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Magnetic fields occur in every part of the Hertzsprung-Russell Diagram, in single
and binary hot and cool stars both on and off the main sequence, with profound
consequences for internal stellar structure, rotational evolution, and circumstellar
environments. In addition to direct magnetic measurement via spectropolarime-
try, the presence of magnetic fields can often be inferred from indirect photometric
or spectroscopic diagnostics. We review the techniques used to measure stellar
magnetic fields, the general properties of magnetic fields in different classes of
stars, and outline some of the open problems, in particular as regards fossil mag-
netism in hot stars. This article serves as the context for an overview of the
highlights of the BRITE mission and the BRITEpol spectropolarimetric survey,
including newly detected magnetic stars, and new information on the photometric
variability of magnetic stars.

1 Introduction

The past decade has seen a rapid expansion of our knowledge of stellar magnetism.
The advent of high spectral-resolution spectropolarimeters installed on 2- and 4-
m class telescopes, combined with multi-line analysis techniques able to combine
polarization information from hundreds or thousands of spectral lines, has enabled
the detection and characterization of magnetic fields in almost every part of the
Hertzsprung-Russell Diagram. These developments represent a profound shift from
previous decades, when magnetic fields were directly detected only in chemically
peculiar Ap stars and strongly magnetized white dwarf stars1.

1.1 Observing stellar magnetic fields

Magnetic fields are detected directly via the Zeeman effect, in which magnetically
sensitive spectral lines split into several differently polarized components in the pres-
ence of a magnetic field. Since Zeeman splitting is typically less than the line broad-
ening arising from rotation, turbulence, or other broadening mechanisms, polarized
spectra are usually necessary to detect a magnetic field. While magnetic fields can

1With the exception of the Sun, the first star in which a magnetic field was detected (Hale,
1908).
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be detected in all 3 polarized Stokes vectors (Stokes V , or left-handed circular minus
right-handed circular, and Stokes Q and U , or linear polarization), in general Stokes
V is used since the Zeeman effect is of first order in Stokes V and second order in
Stokes QU , meaning that Zeeman signatures are more easily detected in Stokes V .
Even in stars with strong magnetic fields, Zeeman signatures are typically close to
the noise level. Since it is difficult to obtain a sufficiently high signal-to-noise (S/N)
in individual spectral lines, it is advantageous to combine polarization information
from as many spectral lines as possible, in order to obtain a mean line profile with
a much higher S/N. While there are several methods by which this can be done,
by far the most common is Least-Squares Deconvolution (LSD; Donati et al., 1997;
Kochukhov et al., 2010).

The majority of modern stellar magnetometry has been performed with three
instruments: the high spectral resolution echelle spectropolarimeters ESPaDOnS,
Narval, and HARPSpol, respectively installed at the 3.6 m Canada-France-Hawaii
Telescope (CFHT), the 2 m Bernard Lyot Telescope (TBL) in France, and the Eu-
ropean Southern Observatory (ESO) La Silla 3.6 m telescope in Chile. ESPaDOnS
has a spectral resolution of 65,000 across 40 spectral orders, with a range of 370
to 1000 nm. Narval is essentially a clone of ESPaDOnS. HARPSpol has a higher
spectral resolution (100,000) and a shorter wavelength range (378 to 691 nm). Re-
sults from the three instruments are in excellent agreement (Wade et al., 2016, 2017;
Kochukhov et al., 2017).

These observational capabilities and techniques have been utilized by several sur-
veys. The Magnetism in Massive Stars (MiMeS) collaboration surveyed stars earlier
than B5 (Wade et al., 2016; Grunhut et al., 2017), and was followed by B fields in
OB stars (BOB) in the southern hemisphere (Fossati et al., 2015a). Cool stars were
studied by Magnetic Protostars and Planets (MaPP; e.g. Gregory et al., 2008), the
BCool survey (Marsden et al., 2014), and Magnetic Topologies of Young Stars & the
Surival of close-in massive Exoplanets (MaTYSSE; Donati et al., 2015). Magnetism
in both hot and cool close binaries was investigated by Binarity and Magnetic In-
teractions in various classes of Stars (BinaMIcS; Alecian et al., 2015). A survey of
the magnetic fields of post-main sequence massive stars is being conducted by the
Large Impact of magnetic Fields on the Evolution of hot stars (LIFE) collaboration
(Oksala et al., 2017; Neiner et al., 2017b).

1.2 Dynamo vs. fossil magnetic fields

Main-sequence stars can be broadly divided into two classes: stars with convec-
tive exteriors, and stars with radiative exteriors (respectively later and earlier than
spectral type F). This division corresponds to two distinct types of photospheric
magnetism: dynamo-driven magnetic fields, and fossil magnetic fields.

All cool stars host magnetic fields sustained by dynamos, with typical strengths
on the order of 1 to 10 G (although fully convective ultracool dwarf stars can host kG
magnetic fields). Magnetic field strengths correlate closely with the Rossby number,
the ratio of rotational period to convective turnover time (Folsom et al., 2016). They
often exhibit intrinsic variability indicative of magnetic activity cycles (Donati et al.,
2008b), and are often topologically complex (Donati et al., 2008a), although young
fully convective stars frequently exhibit strong, axisymmetric, predominantly dipolar
magnetic fields (Donati et al., 2008a).
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Since radiative envelopes do not support convection, magnetic dynamos are not
expected in hot stars, and indeed when magnetic fields are observed in early-type
stars they are distinct in almost every respect from dynamo-driven fields. They
are typically strong (a few kG), simple (tilted dipoles), and stable, exhibiting no
variability that cannot be explained by rotation over time spans of several decades
(e.g., Oksala et al. 2012). Magnetic fields are also rare in hot stars, being detected
in only about 10% of cases (Grunhut et al., 2012). These properties lead to their
characterization as fossil magnetic fields: magnetic flux frozen into the radiative zone
during an earlier phase in the star’s evolution (Mestel, 1999; Neiner et al., 2015).

While the basic phenomenology of stellar magnetism is now well-established,
there remain many pressing questions. We do not yet understand what happens at
the transition region between the dynamo and fossil field regime, i.e. in F-type stars.
As hot stars evolve, is their magnetic flux conserved, or does it decay (Landstreet
et al., 2008; Fossati et al., 2016)? Do hot stars truly display a ‘magnetic desert’
with a strict dichotomy between strongly magnetized (∼kG) stars and stars with
no or only ultra-weak magnetic fields (Lignières et al., 2014), or is this an artifact
of observational bias arising from the intrinsic difficulty of detecting weak magnetic
fields (Fossati et al., 2015b)? Are hot stars without detected magnetic fields truly
non-magnetic, or are ultra-weak (∼1 G) magnetic fields of the sort detected in Vega
and Sirius essentially ubiquitous (Lignières et al., 2009; Petit et al., 2010, 2011)?

2 BRITE/pol results for individual stars

The BRITE mission has collected large photometric datasets of numerous magnetic
stars. These data enable investigation of a broad range of phenomena either intrin-
sically linked to, or potentially affected by, stellar magnetism, such as the surface
chemical abundance inhomogeneities exhibited by chemically peculiar Ap stars, the
stellar pulsations of β Cep stars, or binary interactions.

The BRITEpol spectropolarimetric survey aimed to observe all BRITE targets
with a detection threshold in dipolar magnetic field strength Bd of 5 G in cool stars
and 50 G in hot stars (Neiner & Lèbre, 2014). The primary motivation was to
obtain magnetic data to combine with BRITE photometry, since the interpretation
of asteroseismic data can be strongly affected by the presence of a magnetic field
(Shibahashi & Aerts, 2000). The survey was conducted with Narval (for declinations
above −20◦), ESPaDOnS (−20◦ < dec < −45◦), and HARPSpol (dec < −45◦), and
achieved 98% completeness (478 of 486 targets observed; 100% complete at CFHT
and TBL, 93% at ESO). Magnetic fields were detected in approximately 9% of
hot stars, comparable to the rate of detection by MiMeS (Grunhut et al., 2012).
Whenever possible, targeted follow-up of newly detected magnetic stars was carried
out in order to fully chararacterize the targets’ rotational and magnetic properties.

2.1 Cool giants

A high fraction of M-type giants are magnetic (Aurière et al., 2015), and several
new magnetic cool giants have been detected by BRITEpol, including four magnetic
M-type giants (β Gru, δ Oph, γ Cru, and σ Lip; Morin et al., in prep.), and two
yellow giants, λ And (G8 III) and ρ Cyg (G5 III; Aurière et al. (2015)). λ And is
an RS CVn star, and exhibits radial velocity variations with an amplitude of ∼15
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km s−1, together with strong, highly variable Stokes V profiles (Neiner et al., in
prep.). ρ Cyg is also highly magnetically variable, with a longitudinal magnetic field
〈Bz〉 varying between ±10 G, and a precision in 〈Bz〉 of less than 1 G (Konstantinova
et al., in prep.).

2.2 F-type stars

BRITEpol data has detected magnetic fields in the main sequence F-type stars ι
Psc, 20 Oph, µ Cyg, and ε Cet (Marsden et al., in prep.), as well as in the binary
systems ι Peg (F5V + G, Neiner et al., in prep.), κ Peg (F5IV + F5V, Marsden et
al., in prep.), and χ Dra (F7V + K, Marsden et al., in prep.). In the case of ι Peg,
the magnetic field is associated with the G-type companion.

With the help of the BCool project, a large dataset (15 observations in 2015, 32
in 2016) has been assembled for χ Dra, with the aim of probing seasonal intrinsic
changes in the star’s magnetic field via Zeeman Doppler Imaging (ZDI; Piskunov &
Kochukhov 2002). Preliminary results indicate a predominantly poloidal magnetic
field dominated by the dipolar component (Marsden et al., in prep.).

Magnetic fields have also been detected in two δ Scuti stars: the F2m star ρ Pup
(Neiner et al., 2017a), and the F2 III star β Cas (Zwintz et al., in prep.). Both
stars have very weak magnetic fields (∼1 G). ρ Pup was the second magnetic δ Scuti
star discovered, after HD 188774 (Neiner & Lampens, 2015). Neiner et al. (2017a)
speculated that ρ Pup may be an evolved counterpart to the recently discovered,
weakly magnetic Am stars (Petit et al., 2011). β Cas is a broad-lined rapid rotator
(Prot ∼ 1.1 d, v sin i ∼ 60 km s−1). It exhibits a complex Zeeman signature indicative
of a magnetic topology much more complex than a simple dipole, which furthermore
may undergo significant changes over times-scale short compared to Prot (Zwintz et
al., in prep.).

2.3 A-type stars

A magnetic field was detected in the broad-lined primary of γ Cen (A0IV + A1IV),
exhibiting variability between ±50 G. A rotational period is currently being deter-
mined (Neiner et al., in prep.).

A strongly variable magnetic field was detected in the triple system α Psc
(A0p/A0/Am), associated with the rapidly rotating Ap star; in this case, the ra-
dial velocity variability of the A0 and Am components, and the stability of the A0p
component, suggest a hierarchical triple in which the two non-magnetic stars are in
a close binary, possibly orbiting the A0p star (Neiner et al., in prep.).

Both rotational and pulsational variability were clearly detectable in the BRITE
light curve of the rapidly oscillating Ap star α Cir (Weiss et al., 2016), demonstrating
the stability of the star’s main pulsation frequency over a ∼20 yr period. The star is
currently the subject of full-Stokes ZDI mapping; preliminary results suggest that,
contrary to the simple dipolar magnetic field expected based on Stokes V alone,
the star possesses a complex, non-axisymmetric magnetic field (Kochukhov et al., in
prep.).

A weak magnetic field was detected in the A0 IIIp star α Dor, with an amplitude
of ∼100 G and a rotational period of ∼2.9 d (Neiner et al., in prep.).

Finally, extremely weak magnetic fields were detected in the Am stars Alhena
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(Blazère et al., 2016a) and β UMa (Blazère et al., 2016b), firmly establshing the
existence of a new class of ultra-weakly magnetized (sub-G) Am stars. The majority
of these stars show a peculiar Zeeman profile with only positive polarization. How-
ever, Alhena possesses a more typical, ‘s’-shaped Zeeman signature, and a somewhat
stronger magnetic field (a few G).

2.4 B-type stars

Several notable magnetic B-type stars have been observed by BRITE and BRITEpol.
The magnetic Bp star a Cen (B7 IIIp) is famous for being the most He-variable

star in its class, changing from a He-strong to a He-weak star over the course of its
rotational period (Bohlender et al., 2010). An extensive spectropolarimetric dataset
was obtained by the MiMeS collaboration, which is being used to map the star’s
surface magnetic field and chemical abundance patches (Silvester et al., in prep.).
These maps will also help to interpet the star’s photometric variability, which is
clearly detected in both BRITE bandpasses (Krtička et al., in prep.).

o Lup (BVp) was detected by MiMeS (Alecian et al., 2011). It exhibits a strong
and variable Stokes V profile, a 〈Bz〉 curve suggestive of a magnetic field more
complex than a tilted dipole, along with substantial variations in 〈Bz〉 measured
from spectral lines of different elements. The BRITE photometry furthermore reveals
evidence of pulsations, making this a potentially important star for asteroseismology
due to its strong magnetic field (Buysschaert et al., submitted).

i Car (B3Vp) is a new BRITEpol detection. Follow-up observations have estab-
lished that its rotational period is about 20 d, and its 〈Bz〉 curve is indicative of a
magnetic field with quadrupolar components (Neiner et al., in prep.).

ε Lupi (B2IV + B2IV) is the only known massive close binary in which both
components possess magnetic fields (Shultz et al., 2015). The BRITE light curve
displays a photometric modulation consistent with a ‘heartbeat’, an ellipsoidal vari-
ation arising from tidal interaction in eccentric binaries. Modelling this variation
has provided precise constraints on stellar radii and masses (Pablo et al., in prep.).

ξ1 CMa (B1III) is a monoperiodic β Cep star with a highly stable pulsation
period. It is the most slowly rotating magnetic B-type star known, with a rotational
period of at least three decades (Shultz et al., 2017). Analysis of a large radial
velocity dataset yielded evidence that it pulsation period is slowing, and that this
rate of change may furthermore be non-linear (Shultz et al., 2017). The BRITE
light curves are currently being combined with archival Hipparcos photometry to
determine if this is indeed the case (see Wade et al., this volume).

β Cen (B1 + B1) potentially represents a very important magnetoastereoseis-
mological target. This binary system has precisely determined physical parameters
(relative mass errors of 1-2%) via interferometric modelling (Ausseloos et al., 2006).
Both components are β Cep stars, and 19 frequencies have been detected in the
BRITE dataset (Pigulski et al., 2016). Furthermore, the narrow-lined secondary pos-
sesses a weak (〈Bz〉 ∼ 20 G) magnetic field (Alecian et al., 2011). The combination
of precise physical parameters and numerous frequencies means that asteroseismol-
ogy can be carried out under highly controlled conditions; furthermore, the presence
of a magnetic field in one of the stars means that the influence of a magnetic field
on the internal structure of this star can be compared to a star of identical age and
similar mass. Unfortunately, it is not clear which pulsation frequencies belong to
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which star (Pigulski et al., 2016), and while the secondary’s magnetic field is clearly
detected, its amplitude of variation is close enough to the mean error bar that a
rotational period is difficult to determine.

τ Sco (B0V) is the hottest B-type star in which a magnetic field has been detected.
This young star possesses a complex, non-axisymmetric surface magnetic topology
(Donati et al., 2006). Its BRITE light curve is remarkably flat, with no indication
of rotationally modulated photometric variability, and almost no red noise. It is
currently the subject of full-Stokes ZDI mapping (Kochukhov et al., in prep.) in
order to resolve ambiguities in the uniqueness of magnetic maps obtained only with
Stokes V (Kochukhov & Wade, 2016).

2.5 Hot supergiants

The first massive supergiant in which a magnetic field was detected was ζ Ori Aa
(O9Ib) (Blazère et al., 2015). The star has the weakest magnetic field ever detected
in an O-type star (Bd ∼ 140 G), and is the only magnetic O-type star known in
which the magnetic field is likely too weak to confine the stellar wind. In keeping
with this, while the analysis of the BRITE light curve confirmed the ∼ 6 d rotational
period inferred from the magnetic data, it also detected cyclic rather than strictly
periodic variations with variable amplitudes, likely produced in the circumstellar
environment, of a variety more similar to those seen in non-magnetic O-type stars
(Buysschaert et al., 2017).

ζ Ori Aa has recently been joined by magnetic detections in several BA-type
supergiants: ε CMa (B1.5II) (Fossati et al., 2015b), and ι Car (A7Ib) and HR 3890
(A8Ib) (Neiner et al., 2017b). The latter two are BRITEpol discoveries. All three
stars exhibit extremely weak magnetic fields (a few G), a result that is compatible
with magnetic fields of a few kG on the main sequence assuming conservation of
magnetic flux as the stellar radii expanded. Neither ε CMa nor HR 3890 show
sufficient variability in Stokes V to determine Prot; however, ι Car has a variable
Stokes V profile, which should enable its rotational properties to be discerned (Neiner
et al., in prep.).
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