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I. Introduction and Research Context
The field of modern astronomy has reached a pivotal moment in understanding planetary systems beyond our solar system. As an emerging Astronomer with a specialization in exoplanetary dynamics, I propose this Thesis Proposal to investigate high-precision radial velocity measurements of nearby M-dwarf systems—a critical frontier for characterizing potentially habitable worlds. This research is particularly relevant to Belgium Brussels, Europe's scientific and political capital where the Royal Observatory of Belgium (ROB) and ULB's Center for Astronomy actively contribute to the European Space Agency's (ESA) exoplanet missions. With Brussels hosting key institutions like the European Commission's Directorate-General for Research and Innovation, this project aligns perfectly with continental priorities in space science. The current gap in understanding low-mass planet formation around M-dwarfs—where 70% of stars reside—demands urgent investigation to inform next-generation telescopes like the ESA's PLATO mission.
II. Problem Statement
Despite 5,000+ confirmed exoplanets discovered since 1995, high-precision radial velocity (RV) studies remain limited for M-dwarfs due to stellar activity noise and instrumental constraints. Current datasets from facilities like HARPS (ESO) are underutilized in Europe's comparative analysis frameworks. This research gap directly impacts our ability to assess the prevalence of Earth-like planets in the habitable zones of these abundant stars—a question central to astrobiology and the search for life beyond Earth. A dedicated Thesis Proposal addressing this challenge is imperative for Belgium Brussels, which hosts Europe's primary exoplanet data repositories through the European Space Astronomy Centre (ESAC) collaboration with ROB.
III. Research Objectives
1. To develop a novel noise-reduction algorithm integrating stellar activity models with RV datasets from the HARPS-N spectrograph at La Palma Observatory, specifically optimized for M-dwarf systems near the ecliptic plane (accessible via Brussels-based data pipelines).
1. To characterize orbital parameters and mass distributions of planets around 50 target M-dwarfs using data from the ROB's European Exoplanet Archive (EEA), leveraging Belgium's strategic role in ESA’s astronomical infrastructure.
1. To assess habitability potential by correlating planetary masses with stellar magnetic activity metrics derived from TESS light curves, establishing a Brussels-based framework for comparative exoplanetary science across EU networks.
IV. Methodology
This project employs a multi-institutional approach centered in Belgium Brussels. Phase 1 (Months 1-6) will involve collaborative workshops with the Royal Observatory of Belgium to refine data processing techniques using their high-performance computing cluster at the Brussels Science Park. Phase 2 (Months 7-18) will process archival HARPS-N and TESS data through custom Python pipelines developed at ULB's Astrophysics Group, utilizing Brussels' access to ESA’s PLATO mission database. Phase 3 (Months 19-24) will validate findings via spectroscopic follow-up with the NIRPS instrument at ESO's La Silla Observatory, coordinated through ROB's European observational network. Crucially, all data analysis will occur within Belgium’s secure research ecosystem—ensuring compliance with EU data sovereignty standards under Brussels-based policies.
V. Significance and Contribution to Belgian Astronomy
This Thesis Proposal addresses a critical need for Belgium to strengthen its leadership in European astronomy. As an Astronomer, I will directly contribute to the ROB's strategic goal of becoming Europe’s hub for exoplanet data science, enhancing Brussels' reputation as an astronomy capital. The research outcomes will provide: (1) A publicly accessible algorithm package hosted on the ROB's data platform; (2) New planetary mass measurements that inform ESA's PLATO mission targets; and (3) Policy-relevant insights on EU investment priorities for ground-based exoplanet surveys. Belgium Brussels stands uniquely positioned to bridge European space agencies with ground-based observatories—this project will capitalize on that advantage by establishing a Brussels-centric workflow adopted across the European Exoplanet Network.
VI. Timeline and Resources
	Phase
	Duration
	Key Activities
	Belgium Brussels Collaboration Points

	I. Data Acquisition & Algorithm Development
	Months 1-6
	Workshops with ROB, EEA data access, algorithm prototyping
	ROB's High-Performance Computing Facility (Brussels Science Park)

	II. Data Analysis & Validation
	Months 7-18
	RV processing, stellar activity modeling, peer review with ULB team
	ULB Astrophysics Group (Brussels University Campus)

	III. Dissemination & Policy Integration
	Months 19-24
	Paper submissions, ESA workshop participation, policy brief for EU Commission
	EU Space Strategy meetings at Brussels' European Parliament complex


VII. Expected Outcomes and Academic Impact
This Thesis Proposal will yield three transformative contributions to astronomy: (1) A validated RV analysis pipeline optimized for M-dwarfs, which will be integrated into the ROB's European Exoplanet Archive—a resource used by 30+ EU institutions; (2) Three peer-reviewed publications in Astronomy & Astrophysics and Nature Astronomy, positioning Belgium Brussels as a leader in exoplanet characterization; (3) A policy white paper for the European Commission on prioritizing ground-based spectroscopy networks, directly influencing Horizon Europe funding allocations. As an Astronomer, I will establish a research niche at the intersection of data science and observational astronomy—precisely the skillset Brussels needs to advance its strategic vision in space research.
VIII. Conclusion: Why Belgium Brussels?
Belgium Brussels offers an unparalleled ecosystem for this research. The concentration of EU institutions, ESA facilities, and academic powerhouses like ULB and ROB creates a unique "gravity well" for astronomical collaboration that cannot be replicated elsewhere in Europe. This Thesis Proposal leverages that advantage to transform raw data into actionable science—proving that Belgium Brussels remains at the forefront of our cosmic exploration. By completing this doctoral work here, I will not only advance fundamental knowledge of exoplanetary systems but also contribute to Belgium's ambition as a scientific powerhouse in space research. The findings will directly inform future European missions and inspire the next generation of Astronomers—many based right here in Brussels—to pursue careers that bridge data science, observational astronomy, and international policy. This is not merely a Thesis Proposal; it is an investment in Europe's astronomical legacy.
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