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Abstract. We present our analysis of 6 years of ESPaDOnS spectropolarimetry of the magnetic
B Cep star ¢! CMa (B1 III). This high-precision magnetometry is consistent with a rotational
period P,ot > 40 yr. Absorption line profiles can be reproduced with a non-rotating model.
We constrain R,., L., and the stellar age via a Baade-Wesselink analysis. Spindown due to
angular momentum loss via the magnetosphere predicts an extremely long rotational period
if the magnetic dipole B4 > 6 kG, a strength also inferred by the best-fit sinusoids to the
longitudinal magnetic field measurements Bz when phased with a 60-year Pyos.
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1. Magnetometry

The B0.7 IV 3 Cep star ¢! CMa was detected as magnetic by FORS1 (Hubrig et al.
2006) and later confirmed by ESPaDOnS (Silvester et al. 2009). Further FORS1/2 ob-
servations yielded a 2.2 d period (Hubrig et al. 2011), however many stars for which
periods were reported based on FORS1/2 data were not confirmed to be magnetic by
ESPaDOnS data (Shultz et al. 2012), casting doubt on the reliability of period anal-
ysis using FORS1/2 data. An analysis of an earlier, smaller ESPaDOnS data-set was
presented by Fourtune-Ravard et al. (2011), who found P,y ~4 d.

The ESPaDOnS dataset has grown to 34 Stokes V' spectra obtained from 2008 to
2014, with annual clusters of up to 16 spectra separated by hours to days, and uniform
integration times of 240s. Sharp spectral lines and high SNR (>440) lead to a mean
error bar in By of < o >= 6 G in the single-spectrum least-squares deconvolution
(LSD) profiles (Kochukhov et al. 2010). Bz declines smoothly from 340+ 17 G in 2009 to
25143 G in 2014 (see Fig. 1). There is a systematic error (~15 G) due to a small variation
of By, with the pulsation period. We have also located 2 archival MuSiCoS observations
obtained in 2000. In both spectra, the polarity of the Zeeman signature is negative, with
By = —137+£32G. The minimum P,,; compatible with the combined datasets is 40 years:
the longest rotation period yet found for an early B-type star.

2. Analysis

We used the Si 111 455.3 nm line to derive v sin¢ and macroturbulence ¢, performing
a goodness of fit test using a grid of synthetic line profiles including radial pulsation
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Figure 1. Longitudinal magnetic field Bz measurements as a function of time. Measurements
binned by epoch are in solid black circles.

(Saesen et al. 2006), finding v sini < 6 km s™!, and ( = 20+3kms™?, i.e. the line profile
can be be reproduced with a non-rotating model.

To constrain the stellar parameters we performed a Baade-Wesselink analysis, com-
bining the pulsation phase-dependant variations in integrated light (via Hipparcos pho-
tometry), radial velocity (via ESPaDonS and CORALIE spectra, Saesen et al. 2006),
and Tog (via EW ratios for various elemental ionic species). < Teg >= 25.9 £ 0.1KK,
with a £0.5 kK amplitude variation. With the bolometric correction of Nieva (2013), the
model light curve reproduces the photometric variability with R = 8.7 £ 0.7R, leading
to log L/Lg = 4.46 £+ 0.07, where the uncertainty is largely a function of the error in the
Hipparcos parallax. Isochrones (Ekstrom et al. 2012) indicate an age of 12.6 Myr.

Magnetic stars shed angular momentum via the torque applied to the stellar surface
by the corotating magnetosphere (Weber & Davis 1967; ud-Doula et al. 2009). Can a
magnetic early B-type star spin down to P,,¢ > 40yrs after only 12.6 Myr? We computed
the Alfvén radius (ud-Doula & Owocki 2002) based on the mass-loss rate and wind
terminal velocity predicted by the recipe of Vink et al. (2001) using the stellar parameters
above, for values of By between 1.2 and 8.0kG, and from this the spindown time (ud-
Doula et al. 2009), assuming initially critical rotation. If By > 6kG, P, > 40yrs can
be achieved; if P, = 60yrs, the best-fit sinusoid to By, implies By ~ 6 kG.
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