Mem. S.A.It. Vol. 91, 84 © SAIt 2020 Memorie della

The age of the Hyades from the lithium depletion boundary

N. Lodieu^{1,2}

1 Instituto de Astrofísica de Canarias Calle Vía Láctea S/N 38205 La Laguna, Tenerife, Spain 2 Departamento de Astrofísica, Universidad de La Laguna (ULL), E-38206 La Laguna, Tenerife, Spain e-mail: nlodieu@iac.es

Abstract. The determination of the observational limit below which the cores of very-low mass objects do not reach high enough temperatures and pressure for lithium destruction is called the lithium depletion boundary (LDB). Up to now, the LDB has been used to derive ages of several open clusters younger than 200 Myr, age considered as the practical upper limit of that method. Here we report on the LDB age of the Hyades, demonstrating that this method can be extended to significantly older ages. We obtained intermediate-resolution optical spectroscopy of seven Hyades L dwarf members with the 10.4-m Gran Telescopio de Canarias. We report a clear detection of lithium in absorption at 670.78 nm in the three coolest and least massive members classified as L3.5–L5.0, whose effective temperatures and luminosities are below 1800 K and −4.0 dex, respectively. We derive a LDB age of 650±70 Myr for the Hyades comparing observational constraints with the state-of-the-art BT-Settl models, in agreement with estimates derived from other methods.

Key words. Stars: abundances – Stars: brown dwarfs – Stars: low-mass – Galaxy: open clusters

1. Introduction

The age of open clusters is usually determined from the isochrone fitting of their upper mainsequence members (e.g. Maeder & Mermilliod 1981; Mermilliod 1981). The lithium depletion boundary (LDB) technique is a method proposed for dating open clusters based on a determination of the lithium abundances of a cluster’s stars whose masses are at about the hydrogen-burning mass limit. This LDB represents an alternative and completary technique to the isochrone fitting method. Up to now, the LDB has been applied mainly to open clusters younger than 200 Myr, including the Pleiades (125±8 Myr; Stauffer et al. 1998; Barrado et al. 2004), Alpha Persei (85±5 Myr; Barrado et al.

2002, 2004), IC2391 (50±5 Myr; Barrado et al. 1999, 2004), NGC2547 (35±4 Myr; Jeffries et al. 2003; Oliveira et al. 2003), IC4668 (28±5 Myr; Manzi et al. 2008), IC2602 (46±6 Myr; Dobbie et al. 2010), Blanco 1 (132±24 Myr; Cargile et al. 2010), M35 (∼175 Myr; Barrado et al. 2001). We demonstrate in this contribution that the LDB can also be applied to older open clusters such as the Hyades (Martín et al. 2018a; Lodieu et al. 2018).

2. The Hyades cluster

The Hyades cluster (M25) is the closest stellar cluster to the Sun with a mean distance of 46.38±0.12 pc and a proper motion in the 74–140 mas/yr range (Lodieu et al. 2019). The

Fig. 1. Left: Zoom of the spectral region around the Li resonance doublet at 670.78 nm. The central wavelength of the Li feature is marked with a dashed vertical line. Right: Lithium abundances (in the scale of log N(H) = 12) vs effective temperatures for Hyades solar-type stars (black dots; Cummings et al. 2017), K5–M4 stars (upper limits; Zboril et al. 1997), the mean value for L3.5 members (blue dot; Martín et al. 2018a), and the 2M0418 (red dot; Lodieu et al. 2018). The range of initial lithium meteoritic content is shown with red dotted lines as an upper limit of the possible content in substellar atmospheres.

core radius of the cluster is approximately 3.0 pc while its tidal radius is about 9 pc (Perryman et al. 1998; Röser et al. 2011; Lodieu et al. 2019). The reddening towards the cluster is negligible (E(B−V) ≤0.001 mag; Taylor 2006).

The metallicity has been subject to debate with either a mean metallicity close to solar (Fe/H = 0.05±0.05; Gebran et al. 2010) or a slightly super-solar between 0.127±0.022 dex and 0.14±0.10 dex (Boesgaard et al. 1990; Cayrel de Strobel et al. 1997; Grenon 2000).

Numerous wide-field and deep pencilbeam surveys have focused on the Hyades because it is the nearest cluster to the Sun, see Röser et al. (2011), Goldman et al. (2013), and Lodieu et al. (2019) and references therein for a complete census.

3. Li observations

Hogan et al. (2008) announced several L dwarf member candidates in the Hyades from a crossmatch between UKIDSS and 2MASS, using both photometry and proper motion criteria. Casewell et al. (2014) and Lodieu et al. (2014) confirmed 10 of the 12 L dwarf candidates with optical and/or near-infrared spectroscopy. Our group has also discovered a mid-L dwarf candidate, 2M0418 from a search in 2MASS and WISE (Pérez-Garrido et al. 2017). We obtained higher quality optical spectra with the OSIRIS instrument on the 10.4-m Gran Telescopio de Canarias to look at the presence of lithium in absorption at 670.78 nm, an indicator of substellarity in low-mass objects. We find that Hyades members with spectral types earlier than or equal to L3 do not show a clear absorp-

Fig. 2. Left: Evolutionary tracks for very low-mass stars and brown dwarfs as a function of age from Baraffe et al. (2015). Masses and predicted Li depletion factors are labeled. The locations of the Hyades L dwarfs are shown. Right: Teff vs age of isomasses from the BHCA95 models for masses of 10–80 M_{Jup} by steps of 1 M_{Jup} (black lines). The 51–59 M_{Jup} isomasses are highlighted with black dotted lines for a limited age range (400–1400 Myr).

tion of lithium at our resolution (R∼500) and signal-to-noise while later types do exhibit an absorption at 670.78 nm (Fig. 1). We conclude that the stellar/substellar transition occurs at an effective temperature of about 1800 K and a luminosity of log(L_{bol}/L_⊙) = −4.0 dex (Fig. 2).

4. The age of the Hyades

We have transformed the pseudo-equivalent widths of Li into abundances by comparison with predictions from models (Lodieu et al. 2015) and scaling the upper envelope of Li detections in L dwarfs (Kirkpatrick et al. 2000, 2008; Cruz et al. 2009; Lodieu et al. 2015). We assumed an original lithium elemental abundance A(Li) = 3.28±0.05 in the solar system from the study of chondritic meteorites (Lodders 2003). The comparison of our abundances with this upper limit gives an estimate of the amount of depleted Li in the spectra of the Hyades L dwarf members.

Evolutionary models predict the percentage of depletion for a given bolometric luminosity, effective temperature of an L dwarf, allowing us to determine its age and mass, or place lower limits on them in case of non detections. We compared our depletion factors to the predictions of the BT-Settl models (Baraffe et al. 2015) in several diagrams involving effective temperatures and luminosities (Fig. 2). We inferred a mean age of 650±70 Myr for the Hyades from the absence and presence of Li in L dwarf members.

In the past, the age of the Hyades has been often quoted as 625±50 Myr from isochrone fitting with convective overshooting (Maeder & Mermilliod 1981; Mermilliod 1981; Mazzei & Pigatto 1988). Similar ages have been derived from fitting the white dwarf sequence of the cluster (648±45 Myr; de Gennaro et al. 2009; Lodieu et al. 2019) and the study of stellar binaries (∼650 Myr; Lebreton et al. 2001). However, older ages could not be discarded when including enhanced convective overshooting (up to 1.2 Gyr; Mazzei & Pigatto 1988; Eggen 1998; Tremblay et al. 2012) or rotation (750±100 Myr; Brandt & Huang 2015). Our estimate is in agreement with the canonical age of the Hyades but discard ages older than 800 Myr.

5. Conclusions

We have presented optical spectra of several L dwarf members of the Hyades open cluster straddling the hydrogen-burning limit. We find that L3 dwarfs do not exhibit lithium in absorption at 670.78 nm while later types do, placing the stellar/substellar boundary at about 1800 K. We infer an LDB age of 650±70 Myr for the Hyades, in agreement with previous studies within the error bars.

Acknowledgements. NL is supported by the grant number AYA2015-69350-C3-3-P from the Spanish Ministry. NL acknowledges his collaborators on these works: Eduardo Martín, Rafael Rebolo, Víctor Béjar, and Antonio Pérez-Garrido.

References

Baraffe, I., Homeier, D., Allard, F., et al. 2015, A&A, 577, A42 Barrado y Navascués, D., Stauffer, J. R., & Patten, B. M. 1999, ApJ, 522, L53 Barrado y Navascués, D., Deliyannis, C. P., & Stauffer, J. R. 2001, ApJ, 549, 452 Barrado y Navascués, D., Bouvier, J., Stauffer, J. R., et al. 2002, A&A, 395, 813 Barrado y Navascués, D., Stauffer, J. R., & Jayawardhana, R. 2004, ApJ, 614, 386 Boesgaard, A. M., & Friel, E. D. 1990, ApJ, 351, 467 Brandt, T. D., & Huang, C. X. 2015, ApJ, 807, 58 Cargile, P. A., James, D. J., & Jeffries, R. D.

2010, ApJ, 725, L111 Casewell, S. L., Littlefair, S. P., Burleigh, M. R., et al. 2014, MNRAS, 441, 2644 Cayrel de Strobel, G., Crifo, F., & Lebreton, Y.

1997, ESA special publication, 402, 687 Cruz, K. L., Kirkpatrick, J. D., & Burgasser, A. J. 2009, AJ, 137, 3345 Cummings, J. D., Deliyannis, C. P., Maderak, R. M., et al. 2017, AJ, 153, 128 de Gennaro, S., von Hippel, T., Jefferys, W. H., et al. 2009, ApJ, 696, 12 Dobbie, P. D., Lodieu, N., & Sharp, R. G. 2010, MNRAS, 409, 1002 Eggen, O. J. 1998, AJ, 116, 284 Gebran, M., Vick, M., Monier, R., et al. 2010, A&A, 523, A71

Goldman, B., Röser, S., Schilbach, E., et al.

2013, A&A, 559, A43 Grenon, M. 2000, IAU Joint discussion, 13, 7 Hogan, E., Jameson, R. F., Casewell, S. L., et al. 2008, MNRAS, 388, 495 Jeffries, R. D., Oliveira, J. M., Barrado y Navascués, D., et al. 2003, MNRAS, 343, 1271 Kirkpatrick, J. D., Reid, I. N., Liebert, J., et al.

2000, AJ, 120, 447 Kirkpatrick, J. D., Cruz, K. L., Barman, T. S., et al. 2008, ApJ, 689, 1295 Lebreton, Y., Fernandes, J., & Lejeune, T.

2001, A&A, 374, 540 Lodders, K. 2003, ApJ, 591, 1220 Lodieu et al. 2014, MNRAS, 445, 3908 Lodieu, N., Alonso, R., González Hernández, J. I., et al. 2015, A&A, 584, A128 Lodieu, N., Rebolo, R., & Pérez-Garrido, A.

2018, A&A, 615, L12 Lodieu, N., Smart, R. L., Pérez-Garrido, A., et al. 2019, A&A, 623, A35 Maeder, A., & Mermilliod, J. C. 1981, A&A, 93, 136 Manzi, S., Randich, S., de Wit, W. J., et al.

2008, A&A, 479, 141 Martín, E. L., Lodieu, N., Pavlenko, Y., et al.

2018a, ApJ, 856, 40 Mazzei, P., & Pigatto, L. 1988, A&A, 193, 148 Mermilliod, J. C. 1981, A&A, 97, 235 Stauffer, J. R., Schultz, G., & Kirkpatrick, J. D.

1998, ApJ, 499, L199 Oliveira, J. M., Jeffries, R. D., Devey, C. R., et al. 2003, MNRAS, 342, 651 Pérez-Garrido, A., Lodieu, N., & Rebolo, R.

2017, A&A, 599, A78 Perryman, M. A. C., Brown, A. G. A., Lebreton, Y., et al. 1998, A&A, 331, 81 Röser, S., Schilbach, E., Piskunov, A. E., et al.

2011, A&A, 531, A92 Taylor, B. J. 2006, AJ, 132, 2453 Tremblay, P.-E., Schilbach, E., Röser, S., et al.

2012, A&A, 547, A99 Zboril, M., Byrne, P. B., & Rolleston, W. R. J. R. 1997, MNRAS, 284, 685