LITHIUM AND REE SURFACE STRUCTURE OF TWO roAp STARS, HD 83368 AND HD 60435. PRELIMINARY RESULTS

A. V. Shavrina^1, V. Tsymbal^2, N. S. Polosukhina^3, J. Zverko^4, V. Khalack^1, J. Žižňovský^4, M. Hack^5, P. North^6

1Main Astronomical Observatory, NAS of Ukraine 27 Akademika Zabolotnoho, 03680 Kyiv, Ukraine e-mail: shavrina@mao.kiev.ua, khalack@mao.kiev.ua 2Tavrian National University, 95000 Simpheropol, Ukraine e-mail: VAD@ccssu.crimea.ua 3Crimean Astrophysical Observatory, Naukove, 98409 Crimea, Ukraine e-mail: polo@crao.crimea.ua

4Astronomical Institute, Slovak Academy of Sciences, 059 60 Tatranská Lomnica, Slovakia e-mail: zve@ta3.sk, ziga@ta3.sk

5Dept. of Astronomy, Trieste Univ., I-34131 Trieste, Italy e-mail: hack@ts.astro.it 6Inst. d’Astronomie, Univ. Lausanne, CH-1290 Chavannes-des-Bois, Switzerland e-mail: Pierre.North@obs.unige.ch

We determined the Li and REE surface distribution on two roAp stars by computing line profiles in the region near Li i line 6708 Å using high resolution spectra in different rotation phases.

INTRODUCTION

The quantitative analysis of two roAp stars atmospheres was completed by means of synthetic spectra using STARSP code (Tsymbal) and Kurucz’s model atmospheres. Line lists with atomic data were those by Kurucz (CDROM 23) and VALD Computations of spots’ parameters (size, location and elemental abundance) were performed with the ROTATE code of Tsymbal allowing to calculate the line profiles for a rotating star.

For HD 83368 the best agreement in the abundances computed from the Fe i and Fe ii lines was achieved for the model T_{eff} = 7750 K, log g = 4.0. For HD 60435 the best agreement between the abundances computed from the Fe i, Fe ii and Cr i, Cr ii lines was reached for the model T_{eff} = 8250 K, log g = 4.5. Also for HD 60435 we used v sin i = 11 km s^{−1} and for HD 83368 v sin i = 34 km s^{−1}. Models with [M/H] = 0.0 were the best ones.

RARE EARTHS

Spectra of these roAp stars are rich in REE lines. Especially strong lines are the ones of Nd ii, Pr ii and Pr iii lines. The most significant abundance variations are shown by La ii, Ce ii, Nd iii, Sm ii, Gd ii and Er ii lines in HD 83368, and by Nd ii and Nd iii lines in HD 60435.

As it was shown in [1], REE create ring-like structures surrounding the Li spots in HD 83368. In the same way we tried to determine the position of REE spots on HD 60435 using the lines of ionized rare earth elements near the Li line (Pr iii, Sm ii and Ce ii) and Pr iii 6160.22 Å and 6161.24 Å (spectral region 6120-6180 Å) for the phase 0.005. For insufficient phase coverage, our results can be considered as preliminary ones only.

The lithium spots parameters for HD 83368 [1] are following:

• spot 1: l_1 = 173 ± 6^∘, φ = 0 ± 6^∘, R = 33 ± 6^∘, log(N_{Li}/N_H) = −8.4 ± 0.2.

• spot 2: l_2 = 337 ± 6^∘, φ = 0 ± 6^∘, R = 35 ± 6^∘, log(N_{Li}/N_H) = −8.5 ± 0.2.

where l is the longitude, φ the latitude and R the radius of the spot (R = 90^∘ is corresponding to a whole hemisphere). The resulting lithium spots parameters for HD 60435 are following:

• spot 1: l_1 = 205 ± 10^∘, φ = 15 ± 5^∘, R = 40 ± 7^∘, log(N_{Li}/N_H) = − 9.3 ± 0.2 .

• spot 2: l_2 = 11 ± 6^∘, φ = −15 ± 5^∘, R = 44 ± 3^∘, log(N_{Li}/N_H) = − 8.2 ± 0.2.

Table 1: REE spots data for HD 83368 and HD 60435

El, HD 83368 HD 60435 λ_{lab}, λ_{obs}, longitude, Radius, log N_{El}, λ_{obs}, longitude, latitude, Radius, log N_{El} Å Å l_{sp} R_{sp} dex Å l_{sp} φ_{sp} R_{sp} dex Phase = 0.689 (248.^∘ 04) Phase = 0.743 (267.^∘48) Ce II 6705.5 305 ± 10^∘ 30 ± 10^∘ −8.5 ± 0.3 6706.1 230 ± 10^∘ 15 ± 10^∘ 15 ± 10^∘ −8.7 ± 0.3 6706.051 6706.1 240 ± 10^∘ 10 ± 10^∘ −8.1 ± 0.3 6706.2 180 ± 10^∘ 15 ± 10^∘ 40 ± 10^∘ −8.3 ± 0.3 Ce II 6707.6 305 ± 10^∘ 26 ± 10^∘ −8.5 ± 0.3 6708.2 230 ± 10^∘ 15 ± 10^∘ 15 ± 10^∘ −8.7 ± 0.3 6708.099 6708.0 250 ± 10^∘ 15 ± 10^∘ −8.2 ± 0.3 6708.3 180 ± 10^∘ 15 ± 10^∘ 40 ± 10^∘ −8.3 ± 0.3 Pr III 6706.1 305 ± 10^∘ 15 ± 10^∘ −8.8 ± 0.3 6706.9 170 ± 10^∘ 15 ± 10^∘ 40 ± 10^∘ −8.3 ± 0.3 6706.705 6706.8 240 ± 10^∘ 30 ± 10^∘ −8.5 ± 0.3 6706.8 270 ± 10^∘ 10 ± 10^∘ 40 ± 10^∘ −9.1 ± 0.3 6707.3 195 ± 10^∘ 15 ± 10^∘ −8.0 ± 0.3 6706.5 330 ± 10^∘ −5 ± 10^∘ 40 ± 10^∘ −8.3 ± 0.3 Sm II 6707.6 235 ± 10^∘ 20 ± 10^∘ −8.2 ± 0.3 6707.6 190 ± 10^∘ 10 ± 10^∘ 40 ± 10^∘ −7.3 ± 0.3 6707.473 6708.0 207 ± 10^∘ 20 ± 10^∘ −7.8 ± 0.3 6707.5 265 ± 10^∘ 10 ± 10^∘ 40 ± 10^∘ −7.5 ± 0.3 Phase = 0.320 (115.^∘2) Phase = 0.005 (1.^∘8) Pr III 6160.0 145 ± 10^∘ 25 ± 10^∘ −8.0 ± 0.3 6160.2 310 ± 10^∘ 0 ± 10^∘ 30 ± 10^∘ −8.3 ± 0.3 6160.243 6160.2 120 ± 10^∘ 15 ± 10^∘ −8.0 ± 0.3 6160.3 55 ± 10^∘ 0 ± 10^∘ 30 ± 10^∘ −8.3 ± 0.3 6160.8 65 ± 10^∘ 20 ± 10^∘ −8.3 ± 0.3 6160.9 45 ± 10^∘ 20 ± 10^∘ −8.3 ± 0.3 Pr III 6160.9 145 ± 10^∘ 25 ± 10^∘ −8.0 ± 0.3 6161.2 310 ± 10^∘ 0 ± 10^∘ 30 ± 10^∘ −8.3 ± 0.3 6161.224 6161.1 120 ± 10^∘ 15 ± 10^∘ −8.0 ± 0.3 6161.3 55 ± 10^∘ 0 ± 10^∘ 30 ± 10^∘ −8.3 ± 0.3 6161.7 65 ± 10^∘ 20 ± 10^∘ −8.3 ± 0.3 6161.8 45 ± 10^∘ 20 ± 10^∘ −8.3 ± 0.3

Figure 1: The calculated and observed spectrum a) for HD 60435, phase 0.743, and b) for the HD 83368, phase 0.689

Our results of location for some REE from their lines in the Li i 6708 Å region and from the Pr iii lines 6160 Å and 6161 Å are given in Table 1. The calculated and observed spectra for selected phase of each star are shown in Fig. 1.

CONCLUSION

In HD 83368 the behaviour of the Li line profile and magnetic field shows that lithium spots approximately coincide with magnetic poles. Some of the other elements (mainly REE) may form the ring-like features surrounding the lithium spots. A similar structure is revealed for HD 60435.

Acknowledgements. We are grateful to S. Sergeev for SPE code for spectra analysis, to Ch. Cowley for numerous consultations and for sending us the rare earth element data, to M. Ya. Orlow for discussing our work, to D. Bord and J. Sugar for suggestions and advices to use their data. The data from Kurucz’s CDROM 23, NASA ADC, VALD and NIST were used and we thank the administrators of these databases, accessible through INTERNET. A partial support of VEGA grant N 7107 is acknowledged. V. Tsymbal thanks Mr. Yakushechkin for his support. P. North thanks the Swiss National Science Foundation for its support. V. Khalack is grateful to the Ukrainian Astronomical Association for financial support.

REFERENCES

[1] Polosukhina N. S., Shavrina A. V., et al. Preliminary spectroscopic analysis of the “spotted” roAp star HD 83368 in the Li i 6708 Å region // Astron. and Astrophys.–2000.–357.–P. 920–930.