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1) Purpose of the visit

The luminosity and spectral classification of red giant and supergiant stars is not an easy task, because of TiO bands that rise at subtypes later than K, increasing their intensity at lower temperatures. These bands erode the continuum, distorting the atomic lines or even erasing them. In consequence, the main features used for spectral classification are the depths of TiO bandheads. However, these bandheads fall outside the wavelength range observed by the RVS instrument aboard Gaia.

The purpose of this exchange is to develop a classification strategy for red supergiants, using a large sample of these stars observed in the same spectral region than Gaia, and at a similar resolution. Analyzing their spectral features around the infrared Calcium II triplet, we will look for statistical correlations in their atomic and molecular lines useful to identify spectral types and luminosity classes when TiO bandheads are not available.

This analysis also requires to take into account the influence of metallicity variations. Because of that, we have observed red supergiants from environments with very different metallicities, such as the Perseus Arm, the Inner Galaxy and both the Large and Small Magellanic Clouds.

2) Description of the work carried out during the visit

Our strategy to analyze the Perseus arm sample has three steps. First, to classify the SMC sample using their blue spectra, and to measure the equivalent widths (EW) of their atomic features near to Ca Triplet. Then, I will use the classification together the EW measured to find useful spectral and luminosity indexes. Finally, the correlations found will be applied to the Perseus arm sample.

The sample from the SMC was observed using the fibre-fed dual-beam AAOmega spectrograph, therefore we obtained simultaneous infrared (from 8400 to 8900 angstrom) and visible (from 4000 to 4800 angstrom) spectra for each star in our sample. Using the blue spectra to perform the stellar classification, we obtain a classification that is independent of those features on the infrared spectral region whose behavior we want to explore.

The Perseus arm sample was observed using long slit spectroscopy, but only in the Ca II Triplet region. Therefore, we can apply the statistical correlations and trends found in the SMC sample to the Perseus arm sample (avoiding due to differences in metallicity by using atomic line ratios).

In order to classify the SMC sample, firstly I carried out a bibliographic research on spectral and luminosity classifications in the blue spectral region, using the resources available in the library of the Institute of Astronomy. 

Most of the historical classifications have been performed in the visible spectral region, covering our observed blue spectral range. However, their photographic plates cannot be directly compared to our sample. Therefore, I checked their criteria over a series of MK standards spectra from the INDO-US library (Valdes et al., 2004). These standards were observed in our spectral range at very similar resolution, providing us with usable reference spectra.

Secondly, I classified the SMC sample applying the available classification schemes and direct comparison with the MK standards from INDO-US library.

In order to measure the EW of the main atomic features in the Ca II triplet spectral region uniformly for the whole sample, I developed the necessary python code. The resultant data was analyzed looking for correlations between these EWs and the spectral types and luminosity classes of the stars, and by means of principal component analysis (PCA), identifiying which features are more suitable to be used as spectral type and luminosity class indicators.



3) Description of the main results obtained


The PCA analysis shows that the indicators selected for my classification are those that show a better correlation with the physical parameters of interest. In fact, the derived first component is clearly correlated with brightness, while the second does so with spectral type. Also, our luminosity classification has a significant correlation with brightness.
4) Future collaboration with host institution (if applicable)


Beyond the present work, Carlos González-Fernández and  our research group have mutual and complementary interests in red supergiants and galactic structure. Therefore, we expect this collaboration to continue for the next years.

In fact, we have projected at least three papers with the results of this collaboration, one of those will be mainly based in the research developed during this exchange visit.

As part of this collaboration, we are planing future exchanges to continue the present research, extending our classifications to the other samples and studying the global behaviour of their features in the Gaia spectral region.

5) Projected publications / articles resulting or to result from the grant (ESF must be acknowledged in publications resulting from the grantee’s work in relation with the grant)

The research developed during this exchange will be a main piece in our next  planned paper, which will be submitted to high impact journals during this year.
6) Other comments (if any)


As part of my formation during my exchange, I assisted to several seminars imparted in the Institute of Astronomy. I also attended to one of their Graduate Lecture Courses, “Statistical Techniques in Python” imparted by Dr. Sergey Koposov.

