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ABSTRACT
IGR J17062–6143 is an ultracompact X-ray binary (UCXB) with an orbital period of 37.96 min.
It harbours a millisecond X-ray pulsar that is spinning at 163 Hz and and has continuously been
accreting from its companion star since 2006. Determining the composition of the accreted
matter in UCXBs is of high interest for studies of binary evolution and thermonuclear burning
on the surface of neutron stars. Here, we present a multiwavelength study of IGR J17062–6143
aimed to determine the detailed properties of its accretion disc and companion star. The multi-
epoch photometric UV to near-infrared spectral energy distribution (SED) is consistent with
an accretion disc Fν ∝ ν1/3. The SED modelling of the accretion disc allowed us to estimate an
outer disc radius of Rout = 2.2+0.9

−0.4 × 1010 cm and a mass-transfer rate of ṁ = 1.8+1.8
−0.5 × 10−10

M� yr−1. Comparing this with the estimated mass-accretion rate inferred from its X-ray
emission suggests that �90 per cent of the transferred mass is lost from the system. Moreover,
our SED modelling shows that the thermal emission component seen in the X-ray spectrum
is highly unlikely from the accretion disc and must therefore represent emission from the
surface of the neutron star. Our low-resolution optical spectrum revealed a blue continuum
and no emission lines, i.e. lacking H and He features. Based on the current data we cannot
conclusively identify the nature of the companion star, but we make recommendations for
future study that can distinguish between the different possible evolution histories of this
X-ray binary. Finally, we demonstrate how multiwavelength observations can be effectively
used to find more UCXBs among the LMXBs.

Key words: accretion, accretion discs – stars: neutron – X-rays: binaries – X-rays: individual:
IGR J17062–6143.

1 IN T RO D U C T I O N

IGR J17062–6143 is a weak X-ray source that was discovered
by Integral in 2006. Only years later, it was identified as an

� E-mail: jvhs1@st-andrews.ac.uk

accreting neutron star (NS) low-mass X-ray binary (LMXB) when
a thermonuclear burst was detected with Swift in 2012 (Degenaar,
Altamirano & Wijnands 2012). Since its discovery, the source seems
to have been persistently accreting at a low luminosity of 10−3 LEdd

(Remillard & Levine 2008; Degenaar et al. 2012, 2017), and two
energetic, long thermonuclear X-ray bursts have been detected (in
2012 and 2015; Degenaar et al. 2013; Keek et al. 2017).
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A detailed study of the X-ray spectrum of IGR J17062–6143
revealed a broad Fe-K emission line near �6.5 keV. Modelling this
feature as X-rays reflecting off the accretion disc (Fabian & Ross
2010), suggests that the inner edge of the disc is truncated at Rin

� 225 km (�100Rg) from the NS (Degenaar et al. 2017; van den
Eijnden et al. 2018). This contrasts with LMXBs accreting at higher
rates, where the inner disc typically resides a factor �5 closer to
the compact primary (e.g. Cackett et al. 2010; Ludlam et al. 2017,
for sample studies). The truncation is likely a direct effect of the
low accretion rate, e.g. resulting from the formation of a radiatively
inefficient accretion flow. Alternatively, the magnetosphere of the
NS may push the accretion disc out (Degenaar et al. 2017). At
the low accretion rate inferred for IGR J17062–6143, this would
require a magnetic field strength of B ≥ 2.5 ± 2.1 × 108 G (van
den Eijnden et al. 2018).

A single archival 1.2 ks RXTE observation revealed coherent
X-ray pulsations at a frequency of 163.65 Hz (Strohmayer & Keek
2017), suggesting that IGR J17062–6143 is an accreting millisecond
X-ray pulsar (AMXP). The AMXPs form a sub-class of LMXBs in
which the NS is able to channel plasma from the accretion disc along
its magnetic field lines onto its magnetic poles (e.g. Wijnands & van
der Klis 1998). The presence of X-ray pulsations was confirmed
with new data from NICER, and suggests that the NS has a magnetic
field strength of B ≤ 3.8 × 108 G (Strohmayer et al. 2018). This is
similar to that of other AMXPs (e.g. SAX J1808-359; Mukherjee
et al. 2015), and consistent with the inner disc radius measurement
from X-ray reflection modelling (Degenaar et al. 2017; van den
Eijnden et al. 2018).

Timing of the X-ray pulsations allowed to measure an orbital
period of 37.96 min (Strohmayer et al. 2018). LMXBs with such
short orbital periods are referred to as ultracompact X-ray binaries
(UCXBs) and can only harbour H-poor donor stars (e.g. Nelson,
Rappaport & Joss 1986; Nelemans & Jonker 2010). Based on
its sustained low accretion rate, which is easier to achieve if
the accretion disc is small (e.g. Tsugawa & Osaki 1997; in’t
Zand, Jonker & Markwardt 2007; Hameury & Lasota 2016), and
the enhanced oxygen abundance inferred from high-resolution X-
ray spectral modelling, it was previously hypothesized that IGR
J17062–6143 could be an UCXB (van den Eijnden et al. 2018).
UCXBs are a particularly interesting sub-population of LMXBs
that are expected to be promising targets for future gravitational
wave interferometry experiments (e.g. Nelemans 2003). Further-
more, UCXBs are interesting laboratories to study the ashes of
stellar nuclear burning (e.g. Deloye & Bildsten 2003), and binary
evolution models (e.g. Nelemans et al. 2010), as well as models of
thermonuclear burning on the surface of NSs (e.g. Cumming 2003;
Cumming et al. 2006).

In this work, we present a multiwavelength study of IGR J17062–
6143. In Section 2, we present observations from X-ray to near-IR
(NIR). In Section 3, we construct an average SED and present
our optical spectrum, which we use to constrain the properties
of the accretion disc and donor star. In Section 4, we discuss
the implications for the evolutionary history of IGR J17062–
6143 and for thermonuclear burning models, and demonstrate that
multiwavelength observing campaigns can effectively be used to
find new candidate UCXBs among the LMXB population.

2 O BSERVATIONS

2.1 Faulkes optical photometry

We observed the field of IGR J17062–6143 with the 2-m robotic
Faulkes Telescope South (FTS), at Siding Spring, Australia, on

Figure 1. Finding charts for IGR J17062–6143. Top: Wide field of view
96 × 96 arcmin with Magellan in the J filter. Middle: Zoom of the top
panel on the position of IGR J17062–6143 and the blended source to the
north-west. The circles on these sources represent the 0.3 arcsec uncertainty
from the overall astrometric solution. We show the confidence regions as
determined by Swift/UVOT (red) and Swift/XRT (black) is also shown for
reference (Ricci et al. 2008). Bottom: Optical Faulkes photometry (r

′
band).

The source is compatible with IGR J17062–6143 position obtained from the
Magellan images marked as red circles.
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