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Abstract. We report the results of the first population study of 51 magnetic
early B-type stars, based upon a large database of high-resolution spectropolarimetry assembled by the MiMeS and BinaMIcS collaborations. Utilizing
these data, rotational periods were determined for all but 5 of the sample
stars. This enabled us to determine dipole oblique rotator model parameters,
rotational parameters, and magnetospheric parameters. We find that the ratio of the Alfvén radius to the Kepler corotation radius is highly predictive
of whether or not a star displays Hα emission from a Centrifugal Magnetosphere (CM), as expected from theoretical considerations. We also find that
CM host stars are systematically younger than the general population, as expected given that CM emission requires rapid rotation and a strong magnetic
field, and a strong magnetic field will lead to rapid magnetic braking. We
conclude that emission-line magnetic early B-type stars are, almost without
exception, strongly magnetized, rapidly rotating, and young.
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1. Introduction
Thanks to extensive spectropolarimetric surveys, in particular the Magnetism
in Massive Stars (MiMeS) survey, the number of early-type stars with detected
magnetic fields has increased dramatically during the past decade (Wade et al.,
2016). Approximately 10% of early-type stars are magnetic (Wade et al., 2016;
Grunhut et al., 2017), a fraction that is approximately constant for stars with
radiative envelopes. Magnetic stars earlier than about type B5 sometimes possess Hα emission originating in their corotating magnetospheres. Petit et al.
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(2013) showed that emission-line magnetic hot stars can be classified as possessing either Dynamical Magnetospheres (DMs) or Centrifugal Magnetospheres
(CMs), depending on whether the centrifugal force arising from corotation of
the magnetically confined plasma with the stellar surface is strong enough to
prevent gravitational infall. While this division was approximately succesful in
separating stars with and without detectable Hα emission, when first proposed
there was significant uncertainty regarding the combination of magnetic, rotational, and stellar parameters necessary for a star’s magnetosphere to become
detectable. In addition, the presence or absence of Hα emission had not been
determined for many of the stars examined by Petit et al. (2013).
In order to more precisely explore the boundaries between stars with and
without emission, we assembled a sample of 51 magnetic stars with spectral
types between B5 and B0, i.e. essentially all known such objects. The study is
based upon a large database of high-resolution ESPaDOnS, Narval, and HARPSpol spectropolarimetry, principally obtained by the MiMeS Large Programs
(LPs), but also including data obtained by the Binarity and Magnetic Interactions in various classes of Stars (BinaMIcS) and BRITE spectropolarimetric
survey (BRITEpol) LPs (Alecian et al., 2015; Neiner et al., 2016), as well as various individual observing programs. In total 1159 spectropolarimetric sequences
were obtained, yielding 792 magnetic measurements after removal of bad data
and, when appropriate and necessary, temporal binning. Longitudinal magnetic
field hBz i measurements (Mathys, 1989) were obtained from Least-Squares Deconvolution (LSD) profiles (Donati et al., 1997; Kochukhov et al., 2010) and
H lines. The hBz i measurements, supplemented in some cases by spectroscopic
or archival Hipparcos photometric data, were used to obtain rotational periods
Prot . The empirical analysis of these data were presented by Shultz et al. (2018).
These data also enabled us to evaluate the Hα emission status of all stars. Here,
we discuss some of the principle conclusions that can be drawn about the differences between magnetic early B-type stars with and without optical emission
lines.

2. Results
Basic stellar parameters (radius R∗ , mass M∗ , age t, and fractional main sequence age τTAMS ) were determined from the effective temperatures Teff (determined spectroscopically either via spectral modelling, where this was available,
or via EW ratios, where it was not), log luminosities log(L∗ /L⊙ ) (determined
photometrically), and log surface gravities log g (determined via spectral modelling of Hβ and Hγ). For each star, overlapping positions on the HertzsprungRussell Diagram and Teff -log g diagrams were determined, and stellar parameters then obtained via interpolation within the rotating evolutionary tracks
and isochrones calculated by Ekström et al. (2012). For stars belonging to clusters or OB associations (about half the sample), stellar parameters were further
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Figure 1. Cumulative distributions (top) and histograms (bottom) of fractional main
sequence age τTAMS (left) and mass M∗ (right) for stars with (dashed red) and without
(dotted blue) Hα emission. Emission-line stars are systematically younger than absorption-line stars. The dot-dashed line indicates a flat age distribution, with which the
absorption-line stars are consistent. No such dichotomy is apparent for stellar mass.

required to be consistent with the cluster ages determined via main-sequence
turnoffs, thus improving the precision of age determination.
Figure 1 shows cumulative distributions and histograms of τTAMS and M∗
for stars with and without emission. While Hα emission-line stars comprise
only about 25% of the overall sample, they are a majority (57%) of stars with
τTAMS < 0.25. The two-sample K-S test probability that the emission- and
absorption-line stars belong to the same age distribution is 0.002. By way of
contrast, there is no difference in the mass distributions (K-S test probability of
0.95 to belong to the same distribution). From this we conclude that emissionline stars are systematically younger than stars without emission.
Stellar magnetospheres are characterized by two length scales: the Alfvén
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Figure 2. Cumulative distributions (top) and histograms (bottom) of Alfvén radius
RA (left), Kepler corotation radius RK (middle), and log (RA /RK ) (right), for stars
with (dashed red) and without (dotted blue) Hα emission. While there are clear differences in the distributions of RA and RK between emission and absorption-line stars,
log (RA /RK ) provides a superior separation of the two populations.

radius RA , giving the distance to which the stellar wind remains magnetically
confined; and the Kepler corotation radius RK , giving the distance at which
centrifugal and gravitational forces balance. Only stars with RA > RK possess
CMs. RK is calculated from Prot , M∗ , and R∗ (Townsend & Owocki, 2005). RA is
calculated from the surface magnetic dipole strength Bd , R∗ , the mass-loss rate
log Ṁ , and the wind terminal velocity v∞ (ud-Doula & Owocki, 2002), where
we obtained Bd from dipole oblique rotator models based upon hBz i curves, and
wind parameters were calculated using the theoretical predictions of Vink et al.
(2001).
Petit et al. (2013) suggested that log (RA /RK ) > 0.8 may be a minimum condition for Hα to go into emission. Figure 2 shows cumulative distributions and
histograms for RA , RK , and log (RA /RK ), for stars with and without Hα emission. Emission-line stars possess systematically higher RA and lower RK than
absorption-line stars: the median value of RA for emission-line stars is 22 R∗ vs.
9 R∗ for absorption-line stars, and for RK the respective medians are 2.7 R∗ vs.
4.8 R∗ . However, there is substantial overlap in both cases, with 9% of absorption line stars having RA above the median value for emission-line stars, and
13% having RK below the emission-line median. log (RA /RK ) provides a superior separation, with emission- and absorption-line medians of 0.97 and 0.23,
and only 6% of absorption-line stars being above the emission-line median. The

Rotation, Emission, & Evolution of the Magnetic Early B-type Stars

179

two-sample K-S test probabilities for RA , RK , and log (RA /RK ) are respectively
10−3 , 10−5 , and 10−7 .

3. Conclusions
Magnetic B-type stars hosting detectable CMs are without exception rapidly
rotating and strongly magnetized, and almost invariably young. The youth of
Hα-bright stars makes sense given that strong magnetic fields should lead to
rapid magnetic braking. This suggests that young stellar clusters should be the
best places to look for more CM hosts, and that any such object will have a
magnetic field of at least several kG, and Prot below about 1.5 d.
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