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Abstract

We present three southern transiting giant planet candidates alerted by the Transiting Exoplanet Survey Satellite (TESS) mission and inves-
tigated at the University of Tasmania Greenhill Observatory (UTGO). The candidate planets are orbiting thin disk G-dwarf main-sequence
stars with roughly solar metallicity, possessing orbital periods between 2.9 and 3.3 days and radii of 1.1-1.3 R;. We performed ground-based
follow-up photometry primarily with the UTGO Harlingten 50 cm, then gathered reconnaissance spectra, high angular resolution imaging,
and high-precision radial velocities to rule out false positive scenarios. We confirmed that two of these systems host true exoplanets and con-
strained their masses. TOI-3053b is a typical hot Jupiter, with M3s3, = 0.85 £ 0.12 M; and a bulk density of 03953, = 0.64 +0.10 g cm >,
TOI-3278b/HATS-78b is a hot Saturn-mass planet (Mszy75, = 0.30 £ 0.07 M;) with a highly inflated atmosphere and a low density of
032786 = 0.21 £ 0.05 g cm™>. The other candidate (TOI-3272.01) remains unconfirmed, but appears consistent with being a hot Jupiter.
TOI-3272.01 is notable as a candidate planet orbiting a potentially young to intermediate age star, with a rotational analysis indicating an
age estimate of T337; = 1.1 £ 0.2 Gyr. These systems add to a growing sample of hot giant planets from TESS that may provide constraints
on the migration pathways and radius inflation of the broader close-in exoplanet population.
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1. Introduction host star during close approaches at periastron then circularise and
shrink the orbit. Whilst the majority of hot giants are observed
to have circular orbits, a non-negligible fraction remain eccentric
(i.e. are in the midst of this process) with a distribution consis-
tent with HEM (e.g. Bonomo et al. 2017). For instance, many
systems hosting hot Jupiters (HJs) have also been found to con-
tain outer gas giant companions, with their HJs possessing higher
average eccentricities than those in single planet systems (Knutson
etal. 2014; Bryan et al. 2016). Furthermore, the shape of the upper
boundary of the sub-Jovian desert (a dearth of giants in a region
of the close-in planet parameter space) also lends support to the
HEM theory (see Owen & Lai 2018).

The second scenario of disk-driven migration results from the
exchange of angular momentum and energy between an embed-
ded planet and protoplanetary disk (Goldreich & Tremaine 1980).
Depending upon the presence of gaps in the disk, along with the
viscosity and scale height, this mechanism can result in the rapid
inward (or outward) migration of a planet (see Baruteau et al.
2014). Disk-driven migration may be more relevant to circularised

Despite being the first type of exoplanet to be discovered around
a main-sequence star (Mayor & Queloz 1995), hot giant planets
(M, 2 0.3 Mj, P <10 days) continue to challenge our under-
standing of planet formation and evolution. Although it is widely
accepted that orbital migration is necessary to move these plan-
ets from their formation locations beyond the snowline to their
current close-in orbits, the exact mechanisms are still contested
(Dawson & Johnson 2018). The two predominant theories are
high-eccentricity migration (HEM) and disk-driven migration. In
the first scenario, planets are perturbed to an eccentric orbit by the
gravitational influence of an outer body (such as another planet
or a stellar companion, known as Kozai-Lidov oscillations), secu-
lar interactions or planet-planet scattering (e.g. Naoz 2016; Adams
& Laughlin 2006; Ford & Rasio 2008). Tidal interactions with the
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and mildly eccentric warm Jupiters (WJs, 10 < P < 200 days), as
it is not fully consistent with the mass and eccentricity distribu-
tions of HJs observed (Petrovich & Tremaine 2016). However, the
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existence of multi-planet systems with close companions to HJs
indicates that this process must occur in some cases, as a highly
dynamical pathway such as HEM would disrupt the architecture of
these systems (e.g. Becker et al. 2015; Huang et al. 2020b). It may
be that both migration mechanisms are required (with differing
probabilities) to reproduce the trends observed in the short-period
giant population (Dawson & Johnson 2018).

Since the launch of the Transiting Exoplanet Survey Satellite
(TESS, Ricker et al. 2015) in 2018, hundreds of new close-in
giant planet candidates have been announced around the Solar
neighbourhood (d < 1 kpc). With an increasing number of well-
characterised giants with accurate host star parameters, we can
now assess the influence of host stars on the evolution of this class
of planets. Of particular interest are systems with young to inter-
mediate age stars (T < 1 Gyr) and post-main sequence stars, as
these populations were sparsely studied in the era of the Kepler
mission (Borucki et al. 2010) and are vital for understanding the
radius inflation of HJs and other close-in giants (e.g. Weiss et al.
2013; Sarkis et al. 2021). Comparisons between the occurrence
rates of giant planets around different stellar populations (such
as low-mass, thin/thick disk, halo and those in stellar clusters)
may also expose the circumstances of their formation and evo-
lution in greater detail (e.g. Newton et al. 2019; Kanodia et al.
2024). Furthermore, the James Webb Space Telescope (JWST,
Gardner et al. 2006) and the upcoming Ariel mission (Tinetti et al.
2016) will allow us to probe the atmospheric compositions of a
large sample of giant planets through transmission spectroscopy.
Certain chemical signatures, such as the C/O ratio (a tracer of
birth location), may remain from formation and allow us to dis-
criminate between possible origin scenarios (see Mordasini et al.
2016; Wang et al. 2023). Hence, it remains vital to perform follow-
up on giant planet candidates from TESS in order to validate and
characterise interesting targets for these missions.

The ‘TASmanian Search for Inclined Exoplanets’ (TASSIE)
program aims to study transiting (i.e. inclined) planets in the sub-
Jovian desert alerted by the TESS mission, along with other hot
giants in the southern sky (for further details, see Plunkett et
al. 2025). In this work, we present three new giant planet can-
didates alerted by TESS and investigated with the Harlingten 50
cm telescope at University of Tasmania Greenhill Observatory
(UTGO). The paper is organised as follows. In Section 2, we detail
the observations of these system including ground-based follow-
up photometry from UTGO, reconnaissance spectroscopy, high
angular resolution speckle imaging and high-precision RV mea-
surements. In Section 3, we derive the stellar characteristics from
spectroscopic analysis and spectral energy distribution fitting. We
then move on to planet validation in Section 4 using archival
imaging, astrometry and statistical testing with TRICERATOPS
(Giacalone et al. 2021). We then perform joint modelling of the
light curves and RV's with Juliet (Espinoza et al. 2019). In Section 5,
we discuss the three systems in the context of the short-period
planet population and suggest future observations. Finally, we
present our conclusions in Section 6.

2. Observations

As part of the TASSIE program, these targets were selected for
follow-up from the TESS Object of Interest (TOI) sample follow-
ing the criteria outlined in Plunkett et al. (2025). We now detail
the observations collected for each system.

T. Plunkett et al.

Table 1. Observation logs for TASSIE Il TOIs using the H50 telescope.

Exp.time  Median
ID Dates (UTC)  Filter (s) FWHM (") Nimages Airmass
TOI-3053  2024/12/15 r’ 120 2.6 84 2.06 —1.32
2025/02/22 r 150 3.2 37 1.16 — 1.09
2025/03/04 r 120 3.0 61 1.14 —-1.08
2025/11/19 ¢’ 90 3.4 110 1.83 -1.26
2025/11/22 V 120 2.2 85 1.84—-1.26
2025/12/03 7 90 3.4 120 2.12—-1.34
TOI-3272  2024/10/02 r’ 120 2.2 75 1.37—-1.42
2025/03/24 V 120 2.0 84 1.64 — 1.59
2025/08/19 7 90 2.1 112 1.63 — 1.56
TOI-3278  2024/10/09 r’ 120 3.1 80 1.10 - 1.30
2025/10/27 V 150 2.4 70 2.10—-1.30

2.1. Photometry

We obtained the TESS data, including the Target Pixel Files
(TPFs), Full Frame Images (FFIs) and light curves from the
Mikulski Archive for Space Telescopes (MAST). For two of the
targets, we found that the light curves for some sectors were
unavailable (or were from inconsistent pipelines) when searching
through the Lightkurve package (Lightkurve Collaboration et al.
2018). To ensure that the light curve analysis and derived transit
depths were unbiased by these differing extractions, we decided
to create our own light curves for two of the targets from their
FFIs using the TESS-GAIA Light Curve (TGLC) package (Han &
Brandt 2023). This package utilises Gaia DR3 (Gaia Collaboration
etal. 2023) photometry and astrometry to forward model the FFIs,
building a per-image effective point spread function (ePSF). This
has been shown to produce better photometric precision and more
accurate de-blending, especially for faint targets.

We performed ground-based follow-up observations primar-
ily with the Harlingten 50 cm (H50) telescope at the University
of Tasmania Greenhill Observatory (UTGO). This was done to
confirm the source of the transit, rule out false positives (such
as eclipsing binaries and stellar activity) and refine the orbital
ephemerides. The H50 is equipped with an Apogee ALTA U42
CCD camera, with a pixel scale of 0.8 arcsec pix! and a
27.2'x27.2' field-of-view. Data were reduced and differential pho-
tometry was extracted by a custom pipeline utilising the Prose
package (Garcia et al. 2022). The logs of the H50 observations
are shown in Table 1, with logs for the additional ground-based
photometry in the Appendix (Table Al). We now describe the
observations for each target in greater detail.

2.1.1. TIC 269859655 - TOI-3053

TIC 269859655 is a V &2 13.2 mag star in the constellation of
Carina. It was observed by TESS in Sectors 9, 10, 11, 36, 37, 38, 64
and 90 at cadences ranging from 1 800 s down to 200 s. Raw pho-
tometric data were processed by the TESS Quick Look Pipeline
(QLP, Huang et al. 2020a), which performs difference imaging
photometry, preliminary de-trending of instrumental effects and
flux de-blending. TOI-3053 was originally flagged as a commu-
nity TOI in Olmschenk et al. (2021) and then recovered by the
TESS Faint Star Search (Kunimoto et al. 2022), with a candi-
date signal found at a period of 2.991 days and a large depth of
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17.1 parts per thousand (ppt). We validate this signal with our own
Box Least Squares (BLS, Kovacs et al. 2002) search, but also found
an additional candidate signal at ~0.416 days with a depth of ~2
ppt. However, after performing a difference image centroid test,?
we determined the signal was offset from the target star by roughly
17" (as shown in Figure Al). This likely indicates that this short-
period signal is a blended eclipsing binary that is aligned to this
target.

We observed one nearly complete transit of TOI-3053.01 on
2024/12/15 with exposures of 120 s in the SDSS 7’ filter. Imaging
was disrupted by a potential time critical transient, but this alert
was soon retracted and observations recommenced. The condi-
tions were clear with moderate winds at 13 km h™'. We observed
TOI-3053.01 again on 2025/11/19, 2025/11/22 and 2025/12/03
with the SDSS ¢/, Bessell V and SDSS i filters, respectively, to
check the transit depth was achromatic (discussed further in
Section 4.1.3). Further information on each session is shown in
Table 1. To confirm that the 0.416 day signal was a false positive,
we also observed during the potential eclipse times on 2025/02/22
(assuming the full period) and 2025/03/04 (assuming half the
period). We found a deep 20 ppt dip on a close F-dwarf in the first
epoch, consistent with a de-blended depth estimate from the TESS
light curves and Gaia DR3 fluxes. We therefore rule this out as a
signal and treat this as a single candidate system.

Two additional light curves were obtained for TOI-3053, as
part of the TESS Follow-up Observing Program Sub Group 1°
(TFOP SG1, Collins 2019). One full transit was observed on
2021/09/08 using the 0.36 m telescope at Brierfield Observatory
near Bowral, NSW in Australia. Images were acquired in a
Johnson-Cousins R filter with exposures of 240 s using a 4 096
x 4 096 Moravian 16803 camera (2 x 2 binning, 1.47 arsec pix !).
Another full transit was observed on 2022/02/14 using the Evans
0.51m telescope at El Sauce Observatory in Coquimbo Province,
Chile. 93 images were obtained with a 1536 x 1024 STT 1603-3
CCD camera (2 x 2 binning, 1.08 arsec pix ') using exposures
of 180 s in the Johnson-Cousins B filter. Photometric data from
these two sessions were extracted using Astrolmage] (Collins et al.
2017).

2.1.2. TIC 388280249 - TOI-3272

TIC 388280249 is a V = 14.2 mag star in the constellation of
Octans. It was observed by TESS in Sectors 11, 12, 13, 27, 38,
39, 65, 66, 67, 93 and 94 at cadences from 1 800 to 200 s. The
candidate transit signal (TOI-3272.01) was identified by the Faint
Star Search, with an estimated period of 3.147 days and depth of
7.4 ppt. For this target, we use the light curves extracted with the
TGLC package. We identify strong photometric variability in all
sectors, which is discussed in further detail in Section 3.4.
TOI-3272 was observed by the H50 telescope on three occa-
sions. On the first night (2024/10/02), observations were taken in
the SDSS ' filter with exposures of 120 s. We aquired 75 images,
covering the ingress, egress, and post-transit baseline. The condi-
tions were clear with low wind. For the second night (2025/03/24),
84 images were obtained in the Bessell V filter with exposures
of 120 s. These data covered the same transit phases as the pre-
vious observation of the target. The conditions were clear with
low winds again, but the sky background was increased due to

*Using this package: https://github.com/stevepur/transit-diffimage.
Phttps://tess.mit.edu/followup/.

an aurora during the observations. Finally, a partial transit in
the SDSS 7 filter was captured on 2025/08/19, covering the mid-
transit, egress and post-transit baseline. Guiding was sub-optimal
for this session due to an issue with the mount, resulting in elon-
gation of the point spread function (PSF) in these images and an
increase in photometric scatter.

2.1.3. TIC 304130406 - TOI-3278/HATS-78

TIC 304130406 is a V &~ 14.2 mag star in the constellation of Pavo.
It was observed by TESS in Sectors 13, 27, 67 and 94 with cadences
of 1 800 to 200 s. TOI-3278.01 was announced by the Faint Star
Search, with a candidate signal at 3.25 days and a depth of 8.4 ppt.
We also used our custom TGLC extracted light curves for this
star. This target was also identified as a planet candidate by the
HATSouth survey (Bakos et al. 2013) before the launch of TESS,
with the discovery light curve shown in the Appendix (Figure A4).

TOI-3278 was first observed with the H50 on the night of
2024/10/09. We obtained 80 images at 120 s exposures in the
SDSS ' filter, covering a small amount of pre-transit baseline,
ingress and the start of egress. Conditions were clear with low
moon illumination. However, observations were hindered by
moderate to strong winds in the second half of the night. The
dome was closed early once the safety limit (25 km h™!) was
reached, resulting in the post-transit baseline being missed. We
then reobserved TOI-3278 on 2025/10/27 in the Bessell V fil-
ter, covering similar transit phases. However, the airmass was
unfavourable (starting at x =~ 2.1), resulting in a relatively poor
SNR light curve.

In addition to these light curves, we obtained data from
the Las Cumbres Observatory (LCO, Brown et al. 2013) tele-
scope network. Two follow-up light curves were obtained by
the HATSouth survey on the 1 m telescope at Siding Spring
Observatory, Australia (SSO) in 2015. Another light curve was
obtained on 2021/06/13 with the 1 m telescope at the Cerro Tololo
Inter-American Observatory, Chile (CTIO) through the SG1 pro-
gram. The images were calibrated with the BANZAI pipeline
(McCully et al. 2018). The CTIO differential photometry was
extracted with AstroImage] using 3.1 arcsec apertures. All LCO
data was acquired in the SDSS i’ filter, using the 4 096 x 4 096
SINISTRO camera (0.39 arcsec pix ~!) or the 4000 x 4 000 SBIG
camera (0.23 arcsec pix ~1).

2.2. Reconnaissance spectroscopy

To help constrain the stellar atmospheric parameters and attempt
to rule out false positive scenarios, such as double-lined eclips-
ing binaries (EBs), we gathered low to mid resolution spectra for
each target. We estimated preliminary spectral types and metallic-
ity values using the PyHammer v2 package (Roulston et al. 2020).
Spectral indices and colour regions of input spectra were com-
pared to SDSS templates through a x? minimisation. This code
can also identify some double-lined spectroscopic binaries auto-
matically. The log of the spectroscopic observations is shown in
Table 2 and described in further detail here.

2.2.1. Las Cumbres Observatory - Floyds spectrograph

We obtained two low-resolution (R~500) spectra from the
Floyds spectrograph on the LCO 2 m telescope at SSO for
TOI-3278. The spectra cover wavelength ranges from 320 to 1 000
nm in two orders. We bracketed our science spectra with wire
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Table 2. Reconnaissance spectroscopy observation logs for TASSIE Il TOIs.

Exp. time Median
ID Instrument Dates (UTC) (s) Nspectra ~ SNR
TOI-3053 ANU 2.3 m - WiFeS 2025/02/15 180 6 36
(R =7000) 2025/02/19
2025/03/19
TOI-3272 ANU 2.3 m - WiFeS 2025/02/15 300 6 38
(R =T7000) 2025/02/19
2025/04/06
TOI-3278 LCO 2 m - FLOYDS (SSO)  2025/07/18 300 2 29

(R = 500)

and lamp frames for calibration. Data were reduced by the auto-
matic LCO Floyds pipeline,” which performs order rectification,
flat-fielding, and flux calibration. We noticed significant fringing
in the infrared (A > 750 nm), so therefore restricted our analysis
to the visible part of the spectra. We median combined the two
spectra to improve the SNR. We found a mid G-dwarf template
star with solar metallicity matches the data well, with no evidence
for double lines seen.

2.2.2. ANU 2.3 m - Wide Field Spectrograph (WiFeS)

We obtained mid-resolution (R=7000) spectra with the wide
field spectrograph (WiFeS) on the Australian National University
2.3 m telescope at SSO (Dopita et al. 2007) for TOI-3053 and
TOI-3272. Exposure times ranged between 180 and 300 s depend-
ing upon the target, with the aim of obtaining SNR > 30. Ne-Ar
arc frames were taken following each observation to ensure an
accurate wavelength calibration. Bias, darks, flats, and spectropho-
tometric standard frames were also collected at the start or end
of each night. We utilised the R7000 grating with R560 dichroic,
giving a wavelength range of 550-700 nm and velocity resolution
of ~45 km s™!. Data were reduced using the PyWiFeS package
(Childress et al. 2014). Once again, we classified these stars as
mid-to-late G-dwarfs.

We also extracted low precision radial velocities (RVs) from the
WiFeS data using the iSpec package (Blanco-Cuaresma et al. 2014).
Each science and standard star spectrum was cross-correlated with
an atomic line mask, with the RV extracted by fitting a 2nd-order
polynomial 4+ Gaussian to the peak of cross-correlation function
(CCEF). The error is calculated from the combination of the target
and standard star errors to attempt to account for any zero point
drifts. We achieve a precision of ~4 km s™! with these data. We
ruled out any radial velocity signal greater than 12 km s~!, making
it unlikely that these targets could be unblended EBs.

2.3. High angular resolution imaging

To search for close companions, we obtained data from the
HRCam Speckle Imager on the Southern Astrophysical Research
(SOAR) 4.1 m telescope in I-band (Tokovinin 2018) for TOI-3053.
This is important to rule out false positives and to correct for any
flux dilution of transits, which can lead to underestimation of the
planetary radius (Ciardi et al. 2015). For details of the data acquisi-
tion and reduction, we refer the reader to Ziegler et al. (2020). The
derived contrast curve and reconstructed auto-correlation func-
tion image are shown in Figure 1. We identified no companions to
TIC269859655 (TOI-3053) at magnitude differences of <4 at 0.25"

“https://github.com/LCOGT/floyds_pipeline.
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Figure 1. Contrast curve and high-resolution reconstructed autocorrelation function
image for TIC269859655 (TOI-3053) from the SOAR telescope with the I filter.

and <5 out to 3". Note, we were unable to obtain high angular
resolution imaging for the other two targets.

2.4. Radial velocities
2.4.1. CHIRON

We observed TOI-3053 with the CHIRON spectrograph on the
1.5 m telescope operated by the Small and Moderate Aperture
Research Telescope System (SMARTS) consortium at CTIO
(Tokovinin et al. 2013). We utilised the image slicer mode with a
spectral resolution of R =79 000, obtaining 11 observations with
exposure times of 3 600 s and bracketed by Th-Ar calibration
spectra. The RVs were extracted via least-squares deconvolution
of the observed spectra against non-rotating synthetic templates
using the ATLAS9 models (Castelli & Kurucz 2003), before fitting
a broadening kernel to the final line profile. The median uncer-
tainty on these measurements is 38.5 m s™'. The RVs are reported
in the Appendix (Table A2), with one outlier rejected due to strong
moonlight contamination.

2.4.2. FEROS

We obtained high-resolution spectra of TOI-3278 with the Fiber-
fed Extended Range Optical Spectrograph (FEROS, Stahl et al.
1999) on the MPG/ESO 2.2 m at La Silla Observatory, Chile.
FEROS has a spectral resolution of R = 48 000 with data split over
39 echelle orders. The radial velocities were extracted using the
CERES pipeline with a G2 stellar mask, as described in Brahm et al.
(2017). A total of 34 observations were obtained with exposures
varying between 1 500 and 3 000 s. Due to the faintness of the
target increasing scatter, we decided to clean the data by rejecting
50 outliers based on the RVs. This left 24 measurements for mod-
elling, as reported in Table A2. The median uncertainty on these
datais 16.5ms™.

2.4.3. HARPS

We also obtained 3 measurements of TOI-3278 with the
High Accuracy Radial velocity Planet Searcher (HARPS, Pepe
et al. 2000) spectrograph on the ESO 3.6 m at La Silla
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Figure 2. Spectral energy distributions for TOI-3053 (a), TOI-3272 (b), and TOI-3278 (c) from ARIADNE. The best-fit Phoenix v2 models for each star are shown in black, along with
the broadband photometry (blue points) and expected flux in each filter (purple diamonds). The residuals are shown in the bottom sub-panel normalised by the uncertainties on
each point (in units of standard errors). The horizontal error bars in wavelength represent the bandpass of each filter.

Observatory, Chile. HARPS possesses a spectral resolution of R =
120 000, with data split over 72 echelle orders. The exposure times
varied between 1 500 and 1 800 s. The high-precision radial veloc-
ities were again extracted with the CERES pipeline using a G2

mask. The median RV error is 27.1 m s~ .

3. Stellar characterisation

3.1. Atmospheric parameters

We performed an iterative, multi-step procedure to estimate the
stellar atmospheric parameters for each TOI. We started with a
spectroscopic analysis using iSpec with the WiFeS spectra. After
continuum normalisation (using 2nd order splines) and shifting
to rest wavelengths, we median combined the individual spectra
to improve the SNR. We selected various metal lines (Fe, Mg, Al
Si, Ca, and Cr), fitting the line centres and profiles using Gaussian
functions. We fit for four free parameters (Tesr, [Fe/H], log (g),
Vmic) using a grid of pre-computed MARCS model atmospheres
(Gustafsson et al. 2008). We initially fixed v sin (i) =2.0 km s™!
and vV, to values from an inbuilt empirical relation, as these
parameters are degenerate and not well constrained with the res-
olution of the WiFeS spectra. For TOI-3278, we were unable to
obtain WiFeS spectra and therefore adopted the initial estimates
on these parameters from Gaia DR3 XP spectra (as described in
Plunkett et al. 2025).

The spectroscopic estimates were then used as normal pri-
ors for spectral energy distribution (SED) fitting with ARTADNE
(Vines & Jenkins 2022). We collected all available broadband
photometric data from surveys such as 2MASS (Skrutskie et al.
2006), SkyMapper (Wolf et al. 2018), Gaia DR3 and WISE (Wright
et al. 2010). We ran nested sampling with four model atmo-
sphere grids, including Phoenix v2 (Husser et al. 2013), Kurucz
1993, ATLAS9 (Castelli & Kurucz 2003) and BT-Settl (Allard
et al. 2011). Two extinction priors were tested, with one using
the line-of-sight upper limit from the dust map of Schlafly &
Finkbeiner (2011) (uniform distribution) and the other adopt-
ing the Gaia DR3 extinction estimate with a 10% width (nor-
mal distribution). Whilst both priors produced consistent values,
we decided to use the Gaia DR3 based runs as these led to
slightly better fits to the data. The final results were derived from
Bayesian model averaging of the individual posterior samples,
with the uncertainties estimated from the highest density region at
the 68% confidence level. The SEDs are shown in Figure 2 and the
derived atmospheric parameters are listed in Table 3. Finally, we
attempted to constrain the projected rotational velocity by once
again using iSpec. We fixed all other parameters to their previ-
ously derived values and fitted broadening kernels to synthetic
spectra to match the median combined WiFeS or FEROS data. We
were only able to constrain that v sin (i) < 20 km s™! for TOI-3053
and TOI-3272. For TOI-3278, we found a tighter constraint of
vsin (i) <2.0km s~
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Table 3. Stellar parameters for TASSIE Il TOIs. The reported errors on SED derived parameters account for both statistical and model uncertainties.

Parameters TOI-3053 TOI-3272 TOI-3278/HATS-78 Source
Catalogue IDs TIC 269859655 TIC 388280249 TIC 304130406 Simbad
2MASS J09541767-6417489 J08250176-8509284 J19272804-6205413
Gaia DR3 5249550994759610624 5190248147907583104 6444865991227611136
UCAC4 129-025150 025-003206 140-195552

Measured properties
RA (hour angle) 09:54:17.665 08:25:01.820 19:27:28.054 Simbad
Dec (degrees) —64:17:48.927 —85:09:28.367 —62:05:41.383 Simbad
Gaia G (mag) 12.961+0.003 13.891+0.003 13.984 4 0.003 Gaia DR3
Gaia BP-RP (mag) 1.08+0.01 1.234+0.01 0.89+£0.01 Gaia DR3
V (mag) 13.1940.04 14.154+0.01 14.18+0.03 UCAC4 (Zacharias et al. 2013)
Ks (mag) 11.1340.02 11.874+0.03 12.494+0.03 2MASS (Skrutskie et al. 2006)
Parallax (mas) 2.9837 £0.0137 1.6201 4+0.0132 1.0819 4+ 0.0160 Gaia DR3
PMga (masyr~1) —38.501+0.015 —12.950 +0.019 —3.620 +0.015 Gaia DR3
PMpec (masyr~1) 4.687 £0.014 18.594 £ 0.015 —11.2274+0.014 Gaia DR3
RUWE 1.02 1.05 1.06 Gaia DR3

Derived properties

Extinction Ay (mag) 0.281933 0.7073% 0.1473% This work
Effective temp. (K) 5378182 552616 572018 This work
log (=) 4.347519 436751 4267598 This work
Radius (Re) 0.971302 1271093 1.397093 This work
Mass (M) 0.9610:8 0.987308 1.0410% This work
Distance (pc) 336.670% 622.6730 940.67348 This work
[Fe/H] (dex) 0.2019%3 0.1713%8 0.047312 This work
Spectral type G8-KOV G6 -G8V G2-G4V Pecaut & Mamajek (2013)
Rot. period (days) - 13.44 +0.46 - This Work
Age (Gyr) 7.8713 11792 8.9129 This work
vsin (i) (kms—1) <18.7+24 <18.1+36 <2.0+0.1 This work
Vimic (kms™1) 0.6+0.2 0.54+0.2 1.0+0.2 This work

Kinematic properties
RV (kms™!) 47.42+1.01 47.59 £2.70 31.17 £3.03 Gaia DR3
U (kms™1) —30.82+0.34 —31.1+12 16.1+2.4 This work
V (kms™1) —41.40 £ 1.00 —51.44+22 —463+1.4 This work
W (kms™1) —32.12+0.19 —234+1.1 14414 This work

3.2. Stellar radius and mass

Using the Gaia DR3 parallax as a constraint, ARIADNE estimates
the distance and radius of each star by scaling the stellar model
fluxes to the observed fluxes. We inferred radii of R3ps3 =0.94 +
0.01 Ro, R3272 =1.27 £+ 0.03 RO’ and R3278 =1.39 + 0.03 RO for
TOI-3053, TOI-3272 and TOI-3278, respectively. We then inter-
polated with MESA isochrones and Stellar Tracks (MIST, Dotter
2016) models to estimate the masses, which are summarised in
Table 3. As an independent check of these values, we used the
empirical relations of Torres et al. (2010). These relations were
derived from the measured masses and radii of well-detached
eclipsing binaries. Using our estimates of T, log (g) and [Fe/H],
we found consistent values for both radius and mass (with larger
uncertainties). We adopted the radius and mass estimates from
the SED fitting due to the higher precision and consistency with
other values.

3.3. Kinematics

We calculated the galactic velocities of each TOI using the equa-
tions defined by Johnson & Soderblom (1987), with an updated
transformation matrix for the J2000 epoch. We took the parallax,
proper motions and radial velocities in Table 3 from Gaia DR3
(Gaia Collaboration et al. 2023). We adopted the solar velocities
of (Ug, Vo, We) = (8.5, 13.38, 6.49) km s™' from Coskunoglu
et al. (2011). Here, U is defined as positive towards the centre
of the galaxy, V is positive in the direction of galactic rotation
and W is positive in the direction of the North galactic pole. The
results of this analysis are listed in Table 3. Using the membership
probabilities defined by Bensby et al. (2003), we placed all targets
in the thin disk. We also utilised the BANYAN X tool (Gagné
et al. 2018) to check if any of the TOIs are members of known
young stellar associations. We found these are likely field stars
with 99.9% probability.
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3.4. Stellar activity, rotation periods, and ages

Quasi-periodic variability is seen in the light curve of TOI-3272
at the 1-2% level, consistent with the signatures of star spots. To
help constrain the rotational period, we investigated archival pho-
tometry from the ASAS-SN (Kochanek et al. 2017) survey which
has a longer observing span than TESS. After cleaning erroneous
measurements using sigma clipping (at 5 o and 10 iterations), we
performed a Generalised Lomb-Scargle (GLS) periodogram search
(Zechmeister & Kiirster 2009) as shown in Figure 3. We found
two peaks at ~6.9 and 13.9 days from TESS data. We determined
a similar value of 14.09 days in the ASAS-SN V data, with an
alias of 29.95 days in ASAS-SN g'. As a further step in determin-
ing which was the true period, we modelled the TESS data with a
Gaussian Process through the Celerite package (Foreman-Mackey
etal. 2017). We choose a quasi-periodic kernel and provide a broad
uniform prior between 5 and 20 days. We recover a consistent
estimate of Py, = 13.44 4 0.46 days and adopt this as the rota-
tional period of TOI-3272. Using the gyrochronology relations of
Mamajek & Hillenbrand (2008) with the known colour of the star,
this would imply an age of 1.1 & 0.2 Gyr. This places TOI-3272 as a
young to intermediate age field star. For TOI-3053 and TOI-3278,
we see no clear signs of variability in the TESS or ASAS-SN light
curves. This is validated through a GLS search of each dataset
returning no matching periods of significance. We also ruled out
any periodic signals and RV correlations in the BIS measurements
from the FEROS timeseries for TOI-3278. Without rotation peri-
ods, we can only place loose age constraints from MIST isochrone
fitting (which can have large systematic errors for main-sequence
stars). We estimated ages of 7.87}3 and 8.9753 Gyr for TOI-3053
and TOI-3278/HATS-78, respectively.

4. Data analysis and modelling

4.1. Planet validation
4.1.1. Astrometry

One method for checking for multiplicity in stellar systems is
through the Gaia DR3 astrometric solution. In particular, we can
look at the renormalised unit weight error (RUWE), which is a
weighted chi-square test of the astrometry (accounting for the
colour and magnitude of the target). Gaia reports RUWEs of ~1
for each of these targets, which is well below the threshold of
1.4 that usually hints towards unresolved companions (Belokurov
et al. 2020). This helps to rule out eclipsing binaries with scales of
0.1-10 AU as the source of the transit signals.

4.1.2. Archivalimaging

To check for background EB scenarios, we investigated archival
imaging data from the Harvard College Observatory’s
Photographic Glass Plate Collection using the Dasch pack-
age (Grindlay et al. 2012). We searched data dating back to the
late 1890’s for the best image quality and limiting magnitude. We
selected frames from between 1930 and 1955 with exposures of
2700 s. By comparing catalogues of sources extracted from stacked
H50 images for each target with these earlier epochs, we found
no obvious background stars with B < 17 mag. This reduces the
likelihood that the transit signals could be caused by background
EBs. However, if the relative proper motion of the target and a
background star were low enough (below ~10 mas yr™!), then it
is possible that a background EB could remain blended even after

TOI3272
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Figure 3. Lomb-Scargle periodogram for TIC 388280249 (TOI-3272). The blue curve
shows the TESS periods, with the green and orange corresponding to ASAS-SN g and
V band periods, respectively. Note, the power for each has been rescaled by dividing
by the maximum power value for each dataset.

70 years. The low proper motion of these target stars therefore
makes it difficult to completely rule out such a scenario.

4.1.3. Transit depth chromaticity

Another method to rule out false positives is to check that the
transit depths across different wavelength regions are consistent.
We expect planetary transits to be achromatic in broadband fil-
ters, with deviation from this condition indicating the signal could
be a result of an EB system instead. To check for chromaticity in
the transits, we used Juliet (Espinoza et al. 2019) to fit each light
curve from TESS and the ground-based telescopes individually.
We applied strict priors on the orbital period, transit epoch and
limb darkening coefficients, but allowed the transit depth and
impact parameter to explore the full planetary parameter space
(with an upper limit of R,/R; < 0.2). We then extracted the tran-
sit depth (by squaring the radius ratio) and compared these
against the effective wavelength of each filter used. The results are
summarised in Figure 4.

We can see that TOI-3053.01 and TOI-3278.01 are achromatic,
with the transit depths across different filters agreeing within 3 &
of the weighted mean (and the TESS value). The minor deviation
observed for the SDSS g’ filter with TOI-3053.01 is likely due to
poorer data quality from inclement weather. However, the results
for TOI-3272.01 remain ambiguous. The depths do not show
tight agreement between TESS and the ground-based observations
(noting that the wide uncertainties on the H50 measurements
means they are statistically consistent). There are two explana-
tions for this. Firstly, as the observations with the H50 do not
cover the full transit and have limited baseline coverage, we cannot
model for the variability of the star accurately. The spot coverage is
changing with each epoch, which is known to alter the measured
transit depth if unaccounted for (e.g. Beaulieu et al. 2008). Spot
modulation should affect shorter wavelength filters more, due to
the higher contrast between the cooler starspots and surface in this
spectral region. The second possibility is that this is a blended or
grazing eclipsing binary system. Given the data, it is difficult to
ascertain which scenario is most likely from this test alone.
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(b) and TOI-3278 (c) from individual fitting with Juliet. The error bars indicate the 1o
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TOI-3272 remains ambiguous due to the large uncertainties.
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Table 4. Vetting results from TRICERATOPS for TASSIE Il TOls. Values in square
brackets include the constraint from high angular resolution imaging.

ID FPP NFPP Most likely scenario

TOI-3053 (3+£0.3) x 10~ <0.0001 Transiting Planet (TP)
[(1£0.3) x 1074]

TOI-3272 0.38 +0.02 <0.0001 TP

TOI-3278 0.30 £ 0.02 <0.0001 TP

4.1.4. Statistical vetting with TRICERATOPS

To further test for false positive scenarios, we used
TRICERATOPS (Giacalone et al. 2021) with the high cadence
(200 s) TESS data and previously derived stellar parameters.
The code calculates the false positive probability (FPP) and
nearby false positive probability (NFPP) by fitting models for
EBs (primary, diluted, background and nearby) and for transits
around a primary, secondary or background star. We removed
many stars from consideration due to the detection of the transit
signals with the H50. Where available, we included the contrast
curves from high angular resolution imaging to further constrain
the probabilities. We ran 10 iterations of this fitting procedure to
ensure consistency in results for each planet candidate. The mean
and standard error are reported in Table 4. For TOI-3053.01,
TRICERATOPS suggests a very low probability of this being a
false positive signal. However, we note that we cannot statistically
validate a giant planet with these tests alone because of the overlap
in their radius distributions with brown dwarfs and very low mass
stars. The FPPs for the other targets suggest that these signals
are also likely planetary in nature, but with less certainty. We
therefore proceeded to model all the targets further in a global fit.

4.2. Global modelling with Juliet

We modelled each planetary system with the Juliet package
(Espinoza et al. 2019), which uses the BATMAN transit and
RadVel RV fitting codes (Kreidberg 2015; Fulton et al. 2018).
We explore the parameter space via nested sampling as imple-
mented in Dynesty (Speagle 2020), ensuring that the number of
live points exceeds the number of parameters squared (i.e. #points >
12 am)- In our modelling, the limb darkening coefficients are re-
parameterised following Kipping (2013), with normal priors set
with estimates from the ExoCTK limb darkening calculator? using
Phoenix v2 stellar models. The dilution factor for the TESS light
curves is set to 1 (no dilution), as they are already de-blended.
It was found that only TOI-3272 had non-negligible dilution in
the ground-based light curves from a close non-companion star,
which we accounted for with a uniform prior with ranges based
upon flux ratio estimates from the TRICERATOPS vetting pro-
cess. We chose to treat each group of cadences from TESS as
an individual instrument (i.e. 600 s cadence data are grouped
together). This was done to account for different noise levels and
systematics from different cadences. The full description of the
parameters and priors used in these modelling runs are shown

dhttps://exoctk.stsci.edu/limb_darkening,
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in the Appendix (Tables A3 and A4). We now detail each sys-
tem individually, with all parameter estimates listed in Table 5 and
posterior distributions shown in Figure A10.

4.2.1. TOI-3053

For TOI-3053, we decided to only model data from Sectors 36, 37,
38 and 64 (using the QLP extraction), plus the SDSS 7/, SDSS ¢/,
and Bessell V filters from the H50 and the CHIRON RVs. This
was done in the interest of minimising run time while retaining
the higher cadence data that had reasonable coverage of the tran-
sit profile. We experimented with multiple detrending approaches,
in the end favouring two types of GPs: a quasi-periodic kernel
(QPK) for TESS and a Matern 3/2 kernel for the H50. We chose
the QPK to remove the periodic nuisance signal of the nearby
blended eclipsing binary (discussed in Section 2). For the QPK, we
set the rotation period hyperparameter to be shared for both TESS
instruments and set a normal prior of P, = 0.4 £ 0.1 days, based
on the period expected from previous BLS periodogram analy-
sis. The phase-folded transit and RV for each instrument/cadence
are shown in Figure 5, with the additional ground-based observa-
tions and the multi-sector light curves from TESS displayed in the
Appendix (Figures A3 and A6). We find this companion is a hot
]upiter, with R3053b =1.21+£0.03 R], M3053b =0.85+0.12 M] and
a period of Psps3, = 2.9919986 £ 0.0000012 days. A circular orbit
is preferred (e = 0 and w = 90 deg), with the eccentric model hav-
ing a lower log-likelihood and more parameters. We also ran a fit
for transit timing variations (TTVs), fixing all parameters to the
best-fit circular model and providing normal priors on each indi-
vidual transit. We find no evidence for TTVs in this system, with
the O-C graph shown in Figure A9(a).

4.2.2. TOI-3272

We modelled the data from TESS Sectors 27, 38, 39, 65, 66, 67, 93,
94, and 95, along with all of the H50 light curves for TOI-3272. We
chose to again use a QPK kernel on TESS to account for the stellar
activity signal, with a 3/2 Matern kernel for the H50. We show the
detrended, phase-folded transits in Figure 6 and the full TESS light
curves with best-fit transit + GP model in the Appendix (Figure
A7). We find a companion with R370; =1.15£0.05 R; and a
period of Psy7501 = 3.1466961 £ 0.0000057 days. A circular orbit
is once again preferred and no TTVs were detected. However, the
stellar activity combined with the relative faintness of the target
resulted in large timing uncertainties (>30 min) in some TESS
sectors, as shown in Figure A9(b). It is important to also note that
the posterior distributions of the radius ratio and impact parame-
ter display no severe degeneracies or bi-modalities. This indicates
that this system is likely planetary in nature, despite the initial
ambiguity in transit depths from individual fitting. Nevertheless,
high-precision RVs will be required to confirm the target is in the
planetary-mass regime.

4.2.3. TOI-3278/HATS-78

For TOI-3278, the final modelling run was performed with the
photometry from TESS Sectors 27, 67, 94 (using the TGLC extrac-
tion), two H50 light curves and the LCO CTIO light curve, along
with the FEROS and HARPS RVs. Whilst we initially included
Sector 13 as well, we discovered that the noise/systematics were
too severe to provide meaningful information about the transit
and we therefore discarded these data to avoid biasing the fit.
We applied a Matern 3/2 GP to the TESS, H50 and CTIO light

curves, as there was no indication of periodic stellar activity from
the previous periodogram analysis. We explored both circular
and eccentric models, finding the circular model was preferred
(AlnZ =2.03). The phase-folded transits and RVs are shown in
Figure 7. The multi-sector TESS light curves and RV timeseries
with best-fit transit + RV model, along with the two additional
LCO light curves, are shown in the Appendix (Figures A5 and A8).
We confirm that TOI-3278 is orbited by an inflated Saturn-mass
planet, with R3273b =1.24 £ 0.04 R], M3273h =0.30 £ 0.07 M] and
P3y78p = 3.246456 £ 0.000005 days. Adopting the best-fit circular
model parameters, we searched for TTVs and found no evidence
for signals above 10 min. This is shown in Figure A9(c).

5. Discussion

5.1. TASSIE Il TOIs and the short-period planet population

We now consider the TASSIE II systems in context of the broader
short-period planet population.® As shown in Figure 8(a), TOI-
3272.01 appears consistent with being a HJ based on the position
in the radius-period parameter space at the well-known ‘three day
pile-up’, sitting with the other two planets studied in this work.
For TOI-3053b and TOI-3278b/HATS-78b, we can gain further
insights by comparing the measured radii with expectations from
empirical mass-radius relations. We can see from Figure 8(b) that
both TOI-3053b and TOI-3278b/HATS-78b appear to be inflated,
sitting above the uninflated radius line from Thorngren et al.
(2019). This relation was derived from a sample of ‘warm/cool’
giants (with orbital periods greater than 10 days), including those
from the Solar System. It has long been noted that most HJs are
inflated, with a correlation between the radius anomaly and inci-
dent flux (e.g. Weiss et al. 2013). A universal explanation for radius
inflation remains elusive, but mechanisms such as ohmic heating
or thermal tides have been shown to each match certain features of
the observed HJ population (see Sarkis et al. 2021). A larger sam-
ple of hot giant planets, especially around young and post-main
sequence stars, will be required to determine which mechanism
is the predominant avenue of inflation. Interestingly, the inferred
age of TOI-3278 implies that is is close to the end of its main-
sequence lifetime (*9-10 Gyr). The proximity of the star to the
main-sequence turn-off in the Hertzsprung-Russell diagram from
SED + MIST isochrone fitting is consistent with this scenario
(as shown in Figure A2). This would imply that TOI-3278b/
HATS-78b may be undergoing a period of re-inflation, as the
expansion of its host star increases the irradiation of the planet.
This makes the system an intriguing target for further study.

5.2. Future observations and atmospheric characterisation

Whilst we were able to confirm TOI-3053b and TOI-
3278b/HATS-78b as planetary in nature, TOI-3272.01 remains
as a candidate despite passing various false positive tests. The
RV signal from TOI-3272 will likely be more challenging to
characterise, due to the presence of spots/activity and the host star
being relatively faint. Confirming that TOI-3272 is indeed a young
star will be an important first step to decide if RV observations
should be attempted, with a single high-resolution spectrum
targeting typical youth indicators (e.g. Ca H & K line emission or
Li non-depletion) being recommended. If this target is indeed a

Data from: https://exoplanetarchive.ipac.caltech.edu.
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Table 5. The modelling results from Juliet for the three TASSIE Il systems.
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Parameters TOI-3053b TOI-3272.01 TOI-3278b/HATS-78b
Fitted parameters
Pp (days) 2.991998710:9000013 3.146696170-9900%57 3.24645670.9000042
To [BJD-2457000] 2358.507397 390053 2387.059910:991 1680.8134 70001
Ro/Rs 0.125075,601¢ 0.0905* 6651 0.0897 05635
b 0.40410:951 0.82215:9% 0.81410.918
a/Rs 8.68719241 708379232 6.71279205
s (kgm™3) 1385.1+1184 679.07855 543017312
e 0 (fixed) 0 (fixed) 0 (fixed)
w (deg) 90 (fixed) 90 (fixed) 90 (fixed)
K(ms™) 122.61124 - 401183
Derived properties
Ry (R)) 1.2140.03 1.1540.05 1.2440.04
Mp (M)) 0.85 +0.12 - 0.30 £ 0.07
pp (gem3) 0.64 +0.10 - 0.2140.05
i (deg) 87.3+0.5 83.3+0.4 83.0+0.4
a (au) 0.039 = 0.001 0.042 + 0.002 0.043 + 0.002
Teq (A5 =0) (K) 1290 + 28 1469 + 32 1561+ 35
F(Wm™2) (6.3+£0.7)x10° (1.1£0.1) x10° (1.4+0.1) x108
Instrumental parameters
Mresss0o —0.001 + 0.020 0.002 -+ 0.006 —0.0001 = 0.0001
Mressa00 0.012 +0.031 0.008 = 0.009 —0.0004 =+ 0.0003
Mysor —0.057 + 0.064 —0.009 £ 0.031 —0.005 + 0.016
Mysoy —0.001 + 0.087 —0.006 + 0.012 —0.008 + 0.050
Msog —0.012 + 0.002 - -
Mso/crioi - —0.003£0.013 —0.0003 =+ 0.0100
Jresssoo (PPM) 2.71322 8.41483 524485
Jress200 (PPM) 36055 21758 31.0%53%
Jusor (ppm) 11.071%86 7.371406 16.811825
Jusov (ppm) 10.213%65 28.672347 23.772558
Jhsog (PPmM) 14213235 - -
Juso,crioi (PPmM) - 7.6913%%° 26.15123%3
Dhisor 1.0 (fixed) 0.95 + 0.03 1.0 (fixed)
Drisov 1.0 (fixed) 0.96 + 0.03 1.0 (fixed)
Dpsog 1.0 (fixed) - _
Drso/crioi - 0.9540.03 1.0 (fixed)
qa,Tess 0.29 +0.03 0.30 4 0.03 0.28 +0.03
q2,TEss 0.38 +0.04 0.3940.04 0.37 +£0.04
qa,Hs0r 0.42 +0.04 0.4140.04 0.38 +0.04
q2,Hs0r 0.40 + 0.04 0.4140.04 0.40 + 0.04
q,Hs0v 0.47 +0.05 0.46 & 0.05 0.47 £0.05
q2,Hs0v 0.44 +0.04 0.42 4 0.04 0.41 +0.04
g1,H50g 0.60 4 0.06 - _
g2,H50g 0.48 4+ 0.05 - _
q1,H50/CTIOI - 0.30 £0.03 0.29 +0.02
42,H50/CTIOI - 0.39 £0.04 0.36 +0.03
IcHiron/Feros (M s™1) 49555.91112-31 _ 32976.16+532
Jeriron,Feros (Ms™1) 0.20733% _ 46,5074

Iares (Ms™2)

Juares (Ms™)

+9.76
32978.441375,

+7.88
0.287557
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Figure 5. The phase-folded light curves and RVs for TOI-3053b for each instrument/cadence. In (a), the best-fit transit model is displayed after the subtraction of the GP model
for each instrument. The coloured points with error bars represent the photometric data binned to 10-min for clarity. The panels below each light curve show the residuals and
measured photometric scatter. In (b), the CHIRON RVs (maroon points) and the best-fit circular model (solid black line) are shown. The light and dark shaded region shows the

1o and 30 confidence intervals, respectively.
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Figure 6. The phase-folded light curves for TOI-3272.01 for each cadence/instrument with best-fit transit model (in black), after the subtraction of the median GP model for each
instrument. The coloured points with error bars represent the photometric data binned to 10-min for clarity. The panels below each light curve show the residuals and measured

photometric scatter.
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Figure 7. The phase-folded light curves and RVs for TOI-3278b/HATS-78b for each instrument/cadence. In (a), the best-fit transit model is displayed after the subtraction of the GP
model for each instrument. The coloured points with error bars represent the photometric data binned to 10-min for clarity. The panels below each light curve show the residuals
and measured photometric scatter. In (b), the RVs are coloured by spectrograph with the best-fit circular Keplerian RV model shown by the solid black line. The light and dark

shaded region shows the 1o and 30 confidence intervals, respectively.

giant planet orbiting a young field star, this could be an important
addition to our understanding of giant planet evolution through
the first billion years of a system’s life. High angular resolution
imaging of TOI-3272 and TOI-3278 would also be beneficial to
firmly rule out any stellar companions below the Gaia detection
limit that may contaminate photometry and influence the radius
and age estimates.

We also assessed each target’s suitability for atmospheric
measurements with JWST or Ariel. We found that the targets
are generally too faint to perform transmission spectroscopy
with either instrument, with some caveats. For TOI-3053b
and TOI-3278b/HATS-78b, we calculate the transmission spec-
troscopy metric (TSM) following Kempton et al. (2018) and find
TSM3053 =70 £ 12 and TSM3p75 = 71 £ 18 using our previously
derived parameters. For TOI-3272.01 which does not have a mass
measurement, we assume a fiducial mass of 1 M; and estimate
a TSM of 24. These all fall below the recommended threshold
of TSM > 90 for giant planets (Kempton et al. 2018). However,
if the mass of either is closer to their lower confidence interval
bounds, then the planets will pass this threshold and become pos-
sible targets for transmission spectroscopy with JWST. Regardless,
the low density and possible re-inflation of TOI-3278b/HATS-78b
may still justify investigation with JWST phase curves to map

the temperature profile of the planet and look for signatures of
atmospheric escape (e.g. through infrared metastable He absorp-
tion, see Krishnamurthy et al. 2026). Furthermore, the upcoming
release of Gaia DR4 epoch astrometry presents an exciting oppor-
tunity to search for long-period outer companions to these sys-
tems, as expected from a HEM migration channel (e.g. Lammers
& Winn 2026).

6. Conclusion

In this paper, we have studied three close-in giant transiting exo-
planet candidates alerted by TESS that are orbiting Sun-like stars.
Using ground-based follow-up light curves from the UTGO H50
telescope, along with auxiliary astrometric, imaging and RV data,
we were able to confirm TOI-3053b and TOI-3278b/HATS-78b as
hot giant planets. TOI-3053Db is a typical hot Jupiter, with a radius
of R3053b =1.21 % 0.03 R] and mass of M3053b =0.85 + 0.12 M].
TOI-3278b/HATS-78b was found to be a highly inflated Saturn-
mass planet (R3278b =1.24 £+ 0.04 R], M3278b =0.30 &+ 0.07 M])
orbiting a potentially old star (Ts,75 =8.9733 Gyr) that could be
close to the end of the main-sequence lifetime. We also inves-
tigated TOI-3272.01 which, despite remaining unconfirmed, is
consistent with being a hot Jupiter (with R37,0; = 1.15 £ 0.05 Ry).
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Figure 8. The mass-radius-period parameter spaces for short-period exoplanets. In (a), the radii and orbital periods of known planets are shown with systems coloured by the
stellar effective temperature. The TASSIE Il TOIs are highlighted as points with 3¢ error bars for their radii. In (b), the radii and masses are shown for known HJs. TOI-3053b and
TOI-3278b/HATS-78b are shown with error bars representing the 1o errors on mass. The dashed line and shaded regions show the predicted uninflated radius as a function of
mass using the relation from Thorngren et al. (2019). Data from the NASA Exoplanet Archive.

TOI-3272 is an exciting target for further study as a potentially
young system (T3, = 1.1+0.2 Gyr), which may provide an
important constraint for studies of the radius inflation of HJs.
Whilst these planets are not ideal targets for atmospheric mea-
surements with JWST or Ariel, future studies using Gaia DR4
epoch astrometry and JWST phase curves remain a viable possibil-
ity. Furthermore, these systems add to our sample of companions
orbiting relatively faint stars (V > 13 mag) that will be com-
mon targets for upcoming space-based transit missions, such as

the Nancy Grace Roman Galactic Bulge Time Domain Survey
(Akeson et al. 2019). Although these faint and distant host stars
present challenges to confirmation efforts (Wilson et al. 2023),
they will be vital in understanding the influence of galactic envi-
ronment on exoplanet formation and evolution.
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Appendix A. Auxiliary figures and tables
TOI13053.02 - Diff. Image Centroid Test
1945 flux-weighted centroid
PRF-fit centroid 1.4
Target star
1944 8 ——- Nearby Star (17.6") 1.2
1943 1.0
0.8
1942
0.6
1941
0.4
1940
0.2
1939 0.0

661 662 663 664 665 666 667

Figure Al. The difference image centroid test for the 0.416 day signal in the TOI-3053
light curves. The positions of TOI-3053 and the nearby false positive EB are highlighted
with gold and red crosses, respectively. The colour bar indicates the decrease in flux
measured in-eclipse (in parts per thousand).
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Figure A2. The Hertzsprung-Russell diagram of TOI-3278/HATS-78 from the ARIADNE
SED + MIST isochrone fitting. The thick coloured line is the interpolated MIST
isochrone corresponding to the best-fit stellar parameters. The colourbar traces the
stellar mass for each section of the evolutionary track. The grey lines are 20 random
samples drawn from the parameter posterior distribution, showing the uncertainty on
the fit. The star icon shows the inferred logarithm of the luminosity and temperature
for TOI-3278/HATS-78, with the position close to the main-sequence turn-off.
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Table Al. Additional photometry logs for TASSIE Il TOls.

ID Instrument Camera Pixel scale (arcsec pix—1) Dates (UTC) Filter Nimages
TOI-3053 Brierfield 0.36 m Moravian 16803 1.47 (2x2 bin) 2021/09/08 R 49
Evans 0.51 m STT 1603-3 1.08 (2x2 bin) 2022/02/14 B 93
TOI-3278/HATS-78 HATSouth 180 mm Network Apogee Ul6m 3.7 2011/04/26 - 2012/11/20 SDSS 9062
LCO 1 m (SSO) SBIG 0.23 2015/07/06 SDSS 7/ 71
LCO 1 m (SSO) Sinistro 0.39 2015/07/26 SDSS // 74
LCO 1 m (CTIO) Sinistro 0.39 2021/06/13 SDSS /" 173

TOI-3053 - Brierfield (2021/09/08)
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Figure A3. Follow-up light curves for TOI-3053b from the Brierfield (a) and El Sauce (b) observatories. The coloured points with error bars show the individual photometric points
(in grey) binned to 10-min for clarity. The best-fit transit model from Section 4.2 is overlaid in black. The residuals and photometric scatter are shown in the bottom panels of each

plot.
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Table A2. Radial velocities for TOI-3053 and TOI-3278/HATS-78.

Instrument BJD-TDB (days) RV (ms~!)
TOI-3053
CHIRON 2461136.545220 4942207510
CHIRON 2461137.591260 49601.073}0
CHIRON 2461138.630000 49616.07470
CHIRON 2461139.532130 49429.07 33
CHIRON 2461140589780 49659.07400
CHIRON 2461142.574960 49454.07 300
CHIRON 2461144.528690 49559.01370
CHIRON 2461145.581920 49426.07 330
CHIRON 2461146.559430 49648.07 300
CHIRON 2461147.625680 49594.07 330
TOI-3278/HATS-78

FEROS 2457183.618548 33003.011%9
FEROS 2457184.820261 32926.01189
FEROS 2457186.693816 33045.013}0
FEROS 2457189.908373 3303101169
FEROS 2457191.820070 32971.07159
FEROS 2457194.780835 32984.01210
FEROS 2457225.523469 33029.0"129
FEROS 2457228.817121 32924.07239
FEROS 2457234.847000 33104.01339
FEROS 2457235.546146 33029.01169
FEROS 2457238.564891 32992.07219
FEROS 2457557.775233 32936.01139
FEROS 2457558.572383 32890.07139
FEROS 2457575590787 3306001180
HARPS 2457637.525480 32961.3+34
HARPS 2457639.548477 3293227271
HARPS 2457640.500189 33006.47133
FEROS 2457835.818547 33035.7173
FEROS 2457837.881704 33037.07127
FEROS 2457844.839364 32898.6113¢
FEROS 2457903.831382 32925.97213
FEROS 2457904.740707 3297971128
FEROS 2457906.816860 33039.2757
FEROS 2457908.717873 32899.97122
FEROS 2457909.677443 32981.6+138
FEROS 2457910.795380 33001.211%%
FEROS 2457911.819862 3295161193
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TOI-3278b / HATS-78b - Discovery Light Curve
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Figure A4. The discovery light curve for TOI-3278b/HATS-78b from the HATSouth telescope network. The photometric measurements are shown as the grey points, with best-fit
model derived from the global fit in Section 4.2 plotted in black. The blue points show the data binned to 10-min for clarity. The residuals are plotted in the lower panel, showing

the photometric scatter of 11.8 ppt.

TOI-3278b / HATS-78b - LCO SBIG (2015/07/06) TOI-3278b [ HATS-78b - LCO S50 Sinistro (2015/07/26)

1010

1010
— Model
Data {SDS5 (')
@  10-min bins

— Model
Data (SDSS ')
&  10-min bins

100% 4

o ¥

0995 1 0995

Normalized Flux
3
.
.l
.
Ets]
Normalized Flux
[

0985

0985
o 0010 PR " 0010 o=27 ppt
o oesq - - . . R ¥ _ . e
_g roon L -‘I_i- . ‘ é ' % P §§ K ¥ R ] {l .g 0000 f E .;-’ e [ XY .ii' .* § ,' ‘i *%
= I A THE AL Rl SRR TP Tl LIRS { = b ST T 2 B R Sl BT .
U -0.00s o . g -0.005 { ‘i
o

~0010 -0.010

-001 000 001 002 003 004 -003 -0.02 -0.01 000 001 002 003
Phase Phase

(2) (b)

Figure A5. Follow-up light curves for TOI-3278b/HATS-78b obtained with the LCO 1 m telescopes at SSO on 2015/07/06 (a) and 2015/07/26 (b). The SDSS i’ photometry is shown as
the grey points, with the 10-min binned data in purple and best-fit model from global fitting in Section 4.2 overlaid in black. The lower panels shows the residuals and photometric

scatter. Note, these light curves were not used in the global fitting stage.
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Table A3. The priors used in the Juliet modelling of TASSIE I TOls.

Parameter Description TOI-3053 TOI-3272 TOI-3278

Pp1 (days) Orbital period N(2.99,0.05) N (3.15,0.05) N(3.25,0.1)

to,p1 [BJD - 2457000] Transit midtime N(2358.51,0.05) N(2387.06, 0.05) N(1680.81, 0.05)
rip1 Parametrisation for radius ratio and impact factor (0.0, 1.0) (0.0, 1.0) (0.0, 1.0)

2p1 “ (0.0, 1.0) (0.0, 1.0) (0.0, 1.0)
K(ms™1) Radial velocity amplitude - - (0, 1000)

ps (kgm™3) Stellar density N(1481.0,153.7) N(673.6,72.8) N (545.3, 63.2)
ql7ess Limb darkening parameter for TESS N(0.30, 0.03) N(0.30,0.03) N(0.28,0.03)
g27Ess “r N(0.38,0.04) N(0.38,0.04) N(0.37,0.04)
qlysor Limb darkening parameter for SDSS r’ N(0.42,0.04) N(0.41,0.04) N(0.38,0.04)
92450 N(0.40, 0.04) N(0.40,0.04) N(0.40,0.04)
G1Hs0g Limb darkening parameter for SDSS g’ N(0.58,0.06) - -

Q21509 N(0.47,0.05) - -

qlysov Limb darkening parameter for Bessell V N(0.48,0.05) N(0.47,0.05) N(0.45,0.05)
q24s0v N(0.43,0.04) N(0.42,0.04) N(0.41,0.04)
q1uso/cTioi Limb darkening parameter for SDSS // - N(0.30,0.03) N(0.28,0.03)
Q2n50/CTI0i - N(0.38,0.04) N(0.37,0.04)
Mresseoo Flux offset for TESS (600 s) N(0.0,0.1) N(0.0,0.1) N(0.0,0.1)
JrEsse00 (PPmM) Photometric jitter for TESS (600 s) log24(0.1, 1000.0) log 14(0.1, 1000.0) log 24(0.1, 1000.0)
Mressaoo Flux offset for TESS (200 s) N(0.0,0.1) N(0.0,0.1) N(0.0,0.1)
JrEss200 (ppM) Photometric jitter for TESS (200 s) log 24(0.1, 1000.0) log 24(0.1, 1000.0) log 24(0.1, 1000.0)
Dpsor Dilution factor for SDSS r’ 1.0 (0.9, 1.0) 1.0

Mysor Flux offset for SDSS r’ N(0.0,0.1) N(0.0,0.1) N(0.0,0.1)

Jrsor (Ppm)
Drsog
MHsog

JHsog (PPM)

Photometric jitter for SDSS r’
Dilution factor for SDSS g’
Flux offset for SDSS g’
Photometric jitter for SDSS r’

log 4(0.1, 1000.0)
1.0

N(0.0,0.1)

log 4(0.1, 1000.0)

log 24(0.1, 1000.0)

log 24(0.1, 1000.0)

Dysov Dilution factor for Bessell V 1.0 (0.9, 1.0) 1.0

Mysov Flux offset for Bessell V N(0.0,0.1) N(0.0,0.1) N(0.0,0.1)

Jhsov (ppm) Photometric jitter for Bessell V log 24(0.1, 1000.0) log 24(0.1, 1000.0) log 24(0.1, 1000.0)
Dso/cTioi Dilution factor for SDSS i - (0.9, 1.0) 1.0

Mhso/ctioi Flux offset for SDSS i/’ - N(0.0,0.1) N(0.0,0.1)
JHso/crioi (PpPM) Photometric jitter for SDSS // - log 24(0.1, 1000.0) log 24(0.1, 1000.0)
WcHrIonyFeros (M s™1) RV zeropoint for CHIRON or FEROS N(49600, 200) - N(33000, 200)
whares (Ms™1) RV zeropoint for HARPS - - N (33000, 200)
Jerironyreros (Ms™1) RV jitter for CHIRON or FEROS log24(0.001,100.0) - log 24(0.001, 100.0)
Juares (ms™1) RV jitter for HARPS - - log 24(0.001, 100.0)

Note: N, U and log U refer to normal, uniform and log uniform distributions, respectively.
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Figure A6. The TESS multi-sector light curves and CHIRON radial velocities for TOI-3053, with best-fit transit + GP and RV models overlaid in black. In the transit light curves (top
two panels), the different coloured points indicate the corresponding TESS sectors of the observations. The short-period, low amplitude signal is from the nearby contaminating
eclipsing binary (discussed in Section 2).
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Figure A7. The multi-sector TESS light curve for TOI-3272, with best-fit transit + GP model shown in black.
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Figure A8. The TESS multi-sector light curves and FEROS + HARPS radial velocities for TOI-3278, with best-fit transit + GP and RV models overlaid in black. In the transit light
curves (top three panels), the different coloured points indicate the corresponding TESS sectors for the observations. In the RV plot (bottom panel), the data are coloured by the
spectrograph used for each measurement.

Table A4. The GP priors and parameter estimates from modelling with Juliet.

Parameters Description Priors TOI-3053 TOI-3272 TOI-3278

GP parameters

Protress (days)

Bresseoo (PPM)

Rotation period for QPK kernel
Amplitude of the QPK GP (TESS 600 s)

See text (Sections 3.4 & Sections 4.2)
log 14(107¢, 1016)

+0.0001
0.4166" 5’0001

+0.0053
0.00087 gog7

+0.46
13.4413%

0_00017+0.00013

~0.00005
CrEsss00 Additive factor of the QPK GP (TESS 600 s) log4(107¢, 1076 2612.37339144  0.00273085 -
LTESS600 Length-scale of exponential part of the QPK GP (TESS 600's) log24(10¢, 107¢ 6145.07400387 33567236 -

Bress200 (PPM)
CrEssa00
LtEss200
oTESss00 (PPM)
PTESS600

oTESs200 (PPM)

Amplitude of the QPK GP for TESS (200 s)

Additive factor of the QPK GP (TESS 200 s)

Length-scale of exponential part of the QPK GP (TESS 200 s)
Amplitude of the Matern 3/2 GP (TESS 600 s)

Time-scale of the Matern 3/2 GP (TESS 600 s)

Amplitude of the Matern 3/2 GP (TESS 200 s)

log 14(107¢, 107¢
log24(107¢, 107©
log 14(107¢, 107¢
log14(107¢, 1078
log14(1073, 107>
log14(107¢, 1078

+0.0101
0.00097 5’0008
+39171.2
28095134893
+6593.0
599.27255%

+0.0003
0.00057 g0,
+0.0113
0.0003% 903
+20.97
36.4915 .95

+0.0001
0.0011%4 901
+0.0356
0.1597" 50306
+0.0010
0.0007" 4 0003
0.2762+4824.7559

PTESS200 Time-scale of the Matern 3/2 GP (TESS 200 s) - - 0.1570
ousor (ppPM)  Amplitude of the Matern 3/2 GP (SDSS r’) log14(10~6, 106 0.0670:23 0.0227391 0.0127795%21
PHSOr Time-scale of the Matern 3/2 GP (SDSS ') log4(1073, 103 8.8 187 0.14375277  10.878211343854
OHs0g (PPM) Amplitude of the Matern 3/2 GP (SDSS ¢') log24(107¢, 107¢ 0.00575:9% - -

PHS0g Time-scale of the Matern 3/2 GP (SDSS ¢) log14(1073, 1073 0.00715:9%2 - -

oHsov (PpM) Amplitude of the Matern 3/2 GP (Bessell V) log (1078, 1076 0.0213:32 0.00870922  0.02557033¢3
PHS0V Time-scale of the Matern 3/2 GP (Bessell V) log14(1073, 1073 19.972379 0.08210.387 11491753319
onsoscrior (ppm) Amplitude of the Matern 3/2 GP (SDSS /') log (1073, 103 - 0.01070928  0.00657 3029

PH50/CTIO;

Time-scale of the Matern 3/2 GP (SDSS /')

)
)
)
)
)
)
)
)
log 14(1073,1013)
)
)
)
)
)
)
)
)

log24(107¢, 107¢

+0.149
0.073 539

+8.7437
152317, 3815
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Figure A9. The O-C graphs for TOI-3053b (a), TOI-3272.01 (b) and TOI-3278b/HATS-78b (c). The error bars show the 1o (68% confidence band) errors on timing. The large
uncertainties for TOI-3272 in Sectors 38-67 are a result of low signal-to-noise transits, due to the stellar activity and faintness of the host star.

Downloaded from https://www.cambridge.org/core. IP address: 130.186.31.184, on 13 Oct 2026 at 12:44:20, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/pasa.2026.10244


https://doi.org/10.1017/pasa.2026.10244
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

Publications of the Astronomical Society of Australia 23

>

Rp/Rs
i

P-3.147
[days]
2 @ = o

“F | -
a™ . T o el =
- E oo
g o o | : 55
g5 - |5 F Qg ™
QR e g . -
S | e s e (=
'2 B0 —ie . e ——— L - L o Ll awn arns am oM o 7 o 2 A0S B000 Q005
i rho Rp/Rs b P-3.147  TO- 238706
rho Rs b K [mis] P-2992  TO0-2358.51
s el [days] [BTJD] [days] [BTJD]

—

=
—
=
=

K [m/s]

it Sty

-0 L] oo om (L] o o n s = £l L) J‘..., LT
o Rp/Rs b Kims] ~ P-3246  T0-1680.81
[days] [BTJD]

Figure A10. Corner plots of the posterior distributions from transit modelling with Juliet for TOI-3053b (a), TOI-3272.01 (b) and TOI-3278b/HATS-78b (c).
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