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ABSTRACT

Context. The formation of Neptune planets with orbital periods shorter than ten days remains uncertain. They might have developed
similarly to their longer-period counterparts, emerged from rare collisions between smaller planets, or be the remnant cores of stripped
giant planets. Characterising a large number of such planets is important for advancing our understanding of how they form and evolve.
Aims. We aim to confirm the planetary nature and characterise the physical and orbital properties of a close-in Neptune-type transiting
exoplanet candidate revealed by TESS around the star TOI-5795 (V = 10.7 mag), 162 pc away from the Sun.

Methods. We monitored TOI-5795 with the HARPS spectrograph for two months to quantify any periodic variations in its radial
velocity (RV), necessary to estimate the mass of the smaller companion. We jointly analysed these RV measurements and the TESS
photometry. We excluded contaminating sources as the origin of the detected signal using high-angular-resolution speckle and adaptive
optical imaging.

Results. We find that the parent star is a metal-poor ([Fe/H] = —0.27 £ 0.07) G3 V star (Teg = 5718 + 50K), with a radius of R, =
1.082 + 0.026 R, a mass of M, = 0.9011’8:823 M, and an age of 10.2f§:§ Gyr. We confirm the planetary nature of the candidate, which
can now be named TOI-5795b. We estimate that the planet has an orbital period of P, = 6.1406325 + 0.0000054 days and an
orbital eccentricity compatible with zero. With a mass of 23.66f3:23 Mg, a radius of 5.62 + 0.11 Rg, and an equilibrium temperature
of 1136 + 18 K, it can be considered a hot super-Neptune at the edge of the so-called Neptune desert. The transmission spectroscopy
metric of TOI-5795b is =100, which makes it an interesting target for probing the chemical composition of its atmosphere. We
simulated planet-formation processes but found almost no successful matches to the observed planet’s mass and orbit, suggesting that
post-formation dynamical events may have shaped its current state. We also performed an atmospheric-evolution study of TOI-5795 b,
finding that this planet likely experienced significant atmospheric stripping due to prolonged high-energy irradiation from its parent

star.

Key words. planets and satellites: detection — stars: abundances — stars: fundamental parameters — planetary systems

1. Introduction planets 3Rg < R, < 7Rg) with short orbital periods and high
. L irradiance have been found, although observational bias should

The “Neptune desert” (Mazeh et al. 2016) is a region in the mass-  fayour the detection of such planets. The dearth of both hot-
period (M}, — P,) space of exoplanets where few Neptune-sized Neptune and hot-Saturn planets (10 Mg < M, < 100 M) might
result from the way planets form or migrate. For example, high-

* Corresponding author: francesca.manni@inaf.it eccentricity migration can bring planets very close to their star,
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leading to tidal disruption (Matsakos & Konigl 2016; Owen &
Lai 2018). Additionally, the Neptune desert could be partially
explained by the fact that these planets are likely to lose their
atmospheres because of intense ultraviolet and X-ray irradiation
from their host stars (e.g. Ehrenreich et al. 2015; Ionov et al.
2018; Szabd et al. 2023). Close-in Neptunes can be more suscep-
tible than hot Jupiters to complete evaporation of their envelopes
(Owen & Jackson 2012). Photoevaporation can be particularly
strong for the puffiest planets because of their proximity to their
parent stars and can be further enhanced by Roche-lobe over-
flow (e.g. Koskinen et al. 2022; Thorngren et al. 2023). Recently,
Castro-Gonzdlez et al. (2024a) conducted a study focusing
on the Neptunian desert. Based on the Kepler DR25 catalog
(Thompson et al. 2018), these authors redefined the boundaries
of the desert (Po, < 3 days) and identified a new, highly popu-
lated area they term the *Neptunian ridge’, populated by planets
with 3.2 days < Py < 5.7 days, which acts as a transition zone
to the ’savanna’, a more moderately populated region at greater
orbital distances (5.7 to 100 days; see also Bourrier et al. 2018).
They also stressed the role of high-eccentricity tidal migration
(HEM) and photoevaporation as key processes in shaping this
planetary landscape.

Trends have been observed between planet bulk den-
sity and stellar metallicity for lightly irradiated (F, < 2 X
108 erg s~ cm2) sub-Neptunes (Wilson et al. 2022; Hawthorn
et al. 2023; Kunimoto et al. 2023), suggesting that planets orbit-
ing metal-rich stars have metal-rich atmospheres with reduced
photoevaporation. However, such a correlation is not evident for
lightly irradiated gas giant planets, i.e. 0.1 My, < M, < 4 My,
(Mantovan et al. 2024b). Although interesting trends are emerg-
ing with the sample of Neptunes studied so far, an even larger
sample is needed to understand these planets. In this context,
we are running the HOt-NEptune Initiative (HONEI; Naponiello
et al. 2025b), an observational programme, based on high-
resolution spectrographs, with the aim of finding ideal targets
for atmospheric follow-up. This is the evolution of a previous
GAPS' sub-programme (Naponiello et al. 2022, 2023, 2025a)
and is specifically designed to confirm and characterise hot- and
warm Neptune-sized TESS objects of interest (TOIs) in different
environments with the aim of investigating their origin.

Here, we report the results of multi-instrument observations
of the star TOI-5795, which allowed us to measure the mass of
the planet candidate TOI 5795.01, confirming its planetary nature
and characterising its main physical and orbital parameters.

This paper is structured as follows. Sect. 2 describes the pho-
tometric, spectroscopic, and high-angular-resolution-imaging
observations on which this work is based. Section 3 details the
physical and atmospheric parameters of the parent star. The anal-
ysis of the planetary signal and the subsequent characterisation
of the planetary system, by a joint analysis of different data sets,
are described in Sect. 4. The possible formation and evolution
scenarios of TOI-5795b are analysed in Sect. 5, while the evo-
lutionary history of its atmosphere is investigated in Sect. 6. Our
conclusions are summarised in Sect. 7.

2. Observations and data reduction
2.1. TESS photometry

The target of this study is the star TIC 151724385 (also known as
2MASS J20192849-0732511; Tmag = 10.19 mag; see Table 1),
which is located 160 pc away and was observed by TESS, as a
preselected target (Stassun et al. 2019), from July 9 to August 5,

I Global Architecture of Planetary Systems (e.g. Esposito et al. 2014).
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Table 1. Astrometric, spectroscopic, and photometric parameters for
TOI-5795.

Parameter Unit Value Source
Cross-identifications

TOIID 5795 TOI cat.
TICID 151724385 TIC
TYCID 5741-424-1 TYC
GSCID 05741-00424 GSC
2MASSID J20192849-0732511 2MASS
Gaia DR1ID 4216036345540368768  Gaia DRI
Gaia DR3ID 4216036349838071424  Gaia DR3
Astrometric properties

a (J2000) h:m:s 20:19:28.51 Gaia DR3
6 (J2010) d:m:s -07:32:51.57 Gaia DR3
n mas 6.1900 + 0.0213 Gaia DR3
Ha mas yr~! 12.8097 + 0.0233 Gaia DR3
COoSs mas yr~! —29.7160 + 0.0152 Gaia DR3
Photometric properties

Br mag 11.466 +0.135 Tycho-2
Vr mag 10.708 + 0.009 Tycho-2
g mag 11.107 + 0.026 APASS Sloan
r mag 10.629 + 0.026 APASS Sloan
i mag 10.512 £ 0.073 APASS Sloan
TESS mag 10.187 + 0.006 TICv8.2
G mag 10.6376 + 0.000361 Gaia DR3
BP mag 10.9813 + 0.0007 Gaia DR3
RP mag 10.1264 + 0.0003 Gaia DR3
J mag 9.557 £0.021 2MASS
H mag 9.218 £ 0.021 2MASS
K mag 9.168 + 0.021 2MASS
W13.4 um mag 9.114 £ 0.022 AlIWISE
W24.6 um mag 9.146 + 0.020 ANIWISE
W3 12 um mag 9.109 + 0.033 ANIWISE
Spectroscopic properties

Spectral type G3V This work®
vsini kms™! 1.9 £1.0 This work
[Fe/H] dex -0.27 +£0.07 This work
[C/H] dex -0.27 £0.05 This work
[S/H] dex -0.21 +£0.07 This work
[O/H] dex -0.20 £ 0.10 This work
[Mg/H] dex —0.06 + 0.08 This work
[Si/H] dex —-0.14 £ 0.08 This work
Derived parameters

L, Lo 1.130 £ 0.043 This work
My Mo 0.901+503 This work
Ry Ro 1.082 + 0.026 This work
log g« cgs 432 +0.13 This work
Px gem™3 1.008f8:83; This work
log Ry dex -5.07 £ 0.02 This work®
Tefr K 5715 +55 This work
Age Gyr 10.223 This work
Ay mag <0.094 This work
Distance pc 161.5 £ 0.6 This work
YRV ms~! —-66962.3 This work

Notes. @The spectral type has been derived from the tables of Pecaut
& Mamajek (2013) (version 2022) and using our T.; value. ®The
log Ry, has been derived using the ACTIN2 code (https://github.
com/gomesdasilva/ACTIN2) v2.0 betall (Gomes da Silva et al. 2018)
from the combined HARPS spectra. References: TESS Primary Mis-
sion TOI catalog (Guerrero et al. 2021); TIC (Stassun et al. 2018, 2019);
Tycho (Hgg et al. 2000); APASS Johnson (Henden et al. 2016); 2MASS
(Skrutskie et al. 2006); Gaia DR3 (Gaia Collaboration 2023); AIIWISE
(Cutri et al. 2021).
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2022, during Sector 54 of its first extended mission. It became a
TOI on September 22, 2022 and was catalogued as TOI-5795. It
was observed again by TESS from July 15 to August 10, 2024,
during Sector 81 of its second extended mission, and then from
May 7 to June 3, 2025, during Sector 92. In all sectors, the tar-
get was observed with a 2-min cadence and a total of 30086
images were collected. The three TESS light curves span about
763 days and contain 12 transit events” of the planet candidate
TOI5795.01 with an average depth of 2.86 + 0.16 mmag (see
Fig. 1).

We downloaded the TESS light curves of TOI-5795 as a
LightCurveFile object, from the Mikulski Archive for Space
Telescopes (MAST) using the Python package lightkurve
(Lightkurve Collaboration 2018). The LightCurveFile object
contains both the Simple Aperture Photometry (SAP; Twicken
et al. 2010) and the Presearch Data Conditioning SAP flux (PDC-
SAP; Smith et al. 2012; Stumpe et al. 2012, 2014), which were
extracted with the TESS Science Processing Operation Centre
(SPOC) pipeline (Jenkins et al. 2016). Potential contaminating
sources within the TESS aperture, which could lead to a shal-
lower transit depth than the actual value, are typically addressed
using a dilution factor. Here, the PDC-SAP photometry was cor-
rected for contamination from other objects using the Create
Optimal Apertures module (Bryson et al. 2010, 2020). However,
in this case, there are no sources close to the borders of the SPOC
pipeline aperture, as shown in Fig. A.1, where the apertures were
drawn using tpfplotter * (Aller et al. 2020) for Sectors 54, 81,
and 92 together with the closest sources extracted from the Gaia
satellite DR3 catalogue.

2.2. Ground-based photometric follow-up observations

Ground-based follow-up observations in search of transits of
TOI-5795 b were carried out by members of the TESS Follow-up
Observing Program Working Group and are archived at ExoFOP.

A complete transit of TOI-5795b was observed on 25
June, 2023 through a Pan-STARRS z; filter (wavelength centre
8700 A) using the f/8 Ritchey-Chretien 1-m telescope, from the
Las Cumbres Observatory Global Telescope (LCOGT) (Brown
et al. 2013) at the Cerro Tololo Inter-American Observatory in
Chile (CTIO). This telescope is equipped with the SINISTRO
camera with 4096 x 4096 pixels and a pixel size of 15 um.
The resulting plate scale is 0.389 arcsec pixel~!, which gives a
26" x 26’ field of view. The images were calibrated using the
standard LCOGT BANZAI pipeline (McCully et al. 2018), and
differential photometric data were extracted using AstroImage)
(Collins et al. 2017). A circular 5”8 photometric aperture was
adopted to exclude all flux from the nearest known neighbour
in the Gaia DR3 catalogue (Gaia DR34216036345540514432),
which lies 17”8 to the north-east of TOI-5795.

Another complete transit was observed on September 15,
2024 through a Johnson/Cousins B band filter using the 0.36 m
f/7.2 Corrected Dall-Kirkham Astrograph telescope at the
Brierfield Observatory near Bowral, New South Wales, Aus-
tralia. This telescope is equipped with a Moravian G4-16000

2 A comment in the ExoFOP-TESS database (Akeson et al. 2013) refers
to a possible additional transit event at ~2757 (BJD — 2457 000); how-
ever, this timestamp is prior to the start of the available light curves,
making such an event impossible. It likely refers instead to a dip at
~2787. This feature is probably due to an off-target eclipsing binary
blend, particularly since the first flagged event near ~2772 is shallower,
exhibits some depth—aperture correlation, and is likely a secondary
eclipse.

3 https://github.com/jlillo/tpfplotter/
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Fig. 1. Light curve of TOI-5795 obtained by TESS by monitoring Sec-
tors 54 (top panel), 81 (middle panel), and 92 (bottom panel) at a 2-min
cadence, extracted using the SAP pipeline. No significant rotational
modulation is detected. The black line represents our best-fit transit
model, while the white points are binned data. The residuals of the best-
fit model are shown in parts per million in all panels.

KAF-16803 camera, which has 4096 x 4096 pixels and a pixel
size of 9 um. The plate scale is 1.47 arcsec pixel™!, resulting
in a 50" x 50" field of view. The differential photometric data
were also extracted using AstroImage] by adopting a circu-
lar 579 photometric aperture. The final LCO and Brierfield light
curves from the global fit are shown in Fig. 7, together with the
phase-folded PDC-SAP light curve.

2.3. High-angular-resolution imaging

High-angular-resolution imaging is essential to identify nearby
sources that can contaminate the TESS photometry, resulting
in an underestimated planetary radius, or to identify sources of

A230, page 3 of 14


https://github.com/jlillo/tpfplotter/

Manni, F, et al.: A&A, 701, A230 (2025)

0
TIC151724385

SOAR Speckle ACF
e .
© a
Q I
= 2! 2
)
o <
]
k=
c 3t
o

Aa [arcsec]

[
< al

00 05 1.0 15 20 25 3.0

Aarcsec

0 T T T T I T T T T I T T T T | T T T T

TOI5795 |
a—
~ 2 —
g _
g A i
2 s
m 3 i
gn -
6 ]
£ ]
2.0 00 -20 -40
Aa [arcsec] —
8 ]
[ I | | [ s # i i B } {o-o-p-o-p-o-p .
0 1 2 3 4
Aarcsec

Fig. 2. High-resolution sensitivity curves for SOAR (top panel) and the
Palomar Hale telescope (bottom panel), plotted as a function of angular
separation from the host star. Insets in the respective panels show images
of the central region of the data.

astrophysical false positives, such as background eclipsing bina-
ries (Ciardi et al. 2015). As part of our standard process for
validating transiting exoplanets, TOI-5795 was observed using
optical speckle and near-infrared adaptive-optical (AO) imaging.

2.3.1. Optical speckle imaging

We searched for stellar companions to TOI-5795 using speckle
imaging on the 4.1-m Southern Astrophysical Research (SOAR)
telescope (Tokovinin et al. 2018) on November 4, 2022, observ-
ing in the Cousins-/ band, a bandpass similar to that of TESS.
This observation was sensitive to 5o detections of stars 3.9
magnitudes fainter at an angular distance of 1” from the
target. Further details of the observations within the SOAR
TESS survey are available in Ziegler et al. (2020). The 5o
detection sensitivity and speckle autocorrelation functions for
TOI-5795 observations are shown in the top panel of Fig. 2. No
nearby stars were detected within 3”of TOI-5795 in the SOAR
observations.

2.3.2. Near-infrared AO imaging

Observations of TOI-5795 were made on August 29, 2023,
with the Palomar High Angular Resolution Observer (PHARO)
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instrument (Hayward et al. 2001) on the Palomar Hale 5.1-m tele-
scope, behind the P3K natural guide star AO system (Dekany
et al. 2013). The pixel scale for PHARO is 0.025”. Palomar data
were collected in a standard five-point quincunx dither pattern
in the Br-y filter (1o = 2166 um; A4 = 0.020 um). The reduced
science frames were combined into a single mosaic image with
a final resolutions of ~0.095".

The sensitivity of the final combined AO images was deter-
mined by injecting simulated sources azimuthally around the
primary target every 20°, at separations of integer multiples of
the central source 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 5o signif-
icance. The final 5o limit at each separation was determined
from the average of all limits at that separation, and the uncer-
tainty in each limit was established by the rms dispersion of the
azimuthal slices at a given radial distance. No stellar compan-
ions were detected, with the images reaching a contrast of ~3.9
(SOAR) and ~7.5 (Palomar) magnitudes fainter than TOI-5795
within 0.5” in each respective band (see Fig. 2).

2.4. Spectroscopic observations

Spectroscopic follow-up observations and radial-velocity (RV)
measurements of TOI-5795 were obtained with TRES (Till-
inghast Reflector Echelle Spectrograph; Szentgyorgyi & Furész
2007) and HARPS (High Accuracy Radial velocity Planet
Searcher; Pepe et al. 2002; Mayor et al. 2003).

The Tillinghast Reflector Echelle Spectrograph (TRES) is
a fibre echelle spectrograph (R = 44 000) mounted on the 1.5-
metre Tillinghast telescope at the Smithsonian Astrophysical
Observatory’s Fred L. Whipple Observatory on Mount Hopkins
in Arizona, USA. Two reconnaissance spectra of TOI-5795 were
obtained in October 2022, revealing a G-dwarf. No significant
RV variations were found in the two initial spectra, ruling out
binary scenarios. Additional spectra of this star were collected
to search for possible long-term RV trends. In total, 13 TRES
observations were recorded over a 2-year span. The derived RVs
have an average precision of 27.7ms~! (see Table A.1), consis-
tent with no detectable RV variation due to the TESS planet
candidate, or to external long-period objects orbiting around
TOI-5795. Details regarding the detection sensitivity of this
dataset are provided in Appendix B, together with those of
HARPS.

2.4.1. HARPS data

HARPS is a high-resolution (R = 115000), visible-light, fibre-
fed echelle spectrograph mounted on the ESO 3.6-meter tele-
scope at La Silla, Chile. Due to its long-term stability and
simultaneous wavelength calibration, HARPS is one of the few
instruments currently in operation that can achieve, under opti-
mal conditions, RV measurements with an accuracy of ~1 m g1
(Pepe et al. 2014). We monitored TOI-5795 in summer 2024,
from June 29 to August 13, under ESO programme 113.26UJ
(PI: Naponiello), collecting a total of 19 RV measurements with
an average S/N of 27 (see Table A.l1). We used the fibre-AB
spectroscopy mode (object and sky) with an exposure time of
20 min. The spectra were calibrated and the RVs derived using
the SpEctrum Radial Velocity Analyzer (SERVAL) pipeline
(Zechmeister et al. 2018), resulting in an average RV uncertainty
of 2.7ms!.

We also investigated various stellar activity indicators in this
dataset, including the bisector inverse slope (BIS), the FWHM,
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the line contrast of the cross-correlation function (CCF), and the
chromospheric activity index log Ry, as well as the cores of the
sodium (NaT), helium (He1), and Ha spectral lines (extracted
with ACTIN2; Gomes da Silva et al. 2018). None of these
indicators showed significant periodic signals, with all gener-
alised Lomb-Scargle (GLS) periodograms returning false alarm

probabilities (FAP) above 15%.

3. Host-star characterisation

To estimate the photospheric parameters of the host star, we
produced a co-added spectrum from the HARPS spectra (see
Sect.2.4.1). The S/N of the co-added spectrum was ~160 at
A~6000 A. From this spectrum, we derived the spectroscopic
atmospheric parameters, i.e. the effective temperature (7eg),
surface gravity (logg), microturbulence velocity (£), and iron
abundance ([Fe/H]), using equivalent widths (EWs) of iron lines
(see Biazzo et al. 2022 for details). EWs were measured using the
ARESvV2 code (Sousa et al. 2015). We then adopted the Castelli
& Kurucz (2003) grid of model atmospheres with new opacities
(ODFNEW) and the spectral package pymoogi (Adamow 2017),
which is a wrapper of the MOOG code (version 2019; Sneden
1973). We also computed the elemental abundances of magne-
sium, silicon, carbon, and sulphur using the procedure based
on line EWs and the same codes and grid of models as above.
Finally, following the spectral synthesis method described by
Biazzo et al. (2022) and assuming the macroturbulence velocity
Umacro = 3.3kms™! by Doyle et al. (2014), we find a projected
rotational velocity vsini = 1.9 + 1.0 km s~!, which is at the
limit of the HARPS spectral resolution. The same procedure
was applied to the TRES spectrum with the highest S/N to
derive the oxygen abundance from the infrared triplet lines (at
~7772 = 7775 A) and applied the non-LTE (NLTE) corrections
by Amarsi et al. (2015). All stellar parameters and elemental
abundances are listed in Table 1. It is worth noting that the star
is metal-poor, i.e. [Fe/H] = —0.27 + 0.07.

We determined the stellar mass, radius, and age using the
EXOFASTv2 differential evolution Markov chain Monte Carlo
tool (Eastman 2017; Eastman et al. 2019), by simultaneously
modelling the stellar spectral energy distribution (SED) and the
MESA Isochrones and Stellar Tracks (MIST; Paxton et al. 2015);
see Naponiello et al. (2025a) for more details. We sampled the
SED with the Tycho-2 By and Vr, APASS Johnson B, V, ¢’, 7/,
and i, 2MASS J, H, and K, and WISE W1, W2, and W3 mag-
nitudes (see Table 1 and Fig. 3). We imposed Gaussian priors
on the Gaia DR3 parallax, as well as on the T.¢ and [Fe/H],
as derived from our spectral analysis. The fitted and derived
parameters of the host star are given in Table 1. The estimated
old age of ~10 Gyr is consistent with both the low log R}, =
—5.07 £0.02 and the absence of significant variations due to stel-
lar activity in the light curve and in the activity-spectrum indices.

4. Physical and orbital characterisation of the
TOI-5795 planetary system

4.1. Periodogram of the RV time series

In the RVs obtained with HARPS, we searched for the same
periodic signal present in the TESS light curve using the GLS
periodogram (Zechmeister & Kiirster 2009), using the Python
package astropy v.5.2.2 (Astropy Collaboration 2018). The
orbital period of the planet candidate TOI5795.01 is clearly
identified as the highest peak in the periodogram (see Fig.4).
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Fig. 4. Generalised Lomb-Scargle (GLS) periodogram of HARPS RV
measurements of TOI-5795, showing the main peak correctly identified
at ~6 days.

Often, no additional signals appear in the first RV periodogram
because the principal signal is too strong; however, once this is
removed, secondary signals emerge in the residual periodogram.
While, the residuals of the one-planet model exhibit some scat-
ter, the limited number of RV data points makes it difficult to
confidently identify any additional signals that might be present,
and no significant signals are revealed in the GLS periodogram
of the residuals of the one-planet model. Furthermore, no other
transit signals are detected in the light curve.

4.2. Global modelling of the data

We performed a joint modelling of the TESS photometry,
ground-based follow-up photometry, and HARPS-RV data fol-
lowing our consolidated procedure, as described in Naponiello
et al. (2022, 2023, 2025a). Briefly, we used the Python wrap-
per juliet® (Espinoza et al. 2019), which utilises batman’

4 https://juliet.readthedocs.io/
5 https://github.com/lkreidberg/batman
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Fig. 5. Top panel: HARPS RV measurements of TOI-5795 in blue, with
the preferred model fit shown in black. Bottom panel: RV residuals over
the model fit.

(Kreidberg 2015) and RadVel® (Fulton et al. 2018), for the mod-
elling of transit and RV data, respectively. The systematics (red
noise) in the photometric time series were modelled by means of
Gaussian processes (GPs) via the celerite package (Foreman-
Mackey et al. 2017). A Bayesian approach, based on the dynamic
nested sampling package dynesty (Speagle 2020), was then
adopted to explore the posterior distribution of the model param-
eters and estimate the Bayesian evidence, ensuring consistency
with the data.

The joint RV and photometry analysis was run for a sim-
ple one-planet model. For the RV dataset, only for uncorrelated
(white) noise was taken into account. Large uniform (uninfor-
mative) priors were used for the distribution of all parameters. In
particular, the priors for Py, and Ty were centred around the val-
ues reported in the data validation report produced by the TESS
SPOC (Jenkins et al. 2016) pipeline. The best-fitting values and
uncertainties for the transit, RV, and Keplerian parameters were
then derived from the posterior probability distributions. Follow-
ing Eastman et al. (2013), the eccentricity, e, and the argument of
periastron, w, were parametrised as /e sinw and /e cos w. The
impact parameter, b, and the ratio of the radii of the star and the
planet, k = R,/R,, were parametrised as r; and r, (see Espinoza
2018). For the limb-darkening (LD) coefficients, we adopted the
same parameterisation as Kipping (2013),i.e. ¢; = (u; +u»)? and
q>» = 0.5 (u; + up)~", where u; and u, are the LD coefficients of
the quadratic law.

HARPS RVs are shown in Figs. 5 and 6 (phase-folded),
together with the preferred global model (top panels) and its
residuals (bottom panels). The TESS, LCO, and Brierfield light
curves of TOI-5795, folded with the planet’s orbital period,
are plotted in Fig. 7 together with the best-fit transit mod-
els resulting from the global fit. The posterior estimates of
the main parameters of the joint fit are reported in Table 2.
We therefore confirm the planetary nature of the TESS candi-
date TOI5795.01, hereafter referred to as TOI-5795b, with a
mass of M, = 23.66*;% Mg (e.g. > 50 significance), a radius
of Ry = 5.62 £ 0.11 Rg, corresponding to a bulk density of
0.73 +0.13 gcm™ (compatible with that of Saturn, 0.69 g cm™3)
and an equilibrium temperature of T.q = 1136 + 18 K. Conse-
quently, it can be considered as a hot super-Neptune and its
orbital period (6.14 days) places it at the edge of the Neptune
ridge (according to the framework by Castro-Gonzilez et al.
2024a), i.e. at the beginning of the so-called ‘savanna’ (see

6 https://radvel.readthedocs.io
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Fig. 6. Top panel: phase-folded HARPS RV measurements of TOI-5795
in blue, with the preferred model fit in black. Bottom panel: RV residu-

als over the model fit. The error bars include both the data uncertainty
and the jitter derived from the analysis.
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Fig. 7. Global fit result for TESS and ground-based observations. The
superimposed points correspond to phase-bins of 22 minutes, 18 min-
utes, and 17 minutes for TESS, LCO and Brierfield, respectively. The
error bars include both the data uncertainty and the jitter from the
analysis.

Fig. 8 and the discussion in Sect. 7). The orbital eccentricity
of TOI-5795b was estimated as e = 0.15 + 0.06 and is there-
fore compatible with zero at 95.5% confidence, although the
Bayesian evidence is slightly in favour of the circular scenario
(AlnZ¢ jg < 3). Finally, we note that the measured RV jitter is

higher than expected (3.75f}:(2)§; see Table 2), particularly given
the relatively quiet nature of TOI-5795. This may be attributed
to unresolved signals not captured within our limited temporal
baseline. Continued RV monitoring is recommended to better

characterise any additional variability.

5. The formation and evolution of TOI-5795 b

We used the Monte Carlo version of the GroMiT (planetary
GROwth and Mlgration Tracks) code (Polychroni et al. 2023) to
investigate the possible formation history of TOI-5795 b, follow-
ing Mantovan et al. (2024b) and Naponiello et al. (2025a). The
simulations were based on the pebble accretion model, adopting
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Table 2. Orbital and physical parameters of TOI-5795 b.

Parameter Unit Value

Light curve

parameters
Pow day 6.1406325 + 0.0000054
Ty BIDpg 2459 770.67397’:8'8882?
Ty hr 3.407+0028 ©
R, /Ry 0.0477 + 0.0006
b 0.29j8§§8
i deg 88.54f8§2

+0.
a/Ry 12.65%55
Limb-darkening

coefficients@
q1, TESS 0.20*94°
>, TESS 0.41*933
q1,B 0.42f§:§§
g2, B 0.52:’8:gg
q1,LCO 0.50%)35
q>,LCO 0.54f8:§§

RV parameters

K ms~! 8.97*13)

: 0.101
\esinw 0.1971 105
\ecos w 0.317+0197
e® <0.25
w deg 31.677350
RV jitter HARPS ms™! 3.75f1:(2)§

Derived
M, Mg 23.66759)
R, Re 5.62+0.11
£p gem™ 0.73 £0.13
logg, cgs 7.33+1.29
a au 0.064 + 0.002
T K 1136.78*18%
TSM@ 103ﬁ§
GP coefficients
oGp 0.00160 + 0.00014
PGP 0.98 +0.09

Notes. The median values of the best-fit parameters for TOI-5795b,
along with their upper and lower 68% credibility intervals as uncer-
tainties. These values, both fitted and derived, were obtained from the
posterior distributions of the corresponding models. @Dgy = (uy + up)?
and g, = 0.5 (u; + u;)~', where u; and u, are the LD coefficients of the
quadratic law (Kipping 2013). ®The 95% (2 o) confidence upper limit
on the eccentricity determined when +/e cos w and +/e sin w are allowed
to vary in the fit. ©This represents the equilibrium temperature assum-
ing a Bond albedo of zero and an uniform redistribution of heat to the
night side. “Transmission spectroscopy metric (TSM; Kempton et al.
2018).

the treatment for the growth and migration of solid- and gas-
accreting planets from Johansen et al. (2019) and Tanaka et al.
(2020), respectively. We used the scaling law for the pebble iso-
lation mass from Bitsch et al. (2018) to explore the formation of
103 planetary seeds embedded in a plausible native protoplane-
tary disc with mass equal to 5% that of the star and characteristic
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Fig. 8. Radius-period diagram of close-in exoplanets with mass and
radius measured to an accuracy of at least 5 0. The data were obtained
from the NASA Exoplanet Archive on February 13, 2025. Error bars
have been suppressed for clarity. The position of TOI-5795b is high-
lighted, together with the population-based boundaries of the Neptu-
nian desert, ridge, and savanna, as derived by Castro-Gonzdlez et al.
(2024a). This plot was generated with nep-des (https://github.
com/castro-gzlz/nep-des).

radius of 60 au (i.e. following the solar nebula-like template
from Turrini et al. 2023). The protoplanetary disc is described
by a steady state viscous disc (Johansen et al. 2019; Armitage
2020) characterised by mass loss due to photoevaporation of
10 My yr~! (Tanaka et al. 2020) and a thermal profile due to
viscous heating and stellar irradiation, following the prescrip-
tion of Ida et al. (2016). The pebble-to-gas ratio in the different
regions of the disc was computed from the stellar metallicity,
given in Table 1, using the condensation profile from Turrini
et al. (2023). We used the stellar evolutionary models of Baraffe
et al. (2015) to set the pre-main sequence luminosity to 1.23 L,
as predicted for a star with a mass similar to that of TOI-5795 at
1.5 Myr.

The simulations followed the planet formation process for
5 Myr. Planetary seeds were randomly placed on the disc, vary-
ing (i) their initial semi-major axis (0.1-60 au), (ii) their input
time (0.1yr — 3Myr), and (iii) the disc viscosity coefficient
within the range reported in Rosotti (2023). We considered both
mm- and cm-sized pebble-dominated discs. The success rate in
producing synthetic planets within 3 o of the observed semi-
major axis and the mass of the real planet proved extremely lim-
ited. This prompted us to run further sets of simulations. We first
explored the impact of more efficient pebble accretion using peb-
ble sizes from 1 cm to 1 dm, for a total of 3 x 10° additional simu-
lations. In Fig. 9, we plot the cumulative results of all these simu-
lations, overplotting the current semi-major axis and mass of the
planet. Once again, reproducing TOI-5795b proved difficult in
the framework of pebble accretion, as we found only one object
within 3 o of the planet, out of a total of 4x10° synthetic planets.

We then explored whether this lack of matching outcomes
could be due to the chosen disc conditions, as pebble accretion
strongly depends on the properties of the environment in which it
takes place. We ran further simulation campaigns, changing the
initial mass and characteristic radius of the circumstellar disc
based on the results of observational surveys from Testi et al.
(2022) and Andrews (2020). Specifically, we considered disc
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Fig. 9. Synthetic population of 4x10° exoplanets formed in a plau-
sible native protoplanetary disc of TOI-5795b. The synthetic planets
are plotted in the final semi-major-axis versus planet-mass plane. The
colour-scale traces the initial formation region of the planetary seeds.
Planet TOI-5795 b and its 30~ uncertainty range are shown in cyan.
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Fig. 10. Synthetic populations of 7.9x10° exoplanets generated sam-
pling different initial circumstellar disc configurations (disc mass: 1, 5,
10% of the stellar mass; Ry: 40 and 90 au; pebble size: cm, mm, and
sub-mm). Planet TOI-5795b and its 3 o uncertainty range are shown in
black. The grey box indicates the range inwards of 0.2 au and the 3o
mass uncertainty range of the planet. The inset plot is a zoom-in of this
window and shows, as a colour bar, the initial semi-major axis of the
seeds.

masses of 1%, 5%, and 10% of the stellar mass, and charac-
teristic radii Rp=40au (compact disc) and Ry=90 au (extended
disc). Although the resulting planetary populations contain more
objects in the mass range of TOI-5795b, once again only one
synthetic planet falls within 3 o of the real one (see Figure 10).
Finally, we explored the possibility that the migration pre-
scription adopted in GroMiT does not provide an accurate
description of the dynamical history of TOI-5795b due to the
uncertainty in migration efficiency (e.g. Pirani et al. 2019).
Specifically, we focused on all synthetic planets with a final
semi-major axis within 0.2 au. We found 14 synthetic planets
that fit TOI-5795b under this relaxed fitting criterion (see the
zoom-in window in Figure 10), translating into a comparatively
higher success rate, which, however, remains quite low in abso-
lute terms (0.0018%). These best-fitting solutions arise from
discs populated by pebbles that were either cm-sized or sub-
mm sized, and with an initial mass of either 5% or 10% of
the stellar mass of the system. The larger pebble size favours
starting conditions beyond the water snowline while the smaller
size favours initial conditions closer to the host star, suggesting
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differences in the bulk composition of the core (ice-rich versus
rock-dominated).

Our results suggest that pebble accretion was not the dom-
inant mechanism in forming this planet, or that it acted in
combination with planetesimal accretion. This finding aligns
with the conclusions of previous studies on exoplanets with sim-
ilar masses (see Mantovan et al. 2024a; Naponiello et al. 2025a;
Zingales et al. 2025), and with the challenges faced by popula-
tion synthesis codes in capturing the full diversity of exoplanets.
In their recent review, Burn & Mordasini (2025) compared sev-
eral planet formation population synthesis codes, including some
based on the pebble formation theory, and found that no model
is currently capable of fully reproducing the observed mass-
distance diagram of known planets, both among exoplanets and
in the Solar System.

Given the mature age of the star, we also cannot exclude
the possibility that this is not the planet as originally formed.
Specifically, the present TOI-5795b could be the product of a
stochastic event, such as a merger between two or more smaller
primordial planets in a system originally characterised by higher
multiplicity (Turrini et al. 2020), as its modal eccentricity could
be compatible with collisional damping after dynamical instabil-
ity (Chambers 2001; Laskar & Petit 2017). Another explanation
is that this planet may have formed at a larger orbital distance and
been scattered inwards later, with its orbit becoming circularised
after initially being eccentric. Given the still-large uncertainty in
the eccentricity of the planet, exploring such a scenario is beyond
the scope of this paper. Regardless, such an event would confuse,
or even erase, the original formation path of this planet.

6. Atmospheric evaporation of TOI-5795b

We investigated the evolutionary history of the atmosphere of
TOI-5795b since a close-in planet can be stripped of part of
its atmosphere due to UV radiation from its parent star. Such
an analysis is useful for evaluating how much atmosphere such
a super-Neptune planet could have retained after evolution over
several millions of years.

First, we selected a MESA evolutionary track (Choi et al.
2016), which recovers the stellar position at its nominal age in
the Ly vs. Teg diagram, where Ly is the bolometric lumi-
nosity of the host star. To this end, we considered a grid of
evolutionary tracks for stars with masses and metallicities equal
to the nominal values for TOI-5795, or equal to 1o values
in both parameters (nine tracks in total). Some of these tracks
are shown in Fig. 11. We find that the three tracks with nomi-
nal [Fe/H] = —0.27 (in green) appear to be too ‘cool’ relative
to the parent star. The same occurs for the tracks with M, =
0.9 M (nominal value, in blue). Ultimately, we preferred the
track with M, = 0.846 M (—10) and [Fe/H] = -0.20 (+10)
(in orange), which provides the best match to the star’s position
in the luminosity—temperature diagram at its nominal age. This
track was adopted in our modelling to determine the bolometric
irradiation of the planet, and therefore its equilibrium tempera-
ture and core-envelope structure during evolution, accounting for
gravitational shrinking (Fortney et al. 2007).

To model the evolution of high-energy irradiation, we needed
to determine an anchor point for the X-ray luminosity at the cur-
rent age. Since there is no X-ray detection available for this old,
low-activity star, we considered as proxies the measured chro-
mospheric Ry, = —5.07 + 0.02 index and the stellar age. Using
the relationships from Mamajek & Hillenbrand (2008), the chro-
mospheric index yields an X-ray luminosity Lx ~ 7 x 10?® erg/s,
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Fig. 11. Evolutionary track of TOI-5795 in the effective temperature-
bolometric-luminosity plane. The red dot marks the current location of
the star on the track.

compatible with an age of approximately 8 Gyr. Assuming a
rotational velocity of 2km s7! we computed a lower limit on
the rotational period of ~30d, which indicates an upper limit
Lx <7 x 10*" ergs™', using the activity-rotation relationship of
Pizzolato et al. (2003). We also determined an uncertainty range
in Lx from the relationship between the X-ray to the bolomet-
ric luminosity ratio and the Rossby number proposed by Wright
et al. (2018). Taking into account uncertainties in both the stel-
lar mass and the rotational period, we determined a conservative
lower limit of 2 X 10?6 erg s~! for the X-ray luminosity.

Figure 12 shows the time evolution of the X-ray (5-100 10%),
extreme ultraviolet (EUV; 100-920 A), and XUV (X+EUV)
luminosities, according to the X-ray luminosity evolution model
of Penz & Micela (2008) coupled with the X-ray to EUV scaling
law of Sanz-Forcada et al. (2025), or alternatively adopting the
prescription of Johnstone et al. (2021). In the former case, the
current X-ray luminosity appears to be near the median for solar-
mass stars at ages of approximately 10 Gyr, such as TOI-5795.
Alternatively, we selected the evolutionary track corresponding
to the lowest 2% percentile of the activity distribution appro-
priate for stars with 0.9 M. Nonetheless, the Johnstone et al.
(2021) evolutionary path yields an X-ray luminosity about a fac-
tor of four higher than the nominal value determined above, but
still within the large uncertainty range. Given the very old age
of TOI-5795, its current activity-rotation state is also compatible
with the evolution of a star that started with a much higher rota-
tion rate and activity level. For this reason, we also explored the
results of photoevaporation assuming the Johnstone et al. (2021)
track corresponding to the highest 98% percentile of the activity
distribution. Under this assumption, the high-energy irradiation
of the planet is possibly overestimated at late ages (>1 Gyr).

For the analysis of the past evaporative history, we employed
the numerical code presented in Locci et al. (2019) and subse-
quently used it for the study of single systems (e.g. Maggio et al.
(2022)). In this study, we considered three distinct evolutionary
tracks for stellar XUV luminosity, referred to as the low state
(track corresponding to the lowest 2% percentile of the activity
distribution), the high state (track corresponding to the highest
2% percentile), and the PMSF track (based on the X-ray luminos-
ity evolution of Penz & Micela 2008, combined with the X-ray
to EUV conversion from Sanz-Forcada et al. 2025). In Fig. 13
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Fig. 12. Time evolution of X-ray (5-100 A), EUV (100-920 A), and
total XUV luminosity of TOI-5795, according to Penz et al. (2008) and
the X-ray/EUV scaling by Sanz-Forcada et al. (2025) (red lines) and
according to Johnstone et al. (2021) (blue lines). Uncertainties on the
age and X-ray luminosity of TOI-5795 are also indicated. The gray area
shows the original locus for dG stars from Penz et al. (2008).

we show the evolution of the mass, radius, and mass loss rate for
the three scenarios.

Assuming an Earth-like core composition, we first calculated
the planet’s internal structure, finding a core mass of approxi-
mately 16.5 Mg and a radius of around 2 Rg, which implies an
atmospheric fraction of approximately 30%. We then computed
the backwards evolution of key planetary parameters, such as
mass and radius.

The mass-loss rates were estimated using the ATES analyt-
ical approximation (Caldiroli et al. 2021). At present, we find
mass-loss rates of approximately 1.4 x 10'° gs~! for the PMSF
track, 2.6 x 100 g s~! for the low state, and 3 x 10!° g s~! for the
high state.

We followed the evolution back to an age of 10 million years,
which we assumed to be the time when the accretion disc was
fully dissipated and the planet had reached its final orbit. The
inferred initial masses were approximately 30 Mg for the PMSF
track, 28 M, for the low state, and 33 Mg, for the high state. The
current mass of the planet is about 24 Mg, indicating a mass loss
of 9 Mg in the high state scenario, 6 Mg in the PMSF track, and
4 Mg in the low state.

We also observed a significant contraction of the planetary
radius in all three cases. The predicted initial radii were approx-
imately 11.2 Rq for the high state, 10.8 Rg for the PMSF track,
and 10.5 Rg for the low state. The current planetary radius is
around 6 Rg, suggesting a large contraction mostly driven by
gravitational compression, and possibly also by atmospheric
loss.

7. Summary and discussion

Thanks to the continued discovery of candidate planets by the
Transiting Exoplanet Survey Satellite (TESS) (Ricker et al.
2015) and the effort of follow-up groups, several planets have
been found deep within the Neptune desert, as well as at its
boundaries, over the past few years. These surprising discover-
ies include both low-density gaseous planets and high-density
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Fig. 13. Temporal evolution of mass, radius, and mass-loss rate of TOI-5795b. The left, middle and right panels show the evolution of planetary
mass, radius, and mass-loss rate, respectively. Colours indicate different high-energy evolutionary tracks: the blue line refers to the low state (lowest
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Fig. 14. Log-linear p, — Py, diagram of known close-in transiting exo-
planets with 3R; < R, < 7R, and mean density measured with an
accuracy to within 30%. Circles indicate the position of planets with
eccentricity e < 0.1, while five-pointed stars indicate those with e > 0.1.
The values of the parameters were taken from TEPCat. Horizontal error
bars have been suppressed for clarity. Vertical error bars represent one
standard deviation. The red star indicates the position of the new planet
TOI-5795b (see Sect. 4). The green star indicates the position of the
new planet TOI-5800b from our HONEI I paper (Naponiello et al.
2025b); its mean density has been measured with an accuracy <50%.
The three coloured regions of the diagram are those recognised by
Castro-Gonzadlez et al. (2024a).

Neptunes, which are expected to be composed of a remark-
able fraction of rocks (see Fig. 147). The mean densities, Op>
of the known Neptune-size planets range from those of HATS-
38b (0.40 + 0.07 gcm™; Espinoza-Retamal et al. 2024) and
TIC 365102760 b (0.44 + 0.15 gcm™3; Grunblatt et al. 2024) to
the extreme values of TOI-332b (9.60 + 1.10gcm‘3; Osborn
etal. 2023) and TOI-1853b (9.74 +0.76 g cm73; Naponiello et al.
2023). This diversity challenges conventional theories of plan-
etary formation and evolution and calls for other hypotheses,

7 Data taken from the Transiting Extrasolar Planet Catalog (TEP-
Cat), available at https://www.astro.keele.ac.uk/jkt/tepcat/
(Southworth 2011) as of June 2025.
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Fig. 15. Frequency distribution of parent-star metallicity for transiting
exoplanets with 10 Mg<M,<100 M, (Vissapragada & Behmard 2025).
The histograms are shown with a 0.1 bin and for the three differ-
ent populations identified by Castro-Gonzdlez et al. (2024a). ‘Desert’
refers to Neptune planets with orbital periods P,y< 3.2 days; ‘Ridge’
to those with 3.2 days < P,,<5.7days; and ‘Savanna’ to those with
5.7 days < P,,<100 days. Data were obtained on June 6, 2025 from TEP-
Cat. The dashed vertical line marks the metallicity measured for the
parent star of TOI-5795b.

such as catastrophic formation scenarios (e.g. multiple planetary
collisions; Naponiello et al. 2023).

We have confirmed and characterised TOI-5795b, a new
super-Neptune planet (M, = 23.66:‘:2(9) Mg; R, =5.62+0.11 Rg)
orbiting a metal-poor G3 'V star on a 6.14-day orbit, consistent
with being circular. Its position in the mass-period plane lies at
the border between the ridge and the savanna (see Fig. 8).

Very recently, Vissapragada & Behmard (2025) pre-
sented a demographic study, based on data from Gaia DR3
(Gaia Collaboration 2023), considering the metallicities of stars
hosting Neptune-sized planets. They report that planets in the
Neptune desert and ridge orbit stars significantly more metal-
rich than hosts of smaller planets. The 'top-down’ theory, which
proposes that Neptune desert planets are the exposed interiors of
former gas giants, predicts that their host stars should be metal-
rich, similar to hot Jupiters. The host-star population of Neptune-
savanna planets was found to be significantly less metal-rich.
The metal-poor nature of TOI-5795 ([Fe/H] = -0.27 = 0.07)
aligns with the characteristics expected for Neptune-savanna
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hosts, contrasting sharply with the metal-rich hosts typically
found for Neptune-desert planets (Castro-Gonzdlez et al. 2024b),
see Fig. 15. Another property of savanna planets is that they are
typically low density compared to the higher-density ridge and
desert planets (Castro-Gonzélez et al. 2024b), and 5795b also
fits this paradigm (see Fig. 14).

The characteristics of the TOI-5795 planetary system sup-
port the view that planets in the savanna are unlikely to have
formed through the top-down mechanism and probably have
a distinct origin and evolution history compared to the hottest
Neptunes in the desert. In this context, we conducted further
investigation by simulating numerous planetary formation sce-
narios within a protoplanetary disc, varying factors such as initial
position, seed input time, and disc viscosity (see Sect. 5). Despite
extensive simulations, few simulated planets accurately matched
the observed characteristics of TOI-5795 b, indicating challenges
in explaining its formation through current pebble accretion the-
ory. This discrepancy might be due to uncertainties in migration
prescriptions within the code or the inherent difficulty in forming
planets of TOI-5795 b’s mass via pebble accretion, also acknowl-
edging the possibility of stochastic events such as three-body
interactions or mergers.

By determining the time evolution of the parent star’s
high-energy irradiation, we also investigated the impact of UV
radiation from the parent star in stripping part of the planet’s
atmosphere over billions of years. Since TOI-5795 is very old
(10.2f§'§ Gyr), its initial rotation period is poorly constrained.
Therefore, we considered three different evolutionary tracks for
XUV radiation, which produce significantly different results, as
discussed in Sect. 6. The evolution was tracked back to an age of
10 million years, which is assumed to be when the accretion disc
dissipated and the planet reached its final orbit. We estimated that
TOI-5795 b may have lost a significant portion (14% — 27%) of
its initial mass due to atmospheric evaporation. In the high-state
scenario, the planet experienced the largest mass loss, estimated
at 9 Mg from an initial mass of approximately 33 Mg. This
scenario may overestimate high-energy irradiation at late ages.
Under the PMSF track, the planet lost 6 Mg from an initial mass
of approximately 30 M. In the low-state scenario, the planet lost
4 Mg from an initial mass of approximately 28 Mg. Owing to
its large mass, TOI-5795 retains a large part of its atmosphere,
ending its evolution with about 32% of its mass in the atmo-
sphere. Along with mass loss, a significant contraction in the
planetary radius was observed across all three scenarios. The
predicted initial radii were approximately 11.2 Rg (high state),
10.8 Rg (PMSF track), and 10.5 Rg (low state). The current plan-
etary radius is around 6 R, indicating a strong contraction driven
primarily by gravitational compression.

Using the parameters of the star (Table 1) and the planet
(Table 2), we estimated the transmission spectroscopy metric
(TSM; Kempton et al. 2018) of TOI-5795 b, which, considering
its equilibrium temperature (Tq = 1136 + 18 K.), is relatively
high at IOSﬁg. This makes TOI-5795b a promising candidate
for possible atmospheric characterisation with space telescopes.
Notably, TOI5795.01 is included in a list of TESS candidates
that are potentially suitable for Ariel observations.® The present
confirmation of TOI5795.01 as a planet is, therefore, valuable
for the ongoing preparatory science work of the Ariel Science
Consortium (Tinetti et al. 2022).
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Appendix A: Additional figures and tables TIC 151724385 - Sector 54
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Fig. A.1. Target pixel files from the TESS observation of Sector 54 (top
panel), Sector 81 (middle panel), and Sector 92 (bottom panel). TOI-
5795 is indicated by a white cross. The SPOC pipeline aperture is shown
by shaded red squares. Gaia DR3 catalogue (Gaia Collaboration 2023)
is overlaid with symbol sizes proportional to the magnitude difference
with TOI-5795.
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Appendix B: Detection sensitivity

We estimated the completeness of both the TRES and HARPS
RV time series by performing injection-recovery simulations,
in which RVs with synthetic planetary signals were injected at
the times of our observations. The details of the simulation can
be found in Naponiello et al. 2025a and the results are shown
in Fig. B.1. Thanks to the HARPS dataset, we are sensitive to
planets up to roughly the mass of Jupiter placed at 1 au, though
their signals would only appear as linear and quadratic trends,
while TRES is slightly more sensitive to distant, very massive
(~10 Mjy,) planets, despite a lower resolution, owing to its longer
timeline.

1.0
0.8
0.2
0.0

Sem| -major axis au

=]
o

2
Detection fraction

Planet mass (M)yp)

1.0

Planet mass (M)yp)
Detection fraction

0.0

0.1 1 10
Semi-major axis (au)

Fig. B.1. TRES (top panel) and HARPS (bottom panel) RV detection
maps for TOI-5795. The color scale expresses the detection fraction,
while the red circle marks the position of TOI-5795 b. Jupiter and Saturn
are shown for comparison.
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