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This paper describes the thesis work of Schnerr (2007) entitled ”Magnetic fields and mass
loss in massive stars“, which aimed at a better understanding of the impact of magnetic fields

on the winds of massive stars.

1 Introduction

The goal of this PhD project was to increase our
understanding the role of magnetic fields in massive
stars (M>10 M), as magnetic fields strongly impact
both their formation and evolution, and many un-
explained phenomena observed in massive stars are
likely related to magnetic fields. In this paper we
list the known magnetic massive stars, summarise
the indirect evidence for the presence of magnetic
fields in these stars, such as various types of vari-
ability observed in UV wind lines, report new direct
measurements of their magnetic field strengths, and
discuss results of models of the impact of magnetic
fields on the structure of the stellar wind.

2 Indirect evidence for magnetic
fields in massive stars

The most important indirect evidence of magnetic
fields in massive stars is the observed, rotationally
modulated, variability in their UV wind lines (see
e.g. Henrich et al. 2005). Examples of such variabil-
ity are shown in Fig.1. Magnetic fields have been
suggested as a possible cause for this variability (see
also Sect.2.1).

Ud-Doula & Owocki (2002) showed that the type
of variability caused by a magnetic field can be char-
acterised by the magnetic confinement parameter 7,:
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where B, .4 is the magnetic field strength at the stel-
lar equator, R, the stellar radius, M the mass-loss
rate and v the terminal wind velocity. All cur-
rently known magnetic massive stars (listed in Ta-
ble 1) have n. > 1, which means that the behaviour
of their winds is dominated by the magnetic field.

Such stars are called oblique rotators. For stars with
7% < 1, the wind dominates over the magnetic field,
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but even such a weak field could still result in ob-
servable variability in the wind. The fact that only
relatively strong magnetic fields have been detected
is likely due to the sensitivity of the current instru-
mentation. The known population of magnetic mas-
sive stars might only be the tip of the iceberg.

Other indicators for the presence of a magnetic
field are non-thermal radio emission likely due to
synchrotron radiation (White 1985, see also Schnerr
et al. 2007¢), anomalous X-ray emission (e.g. Oksala
et al. 2005 and Waldron & Cassinelli 2001), chemical
peculiarities related to reduced mixing due to mag-
netic fields, and variable (double peaked) emission
lines such as Ho and He1l (e.g. Moffat & Michaud
1981, Rauw et al. 2001 and Stahl et al. 1996).

2.1 Types of UV wind-line variability

A thorough investigation of OB stars observed with
IUE by ten Kulve (2004, see also Howarth & Prinja
1989, Kaper et al. 1996, Fullerton 2003 and Henrichs
2005) revealed three different types of UV wind-line
variability (Fig. 1). Next to the known DAC-type
variability observed at high velocities (near v.,) and
the magnetic-type variability close to line centre, a
third type is found with variability at intermediate
velocities.

All known magnetic massive stars observed by
IUE show magnetic-type variability, except w Ori
and 6 Ori C which show DAC-type variability. In
all these stars the UV wind-line variability is stricly
periodic (see Fig. 2), except perhaps w Ori where the
periodicity was only observed for a period of three
days (Peters 1996). Most O stars show DAC-type
variability, usually with a cyclic behaviour but not
strictly periodic. Cranmer & Owocki (1996) pre-
sented a model to explain this type of variability by
a disturbance at the base of the wind. As a cause
for this disturbance both magnetic fields and non-
radial pulsations have been suggested. However, the
observed periods of the variability are of the order of
the stellar rotation period, and no pulsations modes
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Figure 1: Examples of the different types of variability found in the UV wind lines of massive stars. Shown
are: a non-variable star (12 Lac - top left), magnetic type variability (V2052 Oph - top right),
intermediate type variability (V375 Car - bottom left) and DAC-type variability (A Eri - bottom

right). Figures after ten Kulve (2004).

(or beating of different modes) with the right periods
have been observed (see e.g. Henrichs 1999).

3 Line profile modeling

To investigate the impact of a magnetic field on the
stellar wind of a massive star, we have modeled the
case of the B1IV star § Cephei using a MHD code
to determine the wind geometry in the presence of a
magnetic field (see ud-Doula et al. 2002) and a SEI
based code to calculate corresponding line profiles.
We find that for simple phenomenological models
with enhanced density in the magnetic equator (pre-
sumably due to magnetic channeling of the wind) the
observed variability of the wind lines is qualitatively
reproduced. However, when full 2D-MHD models
are used to determine the geometry of the stellar
wind, significant differences are encountered that are
likely due to X-ray ionisation which has not been in-
cluded in the models (see Schnerr et al. 2007b).

4 New B-field measurements

Currently only a rather small sample of magnetic
massive stars is known (see Table 1). To increase this
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number we have started a large observational pro-
gram to search for new magnetic massive stars. For
this program we have observed 11 O-type stars at
three different epochs with FORS1 at the VLT and
obtained a total of 136 magnetic field measurements
of 25 OB stars with Musicos at the TBL (Schnerr
et al. 2007a). Typical 1o errors of the order of 40-
100 gauss were achieved, but no new magnetic fields
have been detected. From this we conclude that if
magnetic fields are responsible for the observed UV
wind-line variability in massive stars, they must ei-
ther be weak (1, = 0.1 — 1) or relatively small scale
(perhaps similar to sunspots), or both.

5 Conclusions

The winds of many massive stars are highly variable.
For the stars that are known to have strong magnetic
fields (which are listed in Table 1) the (periodic) vari-
ability observed in their UV-wind lines is clearly re-
lated to the magnetic field. However, other types of
variability are also observed of which the cause has
not yet been established. Our working hypothesis is
that magnetic fields are related to all types of UV
wind-line variability, and that the type of variabil-
ity is determined by the magnetic wind confinement
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Table 1: The known magnetic massive stars and their properties.

Object Spectral Type Mass (Mg)  Bpolar (G)  Prot (days) Reference

6! Ori C 04-6V 45 11004100 15.4 Donati et al. (2002)
HD 191612 06-8 ~30 ~1500+ 5387 Donati et al. (2006a)
7 Sco B0.2V ~15 ~500+ 41 Donati et al. (2006b)
B Cep BI1IV 12 360440 12.00089  Henrichs et al. (2000)
V2052 Oph B1V 10 2504190 3.63883 Neiner et al. (2003)

¢ Cas B2IV 9 340490 5.37045 Neiner et al. (2003)
w Ori B2IVe 8 5304200 1.29 Neiner et al. (2003)
14 pulsating stars B1-B8 2-14 few 102 >1 Hubrig et al. 2006
He-peculiar (~25) B1-BS8 <10 103-10* 0.9-22

parameter 7, and the magnetic field configuration.
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Figure 2: The variability of the equivalent width of

the Crv line (top) in 8 Cephei shows the
same period as the magnetic field (bot-
tom), which is the rotational period of the
star. Figure after Henrichs et al. (2005).
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Kubat: If 5 Cep is not a Bestar, what is the source
of the Ha emission?

Schnerr: Using spectro-astrometic observations we
have shown in Schnerr et al. (2006, A&A) that
the Ha emission actually originates from the binary
companion of 5 Cep, which is likely a normal Be star.

Cassinelli: Steve Shore found that for stars with
strong fields the outflow was out of the magnetic
polar region. But you said that for 5 Cep the flow
cut the B field equator.

Cohen: In 0’OriC it also was assumed that the
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wind is strongest over the magnetic poles, but
once the field was measured it turned out that the
strongest wind is in fact in the magnetic equatorial
plane.

Sonneborn: Shore’s work on mass loss/wind in
oblique rotators is for stars with strong magnetic
fields, so mass loss along the magnetic poles is not
surprising.

Schnerr: I agree that the very high field strength
may explain the different behavior.
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