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ABSTRACT

Context. Particle-accelerating colliding-wind binaries (PACWBs) are multiple systems of massive stars in which strong stellar winds
collide, accelerating particles to relativistic energies. This population of relativistic particles emits NT radiation, including synchrotron
radiation in the radio domain. This emission is expected to be linearly polarized, but the polarization signature has not yet been detected
for a PACWB.

Aims. Our objective is to quantify the linear polarization of synchrotron radiation in two well-known PACWBs and to interpret our
measurements within the framework of the physics of these specific NT emitters.

Methods. We observed the PACWBs WR 147 and HD 167971 with the Very Large Array (VLA) radio interferometer in the frequency
bands L and C (1-2 and 4-8 GHz, respectively), where synchrotron emission is expected to be more prominent. We performed polar-
ization calibration and analyzed the resulting Stokes maps.

Results. We did not detect any polarization signature for either of the two targets in either of the two bands, even when considering
narrower bands to mitigate the effect of bandpass depolarization. The most conservative upper limit on the polarization degree is on
the order of 1% for both targets.

Conclusions. The lack of linear polarization for the two targets is likely attributable to a combination of effects, including the turbu-
lent nature of the magnetic field in the synchrotron-emitting region, and depolarization processes based on Faraday rotation that are
certainly active in these sources. Their complex geometry, unresolved by the VLA at these frequencies, is most likely to lead to beam
depolarization. We emphasize that, in contrast to other canonical synchrotron sources, PACWBs are also subject to thermal dilution.
This is especially relevant for systems with stars whose winds are strong enough to contribute copiously to thermal emission, such as

those harboring a Wolf-Rayet component.

Key words. polarization — radiation mechanisms: non-thermal — stars: individual: HD 167971 — stars: individual: WR 147 —

radio continuum: stars

1. Introduction

High-mass stars (M > 8 M) are a type of hot, luminous star
commonly found gravitationally bound in binary or multiple sys-
tems, with a binary fraction of at least 90% for O-type stars
in young clusters (Offner et al. 2023). They are characterized
by strong, fast, and dense winds of ejected material that cause
the environments of these stars to become irreversibly modified.
The outflowing material that is expelled from the massive-star
surface in the winds can reach terminal velocities (vs) of a
few 1000 kms~!, with mass-loss rates (M) that typically range
between 107 and 10> M, yr™!. These wind parameters are inti-
mately dependent on the spectral type and luminosity class of
the star. In particular, Wolf-Rayet (WR) stars, which are the
evolved counterparts of O-type stars, are typically associated
with significantly stronger winds.

When a multiple stellar system is made of two or more
high-mass stars, their powerful winds collide, resulting in what
is known as a colliding-wind binary (CWB). Within the cate-
gory of CWBs, some systems show evidence of being capable
of accelerating charged particles, such as electrons and protons,

* Corresponding author: ablanco@uliege.be

to relativistic speeds. We refer to these systems as particle-
accelerating colliding-wind binaries (PACWBs, De Becker &
Raucq 2013; De Becker et al. 2017). Thus far, more than 50
objects have been catalogued as PACWBs (De Becker & Raucq
2013)'. The process responsible for particle acceleration in
PACWRBs is believed to be diffusive shock acceleration (DSA,
Drury 1983). DSA occurs in the shocks produced by the colli-
sion of winds in the colliding-wind region (CWR) and allows
particles to gain energy through iterative interactions. These rel-
ativistic particles will, in turn, emit nonthermal (NT) radiation
through different radiative processes across the electromagne-
tic spectrum (Eichler & Usov 1993; Pittard & Dougherty 2006;
Pittard et al. 2006; Reimer et al. 2006; De Becker 2007; Pittard
et al. 2021). In particular, relativistic electrons in the presence of
a magnetic field end up producing NT synchrotron radio emis-
sion. In PACWBs, the magnetic field present in the CWR, which
is of stellar origin, interacts with the relativistic electrons accel-
erated in the shocks, and as a result, synchrotron radiation is
produced.

! The catalogue is regularly updated at https://www.astro.

uliege.be/~debecker/pacwb/
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Table 1. Parameters of the Stokes 7 maps for both targets.

Observing band
Source L band (1-2 GHz) C band (4-8 GHz) C band (7-8 GHz) C band (7.75-8 GHz)
Beam size rms S, Beam size rms S, Beam size rms S, Beam size rms S,
Ux”) Wybl) mly)  (“x”) @ybh) mly)  (“x”) @yb) (my)  ("x”) @yb) (mly
WR 147 5.57x328 476 255+03 1.20x0.95 217 38.1+0.7 094x0.76 2025 392+23 0.89x0.74 220.8 39.1+24
HD 167971 4.61x2.96  86.1 128+02 145x094 62.7 95+04 1.12x0.73 423 83+03 1.07x0.73 682 8.0+0.3

Notes. Clean beam sizes are given in arcsec, rms noise levels off-source in Jy beam™!, and flux densities in mJy.

Synchrotron radio emission is believed to be highly linearly
polarized. Theoretical values for the polarization degree, II,
defined as the fraction of the total intensity that is intrinsically
linearly polarized, are expected to be at the level of about 70%.
Polarized synchrotron radiation has, for example, been measured
and well characterized in supernova remnants (SNRs), where
particle acceleration and NT emission processes are known to
be active (Dubner & Giacani 2015; Cotton et al. 2024). How-
ever, such a polarization signature has not yet been measured in
the synchrotron emission of a PACWB, with only one attempt at
detection reported in the literature thus far (Hales et al. 2017).
Determining II for a synchrotron source could help us infer the
degree of turbulence and the characteristics of the magnetic field
in the CWR. In this sense, our goal is to investigate the question
of the polarization of the synchrotron radiation in PACWBs and
to improve our knowledge of the NT emission in the environment
of PACWBs. To this end, we started by selecting two well-known
PACWBs known to be very bright at radio wavelengths, WR 147
and HD 167971. We observed them in the ranges of the radio
domain where synchrotron emission is stronger (i.e., at GHz fre-
quencies), where this emission is significantly produced and not
too severely attenuated by free-free absorption (FFA).

We introduce the sample studied in Sect. 2. We describe the
observations and data reduction process in Sect. 3. The results
are presented in Sect. 4. In Sect. 5, we debate the physical inter-
pretation of the results. A set of conclusions derived from the
analysis is given in Sect. 6.

2. Selected targets
2.1. Sample description

In this work, we examine two massive star systems: one that
includes a WR star and another harboring O-type stars only.
Our approach aims at complementing the findings of Hales et al.
(2017), while covering a wider region of the parameter space for
this class of objects.

The massive system WR 147 is located in the Cygnus region
and consists of a WN8 star and an early B-type or O8-9 V-III
companion. These two stellar components are separated by a
projected angular distance of approximately 0”6, as measured
from VLA radio observations (Churchwell et al. 1992). For an
adopted distance of 1.7 kpc (Crowther et al. 2023), this corre-
sponds to a projected linear separation of about 1000 AU. Such
a separation implies a very long orbital period, which has not
yet been determined, but is thought to be on the order of a thou-
sand years. Despite the large physical separation between the two
stellar components, the system remains unresolved in our obser-
vations (see the angular resolutions achieved in Table 1, Sect. 4).
WR 147 is known to be one of the most luminous synchrotron
emitters among PACWBs, along with WR 146, which was the
target of the study by Hales et al. (2017).
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HD 167971 is a member of the NGC 6604 open cluster
located at a distance of about 1.7 kpc (Reipurth 2008). It con-
sists of a hierarchical triple system made of a close binary (O6-7
V + 06-7 V) with an orbital period of 3.3 days and an OS8 super-
giant that orbits the inner binary with a period of about 21 years
(De Becker et al. 2012; Ibanoglu et al. 2013; Le Bouquin et al.
2017). The outer orbit of the system has been resolved using
near-infrared (NIR) long-baseline interferometry at the VLTI,
yielding a projected angular semi-major axis a of about 18 mas,
with the separation varying along the orbit due to its significant
eccentricity (Le Bouquin et al. 2017). At a distance of 1.7 kpc,
this is correlated with a projected linear separation of roughly
3045 AU. The combined winds of the inner binary collide with
the wind of the supergiant, producing the population of rela-
tivistic particles that, in turn, are responsible for the synchrotron
radiation emission. HD 167971 is also known as the brightest
synchrotron radio emitter among O-type PACWBs.

2.2. Previous radio measurements

Both targets have been thoroughly studied in the radio domain
in the past. However, no attempts have been reported to measure
the polarization degree of their synchrotron radiation. The syn-
chrotron emission region has been resolved due to high-angular
resolution observations for both WR 147 (Churchwell et al. 1992;
Williams et al. 1997) and HD 167971 (Sanchez-Bermudez et al.
2019; De Becker et al. 2024). In the range of frequencies of inter-
est to this work, where synchrotron emission is stronger, and
the thermal dilution caused by the winds is not too severe, both
targets benefit from previous observations.

WR 147 has been observed in the MHz range with the
Westerbork Synthesis Radio Telescope (WSRT) and the Giant
Metrewave Radio Telescope (GMRT) by Setia Gunawan et al.
(2003) and Benaglia et al. (2020), respectively, and flux mea-
surements have been reported. The system has also been studied
at centimeter wavelengths using Very Large Array (VLA) data
(Skinner et al. 1999; Tasseroul et al. 2025). In particular, the
study by Tasseroul et al. (2025)presented a detailed account of
the radio spectral energy distribution of WR 147. This source is
quite unique from the point of view of both the strength of the
thermal emission from the WR wind and the brightness of its
synchrotron component.

HD 167971 has also been studied extensively at centimetric
wavelengths, mainly using VLA data. In addition to sporadic flux
measurements obtained a few decades ago (Bieging et al. 1989;
Phillips & Titus 1990; Contreras et al. 1996), Blomme et al.
(2007) produced light curves at several wavelengths, allowing
us to obtain an overview of the radio behavior of the system over
its long orbit. The radio light curves clearly indicate significant
variability correlated with the orbital phase, with a maximum
that coincides with the system’s periastron passage.
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3. Observations and data reduction

The targets WR 147 and HD 167971 were observed as part of
an observational campaign with the Karl G. Jansky Very Large
Array (VLA) radio interferometer, located in New Mexico, USA.
The observations took place in August 2016, while the array was
in configuration B. According to the ephemeris published by Le
Bouquin et al. (2017) for HD 167971, these dates correspond
to an orbital phase that lies in the 0.34-0.39 range (taking into
account the uncertainty on the period, i.e., 8706 = 540 d). This
corresponds to an orbital phase where the synchrotron emission
is measured significantly away from periastron, thus prevent-
ing any substantial FFA from reducing the measured flux. For
WR 147, the lack of published orbital elements prevents us from
speculating on the orbital phase.

We performed full polarization observations in two fre-
quency bands: the L band (20 cm, centered at 1.5 GHz) and C
band (5 cm, centered at 6 GHz), spanning bandwidths of 1 GHz
and 4 GHz, respectively. The correlator was configured to deliver
8 spectral windows in the 20 cm band, and 32 windows in the
5 cm band, with 64 channels in each window. With each channel
spanning 2 MHz, the total bandwidth per spectral window was
128 MHz. The total observing time on-source was 36 min 36 s
at the L band and 13 min 6 s at the C band for WR 147, and
37 min 57 s at the L band and 13 min 6 s at the C band for
HD 167971. The calibrator 3C 286 was observed for flux den-
sity, bandpass, and polarization position angle calibration. QSO
B2005+403 and QSO J1745-0753 were used for amplitude and
phase calibration for WR 147 and HD 167971, respectively, and
the unpolarized source J2355+4950 was observed for instru-
mental leakage calibration. Data reduction was performed using
CASA (Common Astronomy Software Applications; McMullin
et al. 2007). This included the flagging of bad data and data
affected by radio frequency interference (RFI), followed by the
standard gain and bandpass calibration. Polarization calibration
was carried out using standard CASA polarization calibration
routines, following the National Radio Astronomy Observatory
(NRAO) guidelines. We solved for the cross-hand delays (with
a multiband delay approach), followed by the determination of
the instrumental polarization leakage terms (D-terms) and the
absolute polarization position angle using the task polcal. The
derived calibration solutions were then applied prior to imaging
the targets in full Stokes parameters. The final products include
Stokes I, O, and U maps (see Table 1, Sect. 4, for the angular res-
olution and sensitivities achieved). Given that the targets were
not expected to be spatially resolved at the angular resolutions
reached by the VLA in these bands, for the imaging we adopted
Briggs weighting (with robust = 0.5) to favor sensitivity without
significantly degrading the angular resolution.

4. Results

We detected the systems WR 147 and HD 167971 in the inten-
sity maps obtained in both bands, L and C, as unresolved point
sources. However, we did not detect any emission in either
band at the position of the target systems in the Stokes maps
Q and U, where the signature of linear polarization (if present)
should be located. The Stokes maps I, Q, and U for WR 147 and
HD 167971 in both frequency bands are presented in Fig. 1.

To test whether bandwidth depolarization due to Faraday
rotation could be affecting our results, we also produced addi-
tional Stokes 7, Q, and U maps using narrower frequency ranges
in the higher-frequency end of the C band for both WR 147 and
HD 167971. As discussed in Sect. 5.3, given the dependence of

Table 2. Upper limit on the fractional polarization and the quantities
used to derive it.

Source oo ou o Dea I
WR 147 — L band 26.6 26.3 26.6 22.3 0.36
WR 147 — C band 97 65 9.7 247 012
WR 147 — C band (7-8 GHz) 269 15.8 26.9 24.3 0.33
WR 147 — C band (7.75-8 GHz) 854 111 111 24.0 1.38
HD 167971 — L band 28.3 29.8 29.8 124 0.72
HD 167971 — C band 103 11.7 11.7 9.0 0.39
HD 167971 — C band (7-8 GHz) 20.7 159 20.7 79 0.79
HD 167971 — C band (7.75-8 GHz) 38.4 21.7 384 7.6 152

Notes. Rms noise levels (o, oy, o) are given in pJy beam™' and peak Stokes
I in mJy beam™!. Hz/fL is expressed in %.

Faraday-rotation-driven depolarization processes on wavelength,
we restricted this complementary analysis to the C band.

We generated a set of maps using the eight highest-frequency
spectral windows of the C-band data (7-8 GHz) and another
set using only the two highest-frequency spectral windows
(7.75-8 GHz), corresponding to a total bandwidth of 250 MHz.
The resulting images do not reveal any detectable polarized
emission in either case.

We obtained flux density measurements for both targets in
the L and C bands, together with the rms noise levels of the maps
around the source. We present these values, with the synthesized
beam of the cleaned Stokes I maps, in Table 1. Furthermore, in
the same table, we report the values of angular resolution, rms,
and flux density obtained for the narrow, higher-frequency-range
images also produced.

The linearly polarized intensity is defined as P = /Q? + U?
and the polarization degree as II = P/I. Given the absence of a
significant polarization detection, we estimated upper limits on
IT using the noise properties of the Q and U maps. The rms noise
levels, o and oy, were measured over a region coincident with
the spatial extent of the source in Stokes /. We adopted a conser-
vative approach by using the larger of the two as a representative
noise level 0. The noise in polarized intensity is therefore on the
order of o, and assuming a confidence level of 30-, we derive an
upper limit on the polarized intensity of Py = 30. The corre-
sponding upper limit on the polarization degree is then given by
[Ty, = Pyr/I. To ensure consistency in units, the peak Stokes
I intensity measured within the same region (in Jy beam™')
was used in the denominator. We report all quantities involved
in these estimates, as well as the upper limit on the fractional
polarization expressed in % (HZ“L), in Table 2.

The main result is the total absence of measurable linear
polarization for both targets, regardless of the selected spectral
band. Our most conservative upper limits on the polarization
degree are on the order of 1 %.

5. Discussion

The lack of significant linear polarization in the synchrotron
sources studied deserves some discussion. Despite the a pri-
ori expectation of a polarization signature, the specific physical
conditions that prevail in these objects have to be considered to
relocate our results in their appropriate framework.

5.1. Maximum polarization degree

Assuming a fully ordered magnetic field, the maximum intrin-
sic polarization degree (Il,.x) of a pure synchrotron source
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Fig. 1. Stokes I, Q, and U maps (from left to right) of WR 147 and HD 167971. From top to bottom: WR 147 in the L and C bands, followed by
HD 167971 in the L and C bands. The Stokes / maps are shown with a logarithmic color scale. Q and U maps are displayed in a linear autoscale.
In all panels, cyan contours at 5 and 90 indicate the target position, while white dashed contours show emission at —3c. The synthesized beam is

displayed in green in the bottom-left corner.

is determined based on the emissivities (j, and jj) for both
polarization directions, namely the directions perpendicular and
parallel to the projected direction of the magnetic field on the
sky plane, respectively. It can be expressed as a function of the
electron index (p) of the relativistic electron population (Rybicki
& Lightman 1979), namely,

Ji=gi_p+1
Mpax = = = 7.
p+§

= 1
Ji+ i M
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Expressing Il;,x as a function of the optically thin syn-
chrotron spectral index (ant = (p — 1)/2), we obtain

3(“NT+ 1)
Moy = 52—
ma SQ’NT+5

2

For WR 147, Tasseroul et al. (2025) obtained ant = 0.7. This
leads to I« = 0.72. In the case of HD 167971, our flux den-
sity measurements reported in Table 1 (L and 7.75-8 GHz bands)
give a spectral index of about 0.3, leading to IT,,,x = 0.66. These



Blanco, A. B, et al.: A&A, 710, A157 (2026)

numbers confirm the rather weak dependence of Il,,,x on an,
with values that are always on the order of 0.7.

We clarify that the synchrotron spectra of these sources are
optically thin with respect to synchrotron self-absorption. The
drop in IT expected for synchrotron self-absorbed sources is thus
not applicable to our targets of interest. Because FFA is not sen-
sitive to the polarization direction, there is no reason to consider
that the alteration of the spectrum by FFA affects the polar-
ization degree. The values derived above are considered as the
maximum possible values for the degree of polarization, which
would be valid for a fully ordered magnetic field, without con-
sidering thermal dilution and other depolarization processes that
are addressed below.

5.2. Thermal dilution

When addressing the question of the polarization of a composite
radio source (made of spatially unresolved thermal and NT com-
ponents), it is relevant to estimate the fraction of the radio flux
that is actually of synchrotron origin. The latter component is
indeed the only one that has the potential to reveal a polarization
signature.

For WR 147, an important insight comes from the detailed
analysis of the radio spectral energy distribution performed by
Tasseroul et al. (2025). In their Fig.4, the best-fit composite
model allows us to evaluate the contribution of synchrotron ori-
gin at any frequency. The synchrotron contribution, accounting
for attenuation by internal FFA, is expressed as

Sl;IT — S‘I:T(')f yant+f [] _ e—(V/VifFFA)’B] , 3)

where ST is a normalization factor, axr is the NT index
of the of)tically thin synchrotron spectrum, S is the index
of the internal-FFA absorption coefficient, and vi_ppa is the
internal-FFA turnover frequency. We refer to Tasseroul et al.
(2025) for details. Using best-fit parameters (S,p = 18.90 +
0.24 mJy GHz=®T; 8 = 0.89 + 0.03; vi_pra = 5.20 £ 0.70 GHz)
and a fixed value for ant(= 0.7), we estimated the NT contribu-
tion to the composite radio emission.

Let us define the thermal dilution factor (fy;) as the ratio of
the synchrotron flux density to the total flux density, including
the thermal contribution,

NT
SV

ST+

fain = “4)

where ST = § 3]0 v®T. In agreement with the formalism used
by Tasseroul et al. (2025), the thermal contribution is defined
by its normalization factor (S 3,0) and a thermal spectral index
(ar). While the former was found to be equal to 4.52 +
0.10 mJy GHz™?7, the latter was fixed to a value of 0.75. This
value is significantly steeper than the canonical index predicted
by Wright & Barlow (1975) and is more typical of the thermal
radio emission from WR stellar winds (Nugis et al. 1998).

At the central frequencies of the L and C bands (1.5 and
6.0 GHz, respectively), the best-fit model of the radio spectral
energy distribution of WR 147 allows us to determine fg; =
0.76 = 0.01 and fgic = 047 £ 0.02. As a result, the maxi-
mum expected polarization degree is expected to be lowered
by that factor. The thermal dilution effect is especially strong
for WR 147 because of its unusual bright thermal emission
component. Taking into account thermal dilution, the maxi-
mum expected polarization degree for WR 147 becomes Ily; =
Jait lmax = 0.55 and 0.34, respectively, for the L and C bands.

Alternatively, for HD 167971, the thermal emission is much
weaker. At a distance on the order of 1.7 kpc, the thermal emis-
sion at these frequencies should be well below the 0.1 mJy level
(De Becker 2018; De Becker et al. 2024). The thermal emis-
sion components of the O-type winds in the system are therefore
very small compared to the synchrotron emission, resulting in
fair ® 1 in both bands. Thus, the expected maximum value II is
not affected.

5.3. Bandpass depolarization

To consolidate the lack of polarization signature and discard the
possible influence of Faraday rotation in our results, we repli-
cated the analysis in two narrower, high-frequency sub-bands, as
stated in Sect. 4.

When integrating over a broad bandwidth, Faraday rotation
causes the linear polarization angle to vary across the band, as a
result of its A2-dependence. This inevitably leads to a significant
loss of polarization due to the averaging of differently rotated
polarization vectors. This effect is expected to be reduced at
higher frequencies (i.e., shorter wavelengths) and when using
narrower frequency intervals (where there is less spread and/or
scatter of the angle from the lower to the upper boundary of the
sub-band). This is why we completed our analysis by produc-
ing Stokes maps in narrower bands, especially using the higher
frequency spectral windows in the C band, as stated in Sect. 4.

The absence of polarization detection even in these cases
consolidates the lack of a measurable polarization signature at
a level greater than about 1%. As a result, the lack of linear
polarization is not attributable to the sole bandpass depolariza-
tion effect. The same conclusion applies to the case of WR 146
investigated by Hales et al. (2017), where mitigating the effect
of bandpass depolarization following the same approach did
not lead to the detection of any linear polarization signature.
Other depolarization effects appear to be active as addressed in
Sect. 5.4.

5.4. Lack of synchrotron polarization in PACWBs

The effective polarization degree that is measured is not only
dependent on the thermal dilution. The magnetic field in the
synchrotron emission region is not perfectly ordered. Accord-
ing to Burn (1966), the reduction in the polarization degree due
to the nonordered magnetic field is expressed by the ratio of
energy densities in the ordered and total (i.e., ordered+turbulent)
magnetic fields (the so-called turbulent dilution). In addition,
wavelength-dependent depolarization effects (based on Faraday
rotation) are known to further decrease the polarization degree.
As aresult, we may express the observed polarization degree as

2

_ B
2 2
BO+B

turb

Mgy = gy Dy, )

where By and By, are ordered and turbulent magnetic field
strengths, and D, is the depolarization factor (function of wave-
length 1) due to propagation effects. The latter consists typically
of Faraday rotation with an amplitude that is dependent on the
distribution of the rotation measure (RM) along the line of sight.

The amplitude of the impact of turbulent dilution is directly
related to the turbulent-to-total ratio of magnetic energy densi-
ties. In the synchrotron emission region of PACWBs, we can
only speculate on this ratio. In the very likely scenario where
DSA is responsible for particle acceleration, a nonzero turbulent
component is absolutely required. A purely uniform magnetic
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field would compromise the iterative back-scattering on turbu-
lent scattering centers required for significant energy gain of
charged particles involved in the particle acceleration process.
Thus, turbulent dilution is very likely to significantly reduce the
effective polarization fraction.

The important role of depolarization processes in the lack
of polarization signature measured for WR 146 has been well
documented by Hales et al. (2017). Depolarization processes
are reviewed by Burn (1966). These include differential Faraday
rotation, where synchrotron photons produced at various depths
are exposed to different levels of rotation measure. They lead
D; (see Eq.(5)) to be significantly lower than 1. Given the A%-
dependence of Faraday rotation that drives these depolarization
processes, one anticipates that this effect is significantly more
pronounced in the L band, compared to the C band. Adding
to these physical processes, we also have to take into account
beam depolarization, where various lines of sight characterized
by different rotation measures are averaged in the instrumental
beam, which also plays a role. This effect is highly dependent
on the size of the synthesized beam. For instance, if a gradient
in the magnetic field direction occurs or if there is a distribu-
tion of RM across the beam solid angle, the average polarization
signature will be reduced. Therefore, this leads to an additional
attenuation factor in addition to those accounted for in Eq. (5). In
systems characterized by complex geometries such as PACWBs,
low angular resolution polarimetry is very likely affected by
beam depolarization.

5.5. Synchrotron polarization in a broader context

In the extragalactic context, radio jets of active galactic nuclei
(AGNSs) are also well-known synchrotron radio sources. Typical
values for the polarization degree are in the range of a few %,
with some cases reaching a few 10% (Hovatta et al. 2012; Blinov
et al. 2021). Here, again, a nonuniform magnetic field at the scale
of the beam size and, to some extent, Faraday depolarization are
the main causes for the drop in polarization degree (Yushkov
et al. 2024).

In SNRs, which present similarities to some extent with
PACWRBSs, polarization degrees as low as a few 10% are inter-
preted as a result of significant turbulent dilution (Reynolds et al.
2012). Several SNRs seem to show polarization degrees in the
range of 20-30% (Shimoda 2022). However, higher values of the
polarization degree have also been measured in some remnants
(Dubner & Giacani 2015).

Protostellar jets are also known to be able to produce syn-
chrotron radiation and are thus worth investigating from the point
of view of their linear polarization. The inner lobes of the south-
ern jet associated with the massive protostar IRAS 18162-2048
(specifically HH 80 and HH 81) are known to show a linear polar-
ization degree of a few 10% Carrasco-Gonzdlez et al. (2010);
Rodriguez-Kamenetzky et al. (2025). However, Cheriyan et al.
(2026) reported on a lack of polarization signature in the knots of
HH 80 and HH 81, with upper limits of 1-2%. This result is sim-
ilar to the upper limits we derived for WR 147 and HD 167971.
The absence of significant polarization was attributed by the
authors to turbulence and beam depolarization. In addition, we
might also expect some thermal dilution to contribute to the lack
of measured polarization, given the nature of the jets that are
mainly made of a thermal plasma.

A last example worth mentioning is that of bow shocks
produced by runaway massive stars traveling at high peculiar
velocities in the interstellar medium. A specific case of inter-
est is EB27. The study by Benaglia et al. (2021) provided
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evidence for NT radio emission, although no linear polarization
was detected. It is interesting to note that for all the examples
mentioned above, significant detections of linear polarization
arise from resolved sources, where at least the effect of beam
depolarization is partly mitigated. However, the case of EB 27
shows that spatially resolved polarimetric measurements are not
necessarily sufficient to warrant the detection of polarization in
a synchrotron source.

When discussing the case of PACWBs in the broader astro-
physical landscape, we can clearly see that the usual factors
leading to a lowering of the polarization degree, namely, nonuni-
form magnetic field and Faraday depolarization, are valid for all
synchrotron sources. However, PACWBs and, to some extent,
jets associated with protostellar objects offer, moreover, ideal
conditions for thermal dilution, leading in some cases to a
stronger lowering of the maximum expected polarization degree.
This effect is not really active for AGNs or SNRs, as such objects
do not produce significant thermal radio emission in addition
to their synchrotron radiation. In contrast, it becomes important
in systems with strong stellar winds capable of generating sub-
stantial thermal emission within the spectral range used for the
polarimetric analysis. When this thermal component is not spa-
tially resolved from the synchrotron-emitting region, it leads to
the thermal dilution of the polarized signal. In addition, because
the thermal free-free emission of the winds increases with fre-
quency, this dilution will be stronger at higher radio frequencies
(and more so in the C band than in the L band). The typical
case is that of PACWBs made up of at least one WR com-
ponent, whose dense winds can produce a significant thermal
contribution, as in the case of WR 146 (Hales et al. 2017) and
WR 147 (this study). For O-type systems such as HD 167971,
thermal dilution is not that important provided that the frequen-
cies explored are not especially high. Thus, the other effects
discussed above (i.e., turbulent magnetic field, Faraday-rotation-
driven depolarization, beam depolarization) appear to be strong
enough to lead to a drastic drop in the polarization signal.

6. Conclusions

We present a search for linear polarization in the synchrotron
radio emission from two bright particle-accelerating colliding-
wind binaries. No linear polarization was detected from either
target in either of the observed bands, even after narrowing the
bandwidth to attenuate band depolarization effects. These non-
detections indicate that the signature of the expected polarization
in these systems is heavily suppressed, despite the presence
of synchrotron radiation. Our results suggest that no single
mechanism is responsible for this; rather, several physical and
observational effects act simultaneously to reduce the expected
polarization degree to levels that remain below current detection
limits.

The lack of a detection of polarization is most likely
explained by a combination of a highly turbulent magnetic
field in the synchrotron-emitting region (i.e., the colliding-wind
region), significant Faraday depolarization, and beam depolar-
ization due to unresolved structure.

In addition, thermal dilution plays an important role in
PACWBSs, particularly in systems hosting stars with strong
thermal winds, such as WR components, where unpolarized
free—free emission further contaminates the observable polariza-
tion degree. Together, these effects make the detection of linear
polarization in such systems intrinsically challenging.

Future progress on this issue will likely require observa-
tions that combine a higher angular resolution and improved
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sensitivity, potentially at higher frequencies where Faraday
depolarization is reduced. However, the decreasing synchrotron
brightness at such frequencies makes these observations chal-
lenging. Next-generation facilities, such as the ngVLA and
SKA-Mid, or VLBI observations at suitable frequencies, could
provide the necessary capabilities to isolate the synchrotron-
emitting regions from the thermal winds and potentially reveal
polarized emission. Such observations would offer valuable
constraints on magnetic field structure and particle accelera-
tion processes in colliding-wind binaries, helping to disentangle
intrinsic emission properties from depolarization effects.
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