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Abstract. We have obtained high-quality magnetic field measurements of 19 sharp-lined B-type
stars with precisely-measured N/C abundance ratios (Nieva & Przybilla 2012). Our primary goal
is to test the idea (Meynet et al. 2011) that a magnetic field may explain extra drag (through the
wind) on the surface rotation, thus producing more internal shear and mixing, and thus could
provide an explanation for the appearance of slowly rotating N-rich main sequence B stars.
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1. Introduction and motivation

Observations of chemically-enriched main sequence stars (e.g. Gies & Lambert 1992)
have led to the idea that rotationally induced mixing may bring fusion products from
the cores of massive stars to their surfaces during phases of core hydrogen burning.
Measurements of surface chemical abundances - in particular those of light elements -
of early-type main sequence stars can therefore be leveraged to place constraints on the
associated circulation currents. A surprising result of these studies is the identification of
a significant population of stars with enhanced nitrogen abundances with apparently slow
rotation (Hunter et al. 2008; Morel et al. 2006). The origin of the nitrogen enhancement
in these stars is not understood, and may be related to various physical processes, e.g.
true slow rotation, pulsation (Aerts et al. 2014), binarity (Langer 2008) or magnetic fields
(Morel et al. 2008).

2. The sample

Our sample consists of 19 of the the 20 nearby main sequence B stars for which Nieva
& Przybilla (2012) determined precise, homogeneous abundances of CNO elements. All
of the sample stars are sharp-lined, and 3 stars (¢ Cas, 7 Sco, and 3 Cep) are known
magnetic stars. The HR diagram of the sample is shown in Fig. 1. We identify 6 N-rich
stars, those with N/C differing by > 20 from the solar value of —0.60 4 0.07 (Asplund
et al. 2009): the 3 magnetic stars, as well as HD 61068 (N/C = —0.27, op = 9G),
HD 16582 (N/C = 40.02, o5 = 3G) and HD 35708 (N/C = —0.08, 05 = 8G).

3. Magnetic diagnosis

Magnetic fields were diagnosed for 19 stars using high resolution Stokes V' spectropo-
larimetry obtained using the ESPaDOnS, Narval and Harpspol spectropolarimeters.
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Figure 1. Left: HR diagram of the sample stars. Evolutionary tracks (Schaller et al. 1992)
span 6 — 25 M. Right: Histogram of longitudinal magnetic field measurement standard errors.

Some observations were obtained as part of the MiMeS Large Programs, while others
were obtained from a dedicated PI program. Least-Squares Deconvolution (LSD) using
tailored line masks was used to obtain high SNR mean Stokes I, V and diagnostic null
line profiles for each star. Typically, 1-3 observations per target were obtained. The pres-
ence of a magnetic field was evaluated using the x? detection criterion of Donati et al.
(1997), as well as via measurement of the longitudinal magnetic field. No new magnetic
stars are detected, with a median longitudinal field error bar of 13 G (see histogram in
Fig. 1). We have also inferred upper limits on the surface dipole fields of the non-magnetic
stars using the method of Petit & Wade (2012). All odds ratios favour the non-magnetic
model, and all probability density functions characterizing the dipole field strength are
consistent with zero within 68% confidence.

4. Results, conclusions and future work

We find that all magnetic stars in the sample show significant N enrichment. We
therefore conclude that the proposed mechanism by which magnetic braking increases
mixing from the deep interior (Meynet et al. 2011) does seem to be supported by our
analysis. However, Morel (2011) reported normal N/C ratios for two magnetic early-type
stars (NGC 2244-201, HD 57682), albeit with somewhat worse precision. Taking this at
face value, the results appear presently to be ambiguous. Moreover, a small number of
confidently non-magnetic stars in our sample are also observed to be significantly N-rich.
In particular, the non-magnetic star HD 16582 (B 2IV) shows the largest N/C enrichment
of the sample. To explain the non-magnetic N-rich stars, additional mechanisms must
be at play. Considering the small size of the current sample, an obvious extension will
be to obtain similarly precise N/C ratios and magnetic data for a much larger sample of
magnetic and non-magnetic early B/late O stars.
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