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Abstract. Most stars of the upper HRD live in multiple systems. When the
separation is small, interactions may occur, affecting the stellar evolution and
feedback. The presence of magnetic fields here opens the door to phenomena
beyond the “usual” ones (mass transfer, wind collisions, tidal interactions,...)
but it also put strong constraints on models of stellar evolution and magnetic
field generation. This is why surveys of intermediate- and high-mass binaries
with short periods have been undertaken. We will review results in this domain,
including the properties of the (rare) detected cases such as Plaskett’s star.
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1. Introduction

While a few detections were made in the 20th century, the magnetism of the
most massive stars has only begun to be investigated in detail in the last decade,
thanks to the advent of sensitive spectropolarimeters. Survey results indicate
that magnetic stars share similar properties from spectral types A to O: the
incidence rate is low (7% for OB, Fossati et al., 2015b; Grunhut et al., 2017,
and 1–10% for Ap stars, depending on their masses, see Sikora et al. in these
proceedings); the fields are generally strong (typically a few kG, though some
very weak fields were also detected - see Blazère et al. (2015, 2016); Fossati et al.
(2015a)), stable, and large-scale (with a strong dipolar component).

These magnetic fields are thought to be fossil. Indeed, the same magnetism
incidence rate is found in HAeBe stars (Alecian et al., 2013; Hubrig et al., 2013)
and the intermediate- and high-mass stars lack the convective envelopes respon-
sible for the presence of magnetic fields in lower-mass stars. Three scenarios have
then been invoked to explain the presence of such fields. First, the magnetism
could be directly inherited from the primordial cloud. In this case, since strong
magnetism is expected to inhibit cloud fragmentation, few magnetic binaries
are expected; besides, in those rare cases, since close binaries are formed from
the same material, both components would share the same magnetic properties
(e.g., Moss, 2001). Second, the magnetism could relax from a convective dynamo
taking place at a very early stage of the star formation. The reason why this
process would only occur in some stars still needs to be ascertained. Finally,
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the magnetism could arise from the strong shear associated to merging events
(Ferrario et al., 2009; Schneider et al., 2016). This latter mechanism would nat-
urally explain the low incidence rate since, from stellar evolution considerations,
de Mink et al. (2014) predict that about 8% of massive stars are merger prod-
ucts (note that the field generation then needs to produce a stable field for
every merging event, which is not ascertained). Such merging could occur in
the PMS or MS stage but, since incidence rates are similar for PMS and MS
stars, some decaying process is needed to avoid increasing rates. Theoretically,
a MS merging leaves several signatures: rejuvenation (the magnetic stars should
appear younger than surrounding cluster members), presence of ejecta (material
ejected during the event should form a circumstellar nebula), rapid rotation and
abundance anomalies (Schneider et al., 2016). Observationally, these properties
are found, but are not universally shared, amongst magnetic intermediate- and
high-mass stars: rejuvenation may have been detected for τ Sco and HR 2948,
ejecta surround HD 148937, and rapid rotation or abundance anomalies have
been found in some cases - but not all. Besides, if merging occurred, no close
companion remains hence the resulting star should appear single or in a long-
period binary (which could even form after the event by dynamical capture, for
example).

The magnetic properties of intermediate- and high-mass binaries, especially
the shortest-period ones, thus represent a crucial test for models of stellar evo-
lution or of magnetism generation. Besides, such systems possess several ad-
vantages: the stellar properties can be derived with a high precision (masses,
radii,...) and the age and composition should be the same for both stars. How-
ever, a good coverage of both the orbital and rotational periods is required,
which represent a substantial investment of observing time. Finally, the presence
of two stars opens the door to additional, interesting but still poorly known, phe-
nomena, such as tidal interactions, magnetospheric interactions, or wind-wind
collisions.

2. Results

Because multiplicity is widespread in massive stars, many of the magnetic detec-
tions actually occurred in binaries. For example, the first magnetic field detected
in an O-star was found in θ1 Ori C, which has a companion. However, the vast
majority of these binaries have long periods, and cannot serve as a probing tool
for the objectives previously mentioned. The first detection of magnetism in a
close OBA binary occurred in 1958, for the intermediate-mass system HD 98088
(Babcock, 1958). The detailed study of Ap stars then revealed that their over-
all binary fraction was similar to, though maybe slightly smaller than, that of
“normal” A stars (Abt & Snowden, 1973), and there seems to be an almost com-
plete lack of binaries with periods shorter than 3d (Carrier et al., 2002). Recent
surveys (general ones like MiMeS Grunhut et al. (2017) or BOB Schöller et al.
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(2017), or ones specific to close binaries like BinaMIcS Alecian et al. (2015))
refined the picture and enlarged it to OB stars. They found few detections in
close binaries composed of two hot stars, with an incidence rate limited to 2%.
It is also important to underline that, in all but one case, only one of the two
components is found to be magnetic.

Table 1 lists the dozen detections achieved up to now, with the main or-
bital/stellar/magnetic parameters. As a complement, we may note that (1) two
other Ap+Am systems were proposed in the past but recently dismissed (Folsom
et al., 2013b) and (2) HD 34736 was first thought to have Porb ∼ 0.3d (Semenko
et al., 2014) but actually has Porb ∼ 83d (Semenko et al., in prep.) – the large
excentricity of the system may lead to interactions at periastron, though. In ad-
dition, there are also two triple systems where a magnetic B star is associated to
a close A+A binary: HD 35502 (Sikora et al., 2016) and HD 164492C (González
et al., 2017; Wade et al., 2017). Those are not per se cases of magnetic objects
in close binaries but these systems have an interesting configuration which may
also sensitively test theoretical models.

2.1. Plaskett’s star

This massive binary system harbours two late-type O-stars in a tight, 14.4 d
orbit. It displays several peculiarities: the secondary is a fast rotator, there is a
mismatch between dynamical and spectroscopic masses, as well as abundance
anomalies (He enrichment of both stars, N depletion in the secondary, N enrich-
ment and C depletion in the primary). This has led Bagnuolo et al. (1992) and
Linder et al. (2008) to conclude that Plaskett’s star actually is a post-mass trans-
fer binary. In addition, the Doppler mapping of the Hα and He ii 4686 emissions
suggested a flattened wind region around the equator of the secondary (Linder
et al., 2008). Grunhut et al. (2013) detected a magnetic signature in Stokes-
V spanning the radial velocity interval covered by the fast-rotating secondary.
The flattened wind region was then interpreted as magnetically confined winds.
Since both stars have strong stellar winds, the interactions are complex in the
system: preliminary MHD modelling suggests the simultaneous presence of a
confined secondary wind and a wind-wind collision (ud-Doula, private commu-
nication). This may be reflected in the high-energy properties of the system,
which is brighter at these wavelengths than other magnetic O-stars (Nazé et al.,
2014). While X-ray variations are known from ROSAT, XMM, and Chandra
data, their study could not definitely identify the recurrence timescale(s) (Lin-
der et al., 2006, and Leutenegger et al., in prep.) and much remain to be done
to characterize this unique wind interaction.

Plaskett’s secondary is a fast rotator, and it is the sole fast-rotating magnetic
O-star. This is puzzling since magnetic braking is supposed to play an important
role in those stars. This led to question the origin of the field: could it be different
from that of other magnetic massive stars? Because of its past interaction, Plas-
kett’s secondary is obviously not a merging product (the companion being still
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there!) but the shear generated by the mass-transfer event could here have been
the magnetic trigger. In other words, could Plaskett’s secondary be the proto-
type of a new category of magnetic massive stars, or is it simply amongst the 2%
of magnetic stars in close massive binaries, its fast rotation being a coincidence?
This was tested by observing with FORS2, ESPaDOnS or Narval a set of 15
short-period massive binaries known to undergo or to have undergone similar
interactions (Nazé et al., 2017). The campaign resulted only in non-detections,
with an overall limit of Bd ∼ 200 G for the whole sample (considering all stars to
share similar properties). In addition, the incidence rate after adding Plaskett’s
detection appears compatible with survey results. This finding strongly limits
the putative role of binary interactions in the generation of magnetic fields in
massive stars.

2.2. εLupi

This system comprises two B-type stars, both likely pulsating, in a short ec-
centric orbit (Porb = 4.6 d, e = 0.27, Uytterhoeven et al., 2005). Magnetic sig-
natures were detected in the system in the last decade (Hubrig et al., 2009;
Shultz et al., 2012), and subsequent monitoring revealed that both components
were actually magnetic. εLupi thus is the only known case of a doubly magnetic
massive binary. This leads to an interesting phenomenon: because of the com-
bination of strong fields and small separation, the two magnetospheres should
interact – moreover, this interaction should vary with time, as the system is
eccentric. The search for the signature of this unique interaction is ongoing, and
will certainly unveil a wealth of new phenomena.

2.3. Others

Since we are dealing with close binaries, tidal interactions are supposed to take
place. This may lead to alignment of orbital and rotational axes, synchronization
of the orbital and rotational periods, and orbit circularization. In the sample
of close magnetic binaries (Table 1), a few systems have achieved synchroniza-
tion, about half of the systems have circularized, but nearly all have reached
alignment (when the inclination information is known). This is in line with the
timescale expectations of these phenomena. In this context, it is interesting to
note that in BD–19◦5044L, the synchronization is not complete (i.e. Porb 6= Prot)
but the orbital and rotational angular velocities agree at periastron (Landstreet
et al., 2017).

There are two interesting additional pieces of information: (1) the two com-
ponents of HD 98088 have been found to display similar ages, an argument in
favour of coevality; (2) the obliquity of the detected magnetic fields is generally
large (the exceptions are the weaker fields of εLupi and HD 5550, and that of
HD 36485).
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3. Conclusion

Sensitive spectropolarimetric measurements have showed that magnetic stars
do exist in close OBA binaries, and with field strengths similar to what is found
in single stars or wide binaries of similar spectral types. Their mere existence
seems incompatible with a merger scenario (even more so for the case of εLupi,
the sole doubly magnetic massive binary). In this context, the non-detection of
magnetism associated to blue stragglers (Grunhut et al., in prep.) is also a strong
argument against the merger scenario. Furthermore, magnetism is even rarer in
short-period binaries than in long-period systems or in single objects (2% vs. 7%
for OB stars - the situation appears less clear-cut for Ap stars). This suggests
that whatever generated magnetic fields in massive stars is somewhat inhibited
when binaries form, placing strong constraints on their origin. This result could
be compatible with the simulations showing that intense fields inhibit cloud
fragmentation, if the fields are inherited from the primordial cloud. However, in
all but one system, only one of the companions is detected to be magnetic, not
both. Since both stars are formed from the same (piece of) cloud, one would
rather expect to observe the contrary in case the stellar magnetic field originates
from a field in the primordial, interstellar material.

A specific survey also demonstrated that interacting or post-interacting mas-
sive systems are not predominantly magnetic – there is only one case, the fast-
rotating secondary in Plaskett’s star. Therefore, binary interactions appear to
play little role in the magnetic field generation. Plaskett’s secondary is “just”
one of the few examples of magnetic massive stars in binaries, not the prototype
of a new class of magnetic objects.

Moreover, as expected for such close systems, some magnetic intermediate-
and high-mass binaries are presenting signatures of tidal interactions, with stel-
lar rotation synchronized and/or aligned with the orbital motion, and/or cir-
cularized orbits detected in more than half of the systems. In addition, two
systems appear particularly exceptional: Plaskett’s star combines magnetically
confined winds and wind-wind collision, while εLupi should harbour (variable)
magnetospheric interactions. These two systems therefore will continue to be
monitored in detail, especially at high energies, to pinpoint the characteristics
of these new phenomena.

Finally, the detected fields usually present a large obliquity, which is certainly
linked to their origin. All these elements (incidence rate, obliquity,...) thus place
strong constraints on the origin of the magnetism in intermediate- and high-
mass stars but, while important results have already been achieved, much work
remain to be done (notably refining models and enlarging observational samples)
before fully understanding these “massive” magnetic phenomena.
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