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HD 108236: 5 planets but ...

Young   or    old?

Galactic Field stars ... ...vs. Star Clusters’ members
● Coeval stars at same distance and sharing the 

same chemical properties
● Many (accurate) methods to measure the age:

■ theoretical models (e.g. isochrones)
■ empirical approaches (e.g. gyrochronology) 

● Small uncertainties on the age estimate, but also 
on stellar parameters (R* , M* , Teff , etc.) 

★ Accurate stellar parameters (radii, masses, 
temperatures, chemical properties, etc.) result in 
precise planetary characteristics

★ Star clusters allow us to follow the temporal 
evolution of exoplanets, from the earliest 
stages of their formation until they become 
elderly

Why should we look for exoplanets 
in stellar clusters and associations?



The age of the stars in clusters from light curves 

50 Myr Isochrone fitting + Gyrochronology: 
e.g., useful in the case of very young 
association for which single methods 
are inadequate to constrain the age

Nardiello (2020)

Curtis et al. (2019)

Gyrochronology: 
not dependent 
on the distance
No an universal 
calibration for 
now, only 
relative 
comparisons. 

See Monday talks!



NGC 2516
tage~150 Myr

d~400 pc

The age of the stars in clusters from light curves: the example of NGC 2516 
Stellar clusters and associations in LOPS2 field

(see Valerio’s talk!)

Nascimbeni et al. (in prep.)

Many cluster have 
already been observed 
by TESS in several 
sectors, the difficulties 
to “stack” the light 
curves of different 
sectors limited the 
P-color analysis to 
short periods (≲ 10 d). 

PLATO's (≳)2yr 
uninterrupted 
observations of star 
clusters will allow 
longer rotation 
periods to be 
measured (especially 
for old star clusters).

Nardiello et al. (in prep.)
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The first discovered transiting exoplanets 
in an open cluster

Meibom et al. (2013)
Discovered by Kepler

NGC 6811
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DS Tuc A + DS Tuc B + DS Tuc A b ● Binary system formed by G6 + K3 star

● Members of Tuc-Hor association

● Age = 40 +/- 5 Myr

● Planet orbits DS Tuc A

● Radius = 5.6 REarth 

● Mass < 15 MEarth

● Possible inflated planet 

● Expected final radius ~ 2 REarth

Benatti et al. (2019, 2021)
Discovered by TESS

(see 
Serena’s 

talk!)



TOI-1807b
P ~ 13h

Nardiello et al. (2022)

● Member of 300+/80 Myr 
moving group

● The youngest ultra-short 
period planet (P~13h)

● To date, TOI-1807b is the 
only young super-Earth  
with a precise mass 
determination

● Radius = 1.37+/-0.09 R
⊕
 

● Mass = 2.57 +/- 0.50 M
⊕

● density= 1.04 +/- 0.28 ρ
⊕



Nascimbeni et al. 2021…anyway the number of exoplanets in stellar clusters, associations and moving groups << number of exoplanets around field stars

+ Candidate exoplanets 
from:

●  PATHOS project 
(Nardiello et al. 2019, 
2020, 2021, Nardiello 
2020)

●  CDIPS project 
(Bouma et al. 2019)

● …

Transiting exoplanets with a well constrained age

Updated to June 2022



A big obstacle: the crowding
Low resolution of wide field cameras:

● even sparse star clusters and associations 
appear as dense stellar systems 

● contamination and dilution effects due to 
the neighbors can mimic or falsify signals 
of planetary transits

● The need for a special data reduction 
pipeline (DIA, PSF-based approach, etc.)

An example: the PATHOS pipeline for TESS 
(but also Kepler and GB)
● Light curve extraction recipe: PSF & neighbor subtraction

○ Minimization of dilution effects
○ High-precision light curves even for faint stars (T>15) 

● Finding, vetting, and modelling of transiting objects
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Nascimbeni et al. 2021



Some candidate exoplanets 
in stellar clusters and young 
associations from the 
PATHOS project

The position on 
the CMD can 
help us to 
exclude likely 
binary stars



Frequency of candidate exoplanets in open clusters

On average, the 
measured and upper 
limit frequencies are 
lower than the values 
reported in literature for 
field stars.

Nardiello et al.  (2021) Kepler - TESS - PLATO synergy will help to improve these frequencies.

➔ FPP = False Positive Probability 
(computed with VESPA)

➔ de = detection efficiency of planets 
with radius RP and orbital period P

➔ Prtransit = transit probability of a planet 
with period P



Nascimbeni et al. 2021

○ PATHOS 

△ Literature

Close-in candidate and confirmed 

exoplanets

Porb < 100 days & well constrained ages

How does the Age vs. Rp 

distribution help us to 

understand the evolution of 

close-in exoplanets?

Nardiello et al.  (2021)
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○ PATHOS 

△ Literature

Close-in candidate and confirmed 

exoplanets

Porb < 100 days & well constrained ages

Nardiello et al.  (2021)

○ PATHOS 

△ Literature

Jupiters (RP> 1 RJ) 
distributed randomly 
between 
∼10 Myr and ∼10 Gyr.

Earths/sub-Neptunes 
diffused at >100 Myr

Neptunes/sub-Jupiters 
concentrated at 

<100 Myr

● Lack of small size (<4 REarth) young 
exoplanets (<100 Myr): probable 
observing bias due to the difficult 
detection of shallow transits in highly 
variable light curves

● No planets at ages >100 Myr in the 
range 4-10 REarth : unlikely observing 
bias

● Hint of planetary evolution? 
(photoevaporation, core-powered mass 
loss, migration, …)

(see Serena’s talk!)
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○ PATHOS 

△ Literature

Observations of members of young 
open clusters, stellar associations and 

moving groups with PLATO, will be 
useful for filling the region of young, 

small planets.

Moreover, PLATO will detect planets 
with P>100 days, allowing us to study 
the same relationship for long period 

planets.

Nardiello et al.  (2021)

○ PATHOS 

△ Literature

Jupiters (RP> 1 RJ) 
distributed randomly 
between 
∼10 Myr and ∼10 Gyr.

Earths/sub-Neptunes 
diffused at >100 Myr

Neptunes/sub-Jupiters 
concentrated at 

<100 Myr



Dippers in young associations (<10 Myr) 

Simultaneous (ground-based) 
observations in another band(s) provide 
information on the extinction due to the 
dust in circumstellar disks.

If the dust is dominated by small grains, the quantity AT/Ag will 
be smaller than the case in which the grains have large size; if 
the size of the grains are larger than the wavelengths in which 
the TESS observations were performed (λcentral ∼ 800 nm), the 
ratio AT/Ag→1, and the reddening E(g−T) = Ag−AT→0.

Dippers are important for understanding 
the early stages of planetary formation 
and evolution (first <1-10 Myr).

Not only exoplanets

(Nardiello 2020)




