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If you are interested in close-in Neptunes and have transit datasets that you want
to study as part of sample, you are welcome to join the
collaboration. We are also interested in any complementary data that you may
have on close-in Neptune systems. Send an email to vincent.bourrier@unige.ch

Bourrier+2025

Ephemeris : Transit timing precision quickly degrades for close-in planets.
We are carrying out an extensive campaign with our photometric facilities,
combined with a re-analysis of archival data, to get below 5 min precision.

Transits : Each planet is observed with with baseline on each
side of the transit to measure the unocculted stellar spectrum and perform
various corrections. We attempt to catch spot crossings and characterize
stellar activity using simultaneous photometry.

Long-term monitoring : We exploit archival / new photometric and RV
observations to measure host star rotations and search for outer
companions.

datasets are run through the workflow
(Bourrier+2024), a set of methods to process high-resolution transit
spectroscopy in a robust way, extract accurate exoplanetary and stellar
spectra, and analyze them for stellar, orbital, atmospheric characterization.
This will ensure homogeneous and reproducible results for the sample.

Orbital architecture: Planet-occulted stellar spectra extracted with
are analyzed with the RM Revolutions technique

(Bourrier+2021) to derive the stellar rotational velocity and sky-projected
angle. Combined with the stellar rotation period, this yields the 3D orbital
architecture, which informs evolutionary models (Attia+2021).

Upper atmospheres: Transmission spectra calculated with
are fitted with the code (Bourrier & Lecavelier 2013, Dethier &
Bourrier 2023), which generates realistic spectra accounting for the system's
architecture, 3D atmospheric structure, and spectral variations over the
stellar disc. This allows characterizing atmospheric signals, disentangled
from occulted stellar lines (Carteret+2024).

Global view: The primary goal of is to build the distribution of
3D orbital architectures for close-in Neptunes, and thus disentangle the
roles of migration processes. A secondary goal is to probe the irradiation
threshold for atmospheric expansion and evaporation.

The ncestry, raits, and elations of xoplanets nhabiting the esert dges and avanna 
collaboration (Bourrier+2025  is built upon a large program to probe the orbital 
architecture of close-in Neptunes. To mitigate selection biases we defined a volume-limited sample 
(Fig. 1, green diamonds) encompassing all transiting Neptunes with a detectable Rossiter-McLaughlin 
(RM) signal. includes collaborators with access to complementary photometry from
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Close-in exoplanets are shaped by processes to which exo-Neptunes
appear to be particularly sensitive (Owen+2018). While atmospheric erosion
played a major role in forming the Neptunian Desert (e.g. Mazeh+2016), it is
not clear how far into the Savanna (a milder deficit of warm Neptunes at
longer periods, Bourrier+2023) this process is active and when in a planet
life it occurs (Fig 1). Determining the fraction of Neptunes brought close-in
by early disk-driven migration (DDM) or late high-eccentricity migration
(HEM) is thus essential to understand their overall evolution.

The local stellar lines occulted by TOI-421c are detected with
high precision (Fig. 3). The same analysis was applied to archival
ESPRESSO data of the inner sub-Neptune TOI-421b. Combined
with the stellar rotation period we find that the planets’ orbits are
moderately misaligned (𝛹b=57!"#$""° ; 𝛹c=44.9!%."$%.%°) and possibly
mutually inclined (Fig. 4), hinting at a chaotic dynamical origin
that could result from DDM followed by HEM.

Beyond TOI-421 we propose a comprehensive scenario to
explain the distribution of close-in Neptune properties, in which
they formed as two populations distinct in density. Most low-
density Neptunes would be spread by DDM across a broad range
of orbital periods, maintaining their primordial orbits, while most
dense Neptunes would be brought through HEM to the Ridge
and the Desert, acquiring eccentric and misaligned orbits.

The warm Neptune TOI-421 c, located
within the Savanna (Fig. 1, purple star),
was the first planet observed in

. Its transit was monitored
simultaneously with , revealing a
spot crossing.

echelle spectra were corrected for tellurics, Earth diffusion, cosmics, and
interferences. They were then detrended for activity / ambient variations, aligned in the star rest
frame, and scaled to their correct relative flux level using a model (Chakraborty+2024) to the

light curve (Fig. 2). Planet-occulted spectra were extracted along the transit chord (excluding
spotted exposures) and cross-correlated with a stellar mask.

Fig. 2
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Fig. 1

Fig. 4


