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Abstract
Breakthrough Listen (BL) is a 10-year, $100M initiative to search for evidence of extraterrestrial intelligence in a
scientifically rigorous manner. The ultimate goal: to comprehensively answer whether we are alone in the nearby
Universe. Using the Parkes 64-m telescope and Green Bank 100-m radio telescopes, BL is surveying 1709 of the
nearest stars (a 50-light-year range), covering all frequencies possible with the receiver suites available. In addition,
BL is using the Automated Planet Finder telescope to conduct an optical search for narrowband laser emissions. In
this talk, we give an overview of the BL project, with a focus on observations conducted with the Parkes 64-m
telescope in NSW, Australia. We introduce the Parkes SETI galactic plane survey, and present details of
observations of Alpha Centauri and Proxima Centauri, among other target stars. I will conclude with a discussion of
data analysis techniques in development, and future efforts to expand the Breakthrough Listen program.
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1. Introduction
The Breakthrough Listen (BL) initiative, launched in
July 2015, is a $100M, 10-year project to conduct the
most comprehensive and most sensitive search for
advanced life in the Universe [1]. Breakthrough Listen
(BL) is motivated by advances in wide-bandwidth
digital instrumentation, and by the Kepler mission's
discovery that almost all stars harbor planetary systems.
To search radio frequencies between 1—10 GHz for
artificial signals, the BL program is conducting
observations using the Robert C. Byrd 100-m Green
Bank Telescope (GBT) in West Virginia, USA, and the
Parkes 64-m telescope in NSW, Australia. At optical
frequencies, the Automated Planet Finder telescope
(APF), in California, USA, is also being utilized to
search for evidence of pulsed laser transmissions [2].
The observational strategy and target selection for
the BL program is detailed in Isaacson et. al. (2017) [3].
Briefly, the BL program will observe a diverse selection
of nearby stars, galaxies and the galactic plane. The 60
nearest stars (within 5.1 pc), along with 1649 stars from
the Hipparcos catalog of all spectral types spanning the
Hertzprung-Russel diagram, were selected as primary
star targets; 123 galaxies of all morphologies were also
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chosen as targets. A survey of the disk and bulge of the
Milky Way will also be undertaken.
Here, we detail the observational strategy, new
instrumentation, and initial results for observations
conducted using the Parkes 64-m telescope;
observations with the GBT are detailed elsewhere [4].
The Parkes 64-m telescope has had an illustrious 50+
year history, including several previous SETI searches,
most notably Project Phoenix in 1995, in which 209
solar-type stars were observed [5]. Details of SETIspecific past and future developments for Parkes are
detailed in Green (2017) [6]. BL observations at Parkes
commenced 1st October 2016 for nearby stars (Sec. 3.1);
an observational campaign to survey the galactic plane
and central bulge will commence 1st October 2017.
2.

Instrumentation
Parkes is equipped with a suite of receivers covering
the 0.7-22.6 GHz range. The first-year BL program
primarily utilizes the 10-cm receiver, which covers 2.63.6 GHz (S-band), and the 13-pixel multibeam receiver
(MB) that operates over 1.23-1.53 GHz. Some
observations have also been conducted using the 3-cm
(8.1-8.5 GHz) and 1.3-cm (16.0-26.0 GHz) receivers,
which have limited availability due to shared-user
scheduling limitations.
The 10-cm, 3-cm, and 1.3-cm receivers utilize a
shared analog downconversion system with 1.0 GHz
bandwidth. In contrast, the MB has a dedicated analog
downconversion system for each of its 13 beams, each
with 340 MHz of bandwidth.
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2.1 The BL wideband digital system
To digitize, record and process the full available
bandwidth of the two downconversion systems, we have
designed and implemented a wideband digital signal
processing system: the Breakthrough Listen at Parkes
digital recorder (BLPDR). The BLPDR is a
heterogeneous system consisting of field-programmable
gate array (FPGA) signal processing boards from the
CASPER collaboration [8], connected via high-speed
Ethernet to a compute cluster outfitted with graphics
processing units (GPUs) used for data reduction (Fig.
1). The details of BLPDR—which is implemented using
similar hardware as the BL signal processing system at
the GBT [9]—will be the subject of a future publication.
The system was installed in several phases, with full
system installation completed in June 2017.

Fig. 2. Example observed spectrum Proxima Centauri,
using the 10-cm receiver on 2017-01-20 (uncalibrated).
The inset shows a zoom over three coarse channels,
showing the characteristic filter shape.
3. Observational targets and strategy
As the Parkes telescope is in the Southern
Hemisphere, it is afforded excellent observational
coverage of the galactic plane and central bulge. Firstyear observations with Parkes have focused on
observations of nearby stars; the upcoming second-year
observations will focus on a survey of the galactic
plane.

Fig. 1. The Breakthrough Listen at Parkes Data
Recorder system (BLPDR), as installed June 2017.
2.2 Data products
During observations, the BLPDR system records
coarsely channelized voltage data to disk. Postobservation, these data are reduced into filterbank
formatted dynamic spectra with three different
frequency and time resolutions: (3 Hz, 18.25 s), (2.86
kHz, 1.07 s), and (366 kHz, 350 us). This conversion
uses a GPU-accelerated code, and reduces the data to
approximately 1/50th of its original size.
An example spectrum, comprised of 327,680
channels over 937.5 MHz of bandwidth from 2.6003.535 GHz, is shown in Fig. 3. These data are from an
observation of Proxima Centauri on 20th January 2017.t

3.1 Diagnostic and calibration observations
At the beginning of each observation, a bright
pulsar is observed for 5 minutes as a system diagnostic
(Tab. 1). This is followed by observation of a calibrator
source, such as 1934-68 or 0407-658. For these
diagnostic sources, we archive a copy of the coarsely
channelized voltages.
Table 1. List of pulsars observed for BL diagnostic
testing.
Pulsar
RA
DEC
J0034-0721
00:34:08.8
-07:21:53.4
J0437-4715
04:37:15.9
-47:15:09.1
J0738-4042
07:38:32.3
-40:42:40.9
J0835-4510
08:35:20.6
-45:10:34.9
J0953+0755
09:53:09.3
+07:55:35.8
J1456-6843
14:56:00.2
-68:43:39.3
J1644-4559
16:44:49.3
-45:59:09.5
J2048-1616
20:48:35.6
-16:16:44.5
J0034-0721
00:34:08.8
-07:21:53.4
3.2 Nearby stars
A majority of observations of the 1709-target star
sample will be conducted at the GBT, due to its larger
aperture and wider-bandwidth downconversion system.
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Sources not visible from the GBT (declination below -5
degrees), are observed using Parkes. In the first year, we
have focused on observations of stars within the
volume-complete 5.1 pc sample of Isaacson et. al.
(2017).
Each star is observed for a total of 15 minutes, in
three consecutive 5-minute blocks. For identification of
radio frequency interference (RFI), after every
observation block a 5-minute reference observation (0.5
degrees away from the source) is undertaken; signals
that appear in both on-target and off-target are flagged
as RFI.
3.3 Proxima Centauri
Proxima Centauri is the nearest-known star to the
Sun, at a distance of approximately 4.25 light years. In
2016, it Anglada-Escudé et. al. reported the discovery of
a ~1.3 Earth mass planet orbiting Proxima Centauri with
an orbital period of 11.2 days [8], placing it within the
star’s so-called ‘habitable zone’, in which equilibrium
surface temperatures allow for liquid water to
potentially exist on its surface.
Given its proximity and astrobiological interest, we
run dedicated observations of Proxima Centauri, with
15-minute on-source pointings interspersed with 15minute observations of Alpha Centauri as an off-source
target.
3.4 Galactic plane survey
A large fraction of the Milky Way’s stellar
population can be searched via a galactic plane survey,
due to the high stellar density within the disk and central
bulge. Further, it has been argued that there may be a
higher propensity for the emergence of intelligent life
within the central galaxy and within the disk [10].
The large instantaneous field of view of the Parkes
MB receiver is well-suited to conduct a galactic plane
survey. In the coming year, we will conduct a 1500hour survey of the galactic plane, covering galactic
latitudes |b| < 6.5° over the galactic longitudes
observable from Parkes ( -174 < l < 60°), along with the
Large and Small Magallenic Clouds. 1 PB of voltagelevel data from this survey will be stored at the Pawsey
supercomputer centre in Western Australia.
3.5 Other sources
As outlined in Isaacson et. al. [3], BL will observe
123 nearby galaxies within 30 Mpc; Parkes will be used
to observe Southern hemisphere sources not visible
from the GBT. These observations will be conducted
after the completion of the galactic plane survey.
A small fraction of observing time is set aside for
‘exotica’ observations of more speculative sources of
interest that merit SETI observations. For example,
follow-up observations toward locations of fast radio
bursts (FRBs), for which theories of ETI progenitors
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exist [11], brown dwarfs, asteroids, and extreme
environments such as black holes.
Space-borne probes, such as Voyager 2 (Fig. 3), are
useful system verification sources and are also of public
interest. The BL program will perform occasional and
opportunistic observations of synthetic space-borne
probes.

Fig. 3. Voyager 2 telemetry signal from
observations at Parkes on 10th October 2016.

BL

3.

Current Status
The BLPDR system was installed in several stages,
with each stage increasing the overall bandwidth that
can be recorded to disk and processed. In September
2016, a preliminary 375 MHz dual-polarization
bandwidth capable system was installed, which was
extended to 1.125 GHz in December 2016. Hardware
for a system capable of capturing the aggregate 4.42
GHz of bandwidth from the MB receiver’s 13x 340
MHz outputs was installed in June 2017. Systems
integration and testing toward MB observations are
underway, in preparation for the MB galactic plane
survey which will commence Oct 2017.
As of writing, the BL program at Parkes has been
running for nearly one full year, totalling roughly 1400
hours of allotted observation time. Analysis of these
data is ongoing; reduced data products will be made
available as part of the open-access BL data archive
shortly.
4.

Conclusions
The BL program is reinvigorating SETI science in
the Southern hemisphere, with the Parkes Radio
telescope playing a leading role in these seminal years.
A new wide-bandwidth data recorder for BL has been
installed at Parkes, and observations are well underway,
bringing us a step closer to answering the question: Are
we alone?
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