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ABSTRACT: Exploring the transient radio sky is one of the major science drivers for several upcoming
and planned radio telescopes, including the Square Kilometer Array (SKA). The detection of transient
signals, particularly of relatively short durations, can however be considerably hampered by the prevalent
and ever growing problem of radio frequency interference (RFI) in radio astronomy. With the goal of
developing efficient techniques for the identification and mitigation of RFI in fast-sampled spectrometer
data, and in particular discriminating signals of astrophysical origin from those due to RFI, we have
recently begun an exploration of various algorithms and methods using as testbeds data from simultaneous
dual station observations as well as Arecibo’s L-band feed array system. This paper will present an
overview of our ongoing effort and comment on some exciting future prospects.

1. INTRODUCTION

While scientifically very promising, the dynamic radio sky remains a poorly explored area of radio as-
tronomy. Sources of fast radio transients will be compact, based on light-travel-time arguments and are
potential locations of explosive or dynamic events, thus offering unique avenues for probing fundamen-
tal physics and astrophysics. Short-duration transients most likely involve coherent emission processes
and they also serve as powerful probes of intervening media through dispersion, scattering and Faraday
rotation effects that modify signals, particularly at low radio frequencies.

There have been some major impediments in this game. First, the combination of high sensitivity
and wide field of view – a key requirement for transient searches, has been costly to realize in radio
astronomy until recent times. Second is the growing nature of impulsive radio frequency interference
(RFI), which is often known to mask even the characteristically dispersed pulses from radio pulsars.
While the former will eventually be addressed by several upcoming and planned array instruments,
the latter calls for the development of efficient techniques and algorithms for RFI identification and
mitigation, and the discrimination of real transient signals from the spurious ones. Suitable and effective
approaches may range from performing simple yet powerful coincidence checks (in case of data from
multisite or multipixel observations), to applying suitable matched filtering schemes on the raw data or on
the processed data product. This paper presents an overview of our ongoing effort in this direction using
data from instruments such as the Arecibo telescope and the Green Bank telescope (GBT), including
simultaneous dual-site observations and new observations made with the Arecibo L-band Feed Array
(ALFA) system.

2. DETECTION OF FAST TRANSIENTS

On multiple counts, the detection of fast radio transients – pulses with short durations of seconds or less
– is rather a non-trivial problem. This is in part owing to propagation effects (e.g. dispersion, scattering
and scintillation), and even more so because of the limitations of existing instruments in their ability to
discriminate between signals of celestial origin from those caused by RFI. Numerous attempts have been
made in the past to search for and/or follow-up on radio transients, but with only modest success (see
Cordes & McLaughlin 2003 for a literature review). Most upcoming array instruments will overcome
these current limitations in terms of sensitivity, field of view, and particularly the ability to discriminate
between real and spurious signals. This further strengthens our motivation to develop suitable detection
techniques and algorithms applicable for transient searches.

The general strategy for detecting fast radio transients will invariably involve some combination of
the following: (a) defining the detection criteria and identification of “events”; (b) classification of the
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Figure 1. Diagnostic plots of example single pulse search output. The left and right sets of panels
are before and after the application of a matched filter to detect and excise spurious events associated
with radar signals (i.e. “de-radaring”). In each panel, from left to right: (top) histograms of events
vs. S/N and events vs. DM channel; scatter plot of DM channel and S/N, and the mapping from DM
channel to DM in pc cm−3; (bottom) scatter plot of events vs. time ad DM channel with S/N > 5.
Data are from Arecibo L-band observations toward one of the beam areas on the M33 galaxy.

events into different categories; and (c) the assessment of events and associated reality checks. In practice,
however, details will depend on the instrument, the choice of observing parameters and the specifics of
signals that are targeted for. The simplest and perhaps most generic scheme, particularly in the case of
fast-sampled spectrometer data, involves searching for isolated but dispersed single pulses. Such single
pulse searches may comprise a series of steps such as de-dispersion, matched filtering, thresholding and
suitable diagnostics that help determine the reality of the detected signals. The implementation details
of matched filtering will depend on the nature of targeted signals. For instance, progressive smoothing
of adjacent time samples and appropriate thresholding appears to be an effective strategy in the case of
unknown pulse widths and shapes.

Sporadic RFI in the data results in many false positives that may even completely dominate over
real signals in the diagnostic plots and related figures of merit. For instance, in the case of observations
with Arecibo in its L-band frequency range (1100 to 1500 MHz), the infamous swept-frequency radar

Table 1. Observing parameter space and transient detection.
Observing system Example Our activities
Single site, single pixel Arecibo + WAPP Observations of giant pulses

(GPs) from the Crab pulsar
Single site, multiple sub-bands Arecibo + 4 WAPPs Observations (at L-band) of

the M33 galaxy and Crab GPs
Single site, multiple pixels The ALFA system Single pulse (SP) searches of ALFA

pulsar (pre-cursor) survey data
Dual site, single pixel Arecibo + GBT AO-GBT observations of the

Crab pulsar, UGC galaxies
Dual site, multiple sub-bands AO/WAPP+GBT/SPIGOT Observations of Crab GPs,

the M33 galaxy (SP searches)
Dual site, multiple pixels Not yet feasible
Multiple sites, multiple pixels SKA

Note: WAPP = Wideband Arecibo Pulsar Processor (http://www.naic.edu/∼wapp)
Note: SPIGOT = The NRAO SPIGOT spectrometer (http://www.gb.nrao.edu/GBT)

2



Figure 2. Single-pulse search output from the discovery observation of pulsar J0628+0909. Each
row shows data collected by one of the 7 beams during the pointing. From left to right: scatter plot
of events vs. time and DM channel with S/N > 5; histogram of events vs. DM channel; scatter plot
of DM channel and S/N; the mapping from DM channel to DM value in pc cm−3; and the number of
pulses vs. S/N. The pulsar pulses have peak S/N at the true DM of the pulsar but show reduced S/N
at neighboring values of DM. Other events are mostly from radar.

signal in this frequency band is often manifested as frequent bursts of events that spread over a large
dispersion measure (DM) range (Fig. 1). In principle, such “RFI events” can be efficiently detected and
excised by applying suitably chosen matched filters whose characteristics are optimized to detect such
RFI signatures in processed data output. Figure 1 shows an illustrative example of this scheme.

Although such matched filter-based schemes can be quite effective in excising much of the RFI in
the data, a critical assessment of the detected signals will still need to rely on the application of tests
for properties that real celestial signals must have, such as dispersive arrival times and Doppler shifts in
frequency, and also any repeatability that can be explored through multiple observations. Testing the
reality of the detected signals can thus turn out to be quite tedious in case of observations using single-
site, single-pixel systems. Most future radio instruments will alleviate this problem to a large degree
by exploiting their unique design features such as multibeaming capability, multiple stations and large
station separations.

3. EXPLOITING THE OBSERVING PARAMETER SPACE

Most next-generation radio telescopes will enable the exploitation of different dimensions of the observing
parameter space for discriminating signals of celestial origin from those due to RFI. In addition to
conventional parameters such as time (t) and frequency (ν), the spatial location of a station (x) and
the field of view (Θ) make two other powerful dimensions of the parameter space – i.e., signal under
consideration is of the form, S(x, t, ν, Θ). Thus, depending on the combination of parameters, various
scenarios are possible as summarized in Table 1. Among the various planned or upcoming instruments,
the SKA, with its superior sensitivity and unique design features, presents the best scenario. Below
we list a short subset of scenarios that are currently feasible, highlight the power of each, and present
examples in some cases.
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(a) Single site, single pixel (e.g. Arecibo + WAPP): This is the simplest and also the most
easily feasible with existing large telescopes. However it offers limited power in discriminating between
real signals and RFI. Consequently this renders it the least promising in finding new types of transient
signals. This scenario is already discussed in §2 (see also Fig. 1).

(b) Dual site, single pixel (e.g. Arecibo + Green Bank): Although hard to realize in a routine
manner, this offers a powerful means of discriminating between celestial signals and those of terrestrial
origin. This assumes well-separated locations of the sites and that RFI environment varies significantly
from one site to the other. The data from our simultaneous Arecibo-GBT observations last year (Bhat
et al. 2005) has demonstrated the effectiveness of this scheme, particularly for detections of giant pulses
from Crab pulsar type objects.

(c) Single site, multiple sub-bands (e.g. Arecibo + multiple WAPPs): In the case of wide-band
receivers and spectrometers, some meaningful reality checks of the detected events can be performed by
breaking up the observing band into multiple (preferably equal-sized), contiguous sub-bands, and then
performing coincidence checks of events detected in different sub-bands, as well as comparison of their
properties. The sub-band technique appears to be efficient for filtering out real signals from a likely forest
of events in sub-bands with RFI-rich RFI environments (e.g. Bhat et al. 2005).

(d) Single site, multiple pixels (e.g. Arecibo L-band Feed Array): Sampling the sky with
multiple pixels offers a unique means of discriminating celestial signals from those of terrestrial origin.
Multi-pixel systems such as the ALFA or the Parkes multibeam receiver (PMB) present the simplest
realization of this approach. The multibeaming capability of these systems is exploited in pulsar sur-
veys undertaken with them, particularly in the scrutiny of the detected candidates. The power of this
method is vividly demonstrated by the recent discovery of a pulsar (Cordes et al. 2005) with the ALFA
system through its isolated, dispersed pulses, and two other single-pulse candidates from more recent
observations. In parallel, we have also begun the development of suitable algorithms and methods useful
in the classification of events detected through different beams. The ALFA pulsar survey data serves as
an excellent testbed for this purpose. Fig. 2 presents an illustrative example.

4. LOOKING INTO THE FUTURE

The upcoming and planned next-generation radio telescopes are slated to open up a new parameter space
in transient searches, and thus have the potential to revolutionize this hitherto poorly studied area of radio
astronomy. In particular, the SKA, with its superb sensitivity and wide frequency coverage, coupled with
capabilities such as multiple beams and multiple fields of view, and above all a large number of stations
placed at large spatial separations (extending up to thousands of kilometers), offers tremendous prospects
in this arena. Several other instruments, such as the Allen Telescope Array (ATA), Low Frequency Array
(LOFAR), the Long Wavelength Array (LWA), and the Mileura Widefield Array (MWA), will help realize
this goal to varying degrees. There is a wide variety of known and hypothesized transients at radio
wavelengths, such as intense short-duration pulses from ultra-high energy particles; Type II and III solar
bursts; radio flares from Jupiter-like planets, brown dwarfs, and late-type stars; giant pulses from pulsars,
and transient pulsars; supernovae; γ-ray bursts , and even extraterrestrial transmitters. Thus the future
looks bright and promising. Our ongoing efforts and future follow-ups toward the development of suitable
techniques and algorithms for transient detections will hopefully provide an important impetus in this
direction.
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