (an

improvement of around 30% compared to the best previous measurements).

Phd thesis co-funded by CNES and CNRS

sartori@cppm.in2p3.fr
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I. Context

PSL*

) Objective
1. Asteroid capture
Small, irregular shape,

low albedo, spectrum
similar to D-type [1,2,3].

2. In situ formation
{clizaricnaasCelgcit/iN] ‘ Prepare the observation and interpretation
of the MIRS observations (near-infrared
spectrometer (0.9 - 3.6 pm) onboard MM X
[5]) of Phobos and Deimos

MMX mission will explore Phobos and Deimos and unravel the mystery of
their origin by in situ observations and sampling of the surface.

: lll. Detectability

E Il. Simulations

3500

- . * Study of the detectability of components of
[mm ]E\[ DASIS J Z/"[ MIRAGES ] . interest for the Phobos’ surface, i.e. hydrated
1. AURORA [6]: observation mission  ooservation mission minerals and organics.

* 3 simulators (Fig. 1):

scenario . RS :
i . R Pl * We defined patches of different size from a
2. [7]: Phobos field of view, 2 g diameter of 3.5 km to 12.9 m at the surface of
generation of geometric information + ! Phobos (Fig. 4).
computation of bidirectional reflectance Fig. 1: Simulation chain for MIRS. ]
= * We used laboratory spectra of Phobos simulants
B8 [8]: instrument response [9] as input for the patches spectra.

* Patches are detectable for a size of approximately **°
40 m - in agreement with the expected spatial
resolution in QSO-H orbit (31 — 66 m/px). % s00 1000 1500 2000

Fig. 2: Example of surface reflectance
at 1 um (left) and temperature at 3 pm
(right) landscapes obtained with
OASIS simulation.

i N Fig. 4: Example of a patch defined at
* An example of a MIRS observation sequence with the surface of the simulated Phobos

a hydrated mineral patches can be seen in Fig. 5. landscape.

s
g
K]
Fig. 3: Example of a typical MIRS image g
for a QSO-H orbit, obtained after the 2
three simulators. s
3.6 i =
¥ (Fig. 2) computes in the following
| order:
(1) the illuminations angles from the mission
scenario defined using AURORA 5
(2) the bidirectional reflectance with the %"
Hapke model =
(3) the thermal component with a Standard % . =
Thermal Model & g
- :
The model does not account for multiple E
scattering and Mars reflected light on Phobos £
and Deimos. K
T
ogpm' = = u i z
. . . 1]
. (Fig. 3) models light propagation patia dracton
through the mirrors, grating, and other optical

elements

* Simulated images are finally processed by part of the MIRS pipeline to obtained
corrected and calibrated images
- Distortion correction
- ADU to I/F conversion
- Spectral registration

Fig. 5: Example of 5 images of a MIRS observation sequence on a landscape obtained by OASIS. The
passage on the hydrated mineral patch can be visually seen as a bright line through the spectral
direction in the center of the images 3 and 4. Bottom left corner: Example of two 1D spectra extracted
for a MIRS image (panel 3), before thermal tail removal. The black solid line corresponds to the
phyllosilicate patch MIRS rendered spectrum, and the red solid line correspond to the ‘classic’ Phobos
surface MIRS spectrum. The 2.7 um band due to OH in hydrated mineral is clearly visible in the black
spectrum.

* A thermal correction is applied to remove the contribution of the thermal tail

IV. Conclusions References

[1] Murchie et al, 1999. JGR. [2] Rivkin et al, 2002. Icarus. [3] Fraeman et al, 2012.
JGR. [4] Craddock, 2011. Icarus. [5] Barucci et al., 2021. EPS. [6] Sawyer et al., 2023.
Acta Astr. [7] Jorda et al., 2010. SPIE. [8] Théret et al., 2023. LPSC abstract.

[9] Wargnier et al., 2024. Icarus.

- We demonstrate the possibility of simulated MIRS observations to prepare the future
interpretation of the data.
- The expected MIRS spatial resolution is achieved in our simulations for a typical QSO-H orbit.
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