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ABSTRACT
We use observations from the Boolardy Engineering Test Array (BETA) of the Australian
Square Kilometre Array Pathfinder (ASKAP) telescope to search for transient radio sources
in the field around the intermittent pulsar PSR J1107−5907. The pulsar is thought to switch
between an ‘off’ state in which no emission is detectable, a weak state and a strong state.
We ran three independent transient detection pipelines on two-minute snapshot images from
a 13 h BETA observation in order to (1) study the emission from the pulsar, (2) search for
other transient emission from elsewhere in the image and (3) to compare the results from the
different transient detection pipelines. The pulsar was easily detected as a transient source and,
over the course of the observations, it switched into the strong state three times giving a typical
time-scale between the strong emission states of 3.7 h. After the first switch it remained in the
strong state for almost 40 min. The other strong states lasted less than 4 min. The second state
change was confirmed using observations with the Parkes radio telescope. No other transient
events were found and we place constraints on the surface density of such events on these
time-scales. The high sensitivity Parkes observations enabled us to detect individual bright
pulses during the weak state and to study the strong state over a wide observing band. We
conclude by showing that future transient surveys with ASKAP will have the potential to probe
the intermittent pulsar population.
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1 INTRODUCTION

The Australian Square Kilometre Array Pathfinder (ASKAP) tele-
scope, currently being built in Western Australia, is designed to be
a high-speed survey instrument (see Johnston et al. 2007). Each an-
tenna in the array operates with a Phased Array Feed (PAF) receiver
system (Hay & O’Sullivan 2008; Hampson et al. 2012) allowing ob-
servations with a field of view (FoV) of 30 deg2. The PAFs have
a frequency range from 700 MHz to 1.8 GHz within which the
correlator can process ∼300 MHz of instantaneous bandwidth. The
full ASKAP telescope is not yet ready for scientific observations.
In this paper, we describe results obtained using six of the ASKAP
antennas. This small array is known as the Boolardy Engineering
Test Array (BETA; Hotan et al. 2014) and has been created to
demonstrate the effectiveness of PAFs in enabling high-speed radio
surveys. BETA has a reduced capability in the number of beams
that are able to be formed and therefore has a reduced instantaneous
FoV (the actual FoV that was processed is described below).

One of the main goals for ASKAP is to explore the transient and
variable radio sky via highly sensitive, wide-field observations. The
Commensal Real-time ASKAP Fast Transients survey (Macquart
et al. 2010) will search for fast (<5 s) transient radio sources such
as fast radio bursts. The survey for Variables and Slow Transients
(VAST; Murphy et al. 2013) will search for more slowly varying
sources (>5 s) such as flare stars, intermittent pulsars and radio su-
pernovae. However, it is likely that unexpected transient emission
will also be detected. For instance, previous surveys (e.g. Hyman
et al. 2002; Levinson et al. 2002; Bannister et al. 2011; Frail et al.
2012; Jaeger et al. 2012) identified a number of transient and vari-
able sources; the origin of many of these is still unknown.

Pulsars are usually discovered through the detection of their regu-
lar sequence of pulses. However, pulsars are also known to suddenly
switch off (a recent example was described in Kerr et al. 2014) or to
emit giant pulses. Rapidly rotating radio transient sources (RRATS;
McLaughlin et al. 2006) are now thought to be a small number of
bright pulses from otherwise undetected neutron stars. Pulsar flux
densities can also vary significantly because of interstellar scintilla-
tion or because the pulsar signal becomes eclipsed by a companion
object. The Compact Objects with ASKAP: Surveys and Timing
(COAST) survey team1 plans to carry out traditional-style pulsar
surveys using ASKAP, but the transient surveys may also find pul-
sars through bright individual pulses or, as described later in this
paper, by monitoring their variability in the image plane.

Our survey with BETA is not as sensitive as many previous
transient surveys. However, we can probe areas of parameter space
not covered by previous surveys (e.g. short time-scales) and we can
also target fields with known bright transient sources. For example,
the pulsar PSR J1107−5907 has an extremely variable flux density
and, in its bright state, is easily detectable in our image-plane survey.
This provides us with a source that can be used to study one of
the many phenomena that will arise in the main ASKAP transient
surveys. It is also scientifically valuable to study this exotic pulsar
in more detail.

PSR J1107−5907 is thought to have three emission states: strong,
weak and off. The only in-depth study of this pulsar has been carried
out by Young et al. (2014) who used the Parkes radio telescope to
show that

1 http://pulsar.ca.astro.it/pulsar/COAST/Welcome.html

(i) the pulsar remains in the strong-emission state for ∼200–6000
pulses with apparent nulls over time-scales of up to a few pulses at
a time,

(ii) during the weak state a few bursts of up to a few pulses are
detectable, and

(iii) the off-state may actually be the bottom end of the pulse-
intensity distribution for the source.

Young et al. (2014) emphasized that their statistical analysis of
the bright emission was limited because of their small number of
detections of the strong state. We therefore conducted BETA early-
science observations that were centred on PSR J1107−5907. We
also obtained some coincident observations of the pulsar with the
Parkes 64-m radio telescope. The goals of this work were to

(i) identify issues relating to the search for transient radio emis-
sion in a complex region of the Galactic plane,

(ii) study the image quality obtained using the PAFs,
(iii) monitor PSR J1107−5907 with much longer observation

times than previous observations,
(iv) search for unexpected, bright transient sources elsewhere in

the field,
(v) compare the results from different transient detection

pipelines, and
(vi) consider the possibility for discovering pulsars in wide-field

imaging surveys.

All previous observations of this pulsar were obtained with the
Parkes telescope. In contrast, our survey (1) uses an interferometer
with a wide field of view allowing us to study not just the pulsar, but
the Galactic sources in the pulsar’s vicinity, (2) is based on analysis
of images instead of using traditional pulsar search methods, (3) is
at a site with extremely low levels of radio-frequency interference
(RFI), (4) allows us to study the pulsar with a 304 MHz band-
width between 700 and 1000 MHz and (5) provides long-tracks on
source (∼13 h, compared with ∼3.6 h for the longest low-frequency
observations yet carried out).

The use of a telescope that was still being commissioned does
lead to problems that are unlikely to arise in future surveys. We note,
and will discuss later, that the current array has a poor instantaneous
coverage of the (u, v) plane. When imaging complex regions of the
Galactic plane this makes CLEANING the image challenging. In this
paper, we therefore apply the transient pipelines to non-CLEANED

images. Our survey can therefore be thought of as a worst-case sce-
nario for future transient surveys in terms of sensitivity, calibration
artefacts and snapshot image quality.

In Section 2, we describe our observing setup with BETA and
Parkes. Our results are presented in Section 3. We discuss the im-
plications of our results for studies of the pulsar and for wide-area
transient surveys in Section 4. We conclude in Section 5.

2 OBSERVATIONS

Our observations were centred on the position of PSR J1107−5907.
The basic parameters of this pulsar, as obtained from the ATNF
pulsar catalogue (Manchester et al. 2005), are listed in Table 1.

2.1 The beta observations

BETA has been described in detail by Hotan et al. (2014). In brief,
six 12 m antennas provide a total, geometric collecting area of
678 m2. The maximum baseline length is 916 m giving an angular
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Table 1. Basic parameters from Lorimer et al. (2006) for PSR J1107−5907.

Parameter Value

Right ascension (hh:mm:ss) . . . . . . . . . . . . 11:07:34.46(4)
Declination (dd:mm:ss) . . . . . . . . . . . . . . . . −59:07:18.7(3)
Dispersion measure (cm−3pc) . . . . . . . . . . 40.2(11)
Pulse frequency (Hz) . . . . . . . . . . . . . . . . . . . 3.95611366927(8)
Pulse frequency time derivative (s−2) . . . . −1.41(15) × 10−16

Epoch of frequency determination (MJD) 53089
Epoch of position determination (MJD) . . 53089

Derived parameters
Galactic longitude (deg) . . . . . . . . . . . . . . . . 289.94
Galactic latitude (deg) . . . . . . . . . . . . . . . . . . 1.11
Distance (kpc) . . . . . . . . . . . . . . . . . . . . . . . . 1.8
Pulse period (s) . . . . . . . . . . . . . . . . . . . . . . . . 0.25
Pulse period derivative . . . . . . . . . . . . . . . . . 9 × 10−18

Characteristic age (yr) . . . . . . . . . . . . . . . . . 4 × 108

Surface magnetic field strength (G) . . . . . . 5 × 1010

Spin-down energy loss rate (erg s−1) . . . . 2 × 1031

Uncertainties in parentheses are the 1σ error on the last decimal place given
for each parameter.

resolution of 1.3 arcmin. The beamformers were configured to de-
ploy nine beams in a diamond pattern with a 1-2-3-2-1 row layout in
declination, however for our project only the central, on-axis beam
was processed. The array was configured to observe between 711.5
and 1015.5 MHz with the correlator delivering 16 416 × 18.5 kHz
frequency channels. The integration time per visibility point is 5 s.

PSR J1107−5907 was observed from UTC 01:38:00 to 14:38:00
on 2014 July 14 giving a total of 13 h of on-source time.2 After the
observation completed the array was repointed to place the strong
radio source PKS B1934−638 at the centre of the on-axis beam and
15 min of data were recorded from UTC 14:44:00 for calibration
purposes. The data were subsequently averaged to form a 304 ×
1MHz channel ‘continuum’ data set. The data are provided in stan-
dard measurement sets, and the CASA3 package was used for editing,
calibration and imaging. The FLAGDATA task was used on both the tar-
get and the calibrator scans in order to remove the autocorrelations,
and to clip the data (with a manually determined threshold) in order
to remove occasional spurious instrumental artefacts (that give un-
realistically high amplitudes or amplitudes of exactly zero). A single
pass of the RFLAG algorithm with time and frequency thresholds of
5σ was also applied to both data sets.

The PKS B1943−638 scans were then averaged in time and
the BANDPASS task was used to solve for the instrumental bandpass
shape against the model derived by Reynolds (1994). This set of
corrections has the dual purpose of correcting the bandpass shape
and setting the absolute flux-density scale of the data. The derived
corrections were then applied to the target data set.

At this stage the usual procedure is to apply one or more passes
of self-calibration to correct the data further, with calibration of the
complex antenna-beam gains being performed against a sky model
derived from the image. For typical extragalactic fields away from
the Galactic plane this approach works extremely well. However,
self-calibration was not applied to the data presented here. With

2 Since the observations for this work were carried out it has been found
that the time stamps were incorrect by ∼10 s. The times given in this paper
are therefore incorrect by approximately this time (the exact offsets are not
yet fully determined). Such an offset does not change the scientific results
of this paper.
3 http://casa.nrao.edu

Figure 1. The (u, v) plane coverage of the PSR J1107−5907 observations.
Each baseline is individually coloured. The (u,v) plane coverage for one of
the two minute snapshot images is overlaid in green. The total observing
time was 13 h with an observing bandwidth of 304 MHz.

only six antennas and a maximum baseline of approximately 1 km,
BETA is a relatively sparse array. The (u, v) plane coverage of
the target observation is shown in Fig. 1. Even with the benefits
of multifrequency synthesis imaging (e.g. Sault & Wieringa 1994;
Rau & Cornwell 2011), significant gaps remain in the Fourier plane
coverage, particularly in the inner region. Strong emission from the
Galactic plane is present over a broad range of low spatial frequen-
cies, and since the Fourier domain is somewhat sparsely sampled by
the interferometer the large-scale emission is not faithfully repro-
duced in the image domain. This precludes self-calibration: using
the image to derive a sky model results in one that is highly in-
complete and does not accurately transform into an approximately
true representation of the visibilities. We trialled different methods
in which we used subsets of the available baselines and only using
compact features, but these methods made the image noticeably
worse, suppressing many of the real diffuse structures. Thus, the
images that are presented in this paper have been produced with
the complex gain corrections derived from the single observation of
PKS B1934−638 as their sole correction. However, as will be shown
below and in the next sections, the images produced accurately re-
produce features known in the field and allow us to successfully
detect the pulsar.

The data from the beam centred on PSR J1107−5907 were im-
aged using the CASA CLEAN task. A 2240 × 2240 pixel image was
produced with each square pixel spanning 12 arcsec, giving a total
sky area of 7.5 × 7.5 deg2. The image was deconvolved interactively
employing a multifrequency synthesis algorithm that models each
component with a third-order Taylor series (Rau & Cornwell 2011),
manually improving the cleaning mask in order to avoid spurious
features with each major cycle. The final deconvolved wide-field
image is presented in Fig. 2 and described in Section 3. No primary
beam correction has been applied.

Searches for transient radio emission can be based on the raw
visibilities obtained from the telescope or on snapshot images. It
is likely that transient searches (for events lasting more than a few
seconds) with the full ASKAP array will be based on studies of
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Figure 2. BETA image of the area around PSR J1107−5907 formed from the central on-axis beam with a central frequency of 863.5 MHz. No primary beam
correction has been applied. The array pointing position is that of the pulsar, which is marked with the cross. The dashed circle shows the approximate half
power point of the formed PAF beam at the centre frequency. Inset are two examples of complex structures in the Galactic plane that BETA images (left) with
excellent correspondence to the existing MGPS-2 images (right). The intensity scale of the main image is given by the grey-scale bar at the top of the figure.
Note that the inset images are not shown on the same brightness scale due to the primary beam attenuation. The Carina nebula is observed through the first
sidelobe of the primary beam.

snapshot images and so we use the same procedure here. Before
these images were produced, the spectral clean component model
produced as a result of the imaging step was inverted into a set
of model visibilities. This model was then subtracted from the ob-
served data to produce a residual visibility data base (note that the
pulsar was not included in this model). The residual visibilities were
then split into two-minute intervals (390 epochs) and dirty (i.e. not
cleaned) images were formed to be processed by the transient search
pipelines. The choice of two-minute intervals was based on the need
to study the shortest time-scale variability possible, whilst ensuring
that the pulsar can be detected with high S/N in its bright state.

In summary, our transient search is based on two-minute snapshot
images. In those images the brightest sources have been removed as
well as possible using the CLEAN component model that was derived
from the full-length image. The CLEAN procedure was not applied
to the snapshot images. Any transient source that lasted up to a few
minutes would therefore be detectable in the snapshot images with
the shape of the dirty beam at that time. The images described in
this paper are available for download from the CSIRO data archive.4

4 http://hdl.handle.net/102.100.100/25153?index=1. Relevant files have file-
names beginning with SB220 (this nomenclature is from the scheduling
block #220).

2.2 The Parkes observations

The main aim of our work is to use PSR J1107−5907 to demon-
strate the effectiveness of transient searches with ASKAP. In order
to confirm our results, and to obtain multifrequency observations of
the pulsar, we carried out simultaneous observations with the Parkes
telescope. The Parkes telescope has a long history of detecting and
studying pulsars and fast transient events and relatively straightfor-
ward and mature procedures are in place to record and process the
observations. The Parkes observations described here were carried
out as part of a program to study the stability of the pulsed emission
(project code P8635) through long, multifrequency observations
of a small sample of pulsars (which includes PSR J1107−5907).
These observations were obtained in ‘search-mode’, in which the
data are averaged over a short integration time (256 µs) from UTC
09:53 to 10:53 on 2014 July 14. We observed using a dual-band
receiver providing 64 MHz of bandwidth centred on 732 MHz and
simultaneously 1 GHz of bandwidth centred on 3100 MHz.

5 After the standard embargo period of 18 months these data will
be publicaly available for download through the CSIRO Data Access
Portal; http://data.csiro.au (Hobbs et al. 2011). The relevant files are
s140714_095334 and t140714_09333.
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