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Abstract

We report the discovery and characterization of TOI-6692 b, an eccentric (e ~ 0.54) Jupiter on a 130 day orbit.
TOI-6692 b was first detected as a community TESS Object of Interest by the Visual Survey Group and the Planet
Hunters group as a single-transit candidate via TESS observation. The period was subsequently confirmed via
radial velocity monitoring from the Planet Finder Spectrograph on the 6.5 m Magellan telescope. Additional radial
velocities were acquired with the CHIRON, FEROS, and CORALIE spectrographs. LCOGT ground-based
photometric follow-up was conducted over 2 weeks to detect another transit and refine the period. Although we
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did not detect an ingress or egress of the 11.04 hr transit, we did detect a possible in-transit signal in the multinight
data and provide an updated ephemeris for future monitoring. TOI-6692 b is one of the few planets with orbital
periods longer than 100 days that have a secure mass, radius, and eccentricity detection. As with most giant
planets at these orbital periods, the eccentricity of TOI-6692 b is lower than that expected of planets undergoing
high-eccentricity tidal migration, but is more consistent with the expectations of planet—planet scattering
outcomes. A long-term radial velocity trend was detected, and further monitoring is warranted to determine the
outer companion period. TOI-6692 b is also one of the few TESS single transit targets to have its periods
eventually confirmed via follow-up photometric campaigns timed to capture transits despite the relatively large
ephemeris uncertainties. Such efforts highlight the capabilities of night-to-night stability on ground-based

photometric facilities today.

Unified Astronomy Thesaurus concepts: Exoplanet astronomy (486)

1. Introduction

Less than 1% of known giant exoplanets with periods longer
than 100 days have had their mass and radius measured.*’
Long-period exoplanets are inherently difficult to confirm.
Observationally, transits of long-period planets are geome-
trically rare, and they require more dedicated time to follow up
as a result of the rarity and long duration of their transits. As
such, only 15 giant planets with orbital periods >100 days
have had their 30 masses and radii measured. While these cool
Jupiter planets are observationally challenging, it is important
to invest resources in them. Many such long-period planet
candidates from NASA’s Transiting Exoplanet Survey Satel-
lite (TESS; G. R. Ricker et al. 2015) exhibit only single-transit
detections in the original discovery lightcurves. Following up
such single-transit candidates is a technically challenging and
resource-intensive exercise. Of the 15 giant planets (listed in
Table 1), five are single-transit planet candidates that received
campaigns of ground- and space-based follow-up to determine
the true periods of the planets.

Hot Jupiters experience high stellar irradiation, which can
alter their thermal structure and size. Modeling this “radius
anomaly” effect is an active area of research (I. Baraffe &
G. Chabrier 2010; G. Laughlin 2018; P. Sarkis et al. 2021). In
contrast, long-period giant planets are weakly irradiated and
make well-suited laboratories for testing relationships between
mass, radius, and metal enrichment (D. P. Thorngren et al.
2016; J. K. Teske et al. 2019). Long-period giant planets that
do not empirically show this radius anomaly allow indepen-
dent investigations of interior structure, metallicity, and
planet formation histories (S. Ginzburg & E. Chiang 2020).
Additionally, long-period giant planets are testbeds for under-
standing the formation and evolution of hot Jupiters. They
experience little to no tidal disruption, and therefore their
dynamical histories are better preserved as compared to their
hot Jupiter counterparts.

In this paper, we report the planetary confirmation of
TOI-6692 b, a warm Jupiter on a 130day eccentric orbit
(e ~ 0.54). Only one transit of TOI-6692 b has been recorded
by the NASA TESS mission to date. We conducted a ground-
based follow-up campaign that eventually determined the
period of the planet via both radial velocity orbit detection and
subsequent photometric transit recovery. In Section?2, we
describe the photometric data from TESS and the ground-
based Las Cumbres Observatory follow-up campaign,
high-resolution speckle imaging, and CHIRON, FEROS,
CORALIE, and Planet Finder Spectrograph (PES) spectro-
scopic observations to obtain a planetary mass. Section 3

40 NASA Exoplanet Archive as of 2025 October 20.

describes the global modeling of the system to derive system
parameters. We then conclude with a discussion of the system
in Section 4.

2. Observations
2.1. Photometric Observations
2.1.1. TESS Photometry

TESS (G. R. Ricker et al. 2015) is performing an all-sky
survey in search of transiting exoplanets around nearby bright
host stars observing 24° x 96° of the sky during sectors
of approximately 27 days. TOI-6692 (TIC 324609409) was
observed by TESS in Sector 27 at a cadence of 600s and in
Sectors 39, 66, 67, 93, and 94 at a cadence of 120 s. Data were
processed by the NASA Science Processing Operations Center
pipeline (SPOC; J. M. Jenkins et al. 2016), and the lightcurves
were downloaded from the Mikulski Archive for Space
Telescopes®' using the Lightkurve package (Lightkurve
Collaboration et al. 2018). The Presearch Data Conditioning
Simple Aperture Photometry (PDCSAP; J. C. Smith et al.
2012; M. C. Stumpe et al. 2012, 2014) lightcurves were used
in our analysis and are plotted in Figure 1.

The SPOC pipelines did not identify this target as a TESS
Object of Interest (TOI) because only a single transit was
observed in the sectors. Citizen scientists from the Visual
Survey Group (M. H. K. Kristiansen et al. 2022) identified a
single transit in Sector 39 (2021 May 27-June 24) on 2021
August 7 during part of a focused survey for such long-period
candidates, which would not have typically triggered a
standard pipeline detection. The candidate was also concur-
rently and independently discovered through manual vetting
by the Planet Hunters TESS collaboration (N. L. Eisner et al.
2020) as a Community TOI on 2021 October 14, and on
2023 October 5 it was promoted to a TOI (N. M. Guerrero
et al. 2021).

2.1.2. Ground-based Photometric Monitoring Campaign

TOI-6692 b has a transit duration of 11.06 & 0.24 hr, which
is nearly impossible to observe from any single ground-based
observatory. Additionally, given that this planet was only
observed via a single transit with TESS and the orbital period
confirmed through radial velocities (RVs) as part of this
work, the uncertainty in predicted future transit times was
fairly large. Based on the ephemeris from the global fit
(Section 3) using the single TESS transit observation and the
radial velocities, the 1o transit uncertainty at the epoch of our

*! https: / /mast.stsci.edu/portal /Mashup /Clients /Mast /Portal.html
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Figure 1. Per-sector normalized TESS PDCSAP lightcurves for TOI-6692. The target star was observed over six TESS sectors. The observing cadence was 600 s in
Sector 27 and 120 s in Sectors 39, 66, 67, 93, and 94. Due to the long period, the planet had only a single TESS transit in Sector 39.

Table 1
Confirmed Transiting Planets (6—20 Earth Radii) with 30 Mass Measurements and Periods Longer than 100 Days

Known Single TESS

Target Period  Semimajor Axis  Eccentricity Radius  Mass Multiplanet? Transit? References

(days) (au) Rywp)  (Miyyp)
Single Star Systems
TOI-4465 b 101.9 0.416 0.240 1.25 5.89 No Yes Z. Essack et al. (2025)
TOI-199 b 104.9 0.425 0.090 0.81 0.17 Yes Yes M. J. Hobson et al. (2023)
Kepler 539 b 125.6 0.499 0.390 0.75 0.97 Yes No L. Mancini et al. (2016)
TOI-6692 b 130.57 0.512 0.537 1.04 0.62 Possible Yes this work
KOI-3680 b 141.2 0.534 0.496 0.99 1.93 No No G. Hébrard et al. (2019)
TOI-2010 b 141.8 0.552 0.212 1.05 1.29 No Yes C. R. Mann et al. (2023)
TIC 241249530 b 165.8 0.641 0.941 1.19 4.98 No Yes A. F. Gupta et al. (2024)
Kepler 1514 b 217.8 0.753 0.401 1.11 5.28 Yes No P. A. Dalba et al. (2021)
Kepler 111 ¢ 224.8 0.751 0.176 0.63 0.70 Yes No P. A. Dalba et al. (2024)
TOI 4562 b 225.1 0.768 0.760 1.12 2.30 Yes No A. Heitzmann et al. (2023)
TOI-2180 b 260.8 0.828 0.368 1.01 2.76 No Yes P. A. Dalba et al. (2022)
PH2b 282.5 0.833 0.215 0.83 0.74 No No P. A. Dalba et al. (2024)
Kepler 553 ¢ 328.2 0.898 0.346 1.03 6.70 Yes No P. A. Dalba et al. (2024)
Known Multistar Systems
HD80606 b 111.4 0.457 0.930 1.07 4.38 No No D. Naef et al. (2001)
Kepler 35 b 131.5 0.603 0.042 0.73 0.127 No No W. F. Welsh et al. (2012)
Kepler 16 b 228.8 0.705 0.007 0.75 0.33 No No L. R. Doyle et al. (2011)

Note. TOI-6692 b is highlighted in bold.

ground-based follow-up was —3.9days and +4.6days. We
alerted the TESS Follow-up Observing Program** Sub Group
1 (TFOP; K. Collins 2019) and started monitoring nightly with
the Las Cumbres Observatory Global Telescope (LCOGT;

“*2 hitps://tess.mit.edu /followup

T. M. Brown et al. 2013) for 12 days surrounding the nominal
predicted ephemeris from the RV orbital solution.

LCOGT is a network of 1 m robotic telescopes equipped
with 4096 x 4096 SINISTRO cameras with an image scale of
07389 pixel ', resulting in a 26/ x 26’ field of view (FOV).
We observed six transit attempts at Cerro Tololo Inter-
American Observatory in Chile (CTIO), six transit attempts
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Figure 2. Multinight LCOGT 1.0 m ground-based follow-up lightcurve. The differential lightcurve was extracted using a common set of 22 reference stars and was
normalized over the full dataset. No lightcurve detrending was applied. Gray symbols show the unbinned data. Black symbols show the data in 8 minute bins. The
vertical red dashed line shows the nominal midtransit time based on the updated ephemeris from the global fit (Section 3), which is based on the single TESS transit
detection and all available radial velocities. The blue shaded region indicates the midtransit time 1o uncertainty window. The apparent 6 ppt in-transit detection is
just outside the 1o window. The bounds on the orbital period based on the TESS single transit, RVs, and the apparent LCOGT in-transit detection are

P = 131.125 £ 0.012 days.

Table 2
LCO Ground-based Photometry Campaign
Observatory Telescope Size Camera Filter Pixel Scale UT Start Date UT Time rms
(m) (arcsec) yyyy-mm-dd hh:mm:ss IMS1omin (PPL)
CTIO 1.0 SINISTRO i’ 0.39 2025-05-13 05:43:08-07:52:12 0.69
SAAO 1.0 SINISTRO i’ 0.39 2025-05-13 23:34:00-03:27:25 0.69
SAAO 1.0 SINISTRO i’ 0.39 2025-05-14 23:29:59-03:23:37 0.66
SAAO 1.0 SINISTRO i’ 0.39 2025-05-15 23:26:27-03:20:23 0.67
CTIO 1.0 SINISTRO i’ 0.39 2025-05-17 05:27:30-09:21:17 0.69
SSO 1.0 SINISTRO i’ 0.39 2025-05-17 14:46:19-18:39:47 0.69
CTIO 1.0 SINISTRO i’ 0.39 2025-05-22 05:08:01-09:01:26 0.53
SAAO 1.0 SINISTRO i’ 0.39 2025-05-22 22:58:36-02:52:17 0.51
CTIO 1.0 SINISTRO i’ 0.39 2025-05-23 05:05:30-08:59:18 0.47
SAAO 1.0 SINISTRO i’ 0.39 2025-05-23 22:54:50-02:48:21 0.50
CTIO 1.0 SINISTRO i’ 0.39 2025-05-24 05:00:12-08:53:49 0.71
SSO 1.0 SINISTRO i’ 0.39 2025-05-24 14:24:57-18:18:47 0.76
CTIO 1.0 SINISTRO i’ 0.39 2025-05-25 04:56:18-08:49:56 0.67
SAAO 1.0 SINISTRO i’ 0.39 2025-05-25 22:46:49-02:40:41 0.38

with the South African Astronomical Observatory near
Sutherland, South Africa (SAAO), and two transit attempts
with the Siding Spring Observatory near Coonabarabran,
Australia (SSO). A total of 14 observations were obtained over
a 12 day period starting on UT 2025 May 13 (see Table 2). We
used the TESS Transit Finder, a customized version of
the Tapir software package (E. Jensen 2013), to automati-
cally schedule ground-based transit observations. All images
were calibrated by the standard LCOGT BANZATI pipeline
(C. McClully et al. 2018). AstroImaged (K. A. Collins et al.
2017) was used to extract the differential aperture photometry.

The time-series coverage of all observations is shown in
Figure 2. The 11.04 hr transit duration is longer than the target
is observable at any of the observatory locations. Unfortu-
nately, several nights of bad weather occurred near the

nominal transit center time prediction. An additional observa-
tion was obtained on 2025 May 19 UT with the TRAnsiting
Planets and PlanetesImals Small Telescope in the South
(TRAPPIST-South). TRAPPIST-South is a 60cm robotic
telescope located at La Silla Observatory in Chile (M. Gillon
et al. 2011; E. Jehin et al. 2011). The telescope is equipped
with an Andor iKon-L BEX2-DD deep-depletion 2K x2K e2V
CCD, resulting in a 20’ x 20’ FOV and a plate scale of 0.
60 pixel '. Several images in the dataset were saturated, and
the observations were taken with a different CCD and filter
from the others in this campaign. The TRAPPIST-South
observation was excluded from the LCOGT final analysis
in order to create a homogeneous set of observations, all taken
in the same Sloan i filter, same telescope size, and same
SINISTRO detectors. In addition, we used the same 7”8 radius
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Figure 3. The figure shows 50 magnitude contrast curves in both filters as a
function of the angular separation out to 1'2. The inset shows the reconstructed
832 nm image of TOI-6692 with a 1” scale bar. TOI-6692 was found to have
no close companions from 0.1 to 1'2 to within the magnitude contrast levels
achieved.

photometric aperture and a common set of 22 reference stars to
extract the combined differential lightcurve.

The combined lightcurve was then normalized as a single
lightcurve and no detrending was applied. The resulting
lightcurve is shown in Figure 2. There are 1-2 ppt offsets in
the night-to-night, telescope-to-telescope baselines, except for
an apparent 5—-6 ppt offset in the next-to-last observation. This
offset could be due to the observation catching an in-transit
segment of the expected 6 ppt deep transit. If this segment of
data is indeed an in-transit detection, the upper and lower
bounds on the orbital period based on the TESS single transit,
RVs, and the apparent LCOGT in-transit detection are
P = 131.125 £ 0.012 days. The apparent event occurred just
beyond the time window of the 1o upper range, as determined
from the global analysis in Section 3.

2.1.3. High-resolution Imaging

Spatially close stellar companions to exoplanet host stars
(bound or line of sight) can create a false-positive transit signal
and will contribute “Third-light” flux, leading to an under-
estimated planetary radius (D. R. Ciardi et al. 2015) and
incorrect derived parameters for both the host star and the
planet if not accounted for (E. Furlan & S. B. Howell 2017;
E. Furlan & S. B. Howell 2020). Thus, to search for close-in
(bound) companions unresolved in TESS or other ground-
based follow-up observations, we obtained high-resolution
imaging speckle observations of TOI-6692.

TOI-6692 was observed on 2025 May 10 UT using the
Zorro speckle instrument on the Gemini South 8 m telescope
(N. J. Scott et al. 2021). Zorro provides simultaneous speckle
imaging in two bands (562 and 832 nm) with output data
products including a reconstructed image with robust contrast
limits on companion detections (e.g., S. B. Howell et al. 2025).
Four sets of 1000 x 0.06s exposures were collected and
subjected to Fourier analysis in our standard reduction pipeline
(see S. B. Howell et al. 2011). Figure3 shows our final
contrast curves and the 832 nm reconstructed speckle image.
We find that TOI-6692 is a single star with no companion
brighter than 5-6.5 mag below that of the target star from 0”1
out to 1”2. At the distance of TOI-6692 (313 pc), these angular
limits correspond to spatial limits of 30-376 au.

Bieryla et al.
Table 3
PFS Radial Velocities

Time Velocity Uncertainty
(BID1pg) (ms™") (ms™"
2459717.91484 17.92 4.26
2459796.68778 18.94 4.28
2459834.59932 —5.49 5.20
2459834.60691 —2.01 6.68
2459853.55921 11.23 3.93
2459855.53952 18.72 4.17
2459889.52721 56.80 3.75
2459893.53582 56.52 4.90
2459895.54528 31.51 4.60
2460065.89343 15.00 3.96
2460065.90388 4.58 391
2460067.89668 —5.37 4.88
2460067.90752 6.71 4.63
2460072.89346 —10.69 4.28
2460072.90625 2.98 4.39
2460073.90792 14.11 423
2460073.91849 8.69 3.77
2460074.89392 10.05 4.09
2460074.90508 —6.84 3.81
2460122.76347 —9.90 4.86
2460122.77463 —4.70 4.74
2460126.79969 —5.89 4.03
2460126.81056 13.39 3.90
2460153.74789 53.08 4.10
2460180.64172 11.78 3.70
2460210.67252 —12.13 4.07
2460459.84529 —16.20 3.52
2460461.85411 —13.58 5.26
2460463.83988 —11.31 3.26
2460464.85629 —11.02 3.27
2460485.79046 —25.97 4.17
2460488.84101 —18.70 3.62
2460490.77108 —4.65 3.35
2460492.77987 —8.22 3.25
2460509.75949 —7.42 3.27
2460510.71692 —5.08 3.79
2460516.71909 5.29 3.99
2460517.72135 0.00 4.11
2460536.67995 36.43 3.78
2460544.67713 33.60 3.86
2460596.54190 —14.47 3.39
2460805.90984 24.70 3.84
2460810.89294 12.61 3.50
2460834.84703 —10.91 3.87
2460843.82105 —5.51 4.30

2.2. Spectroscopic Observations

A total of 89 spectra from four observatories were obtained
between UT 2021 September 13 and 2025 June 17 to measure
the stellar parameters of the star and to measure a mass of the
companion. Information about the facilities and observations is
described in the following subsections.

2.2.1. CHIRON

CHIRON is a fiber-fed echelle spectrograph on the
1.5m SMARTS telescope at Cerro Tololo Inter-American
Observatory, Chile (A. Tokovinin et al. 2013). CI—!IRON
observes over the wavelength range 4100-8200 A and
has a spectral resolving power of R ~ 80,000. Spectra
were extracted as per the official CHIRON pipeline
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Table 4
Literature Values for TOI-6692

Stellar Parameters Value Source

Catalog Information

TIC ID TIC 324609409 TOI Catalog
TOI ID TOI-6692 TOI Catalog
Gaia DR3 ID 6349145498210403840 GAIA DR3
2MASS ID J20504634-8116202 2MASS
TYC ID 9473-00833-1 Tycho
Coordinates and Proper Motion

R.A. (him:s) 20:50:46.57 (J2000) GAIA DR3
decl. (d:m:s) —81:16:20.63 (J2000) GAIA DR3
Parallax (mas) 3.2203 £ 0.0119 GAIA DR3
Ur.a. (mas yr—) 38.7968 + 0.0128 GAIA DR3
Upee, (Mas yr ') —22.7508 + 0.0128 GAIA DR3
Magnitudes

TESS (mag) 11.116 £ 0.006 TOI Catalog
G (mag) 11.578162 + 0.002762 GAIA DR3
B, (mag) 11.932896 + 0.002829 GAIA DR3
R, (mag) 11.050061 £ 0.003797 GAIA DR3
B (mag) 12.305 + 0.209 Tycho

V (mag) 11.434 £ 0.016 Tycho

J (mag) 10.432 £ 0.023 2MASS

H (mag) 10.136 + 0.022 2MASS

K (mag) 10.034 + 0.019 2MASS
WISE3 4, (mag) 10.029 + 0.023 WISE
WISE, ¢,, (mag) 10.053 + 0.020 WISE
WISE,,,, (mag) 10.010 + 0.046 WISE

Note. Source column references are TESS TOI Primary Mission Catalog
(N. M. Guerrero et al. 2021); Tycho (E. Hgg et al. 2000); GAIA DR3 (Gaia
Collaboration et al. 2023); 2MASS (R. M. Cutri et al. 2003); WISE
(R. M. Cutri et al. 2021).

(L. A. Paredes et al. 2021). Thirty-one observations were
obtained between 2021 September and 2022 September.

2.2.2. FEROS

The Fiber-fed Extended Range Optical Spectrograph (FEROS;
A. Kaufer et al. 1999) is a high-resolution, temperature stabilized
echelle spectrograph installed at the MPG-2.2 m telescope in the
ESO La Silla Observatory in Chile. FEROS has a resolving
power of 48,000 and uses a second fiber to trace instrumental
wavelength shifts. A total of six observations were obtained
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Figure 5. Radial velocity observations phase folded to the ephemeris. The red
line shows the EXOFASTv2 best model fit to the RVs. Section 2.2 details the
radial velocity observations.

between 2023 August and 2024 June. All reduction and proces-
sing steps were performed using the ceres pipeline (R. Brahm
et al. 2017).

2.2.3. CORALIE

CORALIE (A. Baranne et al. 1996; D. Queloz et al.
2000; D. Ségransan et al. 2010) is a fiber-fed echelle
spectrograph installed on the Swiss 1.2m Leonhard Euler
Telescope at the La Silla Observatory in Chile. It has a spectral
resolving power of R ~ 60,000 and operates in the wavelength
range 390-680 nm. We observed TOI-6692 with the first fiber,
and we used the second fiber to observe the simultaneous
Fabry—Pérot etalon for drift calibration purposes. A total of
seven spectra with an exposure time of 1800s were
obtained between 2024 April and July. The spectra were
reduced with the standard data reduction pipeline. The radial
velocity measurements were obtained by cross correlating
each spectrum with a G2-type stellar mask (e.g., F. Pepe
et al. 2002).

2.2.4. PFS

The PFS (J. D. Crane et al. 2006, 2008, 2010) is a high-
precision spectrograph on the 6.5 m Magellan II Telescope at
Las Campanas Observatory in Chile. A total of 45 spectra were
obtained between 2022 May and 2024 June, and are listed in
Table 3. The spectra were reduced using the methods outlined
in R. P. Butler et al. (1996). The spectra were collected
using a 0'3 wide slit, 3 x 3 binning, and 1200 s exposures. The
spectral resolving power in this configuration is R ~ 115,000.

2.3. SED Analysis

All available broadband photometry, including Gaia DR3 G,
Bp, and Rp (Gaia Collaboration et al. 2023), Two Micron All
Sky Survey (2MASS) J, H, and K (M. F. Skrutskie et al. 2006),
and Wide-field Infrared Survey Explorer (WISE) W, W, and
W35 bands (R. M. Cutri et al. 2021), as well as the Gaia DR3
parallax, were used to construct the spectral energy distribu-
tion (SED) of TOI-6692. The SED was modeled simulta-
neously with the photometric and spectroscopic observations
of the system, which is discussed in the next section. The
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Table 5
Best-fit Stellar and Planetary Properties for TOI-6692

Parameters Description (Units)

Prior Values Best Fit

Stellar Parameters

M, Stellar mass (M) Inferred 104740089

R, Stellar radius (R.) Inferred 1.385+0:934

L, Stellar luminosity (L) Inferred 2.08 £ 0.20
Tett Effective temperature (K) Inferred 58907110

logg Surface gravity (cgs) Inferred 4176593
[m/H] Metallicity (dex) G(-0.1,0.06) —0.00879:939
Parallax Parallax (mas) G(3.220,0.012) 3.220 £ 0.012
Age Age (Gyr) Inferred 7.8434
Distance Distance (pc) Inferred 310.5%12

Ay V-band extinction (mag) 1(0.00, 0.48) 0.297341
Planetary Parameters

P Orbital period® (days) Inferred 130.57+542
Pupdated Updated orbital periodb (days) Inferred 131.125 + 0.012
Ty Epoch (BID) U(2459378.4,2459378.5) 2459378.4174 + 0.0022
M, Planet mass (M) Inferred 0.6207 5982

R, Planet radius (Ry,p) Inferred 104240030
a/R, Semimajor axis to star radius ratio Inferred 7945t§‘;§

a Semimajor axis (au) Inferred 051253914

e Eccentricity Inferred 0.537 + 0.061
Wy Arg of periastron (deg) Inferred —16.6779

Teq Equilibrium temp® (K) Inferred 467.0%93

I Transit duration (hr) Inferred 11.06 + 0.24
K RV semiamplitude (m s7') Inferred 285432

o RV slope’ (m s~ day™) Inferred —0.028070:3048
i Orbital inclination (deg) Inferred 89.48310:083

b Impact parameter Inferred 0.61873973

Notes.

 Derived from global analysis (Section 3).

b Updated based on the ground-based lightcurve detection (Section 2.1.2).
¢ Assumes no albedo and perfect redistribution.

4 Reference epoch = 2460157.211885.

best-fit model is shown in Figure 4 and the catalog parameters
are reported in Table 4.

3. Global Modeling

We performed a joint analysis using EXOFASTv2
(J. Eastman et al. 2013; J. D. Eastman et al. 2019) to determine
the stellar and planetary parameters of the system. We
incorporated the TESS photometry, all available radial
velocities from PFS, CHIRON, FEROS, and CORALIE, and
catalog observations to simultaneously fit the system.
EXOFASTv?2 is an open-source code written in IDL that uses
Markov Chain Monte Carlo to derive stellar and planetary
parameters. Gaussian priors were adopted for the parallax
obtained from GAIA Data Release 3 (GAIA DR3; Gaia
Collaboration et al. 2023), which was corrected by L. Lindegren
et al. (2021). The starting values for the transit epoch, T, and
the period, P, were set from the orbital fit of the radial
velocities, and the initial starting values on the stellar mass, M.,
and radius, R,, were obtained from the TESS mission input
catalog (K. G. Stassun et al. 2018). We also set a Gaussian prior
on metallicity derived from a SpecMatch-Synth stellar
parameter analysis (E. A. Petigura 2015) of the iodine-free PFS
template spectrum. In brief, SpecMatch-Synth matches
the observed spectrum with the R. L. Kurucz (1993) grid of

synthetic stellar spectra. The code interpolates between the
nearest grid spectra by taking linear combinations to obtain the
final spectroscopic parameters. We measured a slightly subsolar
metallicity for TOI-6692 of [Fe/H] = —0.10 & 0.06 dex from
this analysis.

We note that the CHIRON, CORALIE, and FEROS RVs
have much lower precision than the PFS RVs, as shown in
Figure 5. We opted to run comparison fits to ensure that the
lower-precision RVs were not degrading the result. In both fits,
we included the TESS photometry and all available catalog
observations as noted above. We found that in both fits, the
stellar and planetary parameters agreed within 1o. Therefore,
we concluded that the lower-precision RVs did not degrade the
fit, and we included them in the fit that we adopted as our final
results. Those results are listed in Table 5, which also lists the
prior values used. Each fit also allowed for a long-term linear
trend of —0.0280 )90 ms ™' day~', as shown in Figure 6.
This indicates that there may be an unresolved long-period
companion in the system. We also ran a comparison two-
planet model to check if the second companion’s orbital period
could be constrained. ABIC preferred the single-planet plus
RV trend model. We detect no additional periodic transits in
the photometry, nor do we detect any companions in the high-
resolution imaging. Companion threshold detection limits are
described in more detail in the Discussion.



THE ASTRONOMICAL JOURNAL, 171:203 (11pp), 2026 April

80 1
60 -
40 -

20 A

2 TRV

750 1000 1250 1500 1750
Time [BJD-2459000]

Radial velocity (m/s)

60 A

Radial velocity (m/s)

—04 -02 00 02 04
Phase

Figure 6. Top: a linear slope showing the PFS radial velocities over time. The
trend is detected at —0.028073304¢ m s~'day~!. Longer-term monitoring is
necessary to confirm the orbital period of the outer companion. Bottom: PFS
radial velocity observations phase folded to the ephemeris for better clarity.
The solid, bold, red line is the best-fit model from EXOFASTv2 using RVs
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Figure 7. Planet mass versus planet radius for all planets with 30 mass and
radii measurements. Planets with an orbital period >100 days are plotted and
shown in black with their respective error bars. Data were obtained on
2025 August 4 from the NASA Exoplanet Archive. TOI-6692 b is shown
as a blue star with black edges, and the solid lines show the 10 Mg core
(J. J. Fortney et al. 2007) giant planet thermal and atmospheric models at 1 au
(in black) and at 0.02 au (in red).

We did not include the ground-based photometric follow-up
data in the global fits because the detection is an in-transit event
and the data have gaps in time. A global fit that included this
data would be very time intensive and not well constrained due
to the lack of ingress or egress detected. We instead describe our
photometric analysis in Section 2.1.2 and provide an alternative
updated period from this analysis for reference.
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4. Discussion

TOI-6692 b is a long-period Jupiter-mass planet in an
eccentric (e ~ 0.54) orbit. Only 15 giant planets have masses
and radii measured (at >30 significance) with periods longer
than 100 days (Table 1). Figures 7 and 8 place TOI-6692 b into
context in the mass, radius, period, and eccentricity space.

TOI-6692 b is part of a dynamically complex, long-period,
Jupiter-like system. The planet has an eccentric orbit with a
period of 130 days and an eccentricity of 0.537 £ 0.061. PFS
radial velocities detect a ~20 m s~ long-term linear trend over
a baseline of ~800 days. We combine the radial velocities
and the limiting thresholds from speckle imaging to
determine constraints on the mass and separation of this
exterior companion. We simulate the Keplerian orbit of the
exterior companion, and model its / magnitude via the MIST
isochrones (A. Dotter 2016). We adopt a distance of 310.5 pc
in these calculations as per the Gaia parallax. The modeled
Keplerian orbit is matched against the PFS velocity residuals
after the removal of TOI-6692 b. The luminosity of the
companion and its semimajor axis were checked against the
speckle imaging threshold in Section 2.1.3.

Figure 9 shows the constraints that we can place on this
exterior companion. We place an upper mass limit of the
companion at ~400 Mj, from the speckle imaging observations
at orbital distances >20 au. Interior to this, the constraints are
dominated by the radial velocities.

The eccentricity of TOI-6692 b is similar to that of other
recent long-period giant planet discoveries from TESS and
Kepler (G. Hébrard et al. 2019; C. R. Mann et al. 2023). As per
Figure 8, at such large orbital separations, the eccentricity is
not shaped by tidal circularization, and the planet is not
expected to follow a high-eccentricity inward-migration track.
In fact, among the transiting long-period (P > 100 days)
planets, only HD80606 b (D. Naef et al. 2001; J. N. Winn
et al. 2009) and TIC241249530b (A. F. Gupta et al. 2024)
follow the classical high-eccentricity migration track. A
significantly larger population of planets has mild eccentri-
cities <0.8. E. B. Ford & F. A. Rasio (2008) demonstrate that
planet—planet scattering processes yield eccentricities no larger
than e ~ 0.8, and TOI-6692 b is most consistent with
migration via this process (e.g., F. A. Rasio & E. B. Ford 1996;
S. Chatterjee et al. 2008; M. Nagasawa et al. 2008).

Figure 7 shows TOI-6692 b on the mass—radius distribution
of giant planets, highlighting planets with periods > 100 days.
These planets receive mild irradiation compared to conven-
tional hot Jupiters, and are excellent tests of traditional mass—
radius relationships for giant planets. The mass and radius of
TOI-6692 b is in excellent agreement with model predictions
from J. J. Fortney et al. (2007). The role tidal heating plays in
retaining internal heat and an “inflated” radius of some planets
remains unclear, but atmospheric studies have shown that
some low-density giant planets exhibit methane quenching
in their atmospheres, suggesting significant interior heating
(e.g., D. K. Sing et al. 2024). At transit, TOI-6692 b is at a
separation of 0.32au, with an equilibrium temperature of
~600 K. At this temperature, methane should be a significant
absorber at equilibrium. TOI-6692 b has a transmission
spectroscopic metric (TSM) of 23 (E. M. R. Kempton et al.
2018). Among planets with similar irradiation, only four
other giant planets have higher TSMs. These planets may serve
as excellent laboratories for understanding the chemical
composition of cold-but-accessible giant planets, to serve



THE ASTRONOMICAL JOURNAL, 171:203 (11pp), 2026 April

1.0
High-e tidal migration ® e
——- p-p scattering ;
0.8 Short Period (N=690) e
@ Long Period (N=15) // @
i TOI-6692 -
> -
E) 0.6 7 i
= -
- //
c -
] -
4 e [
g 0 nZ ° ’Q
%, ®
0.2 et [3 {%
- ]
®
0.0 T T o
0.01 0.1 0.3 1.0

Semi-major Axis (AU)

Figure 8. All transiting exoplanets in the range of 6-20 Earth radii. Planets
with periods less than 100 days are plotted in light gray, and the 16 planets
with periods longer than 100 days are plotted in black. TOI-6692 b is plotted
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et al. 2021). The dotted—dashed line presents the theoretical upper limit of
eccentricities as a result of planet—planet scattering, assuming a planet with a
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et al. 2014). Data were obtained on 2025 August 4 from the NASA Exoplanet
Archive.
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Figure 9. Limits on the properties of the exterior companion that we can place
via PFS radial velocities and speckle imaging observations. The exterior

companion is limited to 400 M; in mass from the speckle observations at
~20 au, and by radial velocities for interior orbital solutions.

as comparisons against similar planets closer in that may
exhibit disequilibrium due to added internal heating or
photochemistry.

TOI-6692 b demonstrates the challenges associated with
confirming long-period, single-transit planet candidates from
TESS. While some constraints can be placed from single
transits on the orbital period of systems based on the transit
duration, the uncertainties are very large. It requires a
significant investment of telescope time to confirm the true
period. In particular, high-precision radial velocity and
photometric follow-up resources are limited. In the case of
TOI-6692 b, once we confirmed the period and eccentricity
with the radial velocity follow-up, we were then able to utilize
the strength of the TFOP SG1 photometric resources and, in
particular, the LCO global network of 1m telescopes to
observe the second transit and further refine the period. Similar
efforts confirmed the transit of the P = 542 day planet HIP
41378 f (J. Garcia-Mejia et al. 2025), the transit of TOI-2010 b
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via space-based small-sat observations (C. R. Mann et al.
2023), and the NGTS recovery of TIC238855958b (S. Gill
et al. 2020).
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