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Curriculum 1 — Observation of the Universe

Star-Forming Galaxies as Hosts of the Ultra-High-Energy Cosmic Ray and High-Energy
Neutrino Sources - Authors: L. Andrade Dourado @ ®19: A Ambrosone ®'¢: D. Boncioli
[€1dl. c, Evoli '[9 R, Aloisio !

[a] University of Trento [b] Gran Sasso Science Institute [c] National Institute for Nuclear Physics - INFN [d] University of
L’Aquila

The Pierre Auger Observatory has reported a correlation between the arrival directions of ultra-
high-energy cosmic rays (UHECRs) with energies above 32 EeV and nearby starburst galaxies (SBGs).
The significance of this correlation has increased over time, and the latest results with 44 SBGs
mainly from the catalog of Lunardini et al. (2019) provided a maximum value of 4.20 for events
above 38 EeV, where the signal fraction is around 9%. This work aims to test the hypothesis that
starburst nuclei host the sources of UHECRs and high-energy neutrinos by taking into account this
reported signal fraction to normalize the cosmic-ray luminosity. For that, we compute the outcomes
of the propagation of an injected population of UHECRs inside the starburst nuclei and simulate the
extragalactic propagation to Earth of the particles that escape from them. We obtain the spectrum
and mass composition of UHECRs from the entire population of SBGs, given the luminosity
calibration using these 44 SBGs, and set constraints on the minimum luminosity of the UHECR
sources within these galaxies. Among the main results, we also assess the contribution of starburst
nuclei to the total diffuse flux of neutrinos measured by the IceCube Neutrino Observatory.

Shaping Binary Black Hole Merger Efficiency with Gravitational Wave Observations -
Authors: M. Bosi @) L. Boco ); S. Torniamenti [!; S. Rinaldi“; C. Sgalletta '’; M. Mapelli
€l C. Baccigalupi '; A. Lapi I’

[a] University of Trento [b] International School for Advanced Studies (SISSA) [c] Universitdt Heidelberg [d] Max-Planck-

Institut fiir Astronomie

The poster presents an unsupervised machine-learning approach based on Gaussian Mixture
Models to quantify the complexity of plasma Velocity Distribution Functions measured by MMS. A
complexity metric derived from the Bayesian Information Criterion identifies transitions between
distinct plasma regions, including the solar wind, ion foreshock and magnetosheath. The method
provides an automated tool for detecting regions of interest in plasma.

Young Exoplanets Search with TESS (YEST) - Authors: G. Consolini @' ®1[<: D Nardiello ';
V. Nascimbeni [@; G. Piotto ®: D. Armstrong [
[a] University of Trento [b] University of Padua [c] University of Warwick [d] INAF-OAPD



Young stars (<1Gyr) and the planets they host are fundamental to understand the mechanisms of
planetary formation and evolution. The detection of exoplanets around young stars is, however, a
very challenging endeavour. Young stars are characterized by fast rotation periods, are generally
located in dense stellar environments and tend to be more active than older stars, hampering
exoplanet detection.

Using TESS data from the first 96 Sectors and state of the art software for light curve extraction and
candidate validation, | am analysing a sample of about 400000 young stars to detect young
exoplanets. The aim is to provide a reliable list of candidate young exoplanets ready for follow-up
observations and population studies.

| have selected a sample of 91963 promising signals relative to 66511 targets, which we are currently
vetting. As a by product of this work, | will also provide age determination for young stars hosting
exoplanets candidates via gyrochronology and isochrone fitting.

Progress on the Path Towards the TRL-6 Qualification of the LiteBIRD SQUID Controller
Unit - Authors: P. Dal Bo ' P!I¢; M. Pinchera [¥; D. Calabro '; J. Cliché ®; G. Coppi 1”; S.
Della Torre 1; G. Delle Monache ; M. De Lucia ' ¥; E. Di Giorgi #' ! [; M. Dobbs ¢; T.
Lari P19 K. Leonova !; A. Limonta [1": M. Massa [; A. Moggi !; J. Montgomery ©'; D.
Nicolo ®' - A. Novelli ™ A. Passerini [; L. Porcelli I'; M. Rossella [); G. Smecher & A.
Tartari 9; F. Tramonti [; L. Zanga ["; M. Zannoni " "; G. Signorelli ! ©

[a] University of Trento [b] University of Pisa [c] National Institute for Nuclear Physics - INFN, Section of Pisa [d] National
Institute for Nuclear Physics - INFN, Section of Pavia [e] Three Speed Logic Inc., Victoria, Canada [f] National Institute for
Nuclear Physics - INFN, Section of Milano Bicocca [g] McGill University, Montreal, Canada [h] University of Milano Bicocca

[i] National Institute for Nuclear Physics — INFN, National Laboratory of Frascati - LNF

LiteBIRD is a JAXA-led satellite mission planned for the 2030s to measure CMB polarization and
search for the faint B-mode signal of inflation. Detecting this signal requires ultra-low-noise,
polarization-sensitive TES bolometers read out with digital frequency-division multiplexing using LC
filters and SQUID amplifiers. The warm electronics include the Signal-Processing Assembly, Digitizer
Assembly, and the SQUID Controller Assembly (SCA), which provides SQUID biasing and
preamplification for four channels. INFN is responsible for designing and space-qualifying the SQUID
Controller Unit (SCU), which integrates eight SCAs in a dedicated enclosure with mechanical support,
thermal interface, and EMI shielding. This work reports the SCU qualification toward TRL6, including

thermal-vacuum environmental tests on an SCU setup with one active SCA and seven dummies.

Spectroscopy with Antimatter: the Hyperfine Splitting of Antihydrogen Atoms - Author:
A. Del Vincio @ [°!

[a] University of Trento [b] University of Brescia



Physics Introduction: Charge-Parity-Time (CPT) symmetry is a fundamental theorem of the Standard
Model of particle physics. Precision comparisons between the properties of matter and antimatter
offer a powerful tool to probe potential physics beyond the Standard Model. Given the
extraordinary accuracy with which hydrogen spectroscopy has been performed and its historical
relevance for the development of quantum mechanics, antihydrogen provides a uniquely sensitive
system for testing CPT invariance and search of new physics.

Alpha Experiment: The ALPHA experiment at CERN is dedicated to the production, confinement, and
study of antihydrogen properties, such as spectroscopic transitions and gravitational coupling with
earth field. Antihydrogen atoms are synthesized by cooling and merging positrons from a Na source
and antiproton plasma delivered by the Antiproton Decelerator (AD) in aPenning—Malmberg trap.
Magnetic confinement is achieved using a superconducting solenoid in combination with octupole
magnets.

Ground State Hyperfine Splitting: We report on the measurement and associated techniques used
to determine the hyperfine levels of the 1S state at ALPHA. This measurement is conducted in a non-
zero magnetic field configuration, where the degeneracy of the energy states is fully resolved by the
= 1T field employed for antihydrogen confinement. Of the four hyperfine spectral lines, which differ
according to the relative spin orientations of the positron and antiproton, only two correspond to
trappable states. The hyperfine levels are measured by inducing positron spin-flip transitions from
trappable to untrappable states using microwave radiation directed into the trap. Detection of
antihydrogen annihilation is performed using a multilayer Silicon Vertex Detector (SVD), capable of
reconstructing pion tracks and determining the annihilation vertex.

Conclusion: Data analysis, crucial for identifying and constraining systematic uncertainties, along
with new experimental techniques currently under development at ALPHA, suggests promising
prospects for the future of this measurement, potentially enabling more stringent limits on CPT

violation.

Detection Methods for Short-Timescale Radio Transients - Authors: A. Geminardi [ ! [c].
P. Esposito ! G. Bernardi “; M. Pilia
[a] University of Trento [b] IUSS Pavia [c] INAF - Cagliari [d] INAF-IRA Bologna

Repeating Fast Radio Burst (FRB) sources are of particular interest because their emission can be
monitored over time, allowing detailed studies of their emission properties and enabling precise
localization. FRBs exhibit complex and often unpredictable behavior, including narrow-band bursts,
frequency drifts, and in some cases periodic activity windows with chromatic evolution. To
investigate their emission across a wide frequency range, we carried out a long-term observing
campaign with the Northern Cross radio telescope targeting more than 20 FRB repeaters, selected
from the online CHIME catalog based on recent activity. Furthermore, for two of the most active
and recently discovered repeaters in our sample, FRB 20240114A and FRB 20240209A, we



performed coordinated observations with all the Italian radio telescopes at different observing
frequencies: the Northern Cross at 408 MHz, the Medicina single dish at 1.4 GHz, the Noto single
dish at 2.2 GHz, and the Sardinia Radio Telescope at 6.4 GHz. Our observations are sensitive to bursts
with fluence above 20 Jy ms. As of March 2026, the campaign has accumulated more than 1400
hours of observations. We obtained confirmed detections from five repeaters: four from FRB
20240114A, three from FRB 20240209A, two from FRB 20240316A, one from FRB 20180916B, and
one from the recently discovered repeater FRB 20251229A. We will present the results of this
campaign and discuss their implications for the burst rates and spectral behavior of repeating FRBs.

Extreme Mass Ratio Inspirals: Using Orbital Eccentricity to Tell Formation Channels Apart
- Authors: D. Mancieri @' P!¢l: B, Sersante |¥'; L. Broggi ' [; M. Bonetti ™ [@¢]: A, Sesana
blld el 7, penoyre [ E.M. Rossi [¥; K. L. Mufioz Zavala [; M. Vinciguerra !

[a] University of Trento [b] University of Milano Bicocca - Milan [c] National Institute for Nuclear Physics - INFN — Milano
Bicocca site [d] Sterrewacht Leiden, Universiteit Leiden [e] INAF - Osservatorio Astronomico di Brera [f] Institute of

Science and Technology Austria (ISTA)

Extreme mass ratio inspirals (EMRIs) are compact binaries in which a stellar-mass compact object
gradually inspirals into a massive black hole residing at the centre of a galaxy. Owing to their long-
lived and highly relativistic dynamics, EMRIs provide a unique laboratory for probing strong-field
gravity, testing the nature of massive black holes, and investigating the properties of galactic nuclei.
They are among the primary targets of the Laser Interferometer Space Antenna (LISA), which is
expected to detect a large population of these systems through their millihertz gravitational-wave
emission.

In this poster, | will present a summary of recent results we obtained on the eccentricity
distributions of EMRIs produced through two distinct formation channels. In the two-body
relaxation channel, repeated gravitational encounters between compact objects and the
surrounding stellar population in the nuclear star cluster gradually alter their orbital parameters,
occasionally placing them onto trajectories that lead to an inspiral. In the Hills mechanism, a stellar
binary passing sufficiently close to the massive black hole is tidally disrupted: one component is
ejected at high velocity, while the other remains bound and can evolve into an EMRI. We find that
the eccentricity distributions exhibit markedly different signatures for the two channels. EMRIs
formed through two-body relaxation retain high eccentricities throughout their evolution and
remain significantly eccentric at merger, whereas systems originating from the Hills mechanism
circularise efficiently and are nearly circular by the time they merge.

These results represent an important step towards the development of astrophysically motivated
priors for future EMRI parameter inference. As LISA observations will become available,
incorporating realistic population information is going to improve our ability to extract source
properties from the data. Moreover, a sufficiently large sample of EMRI detections may reveal which
formation channel dominates in nature, providing new insights into the dynamical processes
shaping galactic nuclei.



A Stellar Fundamental Metallicity Relation for Galaxies. The Dependence of Stellar
Metallicity on Star Formation Rate - Authors: D. Mattolini ?'®): S, Zibetti ”’; A.R. Gallazzi
bl- | Scholz-Diaz !

[a] University of Trento [b] INAF Arcetri Observatory

Galaxies scaling relations encode fundamental information about galaxies’ star-formation and
chemical-enrichment histories. Therefore, an accurate assessment of the stellar mass-age and
stellar mass-metallicity relations is fundamental to characterise galaxies’ evolution. Exploiting the
largest spectroscopic dataset suitable for stellar population analysis in the Local Universe, provided
by the Sloan Digital Sky Survey (SDSS), we derived volume-weighted and aperture-corrected scaling
relations of age and stellar metallicity with stellar mass, using state-of-the-art stellar population
synthesis models. Our findings include: i) a bimodal mass-age relation characterised by two distinct
sequences of young galaxies (dominant at low masses) and old galaxies (dominant at high masses),
overlapping in the intermediate mass range (10710 - 10711 M) and transitioning at Mtran =
10710.8 M(®; ii) a unimodal mass metallicity relation (MZR) of increasing metallicity with increasing
galaxy mass; iii) a dependence of Zx on galaxies’ star formation rate (SFR), resulting in distinct MZRs,
where more active systems exhibit steeper relations and lower metallicities at a fixed mass. The
coexistence of the young and old sequences in the mass-age plane at intermediate masses, together
with the dependence of the MZR on galaxies’ SFR, indicates that stellar mass is not the only
parameter governing galaxy evolution. On the other hand, the existence of a transition between the
young and old sequences, and the absence of young galaxies at the high-mass end, indicate that
galaxy properties are determined by mass-driven processes at these masses. The presence of a
secondary dependence of Zx on galaxies’ SFR encodes fundamental constraints to characterise
galaxies’ chemical evolution models. The volume-weighted and aperture-corrected scaling relations
presented in this work not only offer revised observational constraints for the new generation of
galaxy formation models, but establish a local reference for both state-of-the-art (e.g. LEGA-C) and
future (e.g. WEAVE-StePS, 4MOST-StePS, MOONRISE) spectroscopic surveys at higher redshift.

A Blind Approach to Mitigating Foreground-Induced Biases in Primordial B-Mode

Measurements - AuthorS' A. Mustafa @/ ®! [C]; A. Carones P [l N Krachmalnicoff ! ¢!
I M. Migliaccio ' C. Baccigalupi ™ !

[a] University of Trento [b] International School for Advanced Studies (SISSA) [c] National Institute for Nuclear Physics -

INFN Section of Trieste [d] IFPU, Trieste [e] University of Rome "Tor Vergata" [f] National Institute for Nuclear Physics -

INFN Section of Roma2, University of Rome "Tor Vergata"

Observations of the Cosmic Microwave Background (CMB) B-mode polarisation provide a powerful
probe of inflationary physics [1]. Robust constraints on the tensor-to-scalar ratio r, however, require
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accurate removal of diffuse Galactic foregrounds, whose residuals can bias the signal. We present
two extensions of the Needlet Internal Linear Combination (NILC) framework to mitigate
foreground-induced biases in r [2]. The first incorporates deprojection of selected foreground
moments within the component-separation step [3], while the second performs likelihood-level
marginalisation over residual foreground power using a data-driven template [4].

Using Simons Observatory Small Aperture Telescope (SO-SAT)-like simulations, we show that both
methods effectively suppress foreground contamination, yielding unbiased estimates of r and
consistent reconstruction of the lensing B-mode amplitude [5]. These results highlight the
importance of advanced foreground mitigation for next-generation CMB polarisation experiments.

[1] M. Kamionkowski, A. Kosowsky and A. Stebbins, A Probe of Primordial Gravity Waves and
Vorticity, Phys. Rev. Lett. 78 (1997) 2058, arXiv/9609132.

[2] J. Delabrouille et al., A full sky, low foreground, high-resolution CMB map from WMAP, Astron.
Astrophys. 493 (2009) 835, arXiv:0807.0773.

[3] M. Remazeilles, A. Rotti and J. Chluba, Peeling off foregrounds with the constrained moment ILC
method to unveil primordial CMB B modes, Mon. Not. R. Astron. Soc. 503 (2021) 2478,
arXiv:2006.08628.

[4] A. Carones, Debiasing cosmological parameters from large-scale foreground contamination in
Cosmic Microwave Background data, arXiv:2510.20785 (2025).

[5] A. Mustafa et al., Blind mitigation of foreground-induced biases on primordial B modes for
ground-based CMB experiments, arXiv:2603.11026 [astro-ph.CO] (2026).

Growth and Accretion in Gaia Multi-Peak Dual AGN at Cosmic Noon - Authors: M. Scialpi
eV . Mannucci 9; A. Marconi @ ¢!

[a] University of Trento [b] University of Firenze [c] INAF - Osservatorio Astrofisico di Arcetri, Firenze

A large population of AGN pairs residing in the same galaxy, the so-called dual AGN, is predicted to
exist at redshifts z>0.5. These systems constitute the parent population of merging black holes
(BHs), making their number and properties a key ingredient for theoretical predictions of the
gravitational-wave (GW) background and event rates probed by pulsar timing array (PTA)
experiments and by the future Laser Interferometer Space Antenna mission (LISA).

Until recently, only a handful of dual AGN had been identified at sub-arcsecond separations. In this
talk, | will present the first statistically significant sample of systems with separations ranging from
0.15"” to 0.8" (~kpc at z>0.5) selected using the innovative Gaia multi-peak (GMP) technique based
on data from Gaia. We observed approximately one hundred systems at cosmic noon to confirm
their nature and distinguish true dual AGN from gravitationally lensed systems using spatially
resolved spectroscopy obtained with several ground-based AO-assisted facilities, including Keck
Observatory and Very Large Telescope.

Building on the classification of these systems, | will present the first comprehensive study of dual

AGN properties, including bolometric luminosities, Eddington ratios, black hole masses, mass ratios
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of the pairs, their fraction within the overall AGN population, and how these quantities evolve with
redshift, magnitude, and separation.

For the first time, we perform a statistical comparison between a sample of ~50 confirmed dual
AGN and theoretical predictions from cosmological simulations and analytical models, including L-
GALAXIES and ASTRID. These results provide the first observational constraints on the population of
dual AGN at cosmic noon and enable a direct link between observations and theoretical predictions
of black hole growth during galaxy mergers. In particular, the inferred distributions of dual AGN
properties allow us to place new constraints on the expected rate of massive black hole mergers
and to predict the population of GW events that will be detectable by LISA.

Noise Modelling of Planck HFI Time-Ordered Data in OpenHFIl. Low-Level
Characterization and Correction of Instrumental Noise in the Commander3 Pipeline -

Authors: L. Zapelli 2 ®V€l: M. Bersanelli '€ L.P.L. Colombo ®'; A. Mennella !
[a] University of Trento [b] University of Milan [c] National Institute for Nuclear Physics - INFN Section of Milan

This work contributes to the reanalysis of the Planck High Frequency Instrument (HFI) time-ordered
data (TOD) within the OpenHFI project. The goal of OpenHFl is to reprocess the raw, uncalibrated
HFI data using the Bayesian end-to-end framework Commander, enabling a joint sampling of sky
signal, instrumental parameters, noise, and systematic effects.

Accurate modelling of instrumental noise is essential for extracting high-precision cosmological
information from Planck HFI observations. In this context, the present work focuses on the
implementation and validation of several TOD-level corrections. These include the removal of the
high-frequency power spectrum roll-off associated with the electronic transfer function, the
subtraction of periodic features induced by the 4 K cooler system, and the development of a spline
noise model for a more flexible characterization of correlated noise.

The implemented features have been tested on representative HFI channels, including 545 and 100
GHz. This work represents a step toward a new state-of-the-art reanalysis of Planck HFI data, while
also preparing the ground for future joint analyses with complementary CMB datasets, made

possible by the Bayesian structure of the Commander framework.
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Curriculum 2 — Earth and the Sun-Earth System

Anomaly Detection Algorithms for the CSES Missions - Authors: L. Calza ; R, Battiston
@): C. Neubiser '; F.M. Follega

[a] University of Trento [b] Trento Institute for Fundamental Physics and Applications — TIFPA- National Institute for
Nuclear Physics - INFN

The poster content will focus on the anomaly-detection algorithms developed in the context of the
measurements performed by HEPD-01, HEPP-L (CSES-01), and HEPD-02 (CSES-02). More in detail,
the phenomena studied are natural, on one hand, and of unknown origin, on the other. The first
group of phenomena, studied thanks to HEPD-02 and HEPD-01, pertain to lightning strikes, vulcanic
eruptions and GRBs; the latter ones, seen with HEPP-L, are most likely linked to solar activitiy,
however a precise explanation has not been given yet.

Turbulent Energy Cascade in CMEs at 0.38 AU and 1 AU Using EMD - Authors: A. Dagore
@I, F | Lepreti !; E. Yordanova “); V. Carbone ); G. Prete ); V. Capparelli I’
[a] University of Trento [b] University of Calabria [c] Swedish Institute of Space Physics, Uppsala

Coronal Mass Ejections (CMEs) undergo significant dynamical evolution as they travel through the
heliosphere, yet the radial development of their turbulence remains incompletely understood. In
this study, we investigate the turbulence properties of two CME events observed at 0.38 AU and 1
AU by Solar Orbiter and the Advanced Composition Explorer (ACE), respectively, using Empirical
Mode Decomposition combined with Hilbert Spectral Analysis (EMD-HSA), an adaptive technique
well suited for nonlinear and non-stationary signals.

Unlike traditional spectral methods, EMD-HSA decomposes magnetic field fluctuations directly from
the data into intrinsic mode functions, enabling a scale-dependent analysis without imposing
assumptions of linearity or stationarity. The two CME events were divided into four regions: the
upstream solar wind, sheath, magnetic cloud, and trailing solar wind. Magnetic field components
(Bx, By, and Bz) were analysed within each region, and the resulting Hilbert spectra revealed the
distribution of fluctuation power across time and frequency.

The analysis identified enhanced magnetic activity within the sheath and magnetic cloud regions,
including signatures of wave activity and large-scale flux rope structures. At 1 AU, the upstream
solar wind exhibited a Kolmogorov-like inertial range with a -5/3 spectral slope, while the sheath
and magnetic cloud showed steeper spectra and evidence of altered energy transfer across scales.
At 0.38 AU, clear wave activity was observed ahead of the CME arrival. Higher-order statistical
analysis further revealed increased intermittency within the sheath and magnetic cloud compared

to the surrounding solar wind, indicating stronger nonlinear turbulent processes.
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These results provide new insight into the radial evolution of CME-driven turbulence and
demonstrate the effectiveness of EMD-HSA for resolving multi-scale and nonlinear features in

heliospheric plasma measurements.

Generalized Third-Order Law in MHD Turbulence with Distinct Dissipation Mechanisms
- Authors: E.M. Fortugno @ ®): L. Scarivaglione '’; L. Sorriso-Valvo [ T, Alberti [); S.
Servidio™®

[a] University of Trento [b] University of Calabria [c] KTH Royal institute Stockholm [d] CNR - Istituto per la Scienza e la

Tecnologia dei Plasmi, Bari [e] Istituto Nazionale Geofisica e vulcanologia, Rome

Traditional models of energy cascade in Alfvénic solar wind turbulence typically rely on the ideal
plasma approximation, assuming equal and negligibly small viscosity (v) and resistivity (n). However,
recent spacecraft observations reveal a crucial discrepancy: viscous-like velocity fields dissipate at
significantly larger scales than their magnetic counterparts. This work addresses this paradigm shift
by introducing a novel phenomenological distinction between velocity and magnetic dissipation
mechanisms, explicitly accounting for scenarios where v * =n.

We investigate the third-order Yaglom law for magnetohydrodynamic (MHD) turbulence through a
combined approach of theoretical analysis and high-resolution direct numerical simulations (DNS).
By rewriting the Yaglom relation in terms of Elsdsser variables, we formally evaluate the visco-
resistive MHD energy budget and quantify how asymmetric dissipation coefficients alter the spectral
energy cascade. This formulation provides a direct, scale-dependent measure of the energy transfer
rate, isolating the distinct signatures of kinetic versus magnetic damping. Our results demonstrate
that incorporating v * =n significantly modifies the scaling of the third-order moment, offering a
more accurate framework for interpreting turbulent energy transfer in the solar wind and
magnetosheath. These findings provide critical insights for the analysis of modern heliophysics

mission data, where asymmetric dissipation is the rule rather than the exception.

Quantifying Early Seagrass Growth with UAV Imagery - Author: G. Hasnain @ [*!

[a] University of Trento [b] University of Ferrara

Within the framework of aerial remote sensing, the monitoring of early-stage seagrass colonization
in turbid waters remains methodologically challenging, owing to the spectral similarity between the
dwarf eelgrass Zostera noltei and co-occurring ephemeral macroalgae. Previous work established
the potential of high-resolution Unmanned Aerial Vehicle (UAV) imagery for broad-scale monitoring
through visual interpretation (Mistri et al., 2025); however, the dependence on manual detection
and on a priori knowledge of transplantation coordinates constrains the scalability and

reproducibility of this approach. The present study addresses these limitations by applying pixel-
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based supervised classification to high-resolution orthomosaics, thereby enabling the precise and
guantitative characterization of the spatial dynamics of seagrass meadows over time.
Ultra-high-resolution aerial surveys were performed in the Caleri Lagoon (Po River Delta, Italy) with
a DJI Air 2S UAV operated at a flight altitude of 7 m, yielding a theoretical ground sampling distance
of 0.2 cm pixel™. The acquired imagery was processed into georeferenced orthomosaics and
subsequently classified using a supervised Maximum Likelihood Classification algorithm derived
from Bayes' theorem. To isolate the spectral signature of the target species, the probabilistic model
was trained on 40 regions of interest for each of five classes: seagrass, green algae, red algae,
shadow, and background. A post-classification Sieve filter (20 x 20 pixel kernel) was subsequently
applied to attenuate high-frequency 'salt-and-pepper' noise, refining patch delineation on the basis
of neighborhood mode.

Multitemporal analysis revealed a markedly non-linear expansion trajectory within the 0.5 ha study
area. From an initial planted footprint of 2.5 m? (=0.05% of the study area) in August 2023, the
seagrass colonies expanded to 60 m? (1.2%) by June 2024 and attained approximately 716 m? (14%)
by October 2025. These findings demonstrate that the integration of low-altitude UAV
photogrammetry with probabilistic classification constitutes a highly repeatable and scalable
framework for the quantification of restoration dynamics. The proposed methodology overcomes
the constraints inherent to manual monitoring and enables the detection of the subtle, non-linear
growth patterns characteristic of early-stage colonization.

Characterizing Solar Wind-Magnetosphere Coupling Through Directional Information
Flow and Physics-Informed Inversion - Authors: M. Lacal ' E. Camporeale © [ M.
Piersanti °'¢l- G. Consolini

[a] University of Trento [b] University of L'Aquila [c] School of Physical and Chemical Sciences, Queen Mary University of
London [d] Space Weather Research Technology Education Center (SWx-TREC), University of Colorado [e] INFN, section

Rome “Tor Vergata” [f] INAF-Istituto di Astrofisica e Planetologia Spaziali, Rome

Quantifying solar wind—magnetosphere coupling requires distinguishing cross-event driver
screening from event-specific dynamical reconstruction. Here, we combine an information-
theoretic screen of 22 candidate solar-wind drivers across 25 geomagnetic storms with an inverse
physics-informed neural network (PINN) framework applied to the May 2024 Gannon storm. Using
a bivariate linear stochastic, stationary approximation across multiple storms, we compute the
delayed normalized forward information flow toward the SuperMAG ring current (SMR) index. Point
estimates place Ewv, vBs, and Ewav in a leading group, yielding peak normalized forward-flow
magnitudes of 0.4033, 0.4022, and 0.4018 at lags near 22 min. Overlapping 95% paired storm-
bootstrap rank intervals demonstrate that the multi-storm screen does not resolve a single universal
driver. For the Gannon storm, ensembles of 100 inverse PINNs per driver reconstruct the SMR index

and infer event-specific injection efficiencies and decay timescales within a simplified Burton-type
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formulation. The interplanetary electric field Esw = vBt provides the optimal fit over the complete
event, whereas the Newell-P function p”*d®wmp/dt yields superior performance when weighting the
main and recovery phases equally. The preferred coupling function therefore depends on the storm
phase and the chosen evaluation metric. This framework establishes a quantitative protocol for
retrospective model discovery and event-specific parameter inference rather than operational
forecasting.

Unraveling lon Complexity in Earth’s Bow Shock: Insights from MMS Observations -
Author: B. Sand @/ °)

[a] University of Trento [b] University of Calabria

Earth’s bow shock is formed by the interaction between the solar wind and Earth’s magnetosphere.
Understanding how the plasma evolves across this region is important for characterizing energy
dissipation, particle acceleration, and wave—particle interactions in collisionless shocks. We use
observations from NASA’s Magnetospheric Multiscale (MMS) mission to investigate how the
complexity of ion velocity distribution functions evolves during shock crossings, introducing a
complexity measure derived from an unsupervised machine-learning algorithm. This new parameter
clearly distinguishes the main plasma regions across the shock, while its variation captures the
progressive evolution of the distributions as the plasma is decelerated and compressed. The method
also shows potential for onboard implementation, enabling the automatic identification of shock
crossings and plasma regions in space.

Characterization of Aviation Turbulence Potential Associated with Mediterranean
Tropical-Like Cyclones (Medicanes) - Authors: M. Simone @ l: S Servidio !; M. M.
Miglietta [; D. Faranda !“!; T. Alberti [©

[a] University of Trento [b] University of Calabria [c] Institute of Atmospheric Sciences and Climate (CNR-ISAC), National
Research Council of Italy, Padua [d] Laboratoire des Sciences du Climat et de I’Environnement, UMR 8212 CEA-CNRS-

uvsQ, Université Paris-Saclay & IPSL, CE Saclay, Gif-sur-Yvette [e] Istituto Nazionale di Geofisica e Vulcanologia, Rome

Mediterranean tropical-like cyclones are rare but intense mesoscale cyclones exhibiting tropical-like
characteristics, namely a symmetric deep warm core, an almost windless cloud-free eye-like feature
in its center with spiral cloud bands around. Though rare, Medicanes can produce severe socio-
economic impacts through intense precipitation, strong winds, and coastal flooding (Flounas et al.,
2022).

Observational and modeling studies indicate that rising sea surface temperatures may affect
Medicane evolution, potentially leading to stronger storms. Understanding their dynamics is

therefore important not only for climatology but also for operational sectors such as aviation, which
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are directly exposed to atmospheric hazards. While the surface impacts and dynamical structures
of medicanes have been extensively studied, their influence on upper-tropospheric conditions,
particularly turbulence conditions relevant for aviation, remain poorly documented. In this study we
present the first systematic investigation of aviation turbulence associated with eleven Medicanes
occurred between 1996 and 2023 using ERAS reanalysis.
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Curriculum 3 — Planetary Sciences

Can Abiotic Desiccation Reproduce Martian Organo—Mineral Correlations? - Authors: S.
Biancalani @ PV 4 14 C. Garcia Florentino “; T. Fornaro ); G. Degl’'Innocenti [ ¢; A,
Alberini [: G. Poggiali \; F. Renzi "9 M. Battistuzzi [; G. Pratesi °); M. Bellucci [¥; J.R.
Brucato

[a] University of Trento (UNITN) [b] University of Florence, [c] National Institute for Astrophysics (INAF) [d] Italian Space

Agency (ASl) [e] University of Pisa

Search for organic matter on Mars is primary for astrobiology-focused missions because of the
planet’s rich agueous geological history and potential for harboring biosignatures. Organics are
indeed the most direct chemical tracers of carbon cycling, prebiotic chemistry, and potential past
life, being crucial to identify biosignatures on the planet. However, their detection alone is not
necessarily sufficient to demonstrate biogenicity [1]. Key is the distinction between simple or
refractory organic compounds that may form abiotically, like polycyclic aromatic hydrocarbons
(PAHSs), and biomolecules like proteins, nucleic acids or pigments that are more diagnostically
suggestive of life.

Evaporites, such as gypsum, are particularly interesting for biosignatures detection because of its
high fossilization potential [2][3], given their ability to efficiently trap and shield organic compounds
within their mineral matrices for long times [4][5], protecting them from oxidizing agents and
radiations. Although evaporites precipitation is mainly driven by evaporation and subsequent
supersaturation, on Earth, microorganisms can influence nucleation pathways [6][7], producing
evaporites possibly enriched in organic molecules. Organo-evaporites associations are common; for
carbonates this could be due to selective adsorption processes by calcium sites on the surface of
the mineral [8], while for sulfates the associations are likely due to the incorporation of organics
within the mineral matrix. Organo-evaporites associations were often also detected in
extraterrestrial materials like meteorites and even on Mars, suggesting that these associations can
emerge naturally during water-rich parent-body processing without requiring any biological input.

This work aims to understand: (1) how two different model organic molecules, a biomolecule and
an abiotic compound, distribute throughout two different minerals (calcium sulfate and calcium
carbonate) in an abiotic desiccation process; (2) if and how the two model organic molecules affect
the re-crystallization of the two minerals; (3) how to distinguish between a potential biosignature
and an abiotic organic model compound with payload-analog techniques.

To achieve these goals, a set of 12 samples was prepared (see Table 1) using calcium sulfate, calcium
carbonate, B-Carotene and 9-methyl anthracene (9MA). Minerals bearing the same cation were
chosen to focus on the role of the carbonate (CO32-) and sulfate (S042-) anions in the interaction
with the organic molecules. The molecules were chosen to represent a biomolecule strongly

suggestive of life and an abiotic compound. B-Carotene was chosen as the biotic model, being a
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pigment commonly present in plants, algae, cyanobacteria, fungi and yeasts. As abiotic, 9MA (a PAH)
was selected as it is considered as a possible explanation for Quartier abrasion spectroscopic
features [1], and because methylated PAHs are very common in meteorites [9], thus not strictly
diagnostic for life.

The samples were characterized by performing: (1) infrared spectrometry with Bruker VERTEX 70v
Fourier Transform InfraRed spectrometer (range 8000cm-1-400cm-1, resolution of 4cm-1); (2)
DUV fluorescence with DUV Raman PL 200 instrument by Photon Systems (248.6 nm excitation
laser, range 250 nm-620 nm, resolution of 1.2 nm).

The data were analyzed to detect spectral and spatial distribution variations, evaluating correlations
between the organics and the minerals bands.

References:

[1] Fornaro et al., Nat Astron 9, 1648-1661 (2025) https://doi.org/10.1038/s41550-025-02638-z
[2] Benison and Karmanocky, Geology 42, 615—618 (2014) https://doi.org/10.1130/G35542.1

[3] Rouchy and Monty in: Riding, R.E., Awramik, S.M. (Eds.), Microbial Sediments. Springer Berlin
Heidelberg, Berlin, Heidelberg, pp. 209-216 (2000) https://doi.org/10.1007/978-3-662-04036-2_23
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https://doi.org/10.1016/j.jece.2025.120900
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Reinvestigation of the Eberswalde Crater Fan Deposit, Mars, as a Shoal-Water Delta -
Authors: N. Carlot PP F_ Salese l; N. Mangold [; G.G. Ori *’; F. Zennaro ¥'; R. Maitan
[@l. M. Ghinassi [ 1. Martini

[a] University of Trento [b] University of Chieti-Pescara [c] Nantes Université [d] University of Padova [e] University of

Siena

Following the landing in Jezero crater of the Perseverance rover in 2021, the Jezero deltas was
studied extensively, both from orbit and the ground. This allowed to determine that this delta was
formed in a closed-lake basin, and that the visible sedimentary layers visible on the front of the delta
correspond to a Gilbert-type architecture, as it showcases the distinctive topset-foreset-bottomset
tripartite (1). To extend on these results and try to understand if the Jezero delta is the rule or the

exception when it comes to martian deltas, we conducted a study on another martian sedimentary
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fan, located in Eberswalde crater, for which we only have orbital data available. This crater indeed
displays a spectacular fan shaped feature ( 115 km2) with meandering channels in its westernmost
part, that was most likely emplaced during the Late Noachian (2) in a closed lake (3). The volume of
the fan is similar to that of Jezero’s western delta, the thickness of sediment is about 50 to 100 m in
both cases (2), which makes it an interesting starting point for the comparison of Jezero to other
martian sedimentary fans. This fan displays meandering inverted channels, and the layers
outcropping at the front of the fan are subhorizontal; the architecture of Eberswalde fan is thus
different from that of Jezero, as no foreset strata are visible from orbit. Jezero and Eberswalde fans
formed through different processes. The Eberswalde fan either formed in two separate phases —a
lacustrine phase then a late-stage fluvial phase — or as a shoal-water

delta that emplaced in a shallow lake, possibly as an aggradational delta (4), contrary to the
progradational settings of the Jezero delta. This study aims to compare the elements in favor of one
or the other scenario, and to try to determine which one seems the most plausible, through
stratigraphic analysis, as well as comparison with terrestrial analogues, in this case the shoal-water
deltas of the Valimi formation, in Greece (5).

(1) Mangold N. et al. Science. 2021, 374 (6568), 711-717.

(2) Pondrelli M. et al. (2008) Icarus, 197, 429-451.

(3) Malin M. C. & Edgett K. S. (2003) Science, 302, 1931-1934.
(4) Lewis K. W. & Aharonson O. (2006) J. Geophys. Res., 111.
(5) Abrosetti et al. Sedimentology 2017, 64, 425-452.

Multidisciplinary Approach for Mass Movement Investigation on Mars - Authors: A.
Ermini ') S.J. Conway [9; S. Le Mouélic [; R. Salvini !

[a] University of Trento [b] University of Siena [c] Nantes Université, Univ. Angers, Université du Mans

Mass movements are widespread on Mars and provide valuable evidence of the mechanical
behaviour, geomorphological evolution, and geological history of planetary surfaces. This research
project investigates slope-instability processes on Mars through a multidisciplinary approach
integrating  high-resolution orbital and rover-based datasets, topographic analysis,
geomorphological mapping, landslide susceptibility modelling, and preliminary slope-stability
assessments.

The study is structured around three complementary case studies at different spatial scales: i) lani
Chaos, where a large landslide was analysed using high-resolution HiRISE-derived topographic data
to characterise its geomorphological setting, reconstruct its main morphological domains, and
investigate the stability conditions of the source slope; ii) Valles Marineris, where landslide
susceptibility mapping was performed to assess the spatial predisposition of the terrain to slope

failures by integrating topographic, geomorphological, and structural factors; and iii) Gale Crater,
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where rover-based imagery acquired by the Curiosity mission was used to reconstruct the 3D
geometry and morphology of a rock-mass outcrop and to carry out a preliminary assessment of its
structural stability.

By combining regional-scale susceptibility analysis with local and outcrop-scale stability
investigations, this research contributes to a better understanding of the factors controlling mass
movements on Mars and supports the development of transferable methods for planetary
geohazard assessment.

Arches of Chaos, Heteroclinic Connections of First-Order MMRs and the Chaotic
Transport of Small Bodies in the Sun-Jupiter System - Authors: A.F. Guido ' ! C,
Efthymiopoulos [ 1

[a] University of Trento [b] University of Rome “Tor Vergata” [c] Aristotle University of Thessaloniki [d] University of

Padova

We investigate the heteroclinic connections between the stable and unstable manifolds of the
unstable periodic orbits associated with the most important mean motion resonances (MMRs) in
the Sun-Jupiter planar restricted three-body problem. In particular, we explicitly compute the stable
and unstable manifolds of the unstable periodic orbits associated with the first order interior MMRs
2:1, 3:2, and the exterior MMR 2:3. Furthermore, we compute short-time Fast Lyapunov Indicator
(FLI) maps showing the chaotic saddle structure created by the stable and unstable manifolds of
several interior or exterior MMRs other than the 1:1 (co-orbital) resonance.

Transits of particles from the exterior to the interior of the orbit of Jupiter and vice versa are allowed
for values of the Jacobi energy mapped to Tisserand parameter T < 3.0. Such transits are shown to
exist through a variety of heteroclinic channels. Besides the classical ones we give evidence of
heteroclinic connections between the manifolds of the short-period orbits around L3 and of the
periodic orbits associated with interior or exterior first order MMRs. Moreover, we observe direct
heteroclinic connections between the manifolds of the interior with exterior MMRs, which do not |
involve the manifolds of any of the periodic orbits of the co-orbital resonance. Through the
manifolds of the MMRs and the corresponding ‘ridges’ in the numerical FLI maps, we explain the
‘arches-of-chaos’ structures ([55]) found in FLI maps in the asteroid plane of orbital elements (a, e).
The chaotic orbits shadowing the heteroclinic orbits exhibit ‘resonance hopping’, indicating a
possible connection to the behaviour reported in literature as regards the orbits of several real Solar
System objects classified as quasi-Hildas (QH) or Jupiter-family comets (JFC). Most of our results are
obtained in the framework of the planar circular RTBP. However, through FLI maps we show that

the manifold connections observed in the circular problem persist in the elliptic problem as well.
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Mercury’s Thermodynamic Mantle Convection Model - Authors: A. Lebedev @ P1ld: G,
Mitri '[9 C. Cioria !l

[a] University of Trento [b] University of Chieti-Pescara [c] International Research School of Planetary Sciences

Mercury has a high bulk density of 5430 kg m-3 and an internal structure characterized by a large
core approximately 1900-2100 km in diameter and a relatively small mantle, with a core—mantle
boundary located 300-500 km below the surface (Smith et al., 2012). While present-day mantle
convection remains uncertain, there is strong evidence that it was active in the past. We aim to
model Mercury’s mantle convection to investigate whether it remains active and to evaluate the
impact of convection, or its absence, on the planet's thermal balance.

We solve the equation of conservation of mass, momentum, and energy to describe the mantle
convection dynamics in a three-dimensional Cartesian geometry.

Additionally, we model the mineralogy of the Mercury mantle using the modelled mineral
assemblages from Perple_X software, predicted to be stable at thermodynamic equilibrium as a
function of temperature and pressure following a similar approach as Cioria et al. (2024).

Once the scientific phase of the BepiColombo mission begins, the model results will be constrained
using data collected by the Mercury Orbiter Radio-Science Experiment (MORE) and the Italian Spring
Accelerometer (ISA).

Beyond Moment of Inertia: Titan's Interiors from SynthGen. A Bayesian MCMC Inversion
with SynthGen: Isostatic Compensation as a Free Parameter (H-Factor) - Authors: E.
Santero Mormile @' P1c: G, Mitri ! ¢!

[a] University of Trento [b] University of Chieti-Pescara [c] International Research School of Planetary Sciences, Pescara

Titan is considered one of the most intriguing icy moons in the Solar System, yet its interior structure
remains poorly constrained. The limited set of available geophysical observations and the
discrepancy between its gravity field and surface topography make interior modelling highly
degenerate. In particular, the degree-2 gravity field is close to hydrostatic equilibrium, whereas the
observed shape exhibits significant non-hydrostatic contributions, suggesting a more complex
evolutionary history involving mechanisms such as isostatic compensation, orbital migration, and
topographic evolution that are still not fully understood [Zebker et al., 2009; Nimmo and Bills, 2010;
Durante et al., 2019]. Moreover, many previous studies rely on simplifying assumptions, such as the
Radau-Darwin approximation, to relate gravity observations to the internal mass distribution.

Building upon the previously developed SynthGen framework [Santero Mormile et al., 2025], this
work presents a substantially enhanced version of the code for physics-based Bayesian modelling
of planetary interiors. The framework now incorporates viscoelastic rheology for the computation
of tidal Love numbers, multiple isostatic compensation models (including Airy, Pratt, and downward

continuation of Bouguer anomalies following Wieczorek and Phillips [1998]), and Markov Chain
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Monte Carlo (MCMC) algorithms capable of jointly inverting different combinations of observables,
including the moment of inertia, tidal Love numbers, single and complete set of spherical harmonic
gravity coefficients.

A key advancement is the implementation of thermodynamically consistent look-up tables based
on equations of state for liquid water and high-pressure ice phases [Journaux et al., 2020]. Rather
than treating layer properties as independent free parameters, this approach constrains the
inversion to physically admissible interior structures, substantially reducing the accessible
parameter space while ensuring internal consistency between composition, density, and layer
thickness.

Preliminary applications to Titan quantify the degree of isostatic compensation required to reconcile
the markedly different behaviours of its gravity field and topography, providing new insights into
the characterization of the satellite's interior (e.g. presence of the ocean). The retrieved solutions
reproduce the observed gravity field without relying on the Radau-Darwin approximation, yielding
results consistent with previous gravity-based interpretations while providing a more physically self-
consistent description of Titan's interior. These developments demonstrate the capability of
SynthGen to integrate multiple geophysical observables within a unified inversion framework,
providing a robust tool for investigating the internal structure of Titan and other icy satellites.
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Al Approaches to the Automatic Optimization of Instrument Acquisition Scheduling in
Space Missions - Author: G. Vaccari ©

[a] University of Trento

In the context of planetary missions, the optimization of the scheduling of the acquisitions of
instruments included in the payload is of great importance in order to maximize the scientific return.
To this end, specific acquisition plans are defined, deciding which instruments can operate at
different times in order to optimize coverage while respecting both the physical constraints imposed
by the instrumentation and the mission resources.

Despite some automatic/semi-automatic approaches have been developed for scheduling activities
of Earth observation satellites, only few studies have considered the case of space missions based
on other planets, where the longer temporal duration of the schedule and the many constraints
make the problem more complex.

This research work attempts to address the problem of instrument acquisition optimization through
the use of new methodologies based on Al and specifically on deep learning.

To address the high dimensionality of the solution space, we developed a method based on latent
space optimization (LSO) that maps the problem into a lower-dimensional latent space. This space
is learned through the joint training of an autoencoder and a value network, enabling efficient
search in high-potential solutions regions.

The study is developed with respect to the operations of radar instruments, even if the methodology

is general.

Machine Learning Meets Impact Monitoring: a Faster Path to Neo Prioritization - Author:
V. Vichi @[]
[a] University of Trento [b] INDAM—Istituto Nazionale di Alta Matematica, Pisa Unit

The poster deals with some Machine Learning methods to improve the Impact Monitoring of
Potentially Hazardous Asteroids. A key challenge in Impact Monitoring is that evaluating potential
hazards is computationally expensive, and the number of objects to be analysed is continuously
increasing. In this context Machine Learning could be a valuable tool because of its ability to extract
information from large amounts of data. In particular, | will focus on the prediction of the Minimum
Orbit Intersection Distance (MOID) of an asteroid using Neural Networks, and on the development
of a new score definition in Impact Monitoring. The latter is an empirical criteria that is used to rank
asteroids based on the hazard they could pose, but sometimes it misses some objects, assigning
negative score to objects that indeed have a non-zero collision probability with our planet. My study

plans to overcome these limitations, providing a more robust and informative prioritization scheme.

24



Curriculum 4 — Astrobiology, Life Sciences and Space Medicine

Simulated Mars Gravity Impairs Intestinal Epithelial Barrier Integrity Through Selective
Tight Junction Remodelling and Oxidative Stress - Authors: C. Bertini ! ®); L. Benvenuti
9. G. Marcelli '; G. Gambino !; M. Emanet [; V. Citi [; C. Ippolito ' G. Ciofani '’; D.
Manzoni ;L. Rossi ’!; A. Salvetti !

[a] University of Trento [b] University of Pisa, Department of Clinical and Experimental Medicine [c] University of Pisa,
Department of Translational Research and of New Surgical and Medical Technologies [d] University of Pisa, Department

of Pharmacy [e] Italian Institute of Technology, Smart Bio Interfaces, Pontedera, Pisa

Background: Long-duration Mars missions expose astronauts to chronic reduced gravity, potentially
compromising intestinal epithelial barrier integrity. The specific contribution of tight junction (TJ)
proteins to barrier dysfunction under altered gravity remains poorly understood.

Methods: Caco-2 cells were cultured under simulated Mars gravity (0.38 g) using a Random
Positioning Machine. Barrier integrity was assessed by transepithelial electrical resistance (TEER),
transmission electron microscopy (TEM), gene and protein expression analyses, and calcium switch
assays. Lipid accumulation, reactive oxygen species (ROS) production, and the effects of antioxidant
treatment with sumac extract were also evaluated.

Results: Simulated Mars gravity significantly impaired epithelial barrier function, as demonstrated
by reduced TEER and ultrastructural disruption of TJs. Expression of CLDN1, CLDN3, and ZO-1 was
selectively downregulated at both mRNA and protein levels, while other claudin isoforms remained
unchanged. Calcium switch assays revealed delayed TJ assembly and impaired recruitment of
CLDN1, CLDN3, and ZO-1. Microgravity exposure also induced intracellular lipid droplet
accumulation, increased ROS production, and STAT3 activation. Notably, treatment with sumac
extract partially restored TJ organization and barrier integrity.

Conclusions: Simulated Mars gravity disrupts intestinal epithelial barrier homeostasis through
selective alteration of key TJ components and impaired junction assembly, accompanied by
oxidative stress and lipid accumulation. These findings highlight a potential mechanism underlying
gastrointestinal dysfunction during long-duration space missions and support antioxidant-based
interventions as promising countermeasures.

Contraceptive Hormones in Simulated Microgravity: A Multi-Layer Map of Metabolicand
Protein Remodelling in Human Stromal and Dendritic Cells - Authors: F. Chiara @ [);
F.M.A. Shelton-Agar ®); F. Romaniello ; S. Allegra !*'; M.E. Maffei \’; S. De Francia !

[a] University of Trento [b] Department of Clinical and Biological Sciences, University of Turin [c] Department of Life

Sciences and Systems Biology, University of Turin

Long-duration human spaceflight requires sex-specific countermeasures that account for the
physiological needs of female astronauts. Although oral contraceptives (COC) may support

25



reproductive health management during space missions, their cellular and metabolic effects under
space-related stressors remain insufficiently characterized.

This study aims to define how contraceptive formulations from different generations modulate
human endometrial stromal and dendritic cells under terrestrial and simulated space conditions.
Cells are exposed to hormonal treatments at 1 g and during simulated microgravity generated by a
Random Positioning Machine; attenuation of the geomagnetic field using Helmholtz coils is also
included to reproduce an additional feature of the space environment.

An integrated workflow combines morphological imaging, metabolomic profiling, and assessment
of steroid hormone receptor and protein-related responses to construct a multi-layer map of
cellular remodelling. Preliminary observations indicate treatment- and environment-dependent
alterations in cell morphology, while metabolomic analyses suggest changes in pathways associated
with energy homeostasis. These complementary readouts will enable comparison of the biological
stability associated with different contraceptive formulations and clarify how hormonal signalling
interacts with simulated space stressors. The study provides a framework for identifying
contraceptive strategies that minimize adverse cellular and metabolic perturbations, supporting a
more personalized and evidence-based approach to reproductive health during long-duration
missions. More broadly, it highlights the importance of integrating sex-specific biology into space
medicine to improve astronaut safety and mission sustainability.

Internal Models of Gravity in Astronauts and Naive Participants: From Motor Imagery to
Training for Future Spaceflight - Authors: A. Finazzi Agrd @ PIE: M, Liberti @ ©11d: g,
Gravano 'l9; F. Lacquaniti 1! I; M. Zago [ [

[a] University of Trento [b] University of Rome “Tor Vergata” [c] Laboratory of Neuromotor Physiology, IRCCS Fondazione

Santa Lucia, Rome

Future space exploration requires astronauts to rapidly adapt their sensorimotor control across
different gravitational environments, from terrestrial gravity to microgravity and lunar/Martian
partial gravity.

This work builds on the reanalysis of motor imagery data from astronauts and naive participants
performing an underarm throwing-and-catching task with an imaginary tennis ball. In the NASA-led
IMAGINE protocol, astronauts performed the task before, during, and after long-duration
spaceflight, while simulating different gravitational contexts and force levels. This paradigm
combines the mental simulation of object motion with an overtly performed action, allowing both
predicted object dynamics and upper-limb kinematics and coordination to be investigated.
Analyses show that astronauts differentiate imagined Og and 1g object motion already on the
ground, with temporal and kinematic parameters modulated by imagined gravity, force level, and
spaceflight. In contrast, naive participants on ground show a more limited ability to differentiate
gravitational regimes. Despite these differences in object-motion prediction, inter-joint
coordination, assessed through principal component analysis of upper-limb elevation angles,
appears comparatively stable across imagined gravity conditions, force levels, and groups. Further
comparisons suggest no major group differences in the overall coordinative structure between
astronauts and naive participants.
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Overall, these findings suggest that motor imagery modulates object-motion prediction and
movement parametrization more than the underlying coordinative organization of the upper limb.
This dissociation supports the development of feedback-based training protocols, including systems
combining virtual reality and motion capture, to target gravity-related internal models and inform
sensorimotor preparation tools for future spaceflight.

Mitigating Vestibular Dysfunction in Microgravity: Innovative Countermeasures and
Sensory Modulation - Authors: M. Liberti &/1l9; A Finazzi Agro ! ©!ld: M, Zago [©!

[a] University of Trento [b] University of Rome “Tor Vergata” [c] Laboratory of Neuromotor Physiology, IRCCS Fondazione

Santa Lucia, Rome

Multisensory integration of visual, vestibular, and proprioceptive signals represents a fundamental
prerequisite for motor control and spatial orientation. In microgravity (or altered gravity) conditions,
the loss of a stable gravitational reference alters vestibular function and sensory integration. This
leads to sensory misalignment phenomena frequently associated with Space Adaptation Syndrome
(SAS), affecting up to 60—70% of astronauts, posing potential risks to operational safety. In this work,
vestibular functionality was investigated through experimental protocols on a six-degrees-of-
freedom Stewart platform, delivering translational and rotational acceleration stimuli along the
interaural and roll axis. Vestibular functionality and postural balance were evaluated under both
pure sinusoidal stimulation in acceleration with or without low-amplitude vibratory noise (1.8—-30
Hz) to examine sensory modulation effects. Statistical analysis (ANOVA, t-tests with Bonferroni
correction, and linear/quadratic model fitting) allowed for the investigation of the stochastic
resonance phenomenon (SR).

lon-Molecule Reactions in Astrochemistry and the Study of Degradation Mechanisms of
Space-Technology Materials - Authors: N. Pattathadathil ©'; C.A.P. da Costa '); N. Solem
bIicl- R, Thissen ! 9 C. Alcaraz ' [: M. Michielan ©); D. Ascenzi !

[a] University of Trento [b] Université de Paris — Sarclay, CNRS, Institut de Chimie Physique, Orsay [c] Synchrotron SOLEIL,

Gif-sur Yvette

Polymeric materials are essential to aerospace applications, yet their exposure to atomic and ionic
oxygen in low Earth orbit (LEO) drives significant degradation. Ground-based tests have confirmed
this effect over prolonged exposure, and while several protective strategies have been explored,
the underlying chemical erosion mechanisms remain poorly understood. We address this gap by
deconstructing polymers into representative molecular moieties: benzene, naphthalene, and
phenanthrene for graphite; N-methylmaleimide, diphenyl ether, and N-vinyl formamide for Kapton;
and styrene, ethylbenzene, and 1,3-diphenylpropane for polystyrene, and probing their reactivity
under single-collision conditions to isolate the fundamental chemical reaction pathways leading to
the degradation of the materials.

This poster focuses on the reactivity of O* ions in their ground (*S) and first-excited (?D) electronic
states with benzene, naphthalene, and phenanthrene, chosen as representative moieties of
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graphite-based spacecraft materials. For each system, we determine integral reactive cross sections
(CSs), quantifying the extent of reactivity, and product branching ratios (BRs), characterizing the
dissociation pathways, as a function of collision energy.

Experiments were carried out at the SOLEIL synchrotron (France) and ICP Paris-Saclay using the
CERISES tandem guided-ion-beam mass spectrometer [Cunha de Miranda et al.,, 2015]. At the
synchrotron, O* ions were generated by dissociative photoionization of O, (18.5-24 eV), with
collision energies spanning 0.1-10 eV in the center-of-mass frame, whereas at ICP, precursor gases
were subjected to electron ionization (approximately 200 eV) to produce O* ions.

Comparative Genomics of Space-Resilient Chroococcidiopsis Cyanobacteria Reveals a
Core Genetic Repertoire Supporting Extreme Tolerance towards Desert and Non-Earth
Conditions - Authors: G. Rigano ©'®!: D, Billi !’

[a] University of Trento [b] University of Rome “Tor Vergata”

Desert cyanobacteria of the Chroococcidiopsis genus, due to their remarkable desiccation and
radiation tolerance, are considered model candidates in the field of astrobiology. For this reason,
three strains, namely Chroococcidiopsis sp. CCMEE 029,057, and 064 have been exposed in the dried
state to space- and Mars-like conditions throughout laboratory simulations andreal space exposure
using the EXPOSE facility installed outside the International Space Station. However, how they can
recover upon rehydration and repair the damage accumulated under extreme conditions on Earth
and in space remains to be fully elucidated through omics-based investigations. Hence, comparative
genomics of these three Chroococcidiopsis strains offered a powerful lens to explore the genetic
components of their capability to persist under extreme conditions. The analysis of newly obtained
gapless genome assemblies of the laboratory-maintained reference strains of CCMEE 029, 057, and
064 allowed the identification of conserved and non-shared genes involved in reactive oxygen
species detoxification, desiccation tolerance, DNA protection, and repair. Moreover, a biosynthetic
gene cluster for scytonemin production was identified in every strain, while strain CCMEE 057 also
harbored the genes for the biosynthesis of a mycosporine-like amino-acid. Such insights are crucial
for understanding the adaptation strategies employed by microorganisms to survive in dry, radiation-
intense environments, offering clues about the potential for life beyond Earth.

Biopotential evaluation of Lunar Regolith for Future Development of Bioregenerative
Life Support Systems (BLSSs) - Author: C. Sarti 211/

[a] University of Trento [b] Thales Alenia Space Italia s.p.a. [c] University of Turin

Human permanence beyond Low Earth Orbit (LEO), as envisioned by the Artemis program, demands
innovative strategies for In-Situ Resource Utilization (ISRU) and efficient Biological Life Support
Systems (BLSSs). A major challenge is exploiting lunar regolith, currently inert and lacking biological
fertility, for crop production. Eisenia fetida earthworms are terrestrial ecosystem engineers that
could play a pivotal role in processing lunar regolith and organic waste produced by human activities
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at the Lunar Base Camp, thereby potentially transforming these materials into a fertile plant growth
substrate.

Individuals of E. fetida were subjected to controlled feeding trials involving the ingestion of hydrated
LHS-1 simulant (60% w/w water content). Casts produced during the trials were collected and
prepared for metagenomic sequencing (targeting 16S rRNA gene) to identify microbial communities
introduced by earthworm gut transit. Earthworms’ physiological responses were monitored via
sequential weighing (pre- and post-ingestion, full and empty gut states) to assess behavioral
adaptations or avoidance mechanisms towards LHS-1. Furthermore, histological analyses using
hematoxylin-eosin staining evaluated potential cytotoxic effects on the intestine, investigating signs
of tissue damage related to regolith ingestion.

Preliminary results showed no significant avoidance behaviors toward regolith ingestion compared
to standard soil, indicating the worms' willingness to process the lunar simulant. Histological
assessments suggested potential damage to intestinal tissues, although technical artifacts could not
be entirely excluded. Microbial analyses, currently ongoing, are expected to confirm the potential
for biologically mediated substrate enhancement via gut-associated bacteria.

This research represents a step towards sustainable lunar waste management and biological
enhancement of extraterrestrial substrates, highlighting the feasibility of integrating earthworms
into future BLSS modules to create closed-loop life support systems for long-term human habitation
beyond Earth.

Polarity-Dependent Effects of Sinusoidal Galvanic Vestibular Stimulation on
Cardiovascular Responses During Cognitive Load - Authors: C. Zavattaro ' ®: H. Serra );
E. Cirillo ®): S. Cento ) R. Gammeri !; R. Ricci [’

[a] University of Trento [b] University of Turin

Vestibular-induced cardiovascular responses occur during postural transitions, vestibular disorders,
microgravity, and vestibular electrical stimulations. Studies employing either right-anodal/left-
cathodal (RGVS) or left-anodal/right-cathodal (LGVS) galvanic vestibular stimulation (GVS) report
opposite polarity-dependent cardiovascular responses. However, it remains unclear whether these
opposite responses are elicited in the same individuals, and whether they are modulated by a
concurrent cognitively demanding task. To address these gaps, 35 healthy participants underwent
three counterbalanced GVS conditions: RGVS, LGVS, and Sham. In each condition, they completed
an auditory-verbal 2-back working memory (WM) task, preceded and followed by a 4-minute rest
period. Physiological signals were continuously recorded, and perceived stress was assessed at
multiple time points. During performance of the cognitive task, vestibular stimulation modulated
cardiovascular activity in a polarity-dependent fashion. Specifically, participants manifested higher
HR in RGVS than Sham and LGVS, and lower HR in LGVS than Sham. During the post-task period,
participants’ HR remained lower in LGVS than in RGVS, and, consistently, stress ratings decreased in
LGVS compared to Sham and RGVS. These results demonstrate the lateralized involvement of
vestibular signals to cardiovascular regulation during performance of a demanding WM task.
Specifically, relatively lower firing rate of right and left vestibular afferents enhanced sympathetic
and parasympathetic activity, respectively. These results may reflect additive or synergistic effects

29



between the task-induced workload and the modulation of cortical areas involved in both vestibular
projection processing and cardiovascular regulation.

The Emotional Effects of Heartbeat-Like Vibrotactile Stimulation of the Chest - Authors:
Z. Zeli¢ P ) J_ patchitt I); H.D. Critchley
[a] University of Trento [b] University of Pisa [c] Brighton and Sussex Medical School

Predictive coding theories propose that emotions reflect precision-weighted inferences about
interoceptive states. As interoceptive and somatosensory signals are tightly integrated, we
examined whether heartbeat-like vibrotactile stimulation of the chest changes emotional
experience, and whether these effects depend on individual differences in interoceptive and
somatosensory precision. Forty-two healthy participants rated the intensity (1-7) of four negative
emotions (anger, sadness, fear, disgust) in response to 60 images from the Nencki Affective Picture
System. Each image was presented in three stimulation conditions: no stimulation (NO STIM),
stimulation at heart rate (HR STIM), and stimulation 20% faster than heart rate (HR20 STIM). We
assessed interoceptive accuracy (IA) using a heartbeat discrimination task and set the stimulation
intensity individually at the periliminal level (PSI) to obtain indices of interoceptive and
somatosensory precision. Emotion ratings were predicted using Bayesian multilevel cumulative
ordinal models that evaluated interactions between condition and emotion type (Model 1), and
among condition, PSI, and IA (Model 2). Preliminary analyses showed no evidence of physiological
entrainment. Model 1 showed higher emotion ratings in HR STIM and HR20 STIM compared to NO
STIM, with no interaction between condition and emotion type. Model 2 showed increasing
stimulation effects with higher PSl and a positive association between IA and emotion ratings across
all conditions, but only at high PSI. These findings suggest that vibrotactile stimulation amplifies
negative emotion experience, particularly when somatosensory precision is low. Independent of
stimulation, higher interoceptive precision predicts stronger emotional responses when
somatosensory evidence is unreliable.
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Curriculum 5 — Space Sensing and Instrumentation

Annealing Studies for Radiation Damage Mitigation in SiPMs for Space Applications -
Authors: S. Bez Baruah ?'*); M. Ruzzarin '; F. Acerbi °!: A. Gola [’

[a] University of Trento [b] Fondazione Bruno Kessler

Silicon Photomultipliers (SiPMs) are promising detectors for next-generation space missions due to
their compactness, low power consumption, high photon detection efficiency, and excellent timing
performance. However, prolonged exposure to the space radiation environment can degrade SiPM
performance through ionizing and non-ionizing radiation damage, leading primarily to increased
leakage current and dark count rate. This work investigates post-irradiation annealing as a
mitigation strategy for radiation-induced degradation in FBK NUV-HD-MT SiPMs. Devices were
separately exposed to X-rays and protons to study ionizing and displacement damage, respectively.
Two recovery approaches were investigated: controlled thermal annealing and electrical current
annealing. In thermal annealing, irradiated devices were maintained at controlled elevated
temperatures, while in current annealing, forward electrical current was applied and the resulting
device temperature was monitored using a thermal imaging camera. The evolution of reverse -V
characteristics during the annealing process is used to evaluate radiation-induced degradation and
recovery. The study aims to compare the effectiveness and recovery kinetics of the two annealing
approaches and assess their potential for radiation-damage mitigation in SiPM-based space sensors.
The results provide insight into practical recovery strategies for extending the operational lifetime

of SiPM detectors in radiation-intensive space environments.

Laser-Micromachined Aluminum Platelets Applied to High-Frequency Microwave
Passive Components for CMB Applications - Author: N. Brancadori [
[a] University of Trento [b] University of Milan

This work presents an array of 77 corrugated feed horns coupled with waveguide orthomode
transducers (OMTs) operating in the 200-280 GHz range, fabricated from aluminum platelets with
laser micromachining. This low-cost, highly scalable process is well suited for the large focal planes
required in CMB polarization experiments. The feed horns achieve typical CMB performance, with
simulated cross-polarization and sidelobe levels -25 dB, while the turnstile-junction OMTs reach
simulated cross-polarization -60 dB.

Metrological measurements show smooth profiles with 2 um rms roughness and accurate features,
with dimensional deviations from nominal of few microns. A systematic center shift, probably due

to platelet thermal expansion, yields rms relative misalignment from 16 pum to 33 um. Simulations
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including these effects show negligible impact on the horns and a degradation of OMT return loss
to -15 dB and cross-polarization to -25 dB, still suitable for CMB applications.

A Systematic Approach to Gamma-Ray Burst Physics with Fermi - Authors: A. Holzmann
Airasca ' ®); E. Bissaldi °'l: F. Longo [/ [¢); N. Omodei ”; N. Di Lalla [’; F. Ryde

[a] University of Trento [b] National Institute for Nuclear Physics - INFN — Section of Bari [c] Politecnico of Bari [d]
University of Trieste [e] National Institute for Nuclear Physics - INFN — Section of Trieste [f] Stanford University, USA [g]

KTH Royal Institute of Technology, Sweden

In this contribution, we present the first comprehensive systematic spectral analysis of the complete
sample of GRBs jointly observed by Fermi-GBM and Fermi-LAT over the first 18 years of the Fermi
mission. The analysis is performed within the Multi-Mission Maximum Likelihood (3ML) framework,
and includes both time-integrated and time-resolved studies. The sample comprises ~200 GRBs
spanning a wide range of durations, fluences, and spectral properties, providing a representative
dataset for statistical studies of prompt emission. We report preliminary results from the joint fits
and quantitatively evaluate the impact of high-energy emission on the spectral parameters,
including systematic shifts in the inferred values and a reduction in their uncertainties compared to
previous results reported in the literature, as well as their evolution across time bins. We also
investigate the presence of additional spectral components required to account for emission at the
highest energies, such as extra power-law components or possible high-energy exponential cutoffs.
By exploiting Fermi’s broadband coverage, this study provides new constraints on the physical

mechanisms driving GRB prompt emission.

The Anti Coincidence Detector for the APT Antarctic Demonstrator - Authors: P. Loizzo
@bl £ Bissaldi ' 9; F. Gargano [

[a] University of Trento [b] INFN, Bari site [c] University and Politecnico of Bari

Gamma-ray observations provide unique opportunities to investigate unresolved astrophysical
processes such as particle acceleration, nucleosynthesis, and the nature of dark-matter. Moreover,
gamma rays in the range from few MeV to several tens of MeV remain relatively unexplored due to
instrumental challenges, limited sensitivity, poor angular resolution, and high background
contamination.

The Advanced Particle-astrophysics Telescope (APT) is a next-generation mission concept designed
to address these challenges by combining Compton imaging and pair-production tracking in a single
instrument. As a pathfinder for the space mission, the Antarctic Demonstrator for APT (ADAPT) will
undertake a long-duration balloon flight in 2026—2027 to validate the key subsystems in a near-

space environment. One subsystem of ADAPT is the Anti-Coincidence Detector (ACD), developed to
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identify and suppress charged-particle backgrounds and to provide complementary identification
for heavy nuclei.

We present the development and characterization of a single-tile ACD prototype composed of
segmented plastic scintillator, Silicon Photomultipliers (SiPMs), and a low-power BETA ASIC front-
end electronics. The tile was tested at the CERN Proton Synchrotron with a 10 GeV negative-pion
beam to evaluate its detection efficiency, and in the INFN Bari laboratories using a 90Sr source to
map the uniformity of the SiPM light collection across the tile surface. Subsequent tests on a full
equipped ACD section were carried out in another campaign at the CERN PS. Four tiles were stacked
together, arranged as in the flight layout of the ACD to assess the detector hermeticity against
charged particles in its most critical regions.

The results demonstrate the high detection efficiency of both the single tile and the tested ACD
section, representing an important step toward the full ACD integration in the forthcoming ADAPT

mission.

Unconventional Array Antenna Systems for Efficient Long-Range Wireless Power
Transmission - Authors: S. Lusa ®: P. Rocca @ !
[a] University of Trento, ELEDIA Research Center [b] ELEDIA Research Center, Xidian University, Xi’an

Long-range Wireless Power Transmission (WPT) systems require highly directive antenna arrays
capable of focusing electromagnetic energy onto small and distant receiving apertures to maximize
end-to-end power transfer efficiency. Conventional phased antenna arrays (PAs) provide accurate
beam steering and high transmission efficiency but suffer from limited scalability due to the cost,
complexity, and power consumption associated with phase shifters and active RF components.
These limitations have motivated the investigation of unconventional transmitting antenna array
architectures that exploit alternative beamforming mechanisms while reducing hardware
complexity. Modular antenna arrays represent a promising solution by partitioning the transmitting
aperture into independent sub-arrays, offering a favorable trade-off between beamforming
performance, implementation complexity, and scalability. Time-Modulated Arrays (TMAs) provide
an alternative approach by periodically switching antenna elements on and off, enabling beam
steering through harmonic radiation while reducing the need for conventional phase-control
hardware. Both architectures offer attractive solutions for scalable and cost-effective WPT systems,
although with different operating principles and design trade-offs. Their characteristics are
discussed in this work in terms of beamforming capability, transmission efficiency, implementation

complexity, and suitability for long-range WPT applications.
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Fast-Timing Strip LGADs for Space-Weather Monitoring in Low Earth Orbit. Building &
Characterising a 32-Channel Large-Area Strip LGAD Detector for Charged-Particle Flux
Measurements - Author: D. Schledewitz ' ")

[a] University of Trento [b] Trento Institute for Fundamental Physics and Applications — TIFPA- National Institute for
Nuclear Physics - INFN

Cosmic-ray space experiments identify charged particles by reconstructing their trajectory and
measuring their energy and charge. Knowing not just where a particle passed but exactly when (its
timing) opens a "fourth dimension" that can sharpen particle identification, suppress background,
and enable time-of-flight (TOF) velocity measurements in compact instruments. This is especially
valuable on small platforms like CubeSats, which have no room for the magnetic spectrometers
large missions use to measure momentum, and where a direct TOF measurement could significantly
improve particle identification capabilities.

Low-Gain Avalanche Detectors (LGADs) are thin, radiation-tolerant silicon sensors reaching tens-of-
picosecond timing, making them strong candidates for adding this fourth dimension to future space
detectors. My PhD project at the University of Trento and FBK develops and characterizes a 32-
channel LGAD-strip setup using a Transient-Current-Technique (TCT) laser station together with
radioactive-source and cosmic-ray measurements. This poster presents the motivation, current

status, first results, and the roadmap toward a custom detector prototype.

Modelling and Calibration for In Situ Lunar XRF - Authors: S. Trevisan @ ®![9: G, Baroni
€. R. Campana ; A. Cernok ®!; M. Citossi /; F. Dogo [©; Y. Evangelista ; T. Fagotto [;
F. Fiore!“; C. Feruglio I’; N. Sesto Gorella; F. Pedichini ; A. Trois

[a] University of Trento [b] University of Trieste [c] INAF

This poster presents a modelling and calibration study for PROGReX (Prospecting the Moon with
Gamma X-rays), a combined X-ray and gamma-ray spectrometer being developed for in situ lunar
surface applications, building on detector technology already flight-proven on small satellites.
Designed for rover deployment as part of a broader resource-characterization payload, PROGReX
uses gamma-ray spectroscopy to probe nuclear lines and X-ray fluorescence (XRF) to probe atomic
lines in rocks and regolith — a direct way to characterize surface chemistry for both scientific and
prospecting goals, especially at local rather than kilometre-scale resolution.

We focus on the geometry and quantitative calibration needed to convert a measured XRF spectrum
into surface composition estimates, a non-trivial step that requires a physics-based model linking
line intensities to composition while accounting for illumination and measurement geometry. The
poster outlines our approach, which combines two methods: an analytical method for estimating
expected fluorescence line intensities, cross-checked against an independent Monte Carlo

simulation, together enabling rapid exploration of different observing configurations and
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measurement conditions. We show example results from this modelling work and outline planned
next steps, including laboratory measurements on analogue materials to benchmark the models
and refine calibration and operating procedures under realistic conditions.
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Curriculum 6 — Satellite Platforms: Engineering and Technologies

From Space to Ground: How to Test LISA's Precision Launch-Lock Mechanism - Authors:
G. Agostini ' M. Tomasi @' *!; C. Zanoni !; M. Grespi ©; A. Moroni ; D. Bortoluzzi 1!
[a] University of Trento [b] National Institute for Nuclear Physics - INFN [c] OHB - Italia

The Laser Interferometer Space Antenna (LISA) will be the first space-based gravitational-wave
observatory, requiring its gold-platinum test masses to remain in near-perfect free fall with
acceleration noise at the fm/s?/VHz level, several orders of magnitude beyond current geodesy
missions.

During LISA Pathfinder, the Grabbing, Positioning and Release Mechanism (GPRM) released the test
masses with residual linear and angular velocities far above requirements, caused by unexpected
TM-mechanism collisions driven by oscillations, asymmetries, and tight clearances. LPF mitigated
these issues manually, but LISA’s long communication delay makes autonomous reliability essential.
A delta-development campaign upgraded the GPRM geometry and clearances. To validate its
performance on Earth, OHB Italia developed an Engineering Model test facility centered on a Gravity
Off-Loading System (GOLS) that reproduces the 6-DoF release dynamics under 1-g conditions.

The GOLS uses a 1.5 m suspension wire and a precisely balanced Dummy Test Mass, combined with
a zero-stiffness compliant mechanism that provides a 12 mm frictionless vertical stroke by pairing
positive and negative stiffness elements. This minimizes parasitic forces that would otherwise mask
the true release behavior.

DTM motion is tracked with a six-sensor confocal metrology system, achieving sub-micron

resolution during the release sequence.

Geometric Deep Learning for Satellite Thermal Analysis - Authors: S.D. dell'Aquila '[!
€. G. Mazzarella !’; P. Andronico ; G. Bolognese

[a] University of Trento [b] University of Cagliari [c] Nurjana Technologies Srl

This work investigates the use of Geometric Deep Learning as a surrogate approach for spacecraft
thermal analysis during early design phases. The spacecraft layout is represented as a graph, where
components are nodes and geometric relationships such as distance, orientation, occlusion, and
angular visibility are encoded as edges.

A graph neural network is trained on data generated from high-fidelity geometric computations,
allowing the model to approximate thermal-relevant interactions between spacecraft components
without repeatedly performing expensive mesh-based calculations. The proposed approach
supports rapid evaluation of multiple layout configurations and can be integrated into spacecraft

design optimization workflows.
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By preserving the natural relational structure of the spacecraft geometry, Geometric Deep Learning
offers a flexible and scalable alternative to grid-based methods for preliminary thermal assessment.

Integrated Radiation-Hard Silicon Photonics: Characterization and Active Dither
Stabilization - Author: M.B. Ayalew /"]
[a] University of Trento [b] Sant’Anna School of Advanced Studies - Pisa

Next-generation high-energy physics (HEP) particle tracking detectors and deep-space
communication transceivers require optoelectronic conversion layers capable of sustaining multi-
gigabit data throughput within ultra-harsh radiation environments. To autonomously mitigate
radiation-induced lattice defects, charge trapping, and carrier-plasma dispersion drifts, a dither-
based second derivative (2w) closed-loop stabilization scheme is implemented. Superimposing a
low-amplitude sinusoidal dither onto the continuous-wave bias allows a dual-channel lock-in
amplifier algorithm to isolate the second-harmonic power component. Because this (2w) term
scales with the second derivative of the optical transfer function, tracking its zero-crossing provides
a calibration-free, automated mechanism to continuously lock modulators to their optimal
inflection or edge-quadrature points. The complete control plant model is mapped into a high-speed
FPGA digital signal processing (DSP) core, executing discretized, fixed-point quantified proportional-
integral (Pl) feedback logic.

Development of An Anechoic Chamber Digital Twin for The Prediction of Antennas for
Space Applications Radiation Measurements - Authors: L. Di Vincenzo ¥; L. Lizzi ©¥; D.
Munalli *’; S. Lunardini ®'; G.M. Mongini ’; E. Scione !’

[a] University of Trento [b] Thales Alenia Space Italia Spa, Rome

Anechoic Chambers (ACs) provide isolated electromagnetic environments that are crucial for the
radiofrequency (RF) testing of satellite and spacecraft devices, shielding them from disruptive and
unwanted signals. To optimize test set-ups and predict test results, this work presents the
development of a numerical Digital Twin model of an AC. The core strategy involves modeling the
chamber by finding equivalent material properties to replace complex pyramidal absorbers,
minimizing computational time while preserving accuracy. A modified Debye model is employed to
characterize the electromagnetic properties and permittivity gradient of carbon-loaded
polyurethane foam. Using manufacturer-provided reflectivity data, low-frequency bulk material
parameters are retrieved via optimization techniques to construct a complete frequency-dependent
permittivity model. Based on Maxwell-Garnett effective medium theory, a homogenization process
is applied to discretize the pyramidal absorber into multiple homogeneous layers with equivalent

effective permittivity, which are then evaluated numerically using CST Studio Suite. Reflectivity
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results from this stratified model and the full pyramidal model are compared against experimental
measurements, using a Weighted Mean Absolute Error (WMAE) metric to optimize high-frequency
permittivity values. The current layered model successfully replicates the reflectivity behaviour of
the original absorber with good approximation. Future work aims to further simplify the structure
to a single equivalent material layer and validate the model against real chamber performance by
predicting electric field strength across different locations.

Impact of Nonlinear Distortion on 5G-NR Direct Radiating Array Satellite Downlink -
Authors: N.K. Machikalapudi ' ®; A. Vannucci ; G. Colavolpe ’; T. Foggi *!; N. Mazzali
[c]

[a] University of Trento [b] University of Parma [c] 3ESA—ESTEC, European Space Agency, The Netherlands

In this poster, we propose an analytical framework to assess the impact of nonlinear distortions on
the downlink performance of a multi-beam satellite equipped with a direct radiating array (DRA)
and compliant with the 5th Generation New Radio (5G-NR) standard. We consider a digital
beamforming network implemented by the on-board processor and show that analog beamforming
arises as a special case of the derived expressions. Distributed amplification with identical solid-
state power amplifiers (SSPAs) across the DRA feeder chains is assumed; when operated at or near
saturation, these amplifiers introduce amplitude and phase distortions. In particular, we derive a
closed-form statistical expression for the nonlinear distortion power, which highlights the various
system and DRA parameters contributing to the overall received distortion under the assumption
of correlated distortion among the feeds. We then quantify the signal-to-nonlinear-distortion ratio
and characterize the end-user performance in terms of bit-error rate using the classical Gaussian
tail prediction model. The proposed approach shows excellent agreement with results obtained
from numerical simulations. Moreover, its prediction accuracy yields insights that are instrumental
in identifying the extent to which, for different DRA configurations, linear and nonlinear

impairments can be confidently treated as additional Gaussian noise.

Simulation Framework for Stratospheric Scientific Balloon Flights - Author: I. Marsili ! !

[a] University of Trento [b] University of Pisa

This poster will present the model that | developed for trajectory forecast of sounding balloons. It
will include the physical model, hypothesis and the validation against real flight data
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From Synchrotron to Space: Adaptive X-Ray Mirrors Made from Lithium Niobate -
Authors: F. Marzari 2 P!lcl: | Raimondi'“!; G.D. Cutler ; K.A. Goldberg !; C. Zanoni @ *!;
D. Bortoluzzi @ I*!

[a] University of Trento [b] National Institute for Nuclear Physics (INFN) [c] Lawrence Berkeley National Laboratory

Adaptive X-ray mirrors have been utilized at synchrotron light sources for over three decades to
provide adjustable focal distances and wavefront control. Traditionally, these systems rely on
discrete arrays of lead zirconate titanate (PZT) actuators bonded to a silicon substrate. However,
this hybrid architecture introduces significant fabrication complexity and performance limitations,
including mechanical drift, hysteresis, thermal instability, and adhesive outgassing. To address these
challenges, monolithic piezoelectric mirrors fabricated from lithium niobate (LiNbO3) substrates
have emerged as a compelling alternative. Recent studies demonstrate their potential to transform
X-ray beam control across synchrotrons, endstations, and X-ray space telescopes. Here, we present
the underlying working principles and a dedicated design methodology for these next-generation
monolithic adaptive optics.

Signal Processing Algorithms for Improved OFDR-Based Distributed Fiber Sensing -
Authors: I.B. Meka ?' P19 J_ Elaskar !’; S. San Martin !; F. Di Pasquale !; Y. Muanenda
bl ). Oton [

[a] University of Trento [b] Sant’Anna School of Advanced Studies - Pisa [c] Infibra Technologies Srl

In this work we demonstrate an Optical Frequency-Domain Reflectometry (OFDR) measurement
using sub-band division of the probe frequency sweep for distributed strain measurements with
reduced noise along 200-m fiber with 20-cm spatial resolution using a laser sweep spanning 8 GHz

at sweep rate of 100 Hz.

FlowVoT: Monocular Visual Odometry with GMFlow-Guided Optical Flow and a
Lightweight Spatio-Temporal Transformer - Authors: I.T. Mirach ©® I C. Sacchi ?; L.
Canzian !

[a] University of Trento [b] 2QAscom Srl, Aerospace Company

Monocular Visual Odometry (MVO) estimates 6 - DoF pose from monocular image sequences and
remains widely used in Multi-sensor Navigation, though pure monocular systems still face scale
ambiguity and drift. Classical VO relies on geometric constraints and extensive engineering across
feature extraction, matching, and motion refinement, while recent deep learning and vision -
transformer approaches improve global reasoning but remain sensitive to training data, dynamic

scenes, and long- term drift. Optical Flow- based VO methods provide dense per- pixel motion cues
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yet struggle in low- texture or occluded regions and can still accumulate drift without metric
constraints. To address these limitations, we propose FlowVoT, a GMFlow- based VO framework
that uses pretrained global-matching optical flow as dense motion input to a lightweight spatio -
temporal Transformer. Unlike prior flow-based, it requires no depth or inertial sensing, and unlike
other Transformer-based VO models, it avoids pretrained visual encoders by directly consuming
GMFlow outputs, reducing complexity and computation. FlowVoT uses a pretrained frozen GMFlow
encoder with an end-to-end trainable Transformer decoder, leveraging dense flow for robustness
under fast motion and occlusions while using attention to capture global temporal structure.
Evaluated on the KITTI and TUM-RGBD benchmarks, it achieves competitive or improved translation
and rotation accuracy over flownet-based and Transformer-only baselines, while highlighting
remaining challenges in low -texture and highly dynamic scenes.

Development of Passive WR4.3 (170 —260 GHz) and WR1.5 (500 —750 GHz) Waveguide
Components - Author: A.l. Olivares Olivares [ P! c

[a] University of Trento [b] Consiglio Nazionale delle Ricerche - CNR-IEIIT Turin [c] Consiglio Nazionale delle Ricerche -
CNR-STIIMA Milan

This poster presents the development of metal passive WR1.5 waveguide components for sub-THz
Earth Observation and Space Science applications. Components are fabricated through micro-
electrical discharge machining and micro-milling technologies. Evaluation of the applicability to the
intended applications is carried out by fitting the measurement data with simulations, considering
geometrical tolerances and effective conductivity. Moreover, bed-of-nails structures are proposed
to mitigate leakage at interface gaps.

Ice Adhesion on Micro-Structured Silicon and PDMS Surfaces - Authors: M. Omilli @ ©®/;
N. G. Di Novo '®!: A, Bagolini !; D. Giubertoni ®'; N.M. Pugno @
[a] University of Trento [b] Fondazione Bruno Kessler [c] School of Engineering and Materials Science, Queen Mary

University of London

This study investigates ice adhesion shear strength (tau) on micro/nano-structured surfaces,
comparing rigid silicon and elastomeric PDMS microcone arrays to understand how texture size and
material stiffness affect icephobicity. Experimental tests revealed a critical scale-dependent reversal
in performance. On large microcones, PDMS achieved extremely low adhesion, while silicon
recorded the highest adhesion. Conversely, on small microcones, silicon outperformed PDMS. Flat
nano-aluminum substrates provided the best overall baseline. Finite Element Method (FEM)
simulations highlight that material stiffness dictates interfacial stress concentration during

detachment, while post-test SEM analyses rule out macroscopic mechanical interlocking. These
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findings demonstrate that effective anti-icing surface design requires a critical balance between
topographical scale and the substrate's mechanical properties.

Vision Based Navigation for Satellite Pose Estimation - Authors: G. Polato @ I S,
Grigolon !; A, Valmorbida ®'!: S. Chiodini ”'I; A. Brunello ; G. Anese I; S. Salmistraro
bl- M.K. Ben-Larbi !; E.C. Lorenzini ®'!; B. Saggin '[!

[a] University of Trento [b] University of Padova [c] Centro di Ateneo di Studi e Attivita Spaziali «G. Colombo», CISAS-

UniPD, Padova [d] Department of Informatics, University of Wiirzburg

In recent decades, space debris has become a major concern for the scientific community. Various
approaches have been investigated to mitigate and potentially reverse its exponential growth.
Among these, Active Debris Removal (ADR) is considered a key complementary strategy, as its
implementation is essential alongside mitigation measures to ensure the long-term sustainability of
the space environment. During the capture phase of an ADR mission, Vision-Based Navigation can
play a crucial role in estimating the pose of the target satellite. This work presents vision-based
approaches for satellite pose estimation using camera sensor, including Al-driven methods.

Design, Fabrication and Validation of a Dual - Width Folded Waveguide for Low Voltage
Travelling-Wave Tubes - Authors: E. Traina ' ®!cl: C. Paoloni |/; A. Busacca

[a] University of Trento [b] University of Palermo [c] Lancaster University

Future high-capacity space communication systems require compact W-band amplifiers capable of
delivering high RF power and broad bandwidth while operating at reduced beam voltage. This work
presents the development of a fabrication-oriented Dual-Width Folded Waveguide (DW-FWG) slow-
wave structure for travelling-wave tubes. The proposed topology introduces a straight-section width
smaller than the curved-section width, deliberately exploiting the profile imposed by CNC milling to
enhance beam--wave coupling while preserving practical manufacturability. Cold-circuit simulations
show an interaction-impedance enhancement of approximately 25--30% compared with a
conventional folded waveguide. A 15-period DW-FWG prototype was fabricated in OFHC copper
and characterised through W-band S-parameter measurements, showing good agreement with
simulations. Large-signal PIC simulations of a two-section interaction circuit predict approximately
40~W of output power and more than 39~dB gain over 84--94~GHz at a beam voltage of 11.1~kV.
These results support the DW-FWG as a promising interaction circuit for future reduced-voltage W-
band space TWTs.
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Curriculum 7 — Economics, Law and Space Diplomacy

GeoBlockchain for Earth Observation Data Governance. A Multi-Layer Blockchain
Notarization Framework for Geospatial Data Integrity - Author: O.l. Epicoco @ [*!
[a] University of Trento [b] University of Bari "Aldo Moro"

The increasing reliance on Earth Observation (EO) data for critical decision-making — spanning
environmental monitoring, urban planning, and space economy applications — demands robust
mechanisms for ensuring data integrity, provenance, and trustworthiness. This research proposes
and evaluates a GeoBlockchain framework that integrates distributed ledger technology with
geospatial data pipelines to address governance challenges in EO data ecosystems.

The proposed architecture is based on a multi-layer cryptographic notarization scheme, anchoring
EO data artifacts — including raw imagery, processed products, and metadata — to a public
blockchain, enabling tamper-evident provenance tracking across the full data lifecycle. The
framework has been developed and validated in collaboration with an industry partner operating in
the geospatial and remote sensing sector, demonstrating feasibility for operational EO data
pipelines.

Space Data Centres in European Private Law. Liability and Ex Ante Standards for
Compute and Storage in Orbit - Author: I. Fino @]
[a] University of Trento [b] Sant’Anna School of Advanced Studies - Pisa

This research examines space data centers as emerging infrastructures for Al compute and as a
source of novel accountability issues. Training, fine-tuning and deploying advanced Al models
depend on hardware and data-center conditions that, in orbit, are exposed to radiation, thermal
cycling, debris risks, communication constraints and limited physical access. Technical studies on
radiation-induced faults, silent data corruption and fault injection show that external disturbances
may alter computations, corrupt model components, affect outputs or compromise safety-relevant
behaviour. The research argues that foreseeable external events should not automatically exclude
or reduce the responsibility of the Al model provider; rather, their legal relevance should depend
on whether the provider, and the infrastructure operator on which it relies, adopted adequate
preventive, monitoring and evidentiary measures to avoid model corruption and preserve the
reconstructability of the model lifecycle.
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Back to the Future: From Operational History to Archive Preservation and Knowledge
Dissemination. Transdisciplinary Pilot PhD Program for Space Diplomacy Analysts for ASI
- Author: S. Ongaro @ [°]

[a] University of Trento [b] University of Padova

This research analyzes Italy's role in space as a foreign policy area since the 1970s, reconstructing
the evolution of international cooperation along five key directions: Earth Observation, Space
Observation, Human Exploration, Robotic Exploration, and satellite navigation with Galileo. Drawing
on ltalian, European, and American archival sources, complemented by oral history interviews, the
study highlights Italy's contribution to the development of European and transatlantic space
cooperation and the progressive consolidation of Europe's strategic autonomy in the space sector.

Spatiotemporal Dynamics of Slums in Africa - Authors: A.H. Osman ' : J, van Vliet [;
A. Levering !
[a] University of Trento [b] University of Bari “Aldo Moro” [c] Vrije University of Amsterdam

Africa is experiencing an unprecedented urbanization; its urban population will double in the next
2 decades, and urban agglomerations are expected to increase up to eleven thousand. Along with
the rapid urbanization, the persistence and growth of slums are challenging fragile urban
environments in many countries on the continent. According to OECD et al. (2025) Countries with
low levels of urbanization foster the highest growth of urban population; hence, these countries are
home to the largest concentration of slums on the continent. Existing studies mainly focused on
using remote sensing imagery and tools to identify slums, overlooking the temporal dynamics of
areas. The absence of reliable data can lead to misleading and unreliable estimates being provided
to various authorities and stakeholders. Subsequently, targeted interventions in slums will have less
feasible outcomes without proper tools to monitor the dynamics of slums in these countries, leading
to higher rates of urban sprawling. Focusing primarily on the spatial mapping of slums encourages
a reactive approach among policymakers and governments, whereas accounting for the temporal
dynamics of slums increases the potential to develop proactive measures and policy interventions.
This research developed a scalable model using multispectral satellite images to track the
development of slums in Africa. using the deep learning feature extraction model coupled with
computer vision models such as DinoV3 and DinoV2, our model extracts building footprints and

compares the building densification over time.

Earth Observation (“EQ”) Data Protection through Intellectual Property Rights - Author:
G. Priotti 121!

[a] University of Trento [b] University of Turin
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The poster addresses the issue of ownership and protectability of various type of remote sensing
data - ranging from raw to enhanced data - through intellectual property rights. In particular, it
wonders which may be available and suitable type of protection for such kind of data, to this end
exploring: trade secrets; copyright; database sui generis right.

Controlling the Chokepoints in Outer Space: The New Frontier of Geopolitical
Competition since the Struggle for the Maritime Straits - Author: A. Tullj /!

[a] University of Trento [b] University of Padova

This research investigates the strategic importance of controlling key points and orbits in space
through the analytical lens of classical maritime doctrine. Drawing on Alfred Thayer Mahan's
concept of command over lines of communication and Julian Corbett's notion of relative, contested
command, the study extends these foundational naval theories—together with Everett Dolman's
Astropolitik framework for subdividing outer space into distinct strategic zones—to the emerging
domain of orbital and cislunar chokepoints, including low Earth orbit, geostationary orbit, and the
Earth—Moon Lagrange points.

The central research question asks how important it is for major space powers to control such critical
orbital positions, and what implications this holds for the international order, the prospects of the
new space economy, and the future of humanity. The analysis situates this inquiry within the
broader "race-to-space" context, comparing the strategic postures of established and emerging
spacefaring actors—the United States, the European Union, Russia, China, and others—while
drawing an illustrative parallel with the contemporary scramble for Arctic sea routes, including the
geopolitical contest over Greenland.

Methodologically, the research combines a structured literature review with comparative analysis
of state capabilities and strategies, alongside an examination of the existing legal and normative
framework governing space activities. Particular attention is paid to the 1967 Quter Space Treaty,
whose Cold War—era provisions are increasingly challenged by the militarization, congestion, and
commercialization of space. The study aims to map critical spatial chokepoints, propose a
theoretical framework for their acquisition and control, and inform policy directions that reconcile

strategic competition with the cooperative, peaceful use of outer space.
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