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TOI-1408: history
Planet b:
 initially was a TESS planet candidate with orbital period Pb   4.42 ≃ d, 

radius rb = 0.700 ± 0.055 RJup;
confirmed by FFOREST Doppler observations at 6-m BTA SAO RAS 
(Galazutdinov, Baluev, Valyavin et al. 2023, MNRAS, 525, L111), who 
provided the first ever mass estimation mb = (1.69 ± 0.20) MJup and 
reported a non-zero orbital eccentricity eb   0.25, but the ≃ radius 
appeared ill-fitted because of the near-tangential transit geometry (low 
limit rb > 1 Rjup).

Planets c and d(?):
Korth, Chaturvedi, Parviainen et al. (2024, ApJ, 971, L28) presented a 
massive set of new Doppler and ground-based transit observations, 
acquired at multiple sites, reporting two planets orbiting in 2:1 MMR (with 
small inner planet c having rc = (2.22 ± 0.06) R⊕) and a long-term 
nonlinear Doppler trend indicating the existence of yet more unseen 
companion(s).



Multi-planet resonance system
From Korth 
et al. (2024)



Perturbed dynamics is directly 
observable via transit timing variations

From Korth et al. (2024)



Remaining issues

1)The limb darkening law should adequately reproduce the near-limb 
range, because of the near-tangential geometry of the planet b transit.

2)The star’s astrophysical mass and radius assessments appear quite 
different in Galazutdinov et al. (2023) and Korth et al. (2024). It is 
necessary to verify how they may affect the derived system parameters.

3)Doppler and photometric noises, possible systematic errors in the 
data were not investigated in previous works well enough.

4)More TESS observations appeared since Korth et al. (2024) which 
need to be included in the analysis.



1. Limb darkening law



1. Limb darkening law
Based on Teff, 
log g, and [Fe/H] 
estimations by 
Galazutdinov, 
Korotin, Poklad, 
Kazanina, 
Valyavin (2026, 
ApJ, submitted) 
which were 
derived from the 
public HARPSN 
spectra.



2. Star astrophysical (spectrum-
derived) mass and radius

 Star mass M⋆ is important because it directly affects the dynamics of 
the system (e.g. through scaling various secular periods).

 Star radius R⋆ directly affects the planet radii, and implicity affects the 
dynamics through setting an absolute scale on the semimajor axes.

 Whenever dynamical perturbations are directly observed, M⋆ and R⋆ 
can be estimated from Doppler RV data and transit photometry (in 
combination), without resorting to astrophysical spectrum modelling.

 However, in case of TOI-1408 this is partly broken because of 
degeneracies caused by near-tangential transit geometry. Astrophysical 
estimations of M⋆ and R⋆ still may be useful because they may improve 
the accuracy of orbital parameters.

 In this work we test newer estimations by Galazutdinov et al. (2026, in 
press): M⋆ = (1.35 ± 0.04) M⊙ and R⋆ = (1.50 ± 0.05) R⊙. These were 
derived from the same HARPSN spectra as in (Korth et al., 2024), and 
appear similar but have larger (and more realistic) uncertainties thanks 
to combining multiple stellar models.



3. Noises and systematic errors
1) Doppler data often revealed correlated noise. We applied Gaussian 
Process (GP) models, using the following correlation functions:

(except HARPSN data) (for HARPSN data)
Significant correlated noise was revealed in 6 Doppler datasets out of 12 
available; the remaining datasets were modelled as usual white noise. 

2) TESS photometry didn’t reveal significant correlated noise on the time 
scale of a single transit (although we revealed a noise excess in the time 
range from ~1 d to ~10 d). We modelled all transit curves as white noise 
plus polynomial trends to take into account variations beyond the 
timescale of 1 d.

3) Some ground-based photometry from Korth et al. (2024) revealed 
suspicious systematic variations and was removed from the analysis. The 
remaining lightcurves were modelled as white noise.



The analysis
 We used the maximum-likelihood approach with GP models for the 

correlated noise (as detailed above).
 The planetary system was assumed coplanar.
 The system motion was modelled by integrating the N-body task with the 

16-order implicit Gauss-Everhart-type scheme (initially based on 
Avdyushev (2010, Vych.Tekhn. 15, 31–46)).

 All computations were done using C++ command-line software 
PlanetPack (Baluev 2013, 2018).



Multiple extrema of the likelihood



Multiple extrema of the likelihood



The effect of star mass and radius



Conservative parametric estimates
 We finally retracted from using any prior estimates for M⋆ and R⋆ (since 

their distribution is important but not known in full).
 Instead of that we constructed a „conservative“ model with pessimistic 

uncertainties by assuming that the true solution may belong (with equal 
probability) to any of the likelihood extrema:

(osculating epoch T0 = 2459987.815534 BJDTDB, Jacobi coordinates)



Planetary transits



Planetary transits



Transit timing variations



Conclusions
 Qualitatively, our analysis confirms the main results by Korth et al. 

(2024) regarding TOI-1408: two planets in a 2:1 MMR and a third distant 
companion with unconstrainable mass and orbital period.

 However, many parametric uncertainties appear considerably larger, 
in particular the planet radius rb still remains ill-fitted, residing in a wide 
domain (1.2-3.6) RJup.

 Astrophysical estimations of the star mass and radius may, in 
theory, help to reduce parametric uncertainties of the fit, however their 
distribution must be known well and in full, including e.g. the correlation 
between them (which is currently not the case).

 The third long-period companion appears too massive to be a planet 
(under an assumption that there is just a single such companion).

 In this work we did not consider in details the dynamics of TOI-1408. For 
a few of our likelihood maxima we verified that this dynamics remains 
nearly the same as in Korth et al. (2024), but the effect of increased 
parametric uncertainties still needs to be considered in details.

 Full details of this work will be published in Research in Astronomy & 
Astrophysics (RAA).



Thank you for attention!
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