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Relatore
Note di presentazione
In this talk I present some results on the study of young open clusters mostly based on the analysis of high-resolution spectra taken with HARPS-N at the TNG and high-precision space-based photometry (TESS). As already mentioned by Angela, SPA is devoted to different stellar populations in the Galaxy and specially dedicated to open clusters of different age. Here I focus on young clusters with ages from ten or a few ten Myr (when the mass accretion from the circumstellar disk is already terminated) to a few hundred Myr and, in any case < 1 Gyr, which means stars which, on average, rotate faster than the Sun and display a stronger magnetic activity level compared to the Sun.
The people involved are mostly the same of the SPA large program.


High-Resolution optical spectra
Atmospheric parameters (T, logg, [Fe/H])
Radial and rotation velocity (RV, vsini)
Activity indicators (F,,,, F.,,y R 1y, R i)
Chemical Abundances

Photometry
Rotation Periods
Amplitude variations
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Relatore
Note di presentazione
The first part of this talk is devoted to the information that we can gather from the analysis of single stars (or in some cases SB2 systems) from both spectroscopy and photometry and the added value of combining them.
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Relatore
Note di presentazione
The first case I would like to present is that of ASCC123, a little studied and very sparse (more than 1 degree) open cluster. It was discovered by Kharchenko by analyzing BV photometry from the All Sky Compiled Catalogue of 2.5 million stars (based on TYCHO and PPM) and HIPPARCOS astrometry. In the framework of SPA we conducted the first study of this cluster based on HARPS-N spectra of 17 stars, selected from the candidates of Kharchenko and subsequently from Cantat+2018. 14 of them turned out to be bona fide members, while 3 were rejected based on the PPM. 5 stars were discovered as SB2 systems. It is not trivial to derive the age of this cluster from the CMD only because of the lack of RG and turnoff stars. Additional tools must be used to constrain the age, namely the lithium abundance and the chromospheric emission. The R’Halpha distribution confirms an age similar to that of the Pleiades (125 Myr).
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Relatore
Note di presentazione
The MK classification, atmospheric parameters, and projected rotational velocity have been derived by analyzing the spectra with ROTFIT, which is a code based on the Chi^2 minimization of the fit of the observed spectra with templates in libraries of observed inactive spectra with well determined parameters or synthetic spectra. Spectral segments of 100 A each are independently analyzed. Apart from the Atmospheric Parameters, the projected rotational velocity (vsini) is also free to vary in the fit and is one the most relevant parameters found by the code. A version for double-lined systems, COMPO2, allows us to classify the components, infer their APs and determine the contribution to the composite spectrum in different wavelength ranges. 
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Relatore
Note di presentazione
Thanks to the subtraction of the photospheric template (both for single stars and SB2 systems) we are able to measure the EW of the lithium line(s) cleaned from the blended photospheric lines (mostly FeI). Particularly relevant in the case of SB2 systems where different lines can overlap the LiI line of each component depending on their RV.
Also the photospheric lithium abundance, traced by the EW of the 6708 A line, suggests a young age, confirming the estimates in the range 100-200 Myr proposed by previous photometric studies.  
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Relatore
Note di presentazione
The subtraction of the photospheric template is necessary to measure the emission in the cores of chromospheric lines, basically Halpha, Hbeta, and CaII H&K for the HARPS-N. This allows to study flux-flux ratios which carry information on the properties of the chromosphere and active regions.
It is interesting to note that, despite the small number of sources the CaII flux correlates with the Rossby number.
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ASCC123

Chemical abundances

Most targets are rotating too fast to apply the COG method.

Spectral synthesis (Catanzaro et al. 2013) of 39 segments
(50 A each) based on LTE ATLAS9 atmospheric models
(Kurucz 1993) and SYNTHE (Kurucz & Avrett 1981).
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TESS light curves for
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Relatore
Note di presentazione
What we can learn from the precise space-based photometry?
We have downloaded the TESS data for all the 55 candidates and analyzed with a cleaned periodogram.  Important to avoid the aliases produced by data gaps. Indeed, sometimes we had the need to merge different sectors or reject portions of the light curve. Unfortunately these data do not contain color information.
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Relatore
Note di presentazione
Other TESS light curves for short-period rotators.
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Relatore
Note di presentazione
The distribution of rotation period as a function of stellar mass, or a proxy for it such as a color index, is a very helpful tool for estimating the age of a young cluster, Two sequences appear for young clusters (age < 400 Myr), the I sequence of slow rotators and the C sequence of the ultrafast rotators. This is very clear for the Pleiades and younger clusters. At older ages the C sequence depopulates up to disappear at the Hyades age (600 Myr) ad the low-mass stars in the I sequence tend to slow down as a consequence of the magnetic braking.  
Here, the period distribution versus GBP-GRP or V-K color indices for the members of ASCC123 (red circles) indicates an age similar to the Pleiades. The presence of G-type Ultra Fast Rotators in the C sequence, which are not found in clusters with age ≥ 200-300 Myr, strongly reinforces an age younger than 200-300 Myr for ASCC123.
I would like to stress that, due to the scatter and the bimodality of the distributions, the value of the rotation period as an age proxy is much stronger when applied to a group of stars (like an open cluster or association) rather than to a single star.
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Relatore
Note di presentazione
A further age indicator is represented by the distribution of the modulation amplitude, which is a “raw” measure of the magnetic activity level related to the starspot density (and inhomogeneity). Statistically it can be used as a magnetic activity indicator and thus as an age proxy, although it can only provide a coarse age classification.
No clear correlation, but only a marginal one, emerges with the rotation period, but the correlation improves if we adopt a parameter more representative of the dynamo action in the case of the alpha_Omega mechanism, such as the Rossby number,  which is defined as the ratio of rotation period and convective turnover time.
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Relatore
Note di presentazione
The simultaneous use of the parameters derived from high-resolution spectroscopy and photometry allows to study the spin axis orientation in young clusters. 
The sample is too small to draw firm conclusions, but the absence of low inclination angles for the rotation axes points to an isotropic distribution of the rotation axes. 
Data for many more stars are needed and HARPS-N at the TNG is not the best instrument because it can observe one star at a time and, above all, given the size of the telescope and the very high resolution it cannot reach the less massive stars of the clusters. Multi-object spectrographs like WEAVE (or 4MOST for the southern sky) can do efficiently this job, but their high-resolution mode is indeed a medium-resolution one with R<= 20,000.
May we still achieve our goals with this lower resolution?
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Fig. 11. Differences between our mean abundances for giants and MS
stars and those by Reddy & Lambert (2019). The error bars are the
quadratic sum of the uncertainties reported in the two studies for each
element.
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