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Context. Volcanoes generate seismic signals that reflect complex physical processes such as magma transport, fluid circulation, and fracturing. At Mount Fuji, the eruptive cycle is very slow, and seismic activity is characterized primarily by two main types of events: volcano-tectonic (VT) earthquakes and low-frequency events (LFE). Observations show that seismicity is generally low but episodically activated, with swarms of low-frequency earthquakes revealing changes in the deep magmatic system [5,6]. These signals provide key insights into the state of the volcanic system, yet their classification and localization remain challenging due to noise, propagation effects, and limited labeled data. This context calls for robust and physically grounded approaches to extract meaningful information from seismic waveforms.

Objectives. The central objective of this project is to learn the spatial position of seismic sources directly from scattering representations. By computing first- and second-order scattering coefficients, the project will construct feature spaces that encode both spectral content and temporal variability of seismic signals [2], and investigate how these features relate to source location. Regression and embedding approaches will be developed to map scattering coefficients to spatial coordinates, with the hypothesis that scattering representations implicitly capture propagation effects and path-dependent information. In parallel, classification (or clustering) between VT and LFE events will be used as an auxiliary task to structure the feature space and improve localization performance. A key perspective of the project will be the development of network-based scattering transformations, extending the classical single-station framework to multiple stations using graph-based representations, in order to explicitly incorporate spatial correlations and further enhance location prediction.
Methodology. The wavelet scattering transform provides a principled framework to extract invariant and stable features from time series while preserving higher-order statistical information. In particular, the formulation of the deep scattering spectrum by Andén and Mallat [1] offers a multi-scale representation well suited to seismic signals, capturing both spectral content and temporal modulations. Compared to standard spectrogram-based features, scattering coefficients provide increased stability to noise and small deformations, making them particularly relevant for the analysis of complex volcanic waveforms, with a strong potential for seismic event location based on single-station records.
Physical interpretation. Beyond localization performance, the project will investigate whether scattering representations encode meaningful information about the physical properties of the volcanic edifice. In particular, building on recent work by Steinmann et al. [3] on Kamchatka volcanoes and further developments by Esfahani et al. [4], we will explore the sensitivity of scattering features to variations in wave scattering, attenuation, and medium heterogeneity. This may provide a physical interpretation of why and how scattering features enable source localization, linking learned representations to underlying propagation processes.

Work environment. The PhD candidate will be hosted at Institut de Physique du Globe de Paris within the seismology team, which offers a stimulating interdisciplinary environment at the interface of geophysics, signal processing, and machine learning. The team has strong expertise in seismic wave propagation, ambient noise analysis, and data-driven methods, and maintains close collaborations with international partners and volcano observatories. The candidate will benefit from access to high-performance computing resources, rich seismic datasets, and a vibrant research ecosystem including seminars, teaching opportunities, and participation in major conferences such as EGU and AGU.

Requirements. The ideal candidate will have a strong background in geophysics, signal processing, or machine learning, with solid programming skills in Python and experience with scientific computing. Familiarity with seismic data analysis, inverse problems, or statistical learning methods will be highly valued. An interest in interdisciplinary research at the interface between physics and data science is essential, as well as autonomy, curiosity, and the ability to communicate results clearly in English.
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