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ABSTRACT

Context. Neptune-sized exoplanets are key targets for atmospheric studies, yet their formation and evolution remain poorly understood
due to their diverse characteristics and limited sample size. The so-called Neptune desert, a region of parameter space with a dearth of
short-period sub- to super-Neptunes, is a critical testbed for theories of atmospheric escape and migration.

Aims. The HONEI programme aims to confirm and characterise the best Neptune-sized candidates for composition, atmospheric, and
population studies. By measuring planetary masses with high precision, we want to provide the community with optimal targets whose
atmosphere can be effectively explored with the James Webb Space Telescope or by ground-based high-resolution spectroscopy.
Methods. For this purpose, we started a radial velocity follow-up campaign, using the twin high-precision spectrographs HARPS and
HARPS-N to measure the masses of TESS Neptune-sized candidates and confirm their planetary nature.

Results. In this first paper of the series, we confirm the planetary nature of two candidates: TOI-5800b and TOI-5817 b. TOI-5800 b
is a hot sub-Neptune (R, = 2.46*018 Rg, M, = 95717 Mo, p = 3.46%)%2 gcm™, Teq = 1108 + 20 K) located at the lower edges of the
Neptune desert (P = 2.628 days) and is the most eccentric planet (e ~ 0.3) ever found with P < 3 d. TOI-5800b is expected to still be in
the tidal migration phase with its parent star, a K3 V dwarf (V = 9.6 mag), although its eccentricity could arise from interactions with
another object in the system. Having a high transmission spectroscopy metric (TSM = 10373}), it represents a prime target for future
atmospheric characterisation. TOI-5817 b is a relatively hot sub-Neptune (R, = 3.08 +0.14 Ry, M, = 10.3*]4 Mo, p = 1.93%03} gem™,
Teq = 950’:?;g K) located in the Neptune savanna (P = 15.610d), on a circular orbit around a bright G2 IV-V star (V = 8.7 mag). Despite
alower TSM = 56fé1, it is a potential target for atmospheric follow-up in the context of sub-Neptunes with P > 15 days. Finally, we find
that if the difference in the planet densities are mainly due to different gas mass fractions, there will be an order of magnitude difference

in the predicted atmospheric carbon-to-oxygen ratios, a prediction that can be tested with atmospheric follow-up observations.

Key words. planets and satellites: dynamical evolution and stability — planets and satellites: fundamental parameters —
planets and satellites: interiors — stars: individual: TOI-5800 — stars: individual: TOI-5817

1. Introduction

Neptune-sized exoplanets (3 Ry < R, < 7 Rg) are unique probes
of planetary evolution. Planets in this size range appear to belong
to one of three populations, with relatively clear distinctions in
system properties, depending on their orbital periods:

— Short-period (P < 3 d) Neptunes are rare, resulting in a pro-
nounced ‘Neptune desert’ in the planetary R,—P and M,—P
planes (Latham et al. 2011; Szab6 & Kiss 2011; Lundkvist
et al. 2016; Mazeh et al. 2016). This is attributed to both
photo-evaporative mass loss and dynamical migration
(Matsakos & Konigl 2016; Owen & Lai 2018; Vissapragada
et al. 2022). Planets in the Neptune desert tend to orbit
metal-rich stars (Vissapragada & Behmard 2025; Doyle
et al. 2025) and to be exceptionally dense, with extreme

* Corresponding author: luca.naponiello@inaf.it

examples, such as TOI-849b, TOI-332b, and TOI-1853 b,
reaching p ~ 10 g cm™ (Armstrong et al. 2020; Osborn
et al. 2023; Naponiello et al. 2023).

Between 3 d < P < 6 d the occurrence of these planets
sharply peaks in a ‘Neptune ridge’ (Castro-Gonzélez et al.
2024a), somewhat analogous to the ‘three-day pileup’ of
hot Jupiters (Dawson & Johnson 2018). Planets in the
Neptune ridge also tend to orbit metal-rich stars (Dong et al.
2018; Petigura et al. 2018, 2022; Vissapragada & Behmard
2025) but with more modest densities, p < 2 gcm™
(Castro-Gonzdlez et al. 2024b), greater eccentricities (i.e.
not fully damped by tides; Correia et al. 2020), and mis-
aligned orbits with respect to the stellar spin axis (Bourrier
et al. 2023).

For P > 6 d the occurrence flattens off into the ‘Neptune
savanna’ (Bourrier et al. 2023; Castro-Gonzalez et al.
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2024a), where planets do not exhibit a host star metallicity

preference (Dong et al. 2018; Petigura et al. 2018; Dai

et al. 2021; Vissapragada & Behmard 2025), have rela-
tively low eccentricities (Correia et al. 2020), and have even
lower densities than the ridge planets, ie. p < 1 gem™

(Castro-Gonzalez et al. 2024b).

These sharp distinctions in occurrence and physical, orbital
properties are suggestive of specific evolutionary histories,
making Neptunes highly compelling targets for atmospheric
characterisation. One hypothesis is that the savanna planets
formed relatively close to their current positions and/or expe-
rienced a relatively quiescent disc-driven migration, whereas
ridge and desert planets are the product of high-eccentricity
migration, with the desert planets suffering catastrophic enve-
lope loss in this process (Bourrier et al. 2018; Vissapragada &
Behmard 2025). If this is true, planets in the desert, ridge, and
savanna should have distinct atmospheric abundances reflect-
ing their divergent evolutionary trajectories (Oberg et al. 2011;
Madhusudhan et al. 2017; Booth et al. 2017; Reggiani et al.
2022; Penzlin et al. 2024; Kempton & Knutson 2024; Kirk et al.
2025).

To expand the sample of planets with strong predicted
atmospheric signals in order to test atmospheric difference
hypotheses, we recently launched the Hot Neptune Initiative
(HONEI), which aims to confirm Neptune-sized candidates suit-
able for atmospheric observations. The selection of the targets
for HONEI was based on the full list of TESS objects of inter-
est (TOIs) with estimated sizes of 3Rg < R, < 7 Re within 1o
uncertainties on R,. Our size range of interest includes some
planets with a radius smaller than that of Neptune, as some
of these can have masses greatly exceeding that of Neptune
(similar to the dense planets found in the Neptune desert;
Armstrong et al. 2020; Osborn et al. 2023; Naponiello
et al. 2023). We restricted our mass measurement follow-up
efforts to targets with transmission spectroscopy metric (TSM;
Kempton et al. 2018) values greater than 70' and orbit-
ing bright stars (J < 11mag), as these are the best targets
for follow-up observations with the spectrographs aboard the
James Webb Space Telescope (JWST) and ground-based high-
resolution spectrographs such as CRIRES+ and WINERED
(Dorn et al. 2023; Otsubo et al. 2024). We vetted all light
curves to remove likely false positives and decided to only
pursue targets that had been cleared for precision radial veloc-
ity (RV) work by small-aperture telescopes. For targets that
pass all of these criteria, our aim is to measure the plane-
tary masses with precision better than 20%, as this is required
for precise constraints on atmospheric parameters (Batalha
et al. 2019) and internal composition models (Dorn et al.
2017).

In this paper we report the first results from the HONEI
programme, confirming the two smallest planets in our target
list: a sub-Neptune orbiting TOI-5800 and another sub-Neptune
around TOI-5817. Both candidate planets had estimated sizes of
3Re < Ry, <£7Rg (within 1o uncertainties on Rp,) and estimated
TSM > 70 at the beginning of the programme, although we found

that TOI-5800b is somewhat smaller (2.44f8§g Rg) and TOI-

5817 b has a somewhat lower TSM (56fél). The structure of the
paper is as follows. In Sect. 2, we present the TESS and all the
ground-based observations we have collected. Section 3 details
the characterisation of the two stars and their planets. In Sect. 4,
we discuss the properties of the systems and, finally, summarise
our conclusions in Sect. 5.

I As estimated on the ExoFOP webpage.
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Fig. 1. Target pixel file from the TESS observation of Sectors 54
and 55, centred respectively on TOI-5800 (left) and TOI-5817 (right).
The SPOC pipeline aperture is shown by shaded red squares. Both fields
appear to be uncontaminated by stars within 6 Gaia magnitudes, accord-
ing to the Gaia DR3 catalogue (Gaia Collaboration 2023).

2. Observations and data reduction
2.1. TESS photometry

TOI-5800 (also known as HD 193396) and TOI-5817 (also
known as HD 204660) have been observed by TESS, respec-
tively, in Sectors 54, 81, 92 (in July—August 2022, August 2024,
and May 2025) for a total of 23 transits, and in Sectors 55,
82 (in August—September 2022 and 2024) for a total of only
3 transits. For the analysis detailed in Sect. 3.4, we employed
the Presearch Data Conditioning Simple Aperture Photometry
(PDC-SAP; Stumpe et al. 2012, 2014, Smith et al. 2012) 2-minute
cadence (Sectors 54, 55, 82) and 20-second cadence (Sectors 81,
92) photometry, which are provided by the TESS Science Pro-
cessing Operations Center (SPOC; Jenkins et al. 2016) pipeline
and retrieved via the Python package 1ightkurve (Lightkurve
Collaboration 2018) from the Mikulski Archive for Space Tele-
scopes”. As no other star within 6 magnitudes of the target stars
is present in both apertures (see Fig. 1), the dilution coefficients
for these light curves are negligible, though the PDC-SAP has
already been corrected for dilution®. Both light curves, along
with the transits of the candidates TOI-5800.01 and TOI-5817.01,
are plotted in Fig. 2.

2.2. Ground-based photometry

We observed a full transit window of TOI-5800.01 continu-
ously for 299 minutes through the Johnson/Cousins / band on
6 August 2024, from the Adams Observatory at Austin College
in Sherman, TX. We used a f/8 Ritchey-Chrétien 0.6 m tele-
scope, which has a focal length of 4880 m and is equipped with
an FLI ProLine 4096 x 4096 pixel detector, with a pixel size of
9 um. Therefore, the plate scale is 0738 pixel™!, resulting in a
26" x 26’ field of view. The differential photometric data were
extracted using AstroImage] (Collins et al. 2017). The TESS
Transit Finder, which is a customised version of the Tapir
software package (Jensen 2013), was used to schedule our transit
observations. We observed another full transit window of TOI-
5800.01 continuously for 299 minutes in Pan-STARRS z, band
on 23 October 2024, from the Las Cumbres Observatory Global

2 To search for possible activity modulation in the photometry, we also
used the uncorrected SAP light curve.

3 We note that, as reported in Sect. 3.3, TOI-5817 has a close compan-
ion with AT = 6.4 mag. The flux of the companion has already been
taken into account for the PDC-SAP dilution correction, but, in any
case, it would impact the radius of the candidate by only ~0.1%, which
is very well within the uncertainty of its measurement.
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Fig. 2. Light curves from the PDC-SAP pipeline of TOI-5800 (top) and TOI-5817 (bottom), as collected by TESS with a 2-minute cadence (or
binned to the equivalent of 2 minutes for Sectors 81 and 92). The black line represents our best-fit transit model and detrending (Sect. 3.4); the
lower parts of both panels show the residuals of the best-fit model in parts per million.

Telescope (LCOGT; Brown et al. 2013) 1 m network node at the
Teide Observatory, on the island of Tenerife (TEID). The 1 m
telescope has a focal length of 8100 mm and is equipped with a
4096 x 4096 SINISTRO camera, with a pixel size of 15 um. The
plate scale is 0389 per pixel, also resulting in a 26" x 26’ field
of view. The images were calibrated using the standard LCOGT
BANZAT pipeline (McCully et al. 2018) and differential photomet-
ric data were extracted using AstroImage]. We used circular
78 photometric apertures that excluded all of the flux from the
nearest known neighbour in the Gaia DR3 catalogue (Gaia DR3
4216062669395306240), which is 1272 north of TOI-5800.

The TOI-5800.01 SPOC pipeline transit depth of 731 ppm
is generally too shallow to reliably detect with ground-based
observations, so we instead checked for possible nearby eclipsing
binaries (NEBs) that could be contaminating the TESS pho-
tometric aperture and causing the TESS detection. To account
for possible contamination from the wings of neighbouring star
point spread functions, we searched for NEBs up to 2!5 from
TOI-5800 in both the Adams Observatory and Las Cumbres
Observatory TEID observations. If fully blended in the SPOC
aperture, a neighbouring star that is fainter than the target star
by 7.9 magnitudes in the TESS band could produce the SPOC-
reported flux deficit at mid-transit (assuming a 100% eclipse). To
account for possible TESS magnitude uncertainties and possible
delta-magnitude differences between the TESS band and both
the Pan-STARRS z, and Johnson/Cousins I bands, we included
an extra 0.5 magnitudes fainter (down to TESS-band magnitude
16.4). We calculated the RMS of each of the 31 nearby star light
curves (binned in 10-minute bins) that meet our search criteria
and found that the values are smaller by at least a factor of 5 com-
pared to the required NEB depth in each respective star. We then
visually inspected each neighbouring star’s light curve to ensure
no obvious eclipse-like signal. Our analysis ruled out an NEB
blend as the cause of the TOI-5800.01 detection of the SPOC
pipeline in the TESS data.

Furthermore, we analysed the frequency content of the light
curves (g band) taken from the ASAS-SN database* through
generalised Lomb-Scargle (GLS; Zechmeister & Kiirster 2009)
periodograms. We found no sign of modulation for TOI-5800,
while for TOI-5817 we found a significant peak occurring at
~29.7 days, and then a second one in the residuals at ~14.8d,
which do not appear in the time series of other activity diagnos-
tics (see Sects. 3.1 and 3.4), making it unlikely that the signals
are stellar in origin. We believe that, being almost coincident
with 1x and 0.5% the synodic month, they are due to moonlight
contamination.

2.3. HARPS spectra

Between 30 June 2024 and 13 August 2024, we collected a
total of 26 high-resolution spectra of TOI-5800 (Table B.1) with
the High Accuracy Radial velocity Planet Searcher (HARPS;
Mayor et al. 2003), which is operated at the ESO 3.6m tele-
scope in the La Silla Observatory (Chile), using exposure times
of 15 min. We employed the serval (v.2021-03-31; Zechmeister
et al. 2018) and the actin (v.2.0_beta_11; Gomes da Silva et al.
2018) pipelines for the RVs and the stellar activity indices extrac-
tions, respectively. In particular, the RV measurements have an
average error of 1.46 m s~!, and a median S/N =~ 41, measured at
a reference wavelength of 5500 A.

2.4. HARPS-N spectra

Between 12 May 2023 and 7 December 2024, we collected a total
of 54 high-resolution spectra of TOI-5817 (Table B.2) with the
High Accuracy Radial velocity Planet Searcher for the Northern

4 https://asas-sn.osu.edu/ — Shappee et al. 2014; Kochanek
et al. 2017.
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hemisphere (HARPS-N; Cosentino et al. 2012) using an expo-
sure time of 10 min. The first 14 spectra were obtained within
the Global Architecture of Planetary Systems (GAPS) Neptune
project (Naponiello et al. 2022; Damasso et al. 2023; Naponiello
et al. 2025), all the others under the HONEI programme. The
RVs and activity indices were extracted from HARPS-N spec-
tra, which were reduced using version 3.0.1 of the HARPS-N
Data Reduction Software (DRS; Dumusque et al. 2021), available
on the Data Analysis Center for Exoplanets (DACE) web plat-
form. Overall, the measurements have an average uncertainty of
1.16ms™!, and a S/N =~ 105, measured at a reference wavelength
of 5500 A.

2.5. SOPHIE spectra

SOPHIE is a stabilised échelle spectrograph dedicated to high-
precision RV measurements (Perruchot et al. 2008; Bouchy et al.
2009, 2013) mounted at the 1.93-m telescope of the Observatoire
de Haute-Provence in France. HD 204660 was part of a volume-
limited survey for giant extrasolar planets (see e.g. Hébrard et al.
2016) performed with SOPHIE, before being identified as the
TESS transit-host TOI-5817.01. For the observations of TOI-
5817, secured in 2010 and 2024, we used its high-resolution mode
(resolving power R = 75 000) and fast readout mode. However, a
significant SOPHIE upgrade occurred in between (Bouchy et al.
2013), which introduced a significant improvement in the accu-
racy of the RV measurements, as well as a possible systematic
RV offset whose upper limit is of the order of 15 m/s (Hébrard
et al. 2016; Demangeon et al. 2021).

As in other studies, we actually consider the two datasets
separately: SOPHIE and SOPHIE+, depending on whether the
data were secured before or after the improvement, respectively.
Removing a few observations with low precision, for TOI-5817
we have a dataset of 11 and 29 measurements with SOPHIE
and SOPHIE+, with average uncertainties ~5.5ms™!' (4.5x that
of HARPS-N) and ~3ms~! (2.5x), respectively. The RVs were
extracted with the SOPHIE pipeline, as presented by Bouchy
et al. (2009) and refined by Heidari et al. (2024, 2025). SOPHIE
RV measurements are reported in Table B.3, though they were
not included in the final analysis of this work because they do
not improve the solution.

2.6. High-resolution imaging

As part of the validation and characterisation process for tran-
siting exoplanets, high-resolution imaging is one of the critical
assets required. The presence of a close companion star, whether
truly bound or line of sight, will provide ‘third-light’ contamina-
tion of the observed transit, leading to incorrect derived proper-
ties for both the exoplanet and the host star (Ciardi et al. 2015;
Furlan & Howell 2017, 2020). In addition, it has been shown
that the presence of a close companion dilutes small-planet tran-
sits (Rp < 1.2 Rg) to the point of non-detection, thereby possibly
yielding false occurrence rate predictions (Lester et al. 2021).
Given that nearly half of FGK stars are in binary or multiple
star systems (Matson et al. 2018), high-resolution imaging yields
vital information on each discovered exoplanet as well as more
global information on exoplanetary formation, dynamics, and
evolution (Howell et al. 2021).

2.6.1. Gemini

TOI-5800 was observed on 2 July 2023, using the Zorro speckle
instrument on Gemini South (Scott et al. 2021). Zorro pro-
vides simultaneous speckle imaging in two bands (562 nm and
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832nm), delivering reconstructed images and high-precision
contrast curves that constrain the presence of close companions
(Howell et al. 2011). The data were reduced using our stan-
dard pipeline (Howell et al. 2011). Figure B.l presents the 50
contrast curves from the observations, along with the 832nm
reconstructed speckle image. The contrast limits show that com-
panions brighter than a delta magnitude of 5 at 0.02 arcsec, and
up to a delta magnitude of 9 at 1.2 arcsec, are excluded. TOI-
5800 is thus consistent with being a single star within these
detection limits. At the star’s distance of 42.9 pc, the angular res-
olution corresponds to projected separations ranging from ~0.9
to 51.5 au.

2.6.2. Palomar

Observations of TOI 5817 were made on 30 June 2023 with the
PHARO instrument (Hayward et al. 2001) on the Palomar Hale
(5 m) behind the P3K natural guide star AO system (Dekany et al.
2013). The pixel scale for PHARO is 0.025”. The Palomar data
were collected in a standard 5-point quincunx dither pattern in
the Br-y filter and H,,,, filter. The reduced science frames were
combined into a single mosaic-ed image with final resolutions of
~0.094”, and ~0.083", respectively.

The sensitivity of the final combined adaptive optics images
were determined by injecting simulated sources azimuthally
around the primary target every 20° at separations of integer
multiples of the central source’s full width at half maximum
(FWHM; Furlan et al. 2017). The brightness of each injected
source was scaled until standard aperture photometry detected
it with 50 significance. The final 5o limit at each separation
was determined from the average of all of the determined lim-
its at that separation and the uncertainty on the limit was set
by the rms dispersion of the azimuthal slices at a given radial
distance.

The nearby stellar companion (TIC2001155314 =
Gaia DR3 1790807028048264448) — located 2.88 + 0.02"to the
east (84.0° = 0.1°) — was detected in both near-infrared images,
but no additional close-in stars were detected in agreement
with the other imaging techniques. The companion is fainter
than the primary target by AH., = 4.81 = 0.0lmag and
ABr, = 4.64 £+ 0.02 mag (see Fig. B.3).

2.6.3. SOAR

We also searched for stellar companions to TOI-5817 with
speckle imaging on the 4.1 m Southern Astrophysical Research
(SOAR) telescope (Tokovinin 2018) on 4 November 2022 UT,
observing in the Cousins I band, a similar visible bandpass as
TESS. This observation was sensitive with 5o detection to a 5.2-
magnitude fainter star at an angular distance of 1 arcsec from
the target. More details of the observations within the SOAR
TESS survey are available in Ziegler et al. 2020. The 50 detec-
tion sensitivity and speckle auto-correlation functions from the
observations are shown in Fig. B.2.

No nearby stars were firmly detected within 3" of TOI-5817
in the SOAR observations. In particular, the 2.8" separated com-
panion resolved by infrared observing Palomar adaptive optics
was not detected, despite delta-magnitude sensitivity limits in
that separation range of approximately 6.8 magnitudes. This is
consistent with a bound late-type companion star, which would
be significantly fainter compared to the primary star in the visible
pass band of the speckle observation.
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3. Analysis
3.1. Host-star characterisations

Stellar atmospheric parameters, including effective temperature
(Tefr), surface gravity (log g), microturbulence velocity (¢), and
iron abundance ([Fe/H]), were derived using the Python wrap-
per pyMOOGi (Adamow 2017) for the MOOG code (Sneden
1973). We utilised MARCS plane-parallel model atmospheres
(Gustafsson et al. 2008) along with the line lists taken from
D’Orazi et al. (2020) and Biazzo et al. (2022). The equivalent
widths of the iron lines were measured using ARES (Sousa et al.
2015) and subsequently inputted into the MOOG driver (abfind)
to obtain abundances through force fitting. The effective tem-
perature was determined by minimising the slope between the
excitation potential of Fel lines and the corresponding abun-
dances, while the microturbulence was refined by minimising
the slope between abundances and reduced equivalent widths.
Surface gravity was established by enforcing the ionisation equi-
librium and ensuring that the average abundance derived from
Fer lines equaled that from Fell lines within a tolerance of
0.05 dex. To quantify uncertainties, we considered errors asso-
ciated with the slopes mentioned above, which contributed to
uncertainties in 7. and &. For surface gravity, uncertainties
were assessed by adjusting log g until the ionisation equilibrium
condition was no longer satisfied, resulting in an abundance dif-
ference greater than 0.05 dex. We refer the reader to our previous
publications for further details (e.g. D’Orazi et al. 2020; Biazzo
et al. 2022). Taking into account the same line lists, codes, and
grids of models mentioned above, we also measured the ele-
mental abundances of two refractory elements (i.e. magnesium
and silicon). The final values are reported in Table 1 and high-
light a slight overabundance of the elemental ratios [Mg/Fe] and
[Si/Fe].

After deriving the stellar atmospheric parameters, we used
the EXOFASTv2 tool (Eastman 2017; Eastman et al. 2019) to
determine the stellar mass, radius, and age in a differential
evolution Markov chain Monte Carlo Bayesian framework, by
imposing Gaussian priors on T.¢, [Fe/H], and the Gaia DR3
parallax. Specifically, we simultaneously modelled the spectral
energy distribution (SED) of the two host stars and the MESA
Isochrones and Stellar Tracks (MIST; Paxton et al. 2015; see
Eastman et al. 2019 and Naponiello et al. 2025 for more details).
To sample the SED, we used the available Tycho-2 By and Vr,
2MASS J, H, and K, and WISE W1, W2, W3, and W4 mag-
nitudes for both stars, and the APASS Johnson B magnitude
for TOI-5800 only (see Table 1). The SEDs of both TOI-5800
and TOI-5817 are shown in Fig. B.4 together with their best fit.

We found M, = 0.778*003 Mo, R, = 0.773 + 0.023 R,, and
age 1 = 8.1*}9 Gyr for TOI-5800, and M, = 0.97070972 Mo,

R, = 1.427*50%0 Ry, and age 1 = 9.7*23 Gyr for TOI-5817 (see
Table 1).

3.2. Alternative estimation of TOI-5800’s age

While the advanced age of TOI-5817 is well constrained and con-
sistent with the star being almost on the verge of leaving the
main sequence (logg, = 4.15 + 0.05 is lower than solar gravity
log g, = 4.44, even though M, ~ 1 M,,), the age of TOI-5800
is practically unconstrained from the MIST tracks, as expected
for K dwarfs, owing to their slow evolution while on the main
sequence. However, even though we keep the value retrieved in
Sect. 3.1 as a final estimation, we can also use the chromospheric
index (Rj) to make an alternative estimation of TOI-5800 age.

Table 1. Stellar parameters of TOI-5800 and TOI-5817.

Unit Value Value Source
TOI 5800 5817 TOI catalogue
TIC 151759246 418604868 TIC
HD 193396 204660 HD
HIP 106097 HIP
Tycho-2 5174-53-1 1676-735-1 Tycho-2
2MASS J20201568-0724422  J21293069+2128296 2MASS
Gaia 4216059714460162944  1790807028049001600  Gaia DR3
@ (J2016.0) h 20:20:15.73 21:29:30.66 Gaia DR3
6(J2016.0) deg —07:24:42.95 +21:28:28.25 Gaia DR3
bis mas 23.394 +0.019 12.447 £ 0.022 Gaia DR3
o COS S mas/yr 51.531 £0.018 —10.391 £ 0.023 Gaia DR3
s mas/yr  —52.722 £ 0.015 —89.868 £ 0.013 Gaia DR3
d pc 42.745 £ 0.033 80.34 £0.14 This work!
Br mag 10.745 + 0.048 9.404 £ 0.018 Tycho-2
B mag 10.460 + 0.030 - APASS
Vr mag 9.658 +0.028 8.713 £ 0.013 Tycho-2
G mag  9.21824 +0.00017 8.48343 + 0.00024 Gaia DR3
J mag 7.771 £ 0.021 7.420 +0.023 2MASS
H mag 7.284 £ 0.026 7.190 £ 0.038 2MASS
Ks mag 7.191 £ 0.020 7.084 +0.023 2MASS
w1 mag 7.111 £ 0.044 6.975 £ 0.054 AIIWISE
w2 mag 7.188 +£0.021 7.069 + 0.020 AIIWISE
w3 mag 7.156 +0.017 7.045 £ 0.017 AIIWISE
w4 mag 7.095 £0.115 7.133 £ 0.106 AIIWISE
Ay mag <0.087 <0.099 This work!
Spectral type K3V G2IV-V This work?
L, L, 0.309 +0.015 2.05f8:{§ This work!
M, M, 0.778+0.9%7 0.970*0072 This work!
R, Ro 0.773 +0.023 1.427+0:943 This work'
Tet K 4850 + 78 5770 + 50 This work?
vsiniy kms™! 13+05 1.2+0.7 This work*
log g cgs 4.56 +0.03 4.12+0.04 This work!
log g« cgs 4.48 £0.08 4.15+0.05 This work?
& kms™! 0.65 £ 0.10 1.05 £ 0.08 This work?
[Fe/H] dex -0.04£0.13 —-0.24 +£0.09 This work?
[Mg/H] dex 0.09 +0.08 —-0.10 = 0.08 This work?
[Si/H] dex 0.08 £ 0.07 —-0.13 £0.07 This work?
Px gem™ 2.41+0.21 0.47 £ 0.05 This work!
log Ri;x dex —4.885 + 0.007 —4.950 + 0.004 This work?
Age Gyr 8.1%% 9.7+23 This work!

Notes. TESS Primary Mission TOI catalogue (Guerrero et al. 2021);
TIC (Stassun et al. 2018; Stassun et al. 2019); HD (Cannon & Pickering
1918-1924); HIP (Perryman et al. 1997); Gaia DR3 (Gaia Collabora-
tion 2023); Tycho-2 (Hgg et al. 2000); APASS (Henden et al. 2016);
2MASS (Cutri et al. 2003); AIIWISE (Cutri et al. 2021). 'From the
EXOFASTv2 modelling (this work). 2From the HARPS-N spectral analy-
sis (this work). > According to the Pecaut & Mamajek (2013) calibration
[v. 2022]. “Refer to Naponiello et al. (2025) for the details on its
derivation.

According to Eq. (3) of Mamajek & Hillenbrand (2008), we
obtain ~4.5 + 2.0 Gyr, where the uncertainty is evaluated by con-
sidering a semi-amplitude for the variation in the chromospheric
index Alog Ry, = +0.125 along the activity cycle, a value based
on the observed variation along the solar cycle. Moreover, the
chromospheric index allows us to estimate the Rossby number
Ro of TOI-5800 according to Eq. (5) of Mamajek & Hillenbrand
(2008) that gives Ro ~ 1.9. Using the convective turnover time
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given by Eq. (4) of Noyes et al. (1984), we estimate a rotation
period Py ~ 42 + 9 days for TOI-5800, where the uncertainty
comes from the assumed amplitude of the variation in the chro-
mospheric index along an activity cycle. The age estimated from
the gyrochronology relationship of Barnes (2007, his Eq. (3)) is
4.45 + 2.0 Gyr for the above rotation period and uncertainty.

Such an age estimate is consistent with both the projected
rotational velocity, vsini, (Table 1), and the age derived from
the kinematics of the star according to the method proposed by
Almeida-Fernandes & Rocha-Pinto (2018). Specifically, it gives
an expected age of 3.7 + 3.0 Gyr using the spatial velocity com-
ponents of TOI-5800 that we found to be U = —-25.0 + 0.3,
V=-=246+0.2,and W = -0.53 £ 0.15 km s! computed with
the method of Johnson & Soderblom (1987) with U positive
towards the Galactic centre.

3.3. Stellar multiplicity

While for TOI-5800 we do not detect any stellar companion,
TOI-5817 has a stellar companion, as detected in the infrared
imaging, which is separated by 2.88” + 0.02”” at a position angle
of 84.0° £ 0.1°. Because of the brightness of the primary tar-
get (Komass = 7.08 mag), the companion star is undetected in
the 2MASS survey but has been resolved by Gaia in both DR2
and DR3, with AG = 6.8 mag. De-blending the 2MASS H- and
K-band magnitudes, the companion star has real apparent mag-
nitudes of Hopass = 12.01 = 0.05 mag and Ks,ZMASS =11.74
0.05 mag, corresponding to an H — K; = 0.27 £ 0.07 mag. The
companion star has the same parallax (within 107) of the primary
target. Despite the highly significant difference in the declina-
tion component of proper motion, the standard requirement that
the scalar proper motion difference is within 10% of the total
proper motion (Au < 0.1y; see e.g. Smart et al. 2019) remains
satisfied, clearing any doubts on the boundedness of the sys-
tem. These objects also appear in the Gaia wide binary catalogue
by El-Badry et al. (2021). The infrared magnitudes and colours
of the companion star are consistent with those of an M3.5V
dwarf (Pecaut & Mamajek 2013) separated by approximately
230 au (corresponding to an orbital period much longer than
our observational baseline, which makes its RV signal hardly
detectable).

Close binary system (separation <1000 au) provide key tests
for planet formation models due to the influence of the compan-
ion star on the protoplanetary disc. The gravitational pull of the
secondary star truncates the disc, reducing its mass and lifetime
(Artymowicz & Lubow 1994; Zagaria et al. 2021), which limits
material available for planet formation. These conditions can sig-
nificantly alter the formation and evolution of planets compared
to single-star systems (Kraus et al. 2016; Hirsch et al. 2021), by
shortening the timescale for gas accretion, reducing solid mass
budgets, and changing the distribution of solids, potentially sup-
pressing the formation of sub-Neptunes (Kraus et al. 2012; Moe
& Kratter 2021).

3.4. Transit and RV combined fit

For both datasets, we first computed the GLS periodograms
of the RVs, using the Python package astropy v.5.2.2 (Price-
Whelan et al. 2018), and confirmed that the strongest signals
of the respective periodograms are associated with the orbital
periods of the candidates (refer to Fig.B.5). Then, we per-
formed a joint transit and RV analysis using the Python wrapper
juliet’ (Espinoza et al. 2019), following the same approach of

5 https://juliet.readthedocs.io/en/latest/
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Fig. 3. Phased HARPS RVs of TOI-5800 b (top) and phased HARPS-N

RVs of TOI-5817 b (bottom) along with the fitted models, in black, and

their residuals below each panel. The red circles represent the average

of ~5 and ~9 RVs, respectively, while the grey areas represent the 1o

deviation from the model.

Naponiello et al. (2022). Basically, for the transit-related priors
we used the parameters of the data validation report produced by
the TESS SPOC pipeline at the NASA Ames Research Center
through the Transiting Planet Search (Jenkins 2002; Jenkins et al.
2010, 2020) and data validation (Twicken et al. 2018, Li et al.
2019) modules (Table B.4). Then, we mainly tested two models:
one with a fixed eccentricity and another with a uniform dis-
tribution of eccentricity values, using the parametrisation S; =
Vesinw,, S, = vecosw, (see Eastman et al. 2013). We also
tested models including additional Keplerians with or without
linear and parabolic trends, with no meaningful results.

Our analyses clearly confirm the planetary nature of TOI-
5800b and TOI-5817 b. The phased models of both the RVs and
the transits for each planet are plotted in Figs. 3 and 4, while the
RV models of their datasets are displayed in Fig. B.6. As final
parameters for the planets (Table 2), we decided to adopt the ones
from the eccentric fit for TOI-5800b and those from the circu-
lar fit for TOI-5817 b, because in the first case Aln Ziig = 3.5,
while in the second A In Zjig = —1.6, where Z is the Bayesian
evidence of a model fit (note that the threshold for a very strong
detectionis Aln Z ~ 5, according to Kass & Raftery 1995, while
3 < AlnZ < 5 is considered strong). Indeed, for TOI-5800b
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the retrieved eccentricity is significant at a ~3.50 level® (e =

0.300%00%%), while for TOI-5817 b the eccentricity is compatible

with zero within ~20 (e = 0.12 + 0.07)”. For TOI-5800b we
tested alternative eccentricity priors that favour low values while
still allowing a broad range. The inferred eccentricity remained
consistent across these choices. We also repeated the analysis
using Gaussian processes to model correlated noise, with no
significant change in the results.

Furthermore, neither star displays any sign of activity, with
no peak in the GLS of the activity indices® below a false alarm
probability (FAP) of 10% (evaluated with the bootstrap method),
no sign of significant modulation in the SAP light curve and no
significant peak in the GLS of the RV residuals after the removal

6 We note that these significance levels assume Gaussian posteriors,
while the quoted uncertainties correspond to the 68% credible interval
derived from the posterior distributions. Due to the limited number of
samples, we were unable to directly estimate high-significance levels
from the tails of the distributions. A more accurate characterisation of
the tails would be significantly more computationally expensive. We
therefore adopt the Gaussian approximation as a practical compromise
and acknowledge its limitations.

7 As a reference, the uncertainties corresponding to 95.5% intervals
(or 207), are respectively ¢ = 0.30*31S and e = 0.12*)1{. We further
acknowledge that, for TOI-5800b, the uncertainty mainly arises from
e sin w., since e cos w, is actually constrained to >4o-.

8 1In particular, we explored the FWHM, the bisector (BIS), and the
contrast of the cross-correlation function, along with the log Rj;,. The
values are reported in Tables B.1 and B.2.

Table 2. Final parameters from the global fits.

Parameters TOI-5800b TOI-5817b
Transit and orbital
K (ms™h 5.4071.99 2.69+0.35®
Port, (d) 2.6278838 +0.0000037  15.61031%:00012
Ty (BID -2459000)  771.7145+0.0013  799.3065 + 0.0029
T14 (h) 1.20 +0.05 6.00%017
Ry/Ry 0.0292+0-0020 0.0198 + 0.0007
0.029 0.09
b 0.903+0:029 0.417099
i (deg) 85‘08%8;5% 88.72j§;§§
a/Ry 9.58+0-27 18.44+0.99
g1 (TESS) 0.47%03] 0.52+032
0.33 0.31
g2 (TESS) 0.4870:33 0.28+031
Vesinw, -0.31938 -
Ve cos w. 0.30 £ 0.08 -
Derived
M, (Mg) 9.5417 10.3*14
R, (Re) 2467018 3.08+0.14
pp (gem™) 34679 1.93704)
log gp, (cgs) 15f‘3l 11+2
a (au) 0.0344 +0.0014 0.1223 + 0.0060
T (K) 1108 =20 950*24
0.083
e 0.30070:983 <0.20
w, (deg) —36f?g unconstrained
35 11
TSM 103*33 5675
0.56 0.53
uy (TESS) 0.63+0:36 0.41%033
uy (TESS) 0.04+946 0.30*937
Instrumental
o1ess (ppt) 315+ 15 143 +4
Hnarps (ms™) -221%0% -
Hharps-N (ms™h) - —20801.85 + 0.28
ow,HARPS (ms™h) 27070 -

1.63+0'24

-1
OwHARPS-N (ms™) - o1

Notes. Best-fit median values, with upper and lower 68% credibility
bands as errors, of the fitted and derived parameters for TOI-5800 b
and TOI-5817 b, as extracted from the posterior distribution of the rela-
tive models. (¥ This value is comparable to the formal uncertainties of
SOPHIE RVs, but it is ~3 times smaller than their actual spread, which
justifies their exclusion from the global fit. ® This is the equilibrium
temperature for a zero Bond albedo and uniform heat redistribution to
the night side. The eccentricity upper limit on TOI-5817 b is constrained
at the confidence level of 1o

of the planet signals. This is consistent with both the old ages
estimated for the stars and their low values of log Ry, (Table 1).
We note that there is a small-amplitude, ~5% FAP signal in the
residuals of TOI-5800 at ~10 days, which will eventually require
more observations to be confirmed. We also verified that there is
no discernible modulation in the transit time variations (TTVs)
of TOI-5800b (see Appendix A).

3.5. Detection sensitivities

We estimated the completeness of both the HARPS (TOI-
5800) and HARPS-N (TOI-5817) RV time series by performing
injection-recovery simulations. We injected synthetic RVs with
fake planetary signals at the times of our observations, using the
original error bars and the estimated stellar jitter (Table 2). We
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simulated the signals across a logarithmic 30 x 30 grid in plan-
etary mass (M;) and semi-major axis (a), covering the ranges
0.01-20 My, (or Jupiter masses) and 0.01-10 au. Similarly to
Bonomo et al. (2023), for each location of the grid we gener-
ated 200 synthetic planetary signals, drawing a and M, from a
log-uniform distribution inside the cell, Ty from a uniform dis-
tribution in [0, P], the orbital inclination i from a uniform cos i
distribution in [0, 1], w, from a uniform distribution in [0, 27],
and e from a beta distribution in [0.0, 0.8] (Kipping 2013). We
fitted the signals by employing either Keplerian orbits or linear
and quadratic terms, in order to take into account long-period
signals, which would not be correctly identified as Keplerian
due to the short time span of the RV observations (45 and
575 d, respectively). We then adopted the Bayesian information
criterion (BIC) to compare the fitted models with a constant
model and considered a planet significantly detected only when
ABIC > 10 in favour of the planet-induced one. The detection
fraction was finally computed as the portion of detected signals
for each grid element, as illustrated in Fig. B.7. In particular, we
confirm that any Jupiter-mass planet within 1 au and 5 au would
have been found around TOI-5800 and TOI-5817, respectively.

In principle, absolute astrometry can provide additional con-
straints on the presence of orbiting companions. For both stars,
the Gaia Data Release 3 (DR3) archive reports values of the
re-normalised unit weight error (RUWE), a diagnostic of the
departure from a good single-star fit to Gaia-only astrometry, of
RUWE = 1.09 and RUWE = 1.11, respectively. These numbers
are below the threshold value of 1.4 typically adopted to signify
that a single-star model fails to satisfactorily describe the data
(e.g. Lindegren et al. 2018, 2021). Using a Monte Carlo simu-
lation to assess the possible companion masses and separations
that could result in RUWE values in excess of the ones reported
in the Gaia DR3 archive (see Sozzetti 2023 for details) we found
that Gaia DR3 astrometry alone can exclude, with 99% con-
fidence, the presence of ~4 and ~13 Jupiter-mass companions
within roughly 1-2.5 au around TOI-5800 and TOI-5817, respec-
tively. In the case of TOI-5800, the sensitivity limits from RVs
and Gaia DR3 astrometry are comparable, while for TOI-5817
the RVs can rule out the presence of companions over an order
of magnitude smaller than Gaia absolute astrometry.

Furthermore, the catalogues of HIPPARCOS-Gaia DR3 astro-
metric accelerations (Brandt 2021; Kervella et al. 2022) report
no statistically significant values of proper motion anomaly for
TOI-5817. In the 3-10 au range of orbital separations, which
corresponds to the sweet spot of sensitivity for the technique,
the HIPPARCOS-Gaia absolute astrometry rules out companions
with typical masses above 2.5 My, (Kervella et al. 2022). Only
at around 10 au is this limit comparable to that provided by the
RV time-series, which instead typically indicates no planetary
companions with masses around 1 My, or lower are present in
the system in the same separation range.

4. Discussion
4.1. Planet interior compositions

Figure 5 shows the mass-radius diagram of small exoplanets with
mass and radius determinations better than 40~ and 100, respec-
tively, along with the planet iso-composition curves given in
Zeng & Sasselov (2013). In this diagram TOI-5800b is located
just below the pure water curve and TOI-5817Db lies above it.
This implies that the latter has a considerably higher fraction of
volatile elements, as expected from its lower bulk density for a
comparable planet mass (Table 2).
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Fig. 5. Mass—radius diagram of small (R, < 4 Rg) planets, colour-coded
by planet equilibrium temperatures. The different solid curves, from
bottom to top, correspond to planet compositions of: (i) 100% iron,
(ii) 33% iron core and 67% silicate mantle (Earth-like composition);
(iii) 100% silicates, (iv) 50% rocky interior and 50% water; and (iv)
100% water, rocky interiors, and (v) 1% or 2% hydrogen-dominated
atmospheres (Zeng & Sasselov 2013). The dark grey circles indicate
Venus (V), Earth (E), Uranus (U), and Neptune (N). TOI-5800b and
TOI-5817 b are indicated with squares.

To analyse in more detail their composition, we used an infer-
ence model based on Dorn et al. (2017) with updates in Luo
et al. (2024). The structure model consists of three different lay-
ers with an iron core, a silicate mantle, and a volatile layer. The
core and mantle are assumed to be adiabatic and can contain both
liquid and solid phases. For solid iron we use the equation of
state (EOS) for hexagonal close packed iron (Hakim et al. 2018;
Miozzi et al. 2020) and for liquid iron and iron alloys we use the
EOS by Luo et al. (2024). The mantle is composed of three major
species: MgO, SiO,, and FeO. For pressures below ~125 GPa,
the solid mantle mineralogy is modelled using the thermody-
namical model PERPLE_X (Connolly 2009) and the database
from Stixrude & Lithgow-Bertelloni (2022). At higher pressures
we define the stable minerals a priori and use their respective
EOS from various sources (Hemley et al. 1992; Fischer et al.
2011; Faik et al. 2018; Musella et al. 2019). As there is no data
for the density of liquid MgO in the high-pressure temperature
regime available, we model the liquid mantle as an ideal mix-
ture of Mg,Si0y4, Si0;, and FeO (Melosh 2007; Faik et al. 2018;
Ichikawa & Tsuchiya 2020; Stewart et al. 2020). The different
components are mixed using the additive volume law.

The volatile layer is modelled as consisting either purely of
water or of an uniformly mixed atmosphere of hydrogen, helium,
and water. For a pure water layer, the model further takes into
account that water can be present in the molten mantle and the
iron core (Dorn & Lichtenberg 2021; Luo et al. 2024). The given
water mass fraction in the pure water case is thus the accreted
bulk water mass fraction and not the mass of the surface water
layer.

The outer surface water layer until 0.1 bar is assumed to
be isothermal, while, above 0.1 bar, we assume an adiabatic
profile. We use the AQUA EOS for water (Haldemann et al.
2020), which covers a large P-T space and water phases. There-
fore, our model considers the existences of high-pressure ice
shells in the deep layers of the surface water layer. In the
case of an uniformly mixed atmosphere, the atmosphere is split
into an irradiated outer atmosphere and an inner atmosphere in
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Table 3. Inference results for the internal compositions of TOI-5800 b
and TOI-5817b.

Parameters TOI-5800b TOI-5817b
H>-He-H,O atmosphere

My (M) 01470 043703}
Mmante (Mg) 57+13 64+14
More (Mg) 34+12 35+1.2
L(ergs™) (2.5+£031)-102 (2.6 +0.31) - 10%!
VA 0.43 +0.24 0.27 £0.19
Pure water case

Myaer (Mg) 1.54+1%0 329714
M mante (Mg) 5.6+1.3 55+1.8
Meore (Mg) 2.1+0.8 1.7+ 0.8

Notes. Stated errors represent 84th and 16th-percentiles.

radiative-convective equilibrium. The atmosphere is modelled
using the analytic description of Guillot (2010). The ratio of
hydrogen and helium is set to be solar and we use the EOS of
Saumon et al. (1995) to describe the H,—He mixture. The water
mass fraction of the atmosphere is given by the metallicity Z and
described by the ANEOS EOS (Thompson 1990). The two com-
ponents, H,—He and H,O, are again mixed using the additive
volume law.

For the inference, we use a new approach involving sur-
rogate models (paper in prep.), where we use the polynomial
chaos Kriging model for surrogate modelling (Schobi et al.
2015; Marelli & Sudret 2014), which approximates the global
behaviour of the full physical forward model and replaces it in
an Markov chain Monte Carlo framework. The advantage is that
the computational costs for a full interior inference is only a few
minutes. The prior parameter distribution is listed in Table B.5.
We assume that all Si and Mg is in the mantle of the planet. The
prior of the Mg/Si mass ratio is thus given by the Mg/Si mass
ratio of the host star as measured in this work, which corresponds
to0 0.91 for TOI-5800 and 0.95 for TOI-5817. The upper bound for
the Fe/Si mass ratio in the mantle is given the stellar Fe/Si mass
ratio, which is 1.28 for TOI-5800 and 1.31 for TOI-5817. In the
pure water case, the upper limit of the bulk water content is set
to 0.5 as predicted by planet formation models (e.g. Venturini
et al. 2020). For the case of a uniformly mixed atmosphere, the
luminosity range is chosen based on the ages of the two systems
and the possible atmospheric mass fractions range between 0.1%
and 5%. The atmospheric mass fraction refers to the total mass
of the atmosphere in H,, He, and H,O. The water mass fraction
in the atmosphere is given by the metallicity Z.

The results of the inference model are summarised in Table 3.
For both planets a significant amount of volatiles is needed to
explain the observed radii given the mass of the two planets. In
the case of a Hy-He-H,O atmosphere, the atmosphere mass frac-
tion of TOI-5800b is 1.5% + 1.0%, while the atmosphere mass
fraction of TOI-5817 b is 4.3% + 0.3%, and neither the metallic-
ity (Z) nor luminosity (L) are well constrained by the data. The
ratio of the core-to-mantle mass is roughly Earth-like for both
planets. This is mainly constrained by the stellar relative element
ratios of Fe, Mg, and Si. Figure B.8 shows the posterior distri-
bution for the case of a uniformly mixed atmosphere for both
planets. Nevertheless, we find that both TOI-5800b and TOI-
5817b can possess atmospheres with super-solar metallicities
with Z = 0.43 £0.24 and Z = 0.27 £ 0.19, respectively, although
metallicity is poorly constrained. This is mainly because we use
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Fig. 6. Predicted trend of how atmospheric C/O values change as a func-
tion of atmospheric mass assuming a planet mass of 10 M, bulk ratios
for C/O = 0.01 (dashed line) and O/Si = 3.3 (Earth-like), and a 3000 K
magma ocean surface. Higher atmospheric C/O is predicted for TOI-
5817 b than for TOI-5800b, given their different inferred atmospheric
mass fractions (solid grey lines; errors are large and not shown).
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a uniform prior on Z between 0.02 and 1 and the mass and radius
data only carry limited information to put strong constraints on
metallicity.

In the hypothetical case of restricting the volatile inventory to
water only, the water mass fraction is 16% + 11% for TOI-5800 b
and 31% =+ 19% for TOI-5817b. This extreme scenario informs
us on the maximum amount of water possible in the interiors of
both worlds. As we take into account any H and O partitioned
in the metal core phase, water dissolution in the silicate man-
tle and the water in a steam envelope, the inferred amount of
water represents the maximum amount of accreted water. The
inferred values for TOI-5800b of 16 + 11% depart significantly
from 50% mass fraction, which is generally predicted for worlds
that mainly formed outside of the water ice-line and migrated
inwards during the gas disc lifetime (Venturini et al. 2020; Burn
et al. 2024). Given the water mass fractions of 31 = 19% for
TOI-5817 b, a formation outside of the water ice-line cannot be
excluded.

Inferred volatile mass fractions of TOI-5817 b are higher than
the one for TOI-5800b in both scenarios. Compared to the case
with a H;-He-H,O atmosphere, the core mass fraction in the
pure water case is lower. However, this mass refers only to the
mass of the iron core. A significant fraction of the water will be
stored in the core as H and O, raising the total core mass.

In order to make a prediction on possible trends of inferred
atmospheric C/O ratios from spectroscopy, we employ the model
from Schlichting & Young (2022) with recent updates (Werlen
et al. 2025). Figure 6 illustrates that an increase in atmospheric
mass fraction on top of an Earth-like interior leads to an increase
in atmospheric C/O ratios. This can be understood by the fact
that the addition of primordial gas leads to a higher production of
endogenic water, and water is mainly stored deep in the interior
and not in the atmosphere (Luo et al. 2024). As a consequence,
a higher atmospheric mass fraction leads to a relative removal
of oxygen compared to carbon from the atmosphere. We note
that although the trend in atmospheric C/O values holds true, the
actual values may vary as we made some assumptions that are
poorly constrained by the mass and radius (e.g. bulk O/Si, bulk
C/O, and temperature at the magma ocean surface). Overall, if
the difference in planet densities between TOI-5800b and TOI-
5817b are mainly due to a difference in the gas mass fraction,
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chemical thermodynamics predict a difference in atmospheric
C/O ratios of the order of one magnitude; however, we note that
the error bars on inferred atmosphere mass fractions are large.

4.2. Tidal effects in the TOI-5800 system

We applied the constant-time lag tidal model by Leconte et al.
(2010) to study the tidal evolution of the system. In the case of
the Solar System planets Uranus or Neptune, the tidal dissipa-
tion is parametrised by the so-called modified tidal quality factor
Q;,, which is assumed to be of the order of 10° (Ogilvie 2014,

Sect. 5.4). Assuming Q) = 10° for TOI-5800b and expressing
the time lag using Eq. (19) of Leconte et al. (2010), we find an e-
folding timescale for the decay of its eccentricity of e/|de/dt| ~
0.6 Gyr. Therefore, one possibility is that the planet acquired
a high-e orbit relatively recently, and we are catching it as it
slowly circularises. The circularisation timescale is fairly short
compared to the estimated system age (5—-10% given the large
uncertainties on system age), so catching a planet in this stage
should be somewhat rare — and indeed, no other sub-Neptunes
with such high-e, short-period orbits are known. Another possi-
bility is that the orbital eccentricity is excited by another body
in the system outside our detection limits (Fig. B.7). Such a
third body could be a second planet on an eccentric orbit as in
the coplanar two-planet system model by Mardling (2007). For
example, assuming an outer planet with the same mass of TOI-
5800b on a 10-day orbit with an eccentricity of 0.33 (see the end
of Sect. 3), the e-folding decay time of the eccentricity of TOI-
5800 b increases to ~2.9 Gyr, which is comparable with the age
of the star derived in Sect. 3.2.

We expect significant tidal dissipation in the interior of
TOI-58000b. In fact, with our assumed Q;) = 10°, the power dis-

sipated inside TOI-5800b planet is 5.3 x 10'® W according to
Eq. (13) of Leconte et al. (2010). This is already a few percent
of the bolometric flux received by the planet (2.7 x 10%° W),
and scales with the assumed Ql’). A smaller Ql’D — for example,

o, ~ 10* was recently inferred for WASP-107b (Sing et al. 2024;
Welbanks et al. 2024) — would result in even greater dissipa-
tion. On the other hand, a higher Q), would result in a longer
eccentricity damping timescale. In this case, the observed eccen-
tricity could be a remnant of an initially higher value, and the
associated tidal heating would be correspondingly lower. There-
fore, depending on the tidal quality factor, intense tidal heating
could either significantly affect the planet’s thermal balance (and
on the atmospheric chemistry; Fortney et al. 2020) or have a
negligible impact.

4.3. Atmospheric characterisation prospects

With TSM = 1033;, TOI-5800b is an excellent target for atmo-
spheric characterisation with JWST (Kempton et al. 2018). At
Teq = 1108 +20 K, TOI-5800 b is expected to lack CHy4 in chem-
ical equilibrium, making it unlikely to host hydrocarbon hazes
(Gao et al. 2020; Brande et al. 2024). Thus, this warm sub-
Neptune could be in an aerosol-free regime that makes it ideal
for detecting strong atmospheric features, similarly to TOI-421 b
(Davenport et al. 2025). Furthermore, if the planetary eccentric-
ity is high because it reached its current position recently and is
still tidally circularising, then TOI-5800 b may not have suffered
large atmospheric loss, so its composition could be a relatively
pristine record of its formation history. Finally, TOI-5800b is
one of the top 5 sub-Neptunes for atmospheric spectroscopy
orbiting a K dwarf. If strong features are detected in its atmo-
sphere, it could bridge TOI-421 (which orbits a G-type host
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star and exhibits a low mean-molecular weight atmosphere) and
TOI-270d and GJ9827d (which exhibit high mean-molecular
weight atmospheres and orbit M dwarfs; Benneke et al. 2024;
Piaulet-Ghorayeb et al. 2024; Davenport et al. 2025). As for TOI-
5817 b, the lower TSM = 56*)' makes it a less favourable target
for JWST transmission spectroscopy compared to TOI-5800 b.
However, it may still be a good Tier 1 target for Ariel, which
promises to deliver lower-resolution spectroscopy for hundreds
of sub-Neptunes (Edwards & Tinetti 2022).

5. Conclusions

We have confirmed the planetary nature of TOI-5800 b and TOI-
5817b, two hot sub-Neptunes (Teq ~ 1110K and T¢q ~ 950K)
with different orbital periods (P ~ 2.6d and P ~ 15.6d) hosted
by low-activity K3V and G2IV-V stars. In terms of composi-
tion, TOI-5800 b can be explained with an Earth-like interior and
either a Hy-He-H,O atmosphere of ~1 wt% or (as a water world)
with a water mass fraction of ~10%. Instead, the lower bulk den-
sity of TOI-5817 b requires a higher volatile mass fraction and
can be explained with an Earth-like interior and a H,-He-H,O
atmosphere of ~4 wt% or as a water world with a water mass
fraction of ~30%.

In particular, TOI-5800b is currently undergoing tidal
migration, and it stands out as the most eccentric (e ~ 0.3) planet
ever found within P < 3d, with GJ436b (Lanotte et al. 2014)
being a distant second (e ~ 0.15). As it orbits a relatively bright
star (V1 = 9.7 mag), it is a prime target for atmospheric follow-
up (TSM > 100) both with the JWST and from the ground with
high-resolution spectroscopy. On the other hand, TOI-5817b
adds to the small but growing sample of well-characterised S-
type planets (i.e. it orbits the primary star of a binary system).
Studying such planets is essential to testing whether the ‘radius
valley’, the observed gap between rocky super-Earths and gas-
rich sub-Neptunes (Fulton et al. 2017; Venturini et al. 2020), also
applies in binary environments, and how it is shaped by factors
such as composition, orbit, and stellar properties. Future atmo-
spheric studies of TOI-5817b are not out of reach, as it orbits
a bright star (Vr = 8.7 mag), and they could help constrain the
formation and evolution of planets in these dynamically complex
systems.
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Appendix A: TOI-5800b TTV analysis

To investigate the presence of TTVs for TOI-5800b, we per-
formed a dedicated analysis of the TESS photometric time series
using juliet, fitting each transit independently. The result-
ing mid-transit times and their associated uncertainties were
compiled into a dataset of transit epochs and corresponding
O-C (observed minus calculated) residuals relative to a linear
ephemeris. The analysis revealed no statistically significant TTV
signal in the observed transits (Fig. A.1, Table A.1). The posterior
distributions of the mid-transit times are consistent with white
noise dominated deviations, and no apparent periodic structure is
evident in the O—C diagram. We conclude that, within the current
timing precision and observational baseline, there is no evidence
of significant dynamical perturbations in the orbit of TOI-5800 b
detectable via TTVs.

0O-C (minutes)

2 a 6 8 10 J80 282 284 286 288 290 304 306 398 400 402

Epoch

Fig. A.1. Observed minus calculated centre times for the transits of TOI-
5800 b (Sectors 54, 81, and 92).

Table A.1. TTV values and uncertainties for TOI-5800 b.

BJD-2457000  OC (minutes) +looc —looc
2771.7150833 -3.33 2.28 273
2774.3429625 -4.46 2.50 3.23
2782.2266001 2.33 2.23 2.99
2784.8544793 15.19 2.64 2.84
2787.4823585 =715 1.94 2.18
2790.1102377 -3.54 3.21 2.50
2795.3659961 4.90 2.19 2.55
3507.5212590 -5.11 291 2.83
3510.1491382 -0.37 2.37 2.30
3512.7770174 -6.24 3.79 3.66
3518.0327758 4.29 1.37 1.55
3520.6606550 0.45 2.06 2.02
3523.2885342 0.64 2.37 3.29
3525.9164134 -3.39 2.16 2.56
3528.5442926 -0.88 1.87 1.54
3531.1721718 0.52 2.27 1.83
3804.4716085 0.46 1.76 2.00
3807.0994877 -0.31 2.34 1.85
3809.7273669 -5.29 4.93 3.16
3812.3552461 6.26 291 2.00
3817.6110045 -2.27 1.76 1.59
3820.2388837 0.05 1.87 2.02
3822.8667629 -0.54 2.26 2.07
3825.4946421 8.68 3.57 4.74
3828.1225213 -0.47 1.82 1.85

Appendix B: Additional figures and tables

TOI-5800

0.0 0.2 0.4 06 08 1.0 1.2
angular separation (arcsec)

Fig. B.1. 50 magnitude contrast curves in both filters as a function of
the angular separation out to 1.2 arcsec, as taken by Gemini. The inset
shows the reconstructed 832 nm image of TOI-5800 with a 1 arcsec
scale bar. TOI-5800 was found to have no close companions from the
diffraction limit (0.02”) out to 1.2 arcsec to within the contrast levels
achieved.

TIC418604868
SOAR Speckle ACF

A6 [arcsec]

2 0 -2
Aa [arcsec]

Amagnitude (/-band)

00 05 10 15 20 25 3.0
Aarcsec

Fig. B.2. 50 magnitude contrast curve in the Cousins I band as a func-
tion of the angular separation out to 3 arcsec, as taken by SOAR. The
inset shows the reconstructed images of TOI-5817 in the same band. No
stellar companion to TOI-5817 is seen.
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Fig. B.3. 50 magnitude contrast curves in the H,,,, filter (left) and Br-y filter (right) as a function of the angular separation out to 4 arcsec, as taken
by Palomar adaptive optics. The inset shows the reconstructed images of TOI-5817 in the respective filters. A stellar companion of TOI-5817 is
clearly spotted, as detailed in Sect. 3.3, though no close-in companions were detected, in agreement with the other speckle imaging performed for

TOI-5817 (Fig. B.2).
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Fig. B.4. SEDs of the host stars TOI-5800 (left) and TOI-5817 (right). The broadband measurements from the Tycho, APASS Johnson, 2MASS,
and WISE magnitudes are shown in red, and the corresponding theoretical values with blue circles. The un-averaged best-fit model is displayed

with a solid black line.
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Fig. B.5. GLS periodograms of TOI-5800 (left) and TOI-5817 (right) RVs. The horizontal dotted lines mark, respectively, the 0.1%, 1%, and 10%
FAP levels from top to bottom. In both cases, the second peak falls precisely at the 1d alias of the transiting candidate periods (highlighted in red).
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Fig. B.6. HARPS RVs of TOI-5800 (top) and HARPS-N RVs of TOI-5817 (bottom) along with the best-fit models, in black, and their residuals
below each panel.
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Fig. B.7. HARPS and HARPS-N RV detection maps for TOI-5800 (left) and TOI-5817 (right). The colour scale expresses the detection fraction

(i.e. the detection probability), while the red circles mark the position of TOI-5800 b (left) and TOI-5817 b (right). Jupiter and Saturn are shown for
comparison.
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Fig. B.8. Posterior distribution for the internal composition analyses of TOI-5800b (top) and TOI-5817 b (bottom).
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Table B.1. TOI-5800 HARPS RV data points and activity indices.

BID1pg RV +1ogy FWHM OFWHM BIS OBIS Contrast OCont log R;{K Olog Rige
—2457000 [d] [ms7']  [ms™]
3490.7417933  -2.42 1.3 6968.2 1.21 -21.0 121 56.49 0.1 -4.890 0.005
3490.8676529  0.71 1.07 6971.6 1.59 -27.0 159 56.56 0.1 -4.865 0.005
3491.7699307  -0.73 1.47 6958.6 2.02 -184 2,02 56.59 0.1 -4.866 0.006
3492.6770654  -7.39 1.09 6984.5 1.67 -232 167  56.13 0.1 -4.858 0.005
3492.8367319  -7.65 1.26 6950.2 1.79 -134 179 56.64 0.1 -4.831 0.005
3493.7421664 3.2 1.32 6975.0  1.25 268 125 56.37 0.1 -4.910 0.006
3494.8863740  -6.67 1.24 69659 220 239 220 5642 0.1 -4.903 0.007
34957370919 -4.53 1.89 69878 113 2325 113 56.24 0.1 -4.814 0.009
3496.8219282 4.2 L11 69402 147 225 147 56.74 0.1 -4.847 0.005
3497.6601831  -2.71 1.48 6968.4  1.55 271 155 56.61 0.1 -4.914 0.006
3497.8861105  -5.6 1.57 6953.0  2.81 210 281 56.53 0.1 -4.900  0.007
3498.6727189  1.63 1.27 6961.3 1.39 -161 139 56.41 0.1 -4.888 0.005
3499.8127087 0.7 1.23 6964.5  1.30 -18.8 130 56.40 0.1 -4.911 0.006
3500.6690869  -4.52 1.9 69822  1.34 2337 134 56.28 0.1 -4.907 0.009
3503.6506869  -10.82 2.08 6960.6 2.33 -26.3 233 56.39 0.1 -4.873 0.008
3503.8668915  -3.55 1.77 6975.0 1.84 -222 184 5648 0.1 -4.876 0.008
3504.6840737  -0.93 1.28 6957.5 2.39 -243 239 5649 0.1 -4.864 0.006
3504.8510218  -1.41 1.8 6951.6 2.17 -10.7 217 56.59 0.1 -4.996 0.011
3516.6483423  -4.6 1.9 6971.7 1.15 -249 115 56.44 0.1 -4.895 0.008
3517.7373326 7.89 1.36 6953.3 2.44 -16.0 244  56.64 0.1 -4.855 0.005
3518.7279464  -1.23 1.14 6959.5 1.45 -176 145 56.50 0.1 -4.856 0.005
3519.6936925  -3.02 1.54 6966.2 1.20 -219 120 56.60 0.1 -4.882 0.007
3530.6859318  3.42 1.74 69509  2.01 270 201 56.65 0.1 -4.869  0.009
3531.6686592  -8.58 1.43 69634 112 -162  L12  56.54 0.1 -4.895 0.008
35335936581  -2.68 119 6974.6  1.53 -133 153 56.27 0.1 -4.915 0.006
3534.7005404  -9.55 L5 69576 147 247 147 56.59 0.1 -4.894  0.006
Table B.2. TOI-5817 HARPS-N RV data points and activity indices.
BIDtpB RV +1ogy FWHM OFWHM BIS OBIS Contrast OCont log R;—IK Olog Rl
—2457000[d]  [ms™'] [ms~']
3076.706816 -20800.85  0.88 6.9103 0.0018 -0.0455  0.0018  53.054 0.013  -4.9467  0.0011
3133.721976 -20798.09  0.80 6.9061 0.0016 -0.0427  0.0016  53.072 0.012  -4.9141 0.0009
3164.626223 -20799.50  0.79 6.9108 0.0016 -0.0405  0.0016  53.068 0.012  -4.9229  0.0009
3190.567237 -20806.53  1.03 6.9076 0.0021 -0.0424  0.0021  53.040 0.016  -4.9269  0.0015
3191.543662 -20803.66  1.24 6.9029 0.0025 -0.0436  0.0025  53.105 0.019  -4.9570  0.0022
3192.540426 -20805.45  1.39 6.9160 0.0028 -0.0406  0.0028  53.096 0.021  -4.9297  0.0026
3193.550663 -20806.65  1.05 6.9152 0.0021 -0.0440  0.0021  53.050 0.016  -4.9262  0.0015
3198.586672 -20801.94 1.02 6.9046 0.0020 -0.0435  0.0020  53.051 0.016  -4.9532  0.0015
3199.592662 -20798.37  0.76 6.9085 0.0015 -0.0416  0.0015  53.027 0.012  -4.9291 0.0009
3203.524407 -20799.72  0.82 6.9073 0.0016 -0.0420  0.0016  53.057 0.013  -4.9374 0.0010
3208.496337 -20804.29  0.73 6.9089 0.0015 -0.0432  0.0015  53.029 0.011 -4.9217 0.0008
3209.550008 -20803.55  0.76 6.9110 0.0015 -0.0430  0.0015  53.010 0.012  -49246  0.0009
3213.437564 -20801.51 1.58 6.9112 0.0032 -0.0458  0.0032  53.136 0.024  -4.9128  0.0030
3215.521424 -20796.12 1.19 6.9110 0.0024 -0.0419  0.0024  53.028 0.018  -4.9514 0.0020
3427.731262 -20805.38  0.92 6.9072 0.0018 -0.0425  0.0018  52.994 0.014  -4.9671 0.0012
3430.740254 -20803.10 1.03 6.9053 0.0021 -0.0435  0.0021  52.973 0.016  -4.9524  0.0014
3444.680312 -20806.38  3.01 6.9128 0.0060 -0.0519  0.0060  53.215 0.046  -5.0630  0.0120
3448.717104 -20801.11 0.92 6.9085 0.0018 -0.0433  0.0018  53.031 0.014  -4.9572 0.0012
3451.709225 -20801.91 0.94 6.9067 0.0019 -0.0412  0.0019  53.016 0.014  -49534  0.0012
3453.715804 -20803.28  0.93 6.9084 0.0019 -0.0453  0.0019  53.021 0.014  -49462  0.0012
3477.720297 -20800.97  1.25 6.9096 0.0025 -0.0428  0.0025  53.063 0.019  -4.9580  0.0021
3481.725265 -20800.49  0.89 6.9059 0.0018 -0.0432  0.0018  53.007 0.014  -49534  0.0011
3484.726864 -20798.72  0.87 6.9052 0.0017 -0.0452  0.0017  52.992 0.013  -4.9538  0.0011
3487.67268 -20803.52  0.78 6.9014 0.0016 -0.0428  0.0016  53.018 0.012  -4.9471 0.0009
3489.73175 -20804.28  1.08 6.9070 0.0022 -0.0407  0.0022  53.006 0.017  -4.9702  0.0017
3504.740446 -20805.77 148 6.9026 0.0030 -0.0452  0.0030  52.893 0.023  -4.9530  0.0027
3508.71542 -20803.42 091 6.9096 0.0018 -0.0455  0.0018  53.030 0.014  -4.9410 0.0011
3514.596052 -20801.49  1.08 6.9101 0.0022 -0.0448  0.0022  53.030 0.017  -4.9411 0.0016
3517.72543 -20798.57  1.37 6.9010 0.0027 -0.0429  0.0027  53.085 0.021  -4.9633  0.0025
3518.688354 -20804.84 141 6.9119 0.0028 -0.0417  0.0028  53.095 0.022  -4.9735  0.0026
3519.68936 -20806.50  0.88 6.9104 0.0018 -0.0453  0.0018  53.034 0.013  -4.9468  0.0011
3521.65392 -20803.41  0.86 6.9087 0.0017 -0.0445  0.0017  53.016 0.013  -4.9510  0.0010
3527.583849 -20801.74 1.33 6.9096 0.0027 -0.0430  0.0027  53.077 0.020 -4.9629  0.0023
3528.653431 -20798.08  1.18 6.9095 0.0024 -0.0424  0.0024  53.086 0.018  -4.9555  0.0018
3529.62687 -20800.45  1.52 6.9113 0.0030 -0.0389  0.0030  53.079 0.023  -4.9738 0.0031
3536.657847 -20805.01 1.09 6.9056 0.0022 -0.0469  0.0022  53.064 0.017  -4.9389  0.0016
3537.483723 -20804.59 144 6.9064 0.0029 -0.0455  0.0029  53.153 0.022  -4.9622  0.0027
3538.642139 -20803.62  1.84 6.9017 0.0037 -0.0479  0.0037  53.175 0.028 -5.0122  0.0048
3544.632714 -20799.43 091 6.9077 0.0018 -0.0425  0.0018  53.011 0.014  -4.9318 0.0011
3545.633157 -20796.84  0.88 6.9062 0.0018 -0.0381  0.0018  53.022 0.014  -4.9473  0.0011
3546.650825 -20799.11 1.08 6.9115 0.0022 -0.0409  0.0022  53.041 0.017  -4.9366  0.0016
3548.62045 -20801.03 1.50 6.9159 0.0030 -0.0452  0.0030  53.089 0.023  -4.9569  0.0030
3550.640185 -20802.53  0.95 6.9092 0.0019 -0.0447  0.0019  53.038 0.015  -4.9339  0.0012
3551.561757 -20806.36  1.20 6.9131 0.0024 -0.0444  0.0024  53.061 0.018  -4.9477  0.0020
3552.552417 -20804.40  0.98 6.9094 0.0020 -0.0437  0.0020  53.043 0.015 -4.9573  0.0014
3564.528943 -20800.47  0.88 6.9082 0.0018 -0.0450  0.0018  53.034 0.014  -4.9500 0.0011
3565.586293 -20802.35 149 6.9065 0.0030 -0.0450  0.0030  53.132 0.023  -4.9665  0.0030
3574.61827 -20798.08  1.61 6.9102 0.0032 -0.0419  0.0032  53.091 0.025  -4.9651 0.0037
3575.602886 -20800.97 112 6.9140 0.0022 -0.0457  0.0022  53.081 0.017  -4.9457  0.0018
3576.609752 -20800.39  1.88 6.9250 0.0038 -0.0392  0.0038  53.129 0.029  -4.9914 0.0051
3585.519477 -20807.28  2.19 6.9102 0.0044  -0.0437  0.0044  53.188 0.034  -5.0390  0.0069
3592.453168 -20796.62  0.96 6.9115 0.0019 -0.0419  0.0019  53.044 0.015  -4.9440  0.0013
3607.465504 -20799.58  0.97 6.9142 0.0019 -0.0449  0.0019  53.047 0.015  -4.9270  0.0013
3652.299573 -20800.39  0.98 6.9060 0.0020 -0.0443  0.0020  53.062 0.015 -4.9434  0.0013
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Table B.3. TOI-5817 SOPHIE and SOPHIE+ RVs, separated by a horizontal line.

BJDyrc -2457000 RV (km/s) =+1o (km/s) exp.(sec) S/N per pix at 550 nm

-2439.47494 -20.8157 0.0050 718.3 45.9
-2441.49799 -20.8417 0.0049 2443 49.7
-2448.46677 -20.8341 0.0049 439.3 474
-2467.35902 -20.8171 0.0048 335.2 51.0
-2468.32443 -20.8062 0.0049 2718 55.2
-2476.40512 -20.8461 0.0049 236.2 49.4
-2477.45085 -20.8312 0.0049 523.6 50.6
-2482.43912 -20.8024 0.0105 904.6 15.1
-2483.36633 -20.8339 0.0050 906.0 44.2
-2483.38011 -20.8301 0.0057 900.0 329
-2483.38821 -20.8208 0.0049 3477 48.0
3523.48359 -20.8312 0.0033 216.0 39.6
3524.47241 -20.8271 0.0035 216.0 38.2
3525.55661 -20.8117 0.0043 2619 310
352743330 -20.8195 0.0031 216.0 42.9
3529.44324 -20.8169 0.0027 4222 50.2
3534.58391 -20.8177 0.0033 216.0 40.3
3539.42011 -20.8183 0.0027 748.9 48.9
3541.44781 -20.8154 0.0027 829.4 49.2
3543.42374 -20.8120 0.0027 522.6 49.9
3545.46071 -20.8239 0.0027 298.1 50.1
3547.39263 -20.8235 0.0026 486.9 512
3548.51121 -20.8187 0.0030 419.0 43.8
3550.45610 -20.8212 0.0027 307.2 50.0
3552.49671 -20.8246 0.0029 444.6 453
3556.51965 -20.8270 0.0030 402.9 46.5
3559.51977 -20.8028 0.0046 302.7 29.2
3560.43748 -20.8227 0.0032 216.0 42.0
3563.34306 -20.8115 0.0027 8114 49.7
3566.36975 -20.8188 0.0028 1863.5 48.6
3575.38454 -20.7923 0.0034 1648.2 39.6
3578.34476 -20.8195 0.0027 408.4 50.1
3582.42445 -20.8269 0.0027 884.1 49.7
3603.31212 -20.8178 0.0027 399.4 49.4
3606.39841 -20.8352 0.0033 651.1 40.7
3619.36656 -20.8171 0.0026 478.5 513
3622.23691 -20.8154 0.0026 375.6 50.9
3625.29103 -20.8183 0.0030 216.0 44.8
3643.22459 -20.8086 0.0039 216.0 33.8
3645.25673 -20.8257 0.0027 405.8 50.4

Table B.4. Priors utilised for the parameters of the preferred joint model fit of Sect. 3.4.

Parameter Prior distribution Prior distribution
TOI-5800 TOI-5817

Keplerian Parameters:

O [gem™3] N(Q.41, 0.21) N(0.47, 0.05)

Top [BIDtpg —2459000] AN(771.71, 0.01) N(799.30, 0.01)

Py [d] N(2.628, 0.001) N(15.61, 0.01)

e, 0 0

wy 90 90

Transit Parameters:

Ry/R, U (0.0, 1.0) U (0.0, 1.0)

D 1.0 1.0

q: (TESS) UuQo, 1) UuQ, 1)

q> (TESS) UuQo, 1) UuQ, 1)

Light curve GP Hyperparameters:

OTESS [ppt] L(107, 1) L(107, 1)

PTESS [d] £(107!, 100) £(107!, 100)

RV parameters:

K, [ms™'] U, 20) U, 10)

HHARPS [ms™'] U-20, 20) -

OHARPS [ms™'] UQ©, 10 -

HHARPS-N [ms~!] - U(-20852, —20752)

oHARPSN  [msT'] - U, 10)

Notes. U(a, b) indicates a uniform distribution between a and b, L(a, b) a log-normal distribution, and N'(a, b) a normal distribution, where a and
b are the mean and standard deviation. ® In the case of non-null eccentricity, the priors are set as follows: (Ve sin w, Ve cos w) in U(-1.0, 1.0).
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Table B.5. Prior parameter distribution for the calculation of the internal compositions of TOI-5800b and TOI-5817 b.

Parameter Prior range Distribution
Fe/Simante -+ v v v - 0—Fe/Sigar uniform
Mg/Simantie « « - - - - - - Mg/Sigtar Gaussian
More/ Meore + Mimante) - - 0.1-0.9 uniform
H,-He-H,O atmosphere

Z.oiiiiiiii. 0-1 uniform
Lergs™)........ (2.0-3.1) x 10?!  log-uniform
Mywm/Mp ........ 0.001-0.1 log-uniform
Pure water case

Myaer,ou/Mp - .. ... 0.03-0.5 uniform

Notes. The parameters Z, L, and My, are only used in the case of uniformly mixed atmosphere, while the parameter Myqer, buik, referring to the
bulk water content of a planet, is only used in the pure water case.
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