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Osservatorio Polifunzionale del Chianti (OPC)
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Scientific projects for students

Meteorological Observatory

Environmental Observatory

Geophysical Observatory

A multipurpose facility in Chianti



Astronomical Observatory
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ExoPlanetary Transits

· Confirming transit events and identifying false positives 
(NASA’s TESS Follow-up Observing Program – TFOP);

· Refining ephemeris of known exoplanets (ESA’s Ariel 
ExoClock project).

· Simultaneous observations with the Telescopio Nazionale 
Galileo (TNG) team, combining OPC photometric data 
with HARPS-N spectroscopic measurements (INAF’s 
Global Architecture of Planetary Systems – GAPS 
program);
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HAT-P-23b Observation and data reduction
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HAT-P-23

AstroImageJ V-6.0.11

Photometric data
Astrometric data

Gaia Data Release 3 (Gaia DR3)

FLAME module (Final Luminosity, Age and Mass Estimator) 

● Data reduction (CCD bias, flat-field and dark current). 

● multi-aperture photometry on HAT-P-23 
(relative flux and associated photometric uncertainties). 
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exoplanet is a toolkit for probabilistic modeling of time series data in astronomy with a focus on 
observations of exoplanets, using PyMC. exoplanet extends PyMC’s language to support many of the custom 
functions and distributions required when fitting exoplanet datasets.

By Dan Foreman-Mackey
https://docs.exoplanet.codes/en/latest

Relative flux curves extracted using AstroImageJ and passed into the 
exoplanet pipeline.
 
Model constrained using literature priors on key parameters:

● Orbital Period (P) & Mid-transit Time (t0)

● Limb Darkening Coefficients (u1, u2)

● Radius Ratio (Rp/R*) & Impact Parameter (b)

Initial transit fit to derive Maximum A Posteriori (MAP) parameters, serving as 
the starting point for MCMC sampling.

HAT-P-23b Data Analysis - This work

https://en.wikipedia.org/wiki/Exoplanet
https://www.pymc.io/
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HAT-P-23b Data Analysis - This work
MCMC Sampling & Convergence

● Efficient parameter space exploration;

● Extracted posteriors & uncertainties for key transit parameters; 

● Optimal chain convergence verified across all parameters;

Physical planet radius: posterior Rp/R* samples combined 
with Gaussian draws of the Gaia DR3 stellar radius, via Monte 
Carlo error propagation.



Final Results
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● Values are consistent within 1σ with Bakos et al. and Ciceri et al.

● Previous works: R* derived from theoretical stellar evolution models (no Gaia DR3 available at the time).

● This work: less model-dependent R* determination using Gaia DR3 astrometry.

● Proves feasibility for small-class telescopes.

● Plan to refine the methodology and apply it to future observational campaigns.
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Thanks for your attention!
We look forward to seeing 
you at our observatory…. 



TESS Follow-up
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~ 54x OPC

S/N = 5.61

TOI–3785b

S/N = 12.7

2025-10-112022-01-06



GAPS

GAPS is a long-term program for the comprehensive characterization of the architectural 
properties of planetary systems as a function of the hosts’ characteristics (mass, metallicity, 
environment).

The goal of the project is to take advantage of the unique capabilities of the 
instrumentation at the TNG to study the origin of the diversity of planetary systems, shaped 
by variable degrees of orbital evolution, exploring uncharted territories in the realm of 
planet formation and evolution with emphasis on the innermost regions. 

The GAPS collaboration was set up at the end of 2011 in response to a solicitation 
formulated by the INAF Science Directorate to optimise the science return to the 
community of the HARPS-N @TNG open time. Several observing programs were carryed 
out since then, also in combination with the NIR spectrograph GIANO-B@TNG (GIARPS 
configuration), that GAPS members contributed to design, test, and optimize.



TIC 150070085.01

TIC 150070085.01
Oss. Pol. del Chianti - RC Filter (2024.12.21

This proposal is an example of collaboration in simultaneous monitoring with TNG - RVs measurements and photometric monitoring of other 

italian telescopes (eg. OPC+Asiago+Isnello) showing an important results about the duration of the event respect to TESS measurements.

● Obliquity Measurements in young planetary systems is crucial to understand planetary formation and migration

● TIC 150070085.01 is a good candidate for extend sample of known obliquity in young stellar system (< 100 Myr)



How connects the mid-times of different transit events in the past and in the future. 

𝑇 = 𝑇
0
 + 𝑁 × 𝑃

where:
 

• T
0
 is the zero-epoch transit mid-time

 
• P is the period – the difference in time between two transit mid-times 

• T is the transit mid-time, refers to the mid-time a transit 

• N is the transit epoch, the number of periods that have elapsed since the reference transit 

ExoClock Project

O-C diagram

ALERT!!
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