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Warm Jovian (WJ) exoplanet — ideal for RV vaidation

@ Large Radii: WJs planet pairs have large radii, making their transits easier to
detect with the TESS telescope.

@ RV Detectability: The high masses and short periods (small a) of WJs induce
strong RV signals, allowing for mass and eccentricity measurements through
ground-based RV observations.

Main goal: Occurance rate, mass and eccentricity distribution of Warm Jovain planets

WINE results so far:

@ 11 Warm Jupiters discovered and published by WINE.

@ 11 other confirmed Warm Jupiters in prep by WINE.

@ WINE has contributed data to the discovery of other 15 WJs.
@ 350 active Warm Jupiter candidates under follow-up by WINE.



The WINE Doppler survey facilities

FIDEOS@ESO 1m, La Silla CHIRON@SMARTS FERQS@MPGZ.Zm, HARPS@ESO PFS@Magellan

10n per semester 1.5m, CTIO La Silla 3.6m, La Silla 6.5m, Las Camp.

R~42 000 50h per semester 30n per semester 10n per semester 2n per semester
. R~90,000, R~50,000, R~120,000, R~127,000,

o0~10 m/s, V<11
o~5m/s, V<11.5 o~5m/s, V<13.5 o~1m/s,V<13.0 o~1m/s, V<14.5



Tools

e TESSERACT pipeline: generation of light curves from the TESS FFls,
identification of candidates and single transiters.

e CERES: Homogeneous and automatic processing of echelle data.
e ZASPE: Stellar characterization.

e JULIET: Bayesian joint light curve and radial velocity modeling

e SINGLE: Prediction of orbital periods for single

o CHERCAN: Web based tool for managing candidates, observations, and
data



ody simulations

The Exo-Striker

RV | Transit =TTV Activity = Samplecor. = Orb.Evol. nuOph v | shells  ExtraPlots Datainspector = TextEditor Calculator | Stdout/Stderr
RVs  RVsoc GLS GLSoc MLP  Window (DFT) et O |LIemone, Jupyter | Bashshell  pagshell
600 Jupyter QtConsole 4.5.5 =
% Stellar mass  2.8000 Type ‘copyright’, 'credits’ or 'license' for more information
400 msim/s] 106376 In [l fit loglik
wrms [m/s]  9.4017 Out[1]: -751.2041403113919
200 s 11294 In m';:]zm\ o
= Int 7512081 menc_burning_ph nenc_sample_file menc_save sampler
E BIC 158750 menc_corner_plot_file memc_sampls st
fieta s menc_Nbody stab menc_save_median
D &
AMDstable @
20 More stat. info
BJD [days] un MEMC =
@RV ) Transit () TTV ) RVeTransit ) RVATTV. * ewMa hkA =
! Planet 1 | Planet2 Planet 3 Offset [m/s] Jitter [m/s]
Pld 53005959804 ¢/ +/-0.113 (V| [3185.67230982 |#|+/-0.304. 300.00000000 |2 +/-0.000 ~ a]
K{m/s) v (28829568259 |#/+/-0.424 |V (17663716043 ¢/ +/-0.314 50.00000000 _|#|+/-0.000 bosol 27725 HA 09381 H0GD
w[deg] V| (949619650 % v 931565698 000000000 | % +/-0.000 X | [pss0ds_criresve (v) (38220295 % v [o02621 2] +/-0223
. Malded] V| (23622706028 % +/-0355 V| (22210464166 0.00000000 |+ /+/-0.000 = =
e Data modelin s ||| = O D
g 0 [deg] +/-0.000 X datas 0.00000 8 0.00000 2/ +/-0.000
@ [dealy] AT X data6 000000 |2 000000 % +-0000
told] +/-0.000
@ Long-term stability e ; o ||| B O et L o
DMl 16 e oo X datas 000000 % 000000 /-0.000
M M R I . tald 2451755369 2451314966 0.000 x data 10 000000 % 000000 [%]+/-0.000

@ and many more!
Available on the GitHub https://github.com/3fon3fonov/exostriker


https://github.com/3fon3fonov/exostriker

A typical example of TESS light curve revealing a WJ
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Rather short baseline of ~ 27 days per Sector.



The power of WINE is in its Doppler follow up strategy

THE ASTROPHYSICAL JOURNAL LETTERS, 946:136 (9pp), 2023 April |
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Even with one transit event, WINE RVs reveals interesting exoplanet systems!

Py ~11.91 days, My, ~0.93 Myyp, P ~24.75 days, M ~0.19 My,



TESS mulii-sector data; ideal for a TTV search
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@ Strong dynamical signals: Massive WJ pairs produce
large TTVs, ideal for dynamical modeling.

@ TTV + RV synergy: Joint analysis constrains physical
and orbital parameters, aiding planet formation studies.
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The first WINE-TTV system: TOI-2202 (Trifonov et al. 2021)
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A pair of WJ near the 2:1 MMR around a K-dwarf
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TOI-2525 — A pair of WJs with a strong TTV signal (Trifonov et al. 2023).
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TOI-199: A pair of WJs, the outer in the HZ (Hobson et al. 2023)
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TOI-6695: A pair of WJs, close to the 3:1 MMR (Eberhardt et al. 2025)
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TOI-1232: TTV system near the 2:1 MMR (Mihylov et al. submitted)
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TOI-XXXX: TTV system near the 2:1 MMR (Stefanov et al. in prep.)
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Transit-timing degeneracies

TOI-2202 i

TOI-2525

Typical TTV parameter landscape. Strong . o
multimodality makes it dificult to pinpoint Photodynamical modeling is better, but
the actuall somution. even then we find poterior multimodality



The WINE-TTV systems up to mid-2025

A

System Stellar host  Pp[d] Pc[d]  Pra Planet type resonant
TOI-216 K8V, 0.77 M, 171 345 2.02 Nep,Jup Yes
TOIl-2202 K8V,0.82M, 119 238 2.06 Jup,Sat No
TOIl-2525 K8V,0.85M, 23.3 493 2.12 Nep,Jup No
TOIl-6695 GOV,1.34 M, 80.4 2424 3.02 Sat,Jup No
TOI-1232 G2V, 1.06 M, 143 30.3 2.12 Jup,Sat No
TOI-XXXX G2V, 1.00M, 8.7 17.2  1.99 Jup,Nep,(+Jup) No




The WINE-TTV systems up to mid-2025

~

System Stellar host  Pp[d] Pc[d]  Pra Planet type resonant
TOI-216 K8V,0.77 M, 171 345 2.02 Nep,Jup Yes
TOI-2202 K8Vv,0.82M, 119 238 2.06 Jup,Sat No
TOI-2525 K8V,0.85 M, 23.3 493 2.12 Nep,Jup No
TOI-6695 GOV, 1.34 My, 80.4 2424 3.02 Sat,Jup No
TOI-1232 G2V, 1.06 M, 143 30.3 2.12 Jup,Sat No
TOI-XXXX G2V, 1.00M, 8.7 17.2  1.99 Jup,Nep,(+Jup) No
TIC279401253 G1V,1.13M, 76.8 1553 2.0 Jup,Jup Yes
TOI-4504 K1V,0.89 M, 406 825 2.06 (+SE)Jup,Jup Yes

TOI-4504 — the new King of the TTVs! See talk by Michaela Vitkova



Conclusions

o TESS is capable of detecting TTV systems, but mostly sensitive to
Warm-massive pairs of exoplanets with a strong TTV signal.

e Degeneracy in mass-eccentricity, eccentricity-eccentricity, and even Period
ratio (for non-transiting perturers) do exist and are strong.

e Photodynamical models and additional RV data are necessary for these
TESS TTVs systems.

@ The WINE survey is extreamly productive.



