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Abstract.
We study the effects of rotation on surface abundances of CNO elements in massive stars.

Nitrogen enrichment caused by rotationally induced mixing can help to constrain param-

eters of observed stars, especially their rotational velocities. Here we present theoretical

results and apply them to the star HD 163899.

1 Introduction

Rotation is one of the most important parameters that determine the evolution and ultimate fate of

a star. Rotationally induced mixing strongly modifies the internal structure of a star. Besides the

difficulty in modelling the effects of rotation, there is also the problem of determining the rotation

velocity from observations, and usually only its projected value is known. In the presence of moderate-

to-fast rotation, the abundance of surface nitrogen should increase during the course of evolution as

an effect of rotational mixing processes (e.g., [2]). Abundances of carbon and oxygen are affected as

well. Here, we study this effect and use the observed abundance of nitrogen of the star HD163899

(B2 II) to constrain its rotational velocity.

2 Results

Evolutionary models were calculated with the MESA code ([4–6]) assuming a solar metallicity and

chemical composition ([1]), initial masses M ∈ [16, 26] M� and initial rotation rates Ω < 0.5 Ωcrit,

where Ω and Ωcrit are the angular rotational velocity and its critical value, respectively. The con-

sidered evolution covers stages from the zero-age main sequence (ZAMS) up to the point where

logTeff ≈ 4.2 during a supergiant phase. An increase of surface nitrogen abundance with evolution is

clearly visible in the left panel of Figure 1, where we show ratios of mass abundances, X(14N)/X(12C)
vs. X(14N)/X(16O), for representative models. In the right panel we show similar diagrams but for

models contained in the error box of HD163899. Theoretical abundances are compared to the values

derived from the spectra obtained for the star. Such comparison allows to constrain stellar parameters,

especially the rotation rate. We derived an initial rotation rate in range of 0.26− 0.30 Ωcrit. All details

of our analysis are provided in [3].
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Figure 1. Left panel: the ratios of mass abundances, X(14N)/X(12C) vs. X(14N)/X(16O), for models with initial

mass 20 M�, overshooting parameter f = 0.03 and the four values of the rotation rate at ZAMS. Right panel: the

ratios of X(14N)/X(12C) vs. X(14N)/X(16O), showing values derived from atmosphere models with nitrogen en-

richment calculated for HD 163899 (black diamonds) and for evolutionary models in the error box of HD163899

on the main sequence (MS, red dots) and supergiant phase (SG, blue open circles).

3 Conclusions

Enrichment of stellar atmospheres in CNO elements due to rotationally induced mixing can be suc-

cessfully applied to the observed nitrogen-rich stars, as shown for HD163899. The method helps to

obtain the intrinsic rotational velocity disentangled from the inclination angle. More details can be

found in [3].
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