Mem. S.A.It. Vol. 88, 824 © SAIt 2017 Memorie della

HR diagram of Herbig Ae/Be stars and their infrared excesses

M. Vioque^{1,2}, R. D. Oudmaijer^1, and D. Baines^2

1 School of Physics and Astronomy, University of Leeds, LS2 9JT, Leeds, U.K.

e-mail: pymvdl@leeds.ac.uk 2 Isdefe, European Space Astronomy Centre (ESAC), Villanueva de la Cañada, Camino bajo del Castillo, s/n, E-28692, Madrid, Spain

Abstract. Herbig Ae/Be stars are Pre-Main Sequence objects of intermediate mass. It is expected that within their mass range, the transition between the magnetically controlled accretion process for low mass stars and the still unknown process for higher mass stars occurs. We have derived luminosities for 107 of these objects using TGAS parallaxes, thus allowing to place them in the HR diagram. The number of Herbig Ae/Be stars in the HR diagram with directly determined distances has increased by more than a factor of 5 with this study. We analysed the infrared excesses of the 107 Herbig Ae/Be stars and present an evolutionary analysis to be done in the future.

1. Construction of the HR diagram and infrared excesses

We have gathered the majority of Herbig Ae/Be stars known to date (254, see Chen et al. 2016). The cross-match of this set with TGAS resulted in 107 sources. For each star, we used an atmosphere model from Castelli & Kurucz (2004) of the appropriate Teff, log(g) and metallicity. By scaling it to the dereddened Johnson V band point, a luminosity could be obtained by means of the parallax (similar to van den Ancker et al. 1998). Luminosities were also derived for 73240 TGAS sources (taken from McDonald et al. 2012). These objects are plotted in the HR diagram in the top panel of Fig. 1.

The bottom panel of Fig. 1 presents a study of the infrared excess properties of this set of Herbig Ae/Be stars. The colour-colour diagram plots their mid-infrared WISE (W1-W4) colours, tracing cold dust, against the nearinfrared J-K_s colour tracing hot dust and gas. Most A type stars have large J-K_s and midinfrared colours indicating substantial excess emission due to dust. This is not obvious for the B type stars, which are more spread out in the diagram, while many of them have little excess. Some may be misclassified Be stars.

We plan to use the SEDs for studying the evolution of Herbig Ae/Be stars. Selecting several stars on the same Pre-Main Sequence track (see Fig. 1) provides a picture of the evolution of a Herbig Ae/Be star of that mass. Performing this for several masses will lead to a general understanding of the evolution of dust and gas around these objects.

2. Conclusions

We have produced the most complete HR diagram of Herbig Ae/Be stars to date. This work also illustrates our longer term project to search for new Herbig Ae/Be stars; for which

Vioque: HR diagram of Herbig Ae/Be stars and their infrared excesses 825

Fig. 1. Top: 107 Herbig Ae/Be stars in the HR diagram. Vertical error bars are dominated by parallax uncertainties. The Pre-Main Sequence tracks are from Bressan et al. (2012, MNRAS, 427, 127). By picking sources on the same Pre-Main Sequence tracks we can study how the SEDs evolve. Bottom: Infrared colourcolour diagram. Note that most A stars have significant infrared excess.

the study of already catalogued ones constitutes the first logical step.

Acknowledgements. The STARRY project has received funding from the European Union’s Horizon 2020 research and innovation programme under MSCA ITN-EID grant agreement No 676036. This work has made use of data from the European Space Agency (ESA) mission Gaia (https://www.cosmos.esa.int/gaia), processed by the Gaia Data Processing and Analysis Consortium (DPAC, https://www.cosmos.esa. int/web/gaia/dpac/consortium). Funding for the DPAC has been provided by national institutions, in particular the institutions participating in the Gaia Multilateral Agreement.

References

Castelli, F., & Kurucz, R. L. 2004, arXiv:astro-ph/0405087 Chen, P. S., Shan, H. G., & Zhang, P. 2016, New Astronomy, 44, 1 McDonald, I., Zijlstra, A. A., & Boyer, M. L.

2012, MNRAS, 427, 343 van den Ancker, M. E., de Winter, D., & Tjin A Djie, H. R. E. 1998, A&A, 330, 145