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Selection of targets

mV < 12.5 mag
ΔF ≥ 0.0065 for mV < 10.5 mag (Mesarč, 2002)
period < 2.2 days
duration < 3 h
Dec > -10 deg

Initially selected TOIs in 2021:
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TOI 1518.01 1834.01 2046.01 2109.01 3604.01 3856.01

TESS (mag) 8.75 11.50 11.00 9.79 11.73 11.66

V (mag) 8.95 12.15 11.55 10.22 12.51 12.29
ΔF 9.8 21.1 14.7 6.7 14.9 12.9
Duration (h) 2.35 1.85 2.41 1.80 1.64 2.04
Period (d) 1.90261 1.21681 1.49718 0.67249 1.06669 2.04345



Follow-up observing network

Observation planning by TransitFinder (Jensen, 2013)
https://astro.swarthmore.edu/transits/

Thanks: 33 observers / 14 countries / 2+ years
● Filip Walter (Exoplanet Transit Database)

● ExoClock project (Kokori et al., 2021)

● MuSCAT2 project (Narita et al., 2019)
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https://astro.swarthmore.edu/transits/


Follow-up observing network
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TESS reduction

TPF identification – lightkurve (Lightkurve collab., 2018)

Custom aperture – tpfplotter (Aller et al., 2020)

Pixel-level-lighcurve plot and FOV inspection
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TOI-3856 TOI-3604



TESS reduction
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TOI-3856 TIC 142105308

constrained nearby signal source

Pixel-level-lightcurve plot



TESS reduction
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Different sectors: 20 s, 2 min, and 30 min cadence
Removal of momentum dumps, outliers, incomplete transits
https://tess.mit.edu/public/files/Table_of_momentum_dumps.csv

TOI-3856

https://tess.mit.edu/public/files/Table_of_momentum_dumps.csv


TESS reduction
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De-trending, sigma clipping - exoplanet (Foreman-Mackey, 2021)

TOI-3604.01



TESS reduction
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Box-fitting LS algorithm (Kovacs et al, 2002): P, T0

Model parameters – pyaneti (Barragán et al., 2019)
MCMC: RP/RS, a/RS, i, tT

+ mean TESS transit model – tT of individual transits for O-C
+ individual LD

TOI-3856.01



Ground-based reduction
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Reduction of ground-based photometry:
Standard dark+flat, variable aperture photometry
HOPS (Tsiaras, 2019)

Considered detected if difference from TESS:
Tmid diff < ± 0.01 d
RP/RS diff < ± 0.25 x (RP/RS)
a/RS diff < ± 0.33 x (a/RS)
i diff < ± 5 deg



Ground-based reduction
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Modelling and analysing LCs:
PyLightcurve (Tsiaras, 2016)
ExoTETHys package (Morello et al., 2020)
- non-linear LD coeff. for specific bands
- PHOENIX stellar parameters (Teff, log g, [M/H])



Ground-based reduction
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Modelling and analysing LCs:
PyLightcurve (Tsiaras, 2016)
ExoTETHys package (Morello et al., 2020)
- non-linear LD coeff. for specific bands
- PHOENIX stellar parameters (Teff, log g, [M/H])



Speckle interferometry

6/15

N. Caucassus, SAI 2.5-m telescope λ8800 Å (res~89 mas)
- SPeckle Polarimeter (Safonov et al., 2017)

TOI-3856



Speckle interferometry
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Hawaii, Gemini-N 8-m λ5620 & λ8320 Å (res~20 mas)
- Alopeke Speckle Instrument (Howell et al., 2016; Howell & 
Furlan, 2022)

TOI-2109



Speckle interferometry
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JPL Palomar 5-m λ2.2 & λ1.7 μm (res~89 mas)
- PHARO (Hayward et al., 2001)



Transit color index
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Exoplanet - “double horn” (Tingley, 2004)

b = 0
b = 1/3
b = 2/3
b = 4/5
b = 9/10
b = 19/20



Transit color index
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Binary – no “double horn”

V474 Lac



Transit color index
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Examples of independent analysis:

TOI-2046b TOI-3604.01



O-C analysis
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Only TOI-1834.01 shows a signal

TOI-2046b TOI-1834.01



TOI-1834.01
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Supposed exoplanet transit model

TOI-1834.01



TOI-1834.01
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Third body by OCFit (Gajdoš, 2019)



TOI-1834.01
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Third body by OCFit (Gajdoš, 2019)

This work: Czavalinga et al. 2023:
f(m) = 32.33 M☉ f(m) = 20.01 M☉
P3 = 80.35 d P3 = 79.49 d
a3 sin i3 = 1.161 au a3 sin i3 = 259.33 R☉ = 1.207 au



TOI-1834.01
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VizieR photometry + SED with PHOENIX model spectrum (Husser 
et al., 2013)

Binary:
Sp. type: K0
M ~ 0.79 M☉
R ~ 0.85 R☉
(Cox et al., 2000)



TOI-1834.01
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Grazing binary (i ~ 80 deg) with shallow eclipse?
Roche-geometry binary model RMF code (Garai et al., 2020)

Binary:
Sp. type: K0
M ~ 0.79 M☉
R ~ 0.85 R☉
(Cox et al., 2000)

T

I

R

V



TOI-1834.01
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Amplitudes of LTTE and dynamical effects (Borkovits et al., 2016):

Suppose M1=M2=M3 ALTTE = 78.65 s

Adyn = 567.38 s

Atotal = 646.03 s

Aobs = 617.5 s



TOI-1518b – Independent analysis
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Supposed exoplanet transit model

TOI-1518b



TOI-2046b - Independent analysis
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Supposed exoplanet transit model

TOI-2046b



TOI-2109b - Independent analysis
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Supposed exoplanet transit model

TOI-2109b



TOI-3604.01
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Supposed exoplanet transit model

TOI-3604.01



TOI-3604.01
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At least two
sources in 
TESS pixel

Suppose:
L1 = L2



TOI-3604.01
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Similar system

TOI-3604
RP/RS ~ 0.16
P ~ 1.07 d
Teff ~ 4900 K
MS ??? 

TOI-5375
RP/RS ~ 0.17
P ~ 1.7 d
Teff ~ 4000 K
MS ~ 0.62 M☉
MP ~ 83.8 ± 2.1 MJ

(Lambert et al, 2023)



TOI-3856.01
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Supposed exoplanet transit model

TOI-3856.01



Conclusions
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● 316 individual transits from TESS data (O-C points)
● 163 ground-based transits
● Independent analysis:

● TOI-1518b (Cabot et al., 2021)
● TOI-2046b (Kabáth et al., 2022)
● TOI-2109b (Wong et al., 2021)

● Triple system found:
● TOI-1834.01 (Czavalinga et al., 2023)

● New:
● TOI-3604.01 – low mass star orbiting an M dwarf?
● TOI-3856.01 – still undecided exoplanetary candidate



THANKS TO ALL OBSERVERS (in alphabetical order)
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Reinhold Fiedrich Auer, Paul Benni, Giorgio Bianciardi,
Matteo Cataneo, Giuseppe Conzo, Yannic Delisle,

Vojtěch Dienstbier, Tommaso Dittadi, Frank Dubois,
Gareb Enoc Fernández, Zoltán Garai, Snævarr Gudmundson,

Veli-Pekka Hentunen, Yves Jongen, Taiki Kagetani,
Peter Klagyivik, Felipe Murgas, Andre Kovacs, Hana Kučáková,

Jean Claude Mario, Zlatko Orbanić, Ivo Peretto, Karol Petrík,
Theodor Pribulla, Manfred Raetz, Roy René, Mark Salisbury,

Sergei Shugarov, Pieter Vuylsteke, Noriharu Watanabe,
Anaël Wünsche, and Miloslav Zejda
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Thank you !
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