A&A 406, 995–999 (2003) DOI: 10.1051/0004-6361:20030647 © ESO 2003

Astronomy & Astrophysics

High resolution spectroscopy over λλ 8500−8750 Å for GAIA^⋆

IV. Extending the cool MK stars sample

P. M. Marrese^{1,2}, F. Boschi^1, and U. Munari^1

1 Padova Astronomical Observatory - INAF, Asiago Station, Via Osservatorio 8, 36012 Asiago (VI), Italy e-mail: marrese@pd.astro.it, boschi@pd.astro.it 2 Department of Astronomy, University of Padova, Vicolo Osservatorio 8, 35122 Padova, Italy

Received 12 December 2002 / Accepted 24 April 2003

Abstract. A library of high resolution spectra of MK standard and reference stars, observed in support to the GAIA mission, is presented. The aim of this paper is to integrate the MK mapping of Paper I of this series as well as to consider stars over a wider range of metallicities. Radial velocities are measured for all the target stars.

Key words. atlases – standards – stars: fundamental parameters

1. Introduction

This paper is the fourth of a series devoted to the spectroscopy of the ESA Cornerstone mission GAIA. The GAIA Radial Velocity Spectrometer (RVS) will provide the 6th component of the phase-space coordinates for all stars brighter than V = 17.5 magnitude. High resolution (R ∼ 20 000) high signal to noise (S/N ≥ 100) spectra of cool (later than F0) MK standard and reference stars in the GAIA wavelength range (λλ 8480−8750 Å, centered on the Ca ii triplet) are presented, with the awareness that some of them could be peculiar in the far red (Jaschek & Andrillat 1998). The aim of this paper is to extend and integrate the MK atlas by Munari & Tomasella (1999, Paper I) by obtaining a finer grid for F, G, K stars, a wider metallicity range and a larger sample of M stars. Table 3 shows the MK system mapping by this paper (crosses) and Paper I (open circles) combined, for the cool stars that will account for the vast majority of all GAIA targets.

These spectral libraries will be of aid in the preparatory studies and training of the reduction pipeline of the GAIA mission as already described in Paper I. General discussions of the diagnostic capability of this spectral range and review of existing literature can be found in Munari (1999); Chmielewski (2000); Cenarro et al. (2001); Munari (2002, 2003). Figures 1,

Send offprint requests to: U. Munari, e-mail: munari@pd.astro.it ⋆ The spectra are available in electronic form (ASCII format) at CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/406/995 and from the web page http://ulisse.pd.astro.it/MoreMK/, where further bibliographical information for the target stars is given.

2 and 3 give examples of the collected spectra and illustrate respectively the effect of gravity and metallicity at G5 (compare with Fig. 2 in Paper I), the effect of gravity at F5 and at K4. 2. Target selection Table 1 lists the target stars, ordered by spectral type, and Table 2 the references to it. We selected stars with MK classification obtained from spectroscopy (targets belonging to Keenan and collaborators’ lists were favored) and considered only spectroscopic [Fe/H] determinations. We preferred: a) bright stars; b) stars of luminosity classes I, III and V, to better define the main groups and c) slowly rotating stars. We avoided: i) eclipsing and/or spectroscopic binary stars; ii) visual binaries with angular separation lower than 0.5 arcsec, unless the magnitude difference is greater than 4 mag; iii) highly variable stars. The above constraints are further restricted by observational limits (V ≲ 10 mag and δ ≳ −25^∘). Thus no attempt was made to include M dwarfs or L and T ultracool stars, given their faintness. Concerning [Fe/H], even accurate determinations obtained from high resolution spectroscopy show discrepancies (Cayrel de Strobel et al. 1997, 2001). Straight mean values have no direct meaning because of the lack of homogeneity of the sources. We thus preferred Taylor (1995, 1999) weighted means, which were obtained after a shift to a common zero point, but adopted Cayrel de Strobel et al. (1997, 2001) ranges when Taylor’s values where not available. The analysis of M stars spectra is a complicated task, so only few of them have reliable [Fe/H] measurements.

Large amplitude photometric variability usually leads to spectral variations and thus must be considered. All the program stars were searched for in the GCVS (General Catalogue

996 P. M. Marrese et al.: High resolution spectroscopy over λλ 8500−8750 Å for GAIA. IV. Table 1. Target stars. ϕ denotes the variability index, and η the chromospheric activity index. Details are given in the text, Sect. 3.

P. M. Marrese et al.: High resolution spectroscopy over λλ 8500−8750 Å for GAIA. IV. 997

Fig. 1. Metallicity effects for G5 giants and supergiants. Spectra are shifted to null radial velocity.

Table 2. Reference codes for Col. 12 of Table 1.

of Variable Stars, Kholopov et al. 1998) & NSV (New Suspected Variables Catalogue, Kazarovets 1999) and in the

Hipparcos & Tycho catalogues. As reported by Hoffleit (1999) there are discrepancies on magnitude amplitudes between these two groups of sources (especially for semiregular variables). GCVS & NSV catalogue amplitudes are not an homogeneous data set and for some stars only photographic or visual measurements are reported. On the other hand Hipparcos observations cover 3.4 years and the amplitudes in successive cycles may not be constant. We thus decided not to report amplitudes in Table 1, but only an index (see next section) which gives a rough idea of the variability of the stars. Among M type supergiants and giants photometric and spectral variability is very common: several stars for each spectral type were observed in the attempt to map a mean spectrum by averaging over individual cycle phases, as suggested by Keenan et al. (1987). In a separate paper we plan to investigate the spectral variations of Cepheids and Miras as a function of phase.

The chromospheric activity (which is generally correlated with rotation in the sense that faster rotating stars show a higher activity) plays an important role affecting both the strength and shape of the line profiles. As core emissions in H&K Ca ii lines and in Ca ii triplet are correlated (Montes & Martin 1998), we report in Table 1 about the activity of a star whenever this information were available in the literature.

3. The data

All the spectra presented in this atlas were obtained with the Echelle + CCD spectrograph mounted on the Padova Observatory 182-cm telescope operated in Asiago at Cima Ekar. The spectral range covered was λλ 8480−8750 Å and the dispersion was 0.25 Å/pix. We usually worked in the slitlimited regime and the actual resolution was 0.43 Å equivalent

998 P. M. Marrese et al.: High resolution spectroscopy over λλ 8500−8750 Å for GAIA. IV.

Fig. 2. Gravity effects at F5. Spectra are shifted to null radial velocity.

Fig. 3. Gravity effects at K4. Spectra are shifted to null radial velocity.

to a resolving power of R = 20 000. We were slightly undersampled in the Nyquist sense, as the projected slit width was 1.72 pixels on average.

The spectra were extracted using the standard reduction procedures in the IRAF packages. The spectra were biascorrected, sky-subtracted and flat-fielded. The wavelength calibration was performed using thorium lamp spectra and the heliocentric correction applied. The spectra were then normalized to the observed continuum by a Legendre polynomial fit of 6th order. An order six was chosen because it is typically required for the normalization of the instrumental blaze function in flat field spectra. Usually three or more spectra were obtained consecutively for each target star and individual spectra were weight summed according to the individual S/N to produce the final spectra presented in this atlas.

Radial velocities were measured for all the observed stars by cross-correlation to a proper synthetic Kurucz template. Templates were chosen on the base of the Straizys & Kuriliene (1981) calibration of MK spectral types and selected among the complete grid of synthetic spectra of Munari & Castelli (2000) and Castelli & Munari (2001) (Papers II and III), which were calculated to match the spectral resolution adopted in this series of papers. The measurements are reported in Table 1 along with the Heliocentric Julian Date of observation.

P. M. Marrese et al.: High resolution spectroscopy over λλ 8500−8750 Å for GAIA. IV. 999

Table 3. MK system coverage of this paper (crosses) and Paper I (open circles).

The column content of Table 1 is as follows:

Column 1: identification (HD or BD number); Column 2−3: V_T and (B − V)_T from the Hipparcos and Tycho Catalogues;

Column 4: spectral classification (references are given in Col. 12);

Column 5: [Fe/H] is given as a value with standard deviation, as a range of values or as a value with no error, according to the original source (Col. 12);

Column 6: variable star name either from the GCVS or NSV; Column 7: ϕ = variability index based on amplitudes obtained from either the Hipparcos and Tycho catalogues (roman characters) or from the GCVS and NSV catalogues (slanted characters). The indices are:

C = constant (Δm ≤ 0.01); S = small amplitude (0.01 ≤ Δm ≤ 0.2); M = medium amplitude (0.2 ≤ Δm ≤ 0.4); L = large amplitude (Δm ≥ 0.4);

Column 8: η = chromospheric activity index. It is based on the Ca ii K core emission line intensity measured on the Wilson scale (0−5, Wilson 1976) or on the S photometric index defined by Baliunas (1995). The indices are: L = no activity (0 ≤ I_K ≤ 1; 0.0 ≤ S < 0.2) M = medium activity (2 ≤ I_K ≤ 3; 0.2 ≤ S < 0.35) H = high activity (4 ≤ I_K ≤ 5; S ≥ 0.4);

Column 9: v_{rot} sin i in km s^{−1};

Column 10: references are ordered in five columns (a,b,c,d,e) where: a = ref. to spectral type; b = ref. to [Fe/H]; c = ref. to variability; d = ref. to chromospheric activity and e = ref. to v_{rot} sin i. Number coding according to Table 2; Column 11: HJD of observation;

Column 12: heliocentric radial velocity and standard deviation (km s^{−1});

Column 13: S/N ratio of the continuum.

Acknowledgements. This research has made use of the SIMBAD database of the Centre de Données de Strasbourg.

References

Baliunas, S. L., Donahue, R. A., Soon, W. H., et al. 1995, ApJ, 438, 269 Castelli, F., & Munari, U. 2001, A&A, 366, 1003 (Paper III) Cayrel de Strobel, G., Soubiran, C., Friel, E. D., et al. 1997, A&AS, 124, 299 Cayrel de Strobel, G., Soubiran, C., & Ralite, N. 2001, A&A, 373, 159 Cenarro, A. J., Cardiel, N., Gorgas, J., et al. 2001, MNRAS, 326, 959 Chmielewski, Y. 2000, A&A, 353, 666 ESA 1997, The Hipparcos Catalogue, ESA SP-1200 ESA 1997, The Tycho Catalogue, ESA SP-1200 Hoffleit, D. 1999, JAVSO, 27, 131 Hog, E., Fabricius, C., Makarov, V. V., et al. 2000, A&A, 355, L27 Humphreys, R. W. 1978, ApJS, 38, 309 Jaschek, C., & Andrillat, Y. 1998, A&A, 331, 314 Kazarovets E. V., Samus N. N., Durlevich, O. V., et al. 1999, IBVS, 4659, 1 Keenan, P. C., Yorka, S. B., & Wilson, O. C. 1987, PASP, 99, 629 Kholopov, P. N., Samus, N. N., Frolov, M. S., et al. 1998, CDS Cat.

II/214A Morgan, W. W., & Keenan, P. C. 1973, ARA&A, 11, 29 Montes, D., & Martin, E. L. 1998, A&AS, 128, 485 Munari, U. 1999, Balt.A., 8, 73 Munari, U., & Tomasella, L. 1999, A&A, 137, 521 (Paper I) Munari, U., & Castelli, F. 2000, A&AS, 141, 141 (Paper II) Munari, U. 2002, EAS Pub. Ser., 2, 39 Munari, U. (ed.) 2003, GAIA spectroscopy, science and technology, ASP Conf. Ser., 298 Straizys, V., & Kuriliene, G. 1981, Ap&SS, 80, 353 Taylor, B. J. 1995, PASP, 107, 734 Taylor, B. J. 1999, A&AS, 134, 523 Wilson, O. C. 1976, ApJ, 205, 823