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Selection of targets

my < 12.5 mag

AF >0.0065 for myv < 10.5 mag (Mesarc, 2002)
period < 2.2 days

duration < 3 h

Dec > -10 deg

Initially selected TOls in 2021:




Follow-up observing network

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

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

* ExoClock project (Kokori et al., 2021)

* MuSCAT2 project (Narita et al., 2019)


https://astro.swarthmore.edu/transits/

Follow-up observing network
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TESS reduction

TPF identification — 1lightkurve (Lightkurve collab., 2018)

lightkurve &
Custom aperture — tpfplotter (Aller et al., 2020)

tpfplotter

Pixel-level-lighcurve plot and FOV inspection

TIC 125552076 - Sector 48 Target ID: 125552076, Cadence: 993946 TIC 330135981 - Sector 56 Target ID: 330135981, Cadence: 1150418
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TESS reduction

Pixel-level-lightcurve plot

constrained nearby signal source
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TESS reduction

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

TESS reduction

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

Box-fitting LS algorithm (Kovacs et al, 2002): P, To

Model parameters — pyaneti (Barragan et al., 2019)

MCMC: RP/Rs, a/Rs, i, tr
+ mean TESS transit model — tr of individual transits for O-C

+ individual LD
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Ground-based reduction

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

Considered detected if difference from TESS:
Tmig diff <+ 0.01d

Rr/Rs diff < £ 0.25 X (Rr/Rs)

a/Rs diff < £ 0.33 x (a/Rs)

i diff < £ 5 deg




Ground-based reduction

Modelling and analysing LCs:

PyLightcurve (Isiaras, 2016)

ExoTETHys package (Morello et al., 2020)

- non-linear LD coeff. for specific bands

- PHOENIX stellar parameters (T, log g, [M/H])

The non-linear law (Claret) |2000):

I(p) = Io[L — 1 (1 — %) — ea(1 — p) — e3(1 — p3/2) — ca(1 — p?)]
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Speckle interferometry

N. Caucassus, SAl 2.5-m telescope A8800 A (res~89 mas)
- SPeckle Polarimeter (Safonov et al., 2017)
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Speckle interferometry

Hawaii, Gemini-N 8-m A5620 & A8320 A (res~20 mas)
- Alopeke Speckle Instrument (Howell et al., 2016; Howell &
Furlan, 2022)
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Speckle interferometry

JPL Palomar 5-m A2.2 & A1.7 pm (res~89 mas)

- PHARO (Hayward et al., 2001)
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Transit color index

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

Binary — no “double horn”

V474 Lac
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Transit color index

Examples of independent analysis:

1.000q =— pesmsnsnsnsmsns 0.000] =
0.998 m
-0.002
» 0-9961 ]
=
0.994 =
L=}
I @ —0.004-
No.992 E
2 £
gosao- 3 00064
< 0.988-
0.986- U —0.008 “ "
— R
09844 == V —_— V=R
4 -2 0 2 4 24 -2 0 2 a
Time from mid-transit [h] Time from mid-transit [h]

TOI-2046b TOI-3604.01

1.00004 E— r— _— =T
0.0061
0.9975
0.0054
» 0.9950
=
5 0.9925 = 0.004
[:1]
N E
T 0.9900 0.003
E E
S 0.9875 <
9 U 0.002
1 ]
0.9850 . - 0.001
—_— ] \ I
0.9825 v g
=V s 0.000
-2 0 2 -2 0 2
Time from mid-transit [h] Time from mid-transit [h]




8/15

O-C analysis

Only TOI-1834.01 shows a signal
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TOI-1834.01

Supposed exoplanet transit model

1.03
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TOI-1834.01

Third body by 0CFit (Gajdog, 2019)
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TOI-1834.01

Third body by 0CFit (Gajdog, 2019)

This work:

f(lm) = 32.33 Mo
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TOI-1834.01

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

10-9 TOI-1834.01
—— Model Terr= 5200 K Binary:
10-10 o VizieR photometry Sp type: KO
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TOI-1834.01

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

Binary:
Sp. type: KO
M~ 0.79 Me
R ~ 0.85 Re
(Cox et al., 2000)
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- | | , | | | | | | | , 1| T [K] 5200 (fixed)
Q a.z 0.4 0.6 0.8 1 1.2 T2 [K] 52[}0 53{]? :l: ].8?
Fresed Ay, Ay 0.56 (fixed)




9/15

TOI-1834.01

Amplitudes of LTTE and dynamical effects (Borkoviis et al., 2016):

Arrre = 1.1 % 10_4f(m)1/3P32/3\/(1 — €3 cos? ws),

Suppose Mi=M,=M; A = 78.65 S

Adyn — 56738 S
Atotal = 646.03 s
.Aobs =6175s
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TOI-1518b - Independent analysis

Supposed exoplanet transit model

1.081

1.084

TOI-1518b

#] 107

Parameter pyaneti article (Wong et al., 2021)
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TOI-2046b - Independent analysis

Supposed exoplanet transit model

TOI-2046b

Parameter pyaneti article (Kabath et al., 2022)
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TOI-2109b - Independent analysis

Supposed exoplanet transit model

TOI-2109b

Parameter pyaneti article (Cabot et al., 2021)
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TOI-3604.01

Supposed exoplanet transit model

1.104

TOI-3604.01

Parameter Companion is present ExoFOP
Ry/R, 0.12187+ 000202 -
To [BJDrpg| || 2459825.9533401 ) f0atn | 2459853.68732 + 0.0002436

bt
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g . 4. emaa
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E .
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Time from mid-transit [h] Time from mid-transit [h]
& Bfilter, +0.08 & R filter, +0.03 & g'filter, +0.08 e filter, +0.03
e Vfilter, +0.06 e [filter e ' filter, +0.055 o Z'filter



TOI-3604.01

At least two

sources in
TESS pixel

Suppose:
Li=L>
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TOI-3604.01
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TOI-3856.01

Supposed exoplanet transit model

1.064 !
1.084
TOI-3856.01 o
[Parameter pyvaneti ExaFOP
Ry/R. 0.113533 9052 - 3
; 1.044
Ty [BIDtpg| || 2459609.40517810 0002150 | 2459631.884549 + 0.000340 & 1,021
m
£
P [days] 2.04360450 £ 0.00000119 | 2.0436029 £ 0.0000013 S ;
1.024
a/R, G128t -
1.001
b 0.817913-5257 -
1.004
i [7] 82.33703) -
tr [h] 1.94210:038 1.513 £ 0.077 0981
0.981
P [g/em?] 0.95687) Ta00 0.9611 + 0.0.2240
Depth [ppm] 128917130 12980 £ 4 e _11?|me_?rgm r?uud tra?‘.glt [h] P20 = s _1"Iqme-_$rgm r?'ul?:l tl‘a[:‘lglt [h] v
&V filter, +0.06 ® [filter ® g filter, +0.08 e ['filter, +0.03
& R filter, +0.03 & ' filter, +0.06 ® 7 filter
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Conclusions

* 316 individual transits from TESS data (O-C points)
* 163 ground-based transits
* Independent analysis:
* TOI-1518b (Cabot et al., 2021)
* TOI-2046b (Kabath 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
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Validation of selected TESS

exoplanetary candidates

Thank you !
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