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Identify planets showing TTVs

e from ExoClock, TESS and other databases

Analyze TTV signals to constrain

e planetary & system parameters
e (Exoplanetpie, LcTools, PlanSim)

Objectives : ,
Determine possible causes of TTVs

e (extra planets, orbital decay, star-planet
interaction, ...)

Follow-up promising candidates

e (new exoplanets, variable stars, etc.)




Observation and Analysis Process

Amateur contribution
Target list (mainly ExoClock + TESS...)

Observing guides
Observe & upload to ExoClock / AAVSO/exoFOP

Analysis & modeling

TTV detection (Exoplanetpie, LcTools, PlanSim)
Search for new systems in TESS data

Non-Keplerian effects(e. g. tidal decay in hot
Jupiters)




B | ExoPlanetPie - version : ExoPlanetPie 4.2.3 - [DashBoard]
(/] Start Windows Info

DashBoard Console

ExoPlanetPie

STEP 1: Get Data From Satellites Here we will pick up data from the Tess and Kepler Satellites.

Get Satellite Data ' Mew: Find Transits

Star and Planet : The Data

Several of these programs need some facts about the star and planet to be studied.

Get Star and Planet Data ' Here you can enter them, or upload them from the ExoClock database.

STEP 2 : Prepare Data - Indicate where the midtimes of Transits are to be expected

- Creates for each transit a file that will be used for the actual fitting process, in Step 3.

Prepare Files to fit i Download and Prepare NASA Data
- for NASA data : step 1 is not necessary

STEP 3 : Fit the Transits - Fit the files created in step 2

Batman Fitter

STEP 4: Analyse Transit Time Variations - Study the Transit Time Variations using data from ExoPlanetPie or Execlock, or enter your own data

Analyse TTV i Transit Merger

Visualizer

Visualizer
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1. Identify candidates

LcTools - TESS

Exoplanetpie -
satellite +
ExoClock+TESS+Kepler

2. Verify not a known
object

3. Rule out false
positives

7. Confirmed =
publish results

4. RV confirmation
(TFOP,
CARMENES,HARPS)

5. Generate observer
package (chart,
ephemeris...)

6. Add to Exo-FOP &
target list




E LeViewer - CATESS_SPOC_Lightcurve_Mult229452949_PDCSAP_LC_QUALT-9-11.xt
File Signals View Help

TIC 229452949 | -

The LcTools suite; LcGenerator,
LcSignalFinder and LcViewer is
being used to analyse TESS SPOC
stars observed in multiple sectors.
The data is downloaded from the
LcTools website.

Mormalized PDCSAP_FLUX

This plot shows multiple transits of
possible exoplanet TIC 229452949

RA; 19 37 36.31, Dec; +63 51 22.1
Period; 6.1426970 days

Transit duration; 4.8 hrs

Transit depth; 22.9 mmag

’ Vert. -~ Horz.
Signal Type: Assoc Object: AutoSave:
| | | . - P | - | Reset :
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TIC 229452949

ExoFOP database entry for
TIC 229452949 showing that it
has not yet been identified as
a TOlI (target of interest)

o Basic Information
Star Name(s): TIC 229452949, 2MASS J19373633
R3 2. 995467044608, TYC 4238
Confirmed Planet(s): N/A
TESS mag: 10.6918 + 0. 3 | K mag: 9.932 + 0.015

TIC Contamination Ratio: 0.00477

e Downloads

Download 15 nearby TIC targets within 1 aremin: esv - pip:
Download Gaia DR3 targets within 1 arcmin:
Download this page:

Download O Files: tar - zip - File List:

TOIs? CTOIs® Planet Params ©  Stellar Params 1

Tols @

TOI TiC

overy Data )

Community Planet Candidates (o]

ybata oy Candidat

Planet Parameters @
Name Discovery Data ©

Source

Stellar Parameters €@

Telescope Instrument Spectral Type

TESS Input Catalog Stellar Parameters )

Stellar Companions

o

Magnitudes !

come Dennis Conti @

TIC 229452949

2253995467044864, Gaia

1 Imaging ¢

SGI1B pr

Spectroscopy ¢

Candidate Name

Teff (K
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Stellar Companions @
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Separation (arcse
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7 Community Planet Candidate Guidelines

Master priority @)

0 Coordinates
RA/Dec (J2000, epoch 2015.5): 19:37:36.33 +63:51:22.03 (294.401392°63.8.
Galactic Long/Lat: 95.
Ecliptic Long/La’
Proper Motion (mas/yr): RA: 5.71571 Dec: -2.92077

o External Links

NASA Exoplanet Archive: | select

Search the

Time Series ©  Files®  Observing Notes ©
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TOI-3686, TIC 13533330

This object exhibits a large TTV of 0.0083 days - 12 minutes. The LcTools data suggests that the
variation is cyclical. Possible reasons are; starspots, change in orbital inclination, orbital
precession, exomoons or orbital resonances.
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0O-C [days]

TOI-3686, TIC 13533330

TOI-3686.01, Transits, O-C,

Periodicity : 5.0781042 +/- [-5.1e-06,4.9e-06] [days].
Amplitude: 1.152e-02 +/- [-4.5e-04,5.1e-04] [days],
Phase : 1.53 +/- [-0.18,0.16] []
SuperPeriod : 51.45 +/- [-0.32,0.31] [cycles]
with posterior predictive distribution
log Z 110.62
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TOI-3850, TIC 143008050

TOI-3850.01, Transits, O-C,

Periodicity : 14.4837417 +/- [-4.4e-04,3.7e-04] [days].
Amplitude: 4.531e-02 +/- [-1.6e-02,1.8e-02] [days],

Phase : 1.87 +/- [-0.97,1.29][]

SuperPeriod : 37.17 +/- [-3.24,7.05] [cycles]

with posterior predictive distribution
log Z 12.68

—— Conf. Interval (Ultranest)

¢ Residuals of linear term of periodic fit

40 60 80 100
Cycle




TOI-3850, TIC 143008050

TOI-3850.01
Phase Diagram, Best Superperiod : 42.76 [days],
Planet Year : 14.4832964 [days]
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Further Project Development &

Collaboration
e 1. Enhance PlanSim for unseen e Southern Hemisphere
planet parameters involvement(WINE survey) ?
e 2. Use of exostriker(Trifonov)
and jaxttv(Matsuda)
e 3. Contiguous (multi-longitude)
campaigns

e 4. Future directions to be
defined



for amateurs !etectlon
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Contiguous Observations (2026 basis)

e with large TTV amplitudes

L j _

e ¢ Uncertain predictions

L e ¢ Need multi-time-zone coverage
) ¥ i Meglh

e ¢ Coordinated photometry
e e Radial velocity follow-up

e ¢ Trifon Trifonov (MPIA)
o o Siegfried Vanaverbeke (KU Leuven)
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