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Abstract

In Kurapati et al.(2017) [4], we conducted a survey of the
radio emission properties of 7 magnetic O and 11 B-type
stars with masses M ≥ 8M� using the Karl J. Jansky Very
Large Array in the 1 cm, 3 cm and 13 cm bands. We sum-
marize the results presented in Kurapati et al.(2017) [4].
The survey resulted in a total of four detections, two O and
two B stars. While the detected O-type stars - HD37742 and
HD47129 - are in binary systems, the detected B-type stars,
HD156424 and ALS9522, are not known to be in binaries.
All four stars were detected at 3 cm, whereas three were de-
tected at 1cm and only one star was detected at 13cm. The
detected B-type stars are significantly more radio luminous
than the majority of the non-detected B-type stars, which is
not the case for O-stars. The non-detections at 13 cm are in-
terpreted as due to thermal free-free absorption. Mass-loss
rates were estimated using 3 cm flux densities and were
compared with theoretical mass-loss rates, which assume
free-free emission. For HD 37742, the two values of the
mass-loss rates were in good agreement, possibly suggest-
ing that the radio emission for this star is mainly thermal.
For the other three stars, the estimated mass-loss rates from
radio observations were much higher than those expected
from theory, suggesting a possible contribution from non-
thermal emission. All the detected stars are predicted to
host centrifugal magnetospheres except HD 37742, which
is likely to host a dynamical magnetosphere. This suggests
that non-thermal radio emission is favoured in stars with
centrifugal magnetospheres.

1 Introduction

Recent systematic surveys of the magnetic properties of hot
stars have revealed a population of O- and B-type stars host-
ing significant surface magnetic fields [1, 5]. These mag-
netic fields are strong (from a few hundred to tens of thou-
sands of gauss), organised (mainly dipolar) and highly sta-
ble.

Theoretical models and magnetohydrodynamical (MHD)
simulations have explored the dynamical interaction of
these magnetic fields with stellar rotation and mass-loss
[12, 7]. Both observation and theory show clearly that
the stellar wind interaction with the magnetic field leads
to wind confinement and channelling, generating a long-

lived circumstellar magnetosphere [9, 2]. Close to the star,
the magnetic pressure dominates the kinetic pressure of the
wind, forcing the wind to follow closed magnetic field lines
in regions near the magnetic equatorial plane. Far from the
star, the kinetic pressure dominates the magnetic pressure
due to the stronger decline of the magnetic energy density
compared to the wind kinetic energy density. The radius at
which the energy densities become equal is defined as the
Alfvén radius, which also marks the boundary of the inner
magnetosphere. Beyond the Alfvén radius, the stellar wind
opens the magnetic field lines and generates a current sheet
in the magnetic equatorial plane. This region is the middle
magnetosphere, where the electrons are accelerated to rel-
ativistic speeds and gyrosynchrotron radio emission is ex-
pected to arise [11]. The gyrosynchrotron emitting region
extent is defined by these wind electrons returning to the
star along the field lines. These magnetospheres were clas-
sified into two broad physical categories, namely dynami-
cal magnetospheres (DM) and centrifugal magnetospheres
(CM)[13]. This classification is based on two parameters:
the degree of magnetic wind confinement characterized by
the Alfvén radius (RA), and stellar rotation characterized
by the Kepler co-rotation radius (RK). A DM results in the
case of a slowly rotating star (RA < RK). In this case, wind
plasma trapped in closed magnetic loops falls back onto the
stellar surface on a dynamical timescale. A CM occurs in
the case of a rapidly rotating star ( RA > RK). In this case,
wind plasma caught in the region between RA and RK is
centrifugally supported against infall. This results in long-
term accumulation of plasma and consequently higher mag-
netospheric plasma density[8].

In stars with high mass-loss rates, radio emission is usually
produced by thermal free-free emission from the ionised
stellar wind. However, in the presence of magnetic field
and relativistic electrons, non-thermal synchrotron emis-
sion may dominate the radio spectrum. Electrons can be
accelerated to relativistic speeds, either by magnetic recon-
nection near the current sheet in the middle magnetosphere
[14] or through Fermi acceleration in strong shocks in the
inner magnetosphere [6, 3]. Some numerical simulations
[15] suggest that one requires both a magnetic field and a
binary companion to explain the non-thermal radio emis-
sion from massive stars.

To homogenize the study of the physics of magnetospheres



of hot stars, we have carried out a systematic survey of the
radio emission properties of the 18 known magnetic O and
B type stars (with masses M ≥ 8M�) using the Karl J. Jan-
sky Very Large Array (JVLA). Our results of this survey has
been published in Kurapati et al.(2017) [4]. Here, we sum-
marize the results presented in Kurapati et al.(2017) [4].
We describe the observations briefly. We compare the prop-
erties of detected and non-detected stars and explore their
properties.

2 Observations

The JVLA observations were taken between 2014 March 8
to 2014 August 1 during the 14A semester in the 13 cm (S),
3 cm (X) and 1 cm (Ka) bands. The data were collected in
an 8-bit sampler mode for the S band, and in a 3-bit sam-
pler mode for the X and Ka bands. Thus the bandwidths
for S, X and Ka bands observations were 2 GHz (frequency
range 2–4 GHz ), 4 GHz (frequency range 8–12 GHz ) and
8 GHz (frequency range 29–37 GHz), respectively. The ob-
servations were taken in VLA A, D and A→D configura-
tions. All the calibration and data reduction were carried
out using standard tasks in the Common Astronomy Soft-
ware Applications (CASA) Package.

3 Results

The survey resulted in a total of four detections in the
X band. The detected stars are HD 37742 (O9.5 Ib),
HD 47129 (O7.5 III), HD 156424(B2 V) and ALS 9522
(B1.5 V). Three of the stars detected in the X band were also
detected in the Ka band (i.e. all except for ALS 9522). Only
one of them, HD 37742, was also detected in the S band.
The non-detections in the S band are probably due to free-
free absorption. This is because, due to the wavelength-
squared dependence of the free-free opacity [16], the size
of the radio photosphere increases with wavelength result-
ing in high free-free absorption at S-band frequencies com-
pared to the X and Ka bands. The mass-loss rates were
estimated from our radio observations, and were compared
with the mass-loss rates calculated from theoretical models
which are based on free-free emission. This may allow us to
understand the emission processes and estimate the thermal
versus non-thermal contributions to the radio emission. If
the radio radiation is purely thermal, we would expect that
the mass-loss rates estimated from observations to match
those expected from theoretical models. If the radio emis-
sion has an important non-thermal contribution, then our es-
timates based on the thermal emission assumption are likely
to be overestimates. In 3 of the detected stars, we found that
for HD 47129, HD 156424, and ALS 9522, the mass-loss
rates derived from radio observations are many times higher
than those expected from the theoretical models. This could
suggest a significant contribution of radio emission by var-
ious mechanisms, e.g. non-thermal radio emission or radio
emission from colliding wind binary. For HD 37742, the
mass-loss rate obtained from radio observations matches
the value obtained using the theoretical model. This result

could be evidence for a thermal origin of its radio emission,
which is also consistent with the positive spectral index. For
the non-detected stars, upper limits on estimated mass-loss
rates (from 3σ upper limits on the radio flux) are consistent
with the theoretical mass-loss rates for those stars, i.e. the
theoretical model predicts radio fluxes that are below our
detection threshold.

4 Summary and Conclusions

We summarize the results obtained in Kurapati et al.(2017)
[4]. Results of JVLA observations of 18 magnetic O- and
B-type stars with masses greater than 8 M� were presented.
The JVLA observations were taken at random rotational
phases in the S, X and Ka bands. We have detected X
band radio emission from 2 out of 7 magnetic O-type stars
and 2 out of 11 magnetic B-type stars in our sample. The
detected O-type stars, HD 37742 and HD 47129, are in bi-
nary systems. The detected B-type stars, HD 156424 and
ALS 9522, are not known to be in binaries. Two other O-
type stars, which are known to be in (much longer-period)
binary systems (HD 108, HD,191612) were not detected.
Only HD 37742 is detected in the S band. The general lack
of detections of our targets in the S-band is probably due
to free-free absorption by the free-streaming stellar wind.
Three stars, HD 37742, HD 47129 and HD 156424, were
detected in the Ka band. The radio flux of HD 37742 and
HD 47129 in the Ka band is consistently higher compared
with that in the S and X bands. This can be explained by a
dominant contribution of thermal flux.

Mass-loss rates were estimated for the detected stars us-
ing X band radio flux densities and were compared with
the expected mass-loss rates from the theoretical models.
However, there are some caveats in theoretical prediction
of mass-loss rates as binarity and the presence of magnetic
field were not taken into account. In addition, the theoreti-
cal estimates assume smooth density profiles, while clump-
ing factors of order 10 are measured in O-type star winds.
However, the clumpiness of the medium is not expected to
change the mass-loss rate by more than a factor of 3 [10],
much less than the discrepancy we note. For HD 37742, the
theoretical estimate matches with that of observational one,
suggesting that the radio emission is mostly thermal. The
thermal nature of the HD 37742 radio emission is also sup-
ported by the spectral index we measure. For the remain-
ing 3 stars, mass-loss rates estimated from radio observa-
tions were orders of magnitude higher compared to those
predicted by theory. This may indicate significant contri-
bution of the radio emission from other mechanisms than
only thermal free-free emission. In magnetic stars, mid-
dle magnetosphere can give rise to non-thermal gyrosyn-
chrotron emission. However, in case of binary systems, the
stellar wind from both the stars may interact and produce
thermal and non-thermal emission. The detected B- stars in
our sample are not known to be in binary system, thus the
additional mass-loss rate is likely to have contribution from
the non-thermal emission of the magnetosphere. However,



HD 47129 is a close binary system and emission from col-
liding stellar winds could play a significant role.

All the detected stars host centrifugal magnetospheres ex-
cept for HD 37742, which hosts a dynamical magneto-
sphere. However, the radio emission of HD 37742 is un-
ambiguously thermal. This suggests that non-thermal radio
emission seems to favour centrifugal magnetospheres. In
addition, binary wind interactions may also play a role.

We were unable to evaluate the nature of emission or vari-
ability of radio flux as we have a adopted snapshot approach
to identify the stars that are emitting radio radiation. In or-
der to understand the emission mechanisms and flux vari-
ability over the rotation period, we need to observe the de-
tected stars simultaneously over all the frequencies. The de-
tectability of the O-type stars seem to be sensitivity limited.
With the upcoming SKA, we expect to achieve a significant
sensitivity and detect a larger fraction of the O star sample.
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