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ABSTRACT

We identified a highly-polarized, steep-spectrum radio source in a deep image with the Australian

Square Kilometre Array Pathfinder (ASKAP) telescope at 888MHz. After considering and rejecting

a stellar origin for this source, we discovered a new millisecond pulsar (MSP) using observations from

the Parkes radio telescope. This pulsar has period 2.77ms and dispersion measure 228.27 pc cm−3.

Although this pulsar does not yet appear to be particularly remarkable, the short spin period, wide

profile and high dispersion measure do make it relatively hard to discover through traditional blind
periodicity searches. Over the course of several weeks we see changes in the barycentric period of this

pulsar that are consistent with orbital motion in a binary system, but the properties of any binary

need to be confirmed by further observations. While even a deep ASKAP survey may not identify

large numbers of new MSPs compared to the existing population, it would be competitive with existing

all-sky surveys and could discover interesting new MSPs at high Galactic latitude without the need

for computationally-expensive all-sky periodicity searches.

1. INTRODUCTION

While traditional pulsar searches employ time-domain

techniques to identify periodic signals (e.g., Lorimer &

Kramer 2012), these techniques are limited: eclipses,
scattering, or orbital motion can all negatively impact

time-domain searches even when the underlying ra-
dio emission remains constant. Separately, even when
pulsed emission is detectable, non-traditional searches

can help explore large regions of parameter space effi-

ciently, and imaging searches in general can focus re-

sources on the sources of greatest interest. Identifying

steep-spectrum radio sources has long been used to iden-

tify new pulsars, and in fact has been able to help iden-

tify new classes of pulsars before they were found in

more traditional ways (Rickard & Cronyn 1979; Erickson

1980; Navarro et al. 1995; Strom 1987; Frail et al. 2016,

and references therein). This technique has found new
life recently with both targeted observations (e.g., Hy-

man et al. 2019) and more importantly large-scale radio

surveys (as in Frail et al. 2018), in some cases guided by

other “pulsar-like” objects of interest identified through

multi-wavelength surveys.

Beyond steep-spectrum catalogs, new techniques are

also under consideration. For instance, Dai et al. (2016)

discuss identifying pulsar-like sources through their in-

terstellar scintillation properties. Here we discuss an-
other way to identify pulsars from large-scale radio sur-
veys: by searching for the circularly polarized emission

that is almost unique to pulsars (as mentioned in Frail

et al. 2018 and others), although even among pulsars it

is not universal (Han et al. 1998; Gould & Lyne 1998).

A small number of pulsars have been detected through

a combination of spectral properties and linear polariza-

tion (Navarro et al. 1995; Strom 1987), but there have

not been large-scale surveys including circular polariza-

tion until recently (Lenc et al. 2018). Very few radio

sources have more than a few percent circular polar-

ization at frequencies < 5GHz. Many types of stars
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show some radio emission (Güdel 2002), although for
most of them it is weak, incoherent emission. Low-mass

flare stars typically show bursty emission that is often

highly polarized (e.g., Villadsen & Hallinan 2019; Zic

et al. 2019). Likewise, chromospherically-active binaries
like RS CVns show polarized flares (e.g., Mutel et al.

1987). While some steady emission has been seen from
these sources (Güdel 1994), the majority of polarized

sources seen in large-scale surveys are pulsars (e.g., Lenc

et al. 2018).

Here we report the serendipitous discovery of a highly-

polarized steep spectrum point source in a deep pointing
with the Australian Square Kilometre Array Pathfinder

telescope (ASKAP; Hotan et al. 2014; McConnell et al.

2016) at 888MHz. After considering and rejecting a

flare-star origin we discovered a new pulsar in a dedi-

cated pointing with the Parkes radio telescope. We dis-

cuss the nature of this pulsar and prospects for identify-

ing future sources through polarization imaging surveys.

2. ASKAP OBSERVATIONS AND SOURCE

DISCOVERY

As part of a campaign to study the nearby flare

star Proxima Centauri (Zic et al., in prep.), we ob-

served a field centered at (J2000) α = 14h29m32.s32,

δ = −62◦40′31.′′3 with ASKAP on each night from

2019 May 1 through 2019 May 4, as detailed in Table 1.

The observations used an integration time of 10 s with

baselines ranging from 22.4m to 6.4 km. We reduced the

data following the procedure in Zic et al. (2019), using

the Common Astronomy Software Applications package

(casa, McMullin et al. 2007) to make images in cir-

cular polarisation (Stokes V) as well as total intensity

(Stokes I). The primary calibrator PKS B1934−638 was

observed for each observing epoch to calibrate the flux

scale and the instrumental bandpass. The resulting im-

ages have synthesized beam widths of 12′′ − 14′′, and

were created with a robustness of 0. The images from

the first observation are shown in Figure 1. The rms

noise in the images is around 47µJy/beam (Stokes V)
and 57µJy/beam (Stokes I).

The total intensity image is quite complex, with over
3000 point sources visible along with significant diffuse

emission and several supernova remnants (the bright-

est of which is RCW 86). However, the circular po-

larization image has fewer than 10 sources visible. To

quantify this, we identified all of the significant sources

in the Stokes V images using aegean (Hancock et al.

2018), and matched them against sources in the Stokes
I images. We show the results in Figure 2. With the

exception of two sources, all of the Stokes V detections

are bright sources (flux densities > 105 µJy) with Stokes

V detectable because of a modest level of leakage, typ-
ically 0.1%. The two exceptions are marked separately.
One is Proxima Cen, which was known to be polarized.

The other was a previously unknown radio source which

we designate ASKAP 143121.2−632809.

This source has Stokes I flux density 1666±40µJy and

Stokes V flux density 304± 34µJy, and does not appear
to vary between the images. The large polarized fraction

of V/I = 18 ± 2% is notable, and led us to investigate

this source further.

To determine the spectral properties of this source we

combined the four observations into a single UV data set

and then imaged it in four sub-bands spread across the

288MHz bandpass. With this we measure a spectral in-
dex α = −1.5±0.2 across the 780–995MHz region (with

flux density Sν ∝ να). Such a steep spectrum is con-

sistent with the median spectral index of pulsars (e.g.,

Bates et al. 2013) and steeper than 90% of radio sources

(Intema et al. 2017). However, note that the spectral
index within the ASKAP observation was only appar-

ent after combining multiple observations and would be
difficult to use on its own for source selection, while the
high degree of polarization was much more apparent.

Comparing to other surveys would be better for steep

spectrum selection, but there are few appropriate radio

surveys below δ ≈ −40◦.
The initial image astrometry showed some small

(< 1′′) discrepancies between the positions of radio
sources and their cataloged values that were nonetheless

larger than the statistical uncertainties. We therefore

shifted the positions to better match two sources from

the The Australia Telescope 20 GHz (AT20G; Murphy

et al. 2010) catalog. After this shift we find a posi-
tion for ASKAP 143121.2−632809 at epoch 2019.33 of

14h31m21.s23, −63◦28′08.′′6, based on the Stokes I im-
ages. The statistical errors are about ±0.′′2 on each

coordinate, but we include an additional ±0.′′3 uncer-

tainty in each coordinate that comes from the match of

Proxima Centauri (based on Gaia Collaboration et al.

2018) with its position. There is also an additional 2′′

shift between the position of the Stokes I source and
the Stokes V source, although both are individually
consistent with point sources. This is being further
investigated by the ASKAP commissioning team.

3. MULTI-WAVELENGTH OBSERVATIONS AND
FOLLOWUP

To further constrain the nature of ASKAP 143121.2−632809
we observed the source with the Australia Telescope

Compact Array (ATCA) on 2019 May 19 with a 2GHz
bandwidth centered at 5.5GHz (Table 1, project code

CX436). As a result of a pointing error, the source was
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is needed even for fainter sources, and in contrast to
linear polarization foreground depolarization is not an

issue and the full band can be used for discoveries. To

assess the potential for finding additional sources like

this one in future ASKAP surveys, we consider generic

deep (detection threshold ≈ 50µJy) and shallow (de-

tection threshold ≈ 1.5mJy) surveys at 900MHz. A

deep survey would be about 10 times as sensi-

tive as the HTRU high-latitude survey (Keith

et al. 2010) in raw flux density, where the com-

parison is made with the high-latitude survey despite

the low Galactic latitude of PSR J1431−6328 since we
are concerned with future all-sky ASKAP searches. To

quantify this further we created realizations of the mil-

lisecond pulsar (MSP) population and the normal (non-

recycled) population using PsrPopPy2 (Bates et al. 2014;

Lorimer et al. 2015). Of the 96% of the simulated MSPs

and 97% of simulated normal pulsars with δ < +30◦

(and hence visible by ASKAP), 66 MSPs and 400 nor-

mal pulsars would be detectable by a shallow survey,
and 2100 MSPs and 10,000 normal pulsars by a deep
survey. Assuming a median circular polarization frac-
tion of ≈ 10% (Han et al. 1998; Johnston & Kerr 2018)

for both populations, the numbers of projected ASKAP

detections via circular polarization alone goes down by

a factor of 10: 7 (200) MSPs in a shallow (deep) sur-

vey, plus 40 (1000) normal pulsars. Considering that
there are currently 262 known MSPs and 1702 normal
pulsars (Manchester et al. 2016) with δ < +30◦, it is

unlikely that even deep ASKAP searches for circularly-

polarized point sources will find large numbers of new

pulsars. However, there is a large variation in polarized

fraction (Johnston & Kerr 2018), and for a 15% polar-

ized fraction a deep ASKAP survey is as competitive as
the HTRU high-latitude survey. Moreover, MSPs have a
larger scale Galactic height compared to normal pulsars

(Levin et al. 2013; Stovall et al. 2014), suggesting that

all-sky ASKAP surveys may discover a number of high-

|b| MSPs. Finally, ASKAP could discover MSPs that
are hard to find via traditional surveys (highly acceler-

ated such as in Cameron et al. 2018, highly scattered,
etc), as discussed above.
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PSRCHIVE (Hotan et al. 2004), PsrPopPy2 (Bates

et al. 2014, https://github.com/devanshkv/PsrPopPy2)
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