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Abstract

The O-type long-period binary HD 168112 and triple HD 167971 star systems have been known
for several decades for their non-thermal synchrotron radio emission. This emission arises
from relativistic electrons accelerated in the hydrodynamic shocks of the wind collisions in
these systems. Such wind collisions are expected to produce a strong X-ray emission that
varies as a function of orbital phase. In wide eccentric binaries, such as our targets, the X-ray
emission arises from an adiabatic plasma and its intensity should scale as the inverse of the
orbital separation. We present a set of XMM-Newton observations of these systems which help
us gain insight into the properties of their wind interactions.

Keywords: stars: early-type, stars: individual (HD 168112; HD 167971), binaries: close, X-
rays: stars

Résumé

Analyse en rayons X des collisions de vents stellaires dans HD 168112 et HD 167971. La
binaire O+O a période longue HD 168112 et le systeme triple HD 167971 sont connus depuis
les années 1980 pour leur €émission radio synchrotron. Cette émission radio est produite par des
électrons relativistes accélérés par les chocs hydrodynamiques de la collision des vents stellaires
dans ces systemes. Ces collisions peuvent également générer une intense émission en rayons X
qui varie en fonction de la phase orbitale. Dans des binaires excentriques a longue période or-
bitale, comme celles étudiées ici, le plasma en aval du choc se trouve dans le régime adiabatique
et I’intensité de I’émission X devrait varier comme I’inverse de la séparation orbitale. Ici, nous
discutons des observations XMM-Newton de HD 168112 et HD 167971 qui nous permettent de
mieux comprendre les propriétés de collisions de vents au sein de ces systemes.

Mots-clés : étoiles massives, €toiles individuelles (HD 168112; HD 167971), binaires serrées,
émission de rayons X stellaires
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1. Introduction

HD 168112 and HD 167971 are known for their non-thermal radio emission hinting at en-
ergetic wind-wind collisions (Blomme et al., 2005, 2007, and references therein). HD 167971
is a hierarchical triple system consisting of a 3.32-day O4/5If + O4/5 V-III eclipsing binary
with an O8 Iaf tertiary on a 21.2 yrs orbit with an eccentricity of e = 0.53 (Ibanoglu et al.,
2013; Le Bouquin et al., 2017; Maiz Apellaniz et al., 2019, and references therein). HD 168112
is an eccentric (e = 0.75) binary consisting of an O4.5IV((f)) primary and an O5.5 V(n)((f))
secondary on a 514-day orbit (Putkuri et al., 2023; Blomme et al., 2024).

HD 168112 and HD 167971 are members of the NGC 6604 open cluster and fall into a sin-
gle field of view of the XMM-Newton EPIC instrument. A total of six observations of NGC 6604
were obtained with XMM-Newton. The first two were taken in 2002, a third one was obtained
in 2014 and three additional observations were collected around the March 2023 periastron pas-
sage of HD 168112. Spectra and light curves were extracted. The X-ray spectra of both sources
were analysed with the xspec software (Arnaud, 1996) and are well represented by multi-
temperature (2-7 and 3-T') optically thin thermal plasma models (Fig. 1). We used these mod-
els to derive the X-ray fluxes in the 0.5-10.0keV energy domain corrected for the absorption
by the interstellar medium. Whilst the light curves do not reveal any significant intra-pointing
variations, we find strong variations of the fluxes between the observations.

2. HD168112

For this system, we observe a strong increase of the X-ray flux at periastron (Fig. 2). The
flux variations are well-described by a a/r(¢) relation, where r(¢) is the instantaneous or-
bital separation between the stars at phase ¢ and a is the semi-major axis of the orbit (Fig. 2).
This result agrees with the expectation for a wind interaction in the adiabatic regime (Stevens
et al., 1992). We observe no deviations from a a/r(¢) behaviour. Such deviations would be
expected if shock modification due to relativistic electrons were important. Furthermore, the
shock remains stable around periastron passage (unlike in some other eccentric systems such as
WR 21a, Gosset and Nazé, 2016). The part of the X-ray emission that remains constant with or-
bital phase is due to the wind-embedded shocks of both stars and follows Lx /Ly = 1.25 X 1077
in agreement with the canonical relation for O-type stars (e.g., Nazé, 2009).

3. HD167971

The mean Ly /Ly ratio of this system amounts to 4.8 x 10~7. The total X-ray emission
consists of various contributions arising from (i) the intrinsic shocks embedded in the winds of
the individual components of the triple system, (ii) the wind-wind interaction in the inner binary,
and (iii) the collision of the wind of the inner binary with the wind of the tertiary star. Unfortu-
nately, the existing data do not provide a sufficient sampling of the outer (21.2 yr) orbital cycle
to investigate the variations in contribution (iii) to the total X-ray emission. We nevertheless
observe strong variations of the X-ray flux by ~ 40%, peak to peak. These variations occur on
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Figure 1: XMM-Newton EPIC spectra of HD 168112 near periastron
passage in March 2023. In the fop panel, the observed data are shown
with their error bars, whereas the best-fit 3-7" model (in xspec termi-
nology TBabsisym * phabs ;4 * Yo apec(kT;)) is illustrated by the his-
togram. Black, red and blue colours correspond to EPIC-MOS1, EPIC-
MOS?2 and EPIC-pn data, respectively. The EPIC-pn spectrum reveals
an Fe XXV emission line at 6.7 keV, clearly demonstrating the thermal
nature of the plasma. The bottom panel illustrates the contribution Ay?
for each energy bin to the global x? of the fit, multiplied by the sign of
the difference between observation and model.
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Figure 2: Ly /Ly ratio of HD 168112 as a function of orbital phase
(ephemerides of Blomme et al., 2024). The X-ray luminosities were
computed from the 0.5-10keV fluxes corrected for interstellar absorp-
tion and adopting a distance of 2kpc, in agreement with the Gaia
parallax. The bolometric luminosities were taken from Putkuri et al.
(2023). The solid line yields the best-fit relation: Ly /Lyo(1077) =
0.51a/r(¢)+1.25.

timescales consistent with the 3.32-day period of the eclipsing binary. This suggests that the ra-
diative wind interaction zone in the inner binary contributes a significant fraction of the overall
X-ray emission. Under these circumstances, the most likely cause of the observed variability
would be occultation of the wind-wind interaction zone by the bodies of the stars in the inner
binary possibly combined with changes of the circumstellar column density along our sightline.
The observed shift in orbital phase between the variations of the X-rays and the optical light
curve could then be the consequence of the Coriolis deflection (see Fig. 3).

Further Information

Authors’ ORCID identifiers

0000-0003-4715-9871 (Gregor RAUW)
0000-0002-2526-346X (Ronny BLOMME)
0000-0003-4071-9346 (Yaél NAZE)
0009-0001-1183-0021 (Delia VOLPI)

Author contributions

GR reduced the X-ray data and led their analysis. RB reduced the radio data and provided the
orbital solution of HD 168112. All authors contributed to the interpretation of the results.

259


https://orcid.org/0000-0003-4715-9871
https://orcid.org/0000-0002-2526-346X
https://orcid.org/0000-0003-4071-9346
https://orcid.org/0009-0001-1183-0021

g 83F

e

7’
/}
>

.

S
T

(@)
T

0 0.5 1
Pinner (IDanoglu et al. 2013)

Figure 3: Optical and X-ray variations of HD 167971 folded with the
ephemerides of the inner binary’s orbit (Ibanoglu et al., 2013). The top
panel illustrates B-band photometry from Mayer et al. (2010), whilst the
bottom panel displays the 0.5-10keV fluxes corrected for interstellar
absorption.
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