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We use cutting edge tools to extract and analyse high-precision 
light curves of stars in young associations and moving groups 
observed by TESS, then search and characterize the candidate 
exoplanets in our sample.
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We revised our candidates list using VESPA (Morton et al. 2012, 
2015) which gives an estimation of the probability that the transit 
signal detected is of a planetary origin or to a false positive.
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Observations and Data analysis

To identify detected signals of plausible exoplanet origin we 
performed a series of transit simulations of various planets and 
used a logistic regression model to classify the recovered signals 
by estimating an optimal cut-off score in their detection 
probability:

where S/N:  effective signal to noise ratio of the primary transit, SDE: 
Signal Detection Efficiency,
 x0, x1 and x2 : the coefficients of the logistic regression model. 

Classification

Performance of the classification

To validate the stars classified as possible candidates we :

● visually inspected their light curves to exclude false positives 
due to the presence of artifacts and 

● performed 4 different tests 

Validation tests:
1. odd/even transits: check for possible variations in their 

depths 
2. presence of secondary transit in the candidate's light curve
3. transit depth consistent between light curves obtained with 

different photometric methods
4. calculate the in-transit and out-of-transit centroid difference 

and verify that the transits are occurred in the candidate 
exoplanet and not in a close by star

Validation tests and modeling 

(1)

Figure 2.  ROC curves (solid colored lines) for the best model in each 
photometry. The left plot corresponds to the ROC curve resulted for candidate 
planets with periods ranging from  0.2 to 5 days and the right  plot to periods 
from 5 to 365 days. The colored points indicate the FPR and TPR corresponding 
to the adopted detection cut-off points (Table 1, 2), while the dashed line 
represents the perfectly random classifier.

Table 1. Performance measures of the 
logistic regression for candidate 
exoplanets with P= (0.2-5) days.

Table 2. Performance measures of the 
logistic regression for candidate 
exoplanets with  P= (5-365) days.

Signals with a detection probability (Eq.1):
●  Pr > cut-off point → possible candidate exoplanets
●  Pr < cut-off point →constant stars

                                 ~800 possible candidates

Figure 3. Overview of the first three validation tests of candidate M1. Left panel: 
phased odd and even transits. Middle panel: phased light curve with a depth of 
secondary transit consistent with zero within 3σ. Right panel: comparison of the 
optimal photometry(black points) of the star (2-pixel photometry/ AP2) with the 
next bigger aperture (3-pixel photometry/ AP3).

Figure 4. Finding chart centred on candidate M1 using the Gaia DR2 
catalogue. The black crosses are the centroids associated to each transit, 
magenta circle is the mean offset and the red circle represents the 2-pixel 
aperture photometry adopted to analyse the  light curve .

Results

Light curves of the stars:
● extracted using the PATHOS pipeline (Nardiello et al.2019) 

which uses empirical Point Spread Functions (PSFs) and 
neighbour subtraction. 

● photometry with four aperture sizes of 1, 2, 3 and 4 pixel radius 
and PSF-fitting photometry

● corrected for systematic effects using cotrending basis vectors
● flattened using with 3 different grids of knots: 1 knot every 4, 8 

and 13 hours by fitting and applying cubic smoothing splines

Input catalogue:  stars in young associations and moving groups 
from 18 catalogues in the literature (2016-2020):
● 11380 stars in 41 associations
● observed in the Full Frame Images (FFIs) of TESS  in Sector 1 

to 26 

Figure 1. Aitoff projection in ecliptic coordinates of the TESS observations in the 
first 2 years.  The grey points represent the 2-min cadence stars in Sectors 1-26, 
the blue and red points are the members of young associations and moving groups 
in ou sample in northern and southern hemisphere,respectively.

Search for transits using the BLS algorithm (Kovács et 
al.2002) => S/N & SDE for each star
Train sample: 20%  Test sample: 80%

Estimation of cut-off point value on the detection probability of 
a given star :

  Younden index= Sensitivity+Specificity -1 = TPR - FPR 

where TPR: True Positive Rate and FPR: False Positive Rate

13 candidates successfully passed all the validation tests

 Modeling: PyORBIT (Malavolta et al. 2016, 2018) 
Stellar parameters: 
1. PLATO Input Catalog (Montalto et al. 2021)
2. TESS Input Catalog (Stassun et al. 2019)
3. Isochrone fit on the CMDs 

ID P (days) Rp (Rj) Pr_planet Pr_false

M1 2.828591 1.618831 100% -

M2 1.220600 3.452383 8.6% BEB:45.1%

M3 1.072287 2.172286 0.8% BEB:51.3%

M4 1.423692 2.644647 3.3%
EB(DP):73
%

M5 3.215224 2.725848* 1.4% BEB:56.9%

M6 3.214919 3.383260* 0% BEB:80.5%

M7 0.429887 0.306441 - -

M8 0.363613 0.457422 - -

M9 5.529810 2.607897 50.4% EB:49.6%

M10 7.654921 0.679372 2.6% BEB:93.4%

M11 5.637808 3.179860* 99.9% -
M11(double 
P) 11.275696 4.471993* 0% BEB:83.4%

M12 11.011423 4.067523* 1.7% BEB:84.9%

M13 6.560397 3.670283* 31.1%
EB(DP):37.
3%

Table 3: Preliminary information of the candidate exoplanets in our sample. We 
report the TIC ID, period and planet radius as resulted from our modeling using 
PyORBIT. If a radius of a planet has an asterisk it means that the modeling with 
PyORBIT  resulted in an impact parameter bigger than 1. We report a lower  limit 
of the planet radius.
EB: Eclipsing binary (single/ double period), BEB: blended eclipsing binary

● For 2 candidates, M7 and M8 VESPA could not return a 
result. Taking into consideration their very short periods, 
transit shape and  light curves we propose that they are 
probably false positives (BEBs)

● 2 candidates are in the TOI list: M9  has a TESS disposition of 
an EB whereas in ExoFOP1 is characterized as an ambiguous 
planet candidate. TIC M13 is classified as planet candidate 
both by TESS team and ExoFOP. VESPA did not provide a 
clear result for these cases, so we should treat the returned 
probabilities with caution

● 12 of our candidate exoplanets are Giant planets and 1 
around M10 has a radius of ~7.6 times the Earth radius. 

 1 https://exofop.ipac.caltech.edu/

We trained the logistic regression model using 2 samples:
● Light curves of constant stars
● Light curves of Mandel-Agol injected transits with radii: 1 

Earth to 2.5 Jupiter and periods from (0.2-365) days

Stellar Associations (SAs) 
● SAs are loose star clusters usually formed by a small number of stars
● Ages of SAs’ members can be derived with high accuracy using theoretical 

models
● SAs’ members in our sample have ages that span between (1-680) Myr

Exoplanets in SAs
● For the vast majority of exoplanets' hosts the age is not well constrained
● The understanding of the formation and evolution mechanisms of exoplanets 

needs an accurate knowledge of the age of the host star
● Searching for exoplanets in SAs offers the unique opportunity of mapping 

planetary systems at different stages in their early life

ID P (days) Rp (Rj)
Pr_plan
et Pr_false Age (Myr)

M1 2.828591 1.618831 100% - 25 ± 5

M2 1.220600 3.452383 8.6% BEB:45.1% 25 ± 5

M3 1.072287 2.172286 0.8% BEB:51.3% 30 ± 5

M4 1.423692 2.644647 3.3% EB(DP):73% 25 ± 5

M5 3.215224 2.725848* 1.4% BEB:56.9% 10 ± 5

M6 3.214919 3.383260* 0% BEB:80.5% 20 ± 5

M7 0.429887 0.306441 - - 35 ± 5

M8 0.363613 0.457422 - - 35 ± 5

M9 5.529810 2.607897 50.4% EB:49.6% 35 ± 5

M10 7.654921 0.679372 2.6% BEB:93.4% 25 ± 5

M11 5.637808 3.179860* 99.9% - 25 ± 5
M11(double 
P) 11.275696 4.471993* 0% BEB:83.4% 25 ± 5

M12 11.011423 4.067523* 1.7% BEB:84.9% 35 ± 5

M13 6.560397 3.670283* 31.1%
EB(DP):37.3
% 35 ± 5
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Candidate Exoplanets in SAs
● 10  candidate exoplanets discovered with ages between 10 and 35 Myr. 
● All the candidates are giant planets with RP > 7x REarth.  
● 5 candidates are in the all-sky PIC

Finding exoplanets in SAs:  a difficult task
● TESS has observed many SAs, but the resolution of the instrument sometime 

makes these objects hard to analyse.
● We adopted the PATHOS pipeline to extract high-precision light curves from 

the FFIs for 11380 members in 41 SAs.
● We injected simulated transits of planets with radii (0.8-28)REarth in the 

observed light curves to probe the detection efficiency of our pipeline and 
used a logistic regression model to classify the detected  signals.

● We validated the transiting objects of interest  in our sample through a series 
of vetting tests (e.g. odd/even, secondary transit depth, analysis of the 
centroid and of different photometric apertures).

Scorpius-Centaurus Stellar Association (© CFA Harvard & Smithsonian)

Fiq.1 Stellar age versus planetary radius Rp for candidate exoplanets identified in this 
work (magenta), in the PATHOS project (Nardiello et al. 2019, 2020) with blue color, 
and confirmed exoplanets in the literature (green). For some candidates in our 
sample, the modelling resulted in an impact parameter bigger than 1. In these cases, 
we report the minimum planetary radius in the plot. 

Age vs. RP

We analysed the relation between stellar age and RP also including data from 
the literature (see figure), which can allow us to study the evolution of the 
atmosphere of young, short-period exoplanets.
● No peculiar trend for RP>1 x RJupiter ~ 11 x REarth
● For RP<11 x REarth :

○ older planets (>100-200 Myr) are concentrated at RP<4 x REarth ~1 x RNeptune
○ young planets (<100 Myr) have radii 4x REarth < RP<11 x REarth 
○ hint of evolution of the exoplanetary atmosphere (photo-evaporation)
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Future perspectives
● Estimation of the frequency of exoplanets in SAs (and also stellar clusters) as 

a function of the age
● Analysis of the results with a view to exoplanet formation and evolution

P < 106 days
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