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Table 1: Astrometric & binary parameters for PSR J1653-45 and PSR J1812-15. These values are still preliminary;
uncertainties are not provided. Derived minimum companion mass assumes canonical pulsar mass of 1.4 solar masses.

Figure 1: Histogram of all Parkes DFB4 L-band (256 MHz centred on 1369 MHz) observations of PSR J1812-15 between
MJD 57840 and MJD 59103, divided according to orbital phase and pulsar detectability. Blue shows intervals where the
pulsar was detectable, while red shows where it was not. The left plot shows the absolute number of observations for
each orbital phase, while the right plot is normalised to show the fractional detectability at each orbital phase.

Figure 2: Changes in the apparent spin
period of PSR J1653−45 over 5.2-yr. Shaded
regions indicate intervals during which the
pulsar remains undetectable. Vertical dashed
red lines indicate specific epochs where the
pulsar was observed but not detected. The
blue points indicates detections at previously
unobserved orbital phases during the most
recent ‘eclipse’, as highlighted in the right-hand
inset. These indicate a potential deviation from
our current best model (the purple curve, see
Table 1), pointing to a possibly higher
eccentricity. All other detections are shown in
black. Error bars show the 1-σ uncertainty on
the measured period at each epoch.

The HTRU-S Galactic Plane pulsar survey
The High Time Resolution Universe Southern (HTRU-S) Galactic Plane pulsar survey (Keith et
al. 2010), undertaken between 2008 and 2013, used the 21-cm multibeam receiver of the
Parkes 64-m radio telescope. With observations of 4300-s each and a characteristic flux
density limit of 0.13 mJy, this survey of the southern Galactic Plane ( 𝑏 ≤ 3.5°, −80° ≤ 𝑙 ≤
30°) was one of the most sensitive ever conducted, and aimed to detect both low-luminosity
pulsars as well as pulsars in compact, relativistic binary systems. To date, the survey has
produced approximately 200 new pulsar discoveries (e.g. Ng et al. 2015, Cameron et al.
2020), many of which have required significant long-term follow-up.

Why are we interested in long spin-period pulsars?
The study of pulsars in binary systems (approximately 11% of the known pulsar population)
allows for many applications, including constraint of the neutron star equation of state by
measuring neutron star masses (see e.g. Özel & Freire 2016), or by acting as snapshots of
stellar evolution, with the properties of each system providing insight into the mechanisms by
which it formed (see e.g. Tauris 2011). A significant majority of these pulsars are “recycled”,
with short spin periods (𝑃 < 30 ms) and comparatively low rates of spin down ( ሶ𝑃 < 10−18)
following the accretion of matter from their binary companions, allowing this population to
be well understood. However, slower “unrecycled” pulsar binaries are much rarer, with this
population remaining far less explored in terms of the evolutionary channels by which they
form. Here we show recent results derived from two long spin-period pulsars, PSR J1653-45
and PSR J1812-15, both discoveries of the HTRU-S Galactic Plane pulsar survey.

PSR J1653-45: A 1.5-year eclipsing binary system
Discovered in 2016, PSR J1653-45 is a 951-ms pulsar in an eccentric 1.5-yr binary system,
orbiting a companion of at least 3.9 solar masses. Figure 2 shows the changing apparent spin-
period of the pulsar over 5.2 years as measured by ongoing observations with the Parkes
telescope, a consequence of the Doppler effect. Despite this extensive dataset, we have been
unable to determine a complete orbital or phase-connected timing solution, as the pulsar
remains “eclipsed” throughout a significant portion of its orbit, during which the pulsar
becomes almost impossible to detect during an interval ranging between 40 and 140 days.
This eclipse covers the pulsar’s most extreme motion as it passes through periastron, an
understanding of which is critical in developing a phase-connected timing solution. Such a
solution is vital in determining its properties and setting the system in its proper evolutionary
context. Table 1 lists the current best orbital parameters of this system.

Similar Systems & Motivation
PSR J1653-45 is the latest addition to a rare class of long-orbit, eccentric, eclipsing binary
pulsars. These include PSR B1259-63 (Johnston et al. 1992), a 48-ms pulsar in a 3.4-yr orbit
around a 10 solar mass Be star which experiences 40-day eclipses; PSR J1638-4725 (Lorimer
et al. 2006), a 764-ms pulsar in an eclipsing, highly eccentric (𝑒 = 0.95) 5.3-yr orbit around a
massive companion, and PSR J1759-2402, itself a previous discovery of the HTRU-S Galactic
Plane survey (Ng et al. 2015). Understanding PSR J1653-45 and its likely formation channel
will therefore shed vital insight into the evolution of this uncommon class of pulsar.

Recent Breakthroughs & Ongoing Work
A 10-hour L-Band observation of PSR J1653-45 with the Australia Telescope Compact Array
allowed us to identify a position for the pulsar with sub-arcsecond precision. This was
achieved through a “phase-binning mode”, using the pulsar’s ephemeris to bin the data in
time, producing on- and off-pulse images in which the variable pulsar would stand out.

This in turn indicated a potential identity for the binary companion. CD-45 11034 is an O8.5-
type star 0.15 arcseconds away from the ATCA position, and is the only listed object in
SIMBAD within 40 arcseconds. The potential mass range and parallax distance of CD-45
11034 are also compatible. Spectroscopic observations at both the Gemini Observatory and
2.3m telescope at the Siding Spring Observatory are currently underway in order to detect
any orbital motion of the star. Should its association with PSR J1653-45 be confirmed, this
information will significantly constrain the orbital geometry and masses of both objects.

Meanwhile, the Parkes telescope is currently monitoring the pulsar’s latest eclipse using 3.5-

hour observations, giving at least a 2 sensitivity improvement over previous eclipse
observations. As shown in Figure 2, these have had limited success in detecting the pulsar at
new orbital phases, and will assist in the development of an eventual timing solution.

PSR J1812-15: A short-orbit, eclipsing circular binary
Discovered In 2017, PSR J1812-15 is a 1014-ms pulsar in a circular, 20.3-hr orbit around an
unknown companion of at least 0.47 solar masses. Initial Parkes follow-up observations were
hindered by variable emission seen across the narrow DFB4 L-band of the multibeam receiver
(256 MHz centred at 1369 MHz). Initially thought to be a nulling pulsar, the development of
an approximate timing solution (see Table 1) revealed an orbital correlation in the variability,
as shown in Figure 1. The near complete disappearance of the pulsar as it passes behind its
companion combined (orbital phase of 0.25) with the maximum detection likelihood as it
passes in front of its companion (orbital phase of 0.75) suggests an eclipse mechanism at
work, possibly caused by an intra-binary debris cloud associated with the binary companion.

Similar Systems & Motivation
PSR J1812-15 presents an unusual mix of properties. Its high circularity and companion mass
is typical of a recycled white-dwarf millisecond system, while the orbital period and intra-
binary debris eclipses is suggestive of a black widow system. Yet PSR J1812-15 is slow, and its
spin-down shows no evidence of recycling (a requirement in either of the former scenarios).
The only known similar system is PSR B1718-19 (Lyne et al. 1993), with its formation
scenarios having been heavily discussed (e.g. Ergma et al. 1996, Janssen & van Kerkwijk,
2005). Many of these scenarios hinge on PSR B1718-19’s association with a nearby globular
cluster (GC), but PSR J1812-15 appears to have no such association, with no known GC within
nearly 2 degrees (Harris 2010). Understanding how PSR J1812-15 differs from PSR B1718-19
will provide key insights into the formation of both systems.

Recent Breakthroughs & Ongoing Work
The updated timing position has allowed us to observe all orbital phases of the pulsar across
the full bandwidth of the Parkes Ultra-Wideband Receiver (Hobbs et al. 2020), which spans
from 700 – 4000 MHz; we can now capture the pulsar within the narrower high-frequency
beam. This has confirmed the orbital correlation in the pulsar’s variability and lent strong
evidence to the intra-binary debris hypothesis. As the pulsar enters its eclipse, it disappears
first at low frequencies, persisting at high frequencies until deep into the eclipse, with the
same being true in reverse during the eclipse egress, strongly indicative of scattering induced
by material within the binary. Observations with Parkes are ongoing in order to refine the
pulsar’s timing solution and further investigate the nature of the eclipse.
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