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ABSTRACT
We report the discovery of two new millisecond pulsars (PSRs J0024�7204aa and
J0024�7204ab) in the globular cluster 47 Tucanae (NGC 104). Our results bring the to-
tal number of pulsars in 47 Tucanae to 25. These pulsars were discovered by reprocessing
archival observations from the Parkes radio telescope. We reprocessed the data using a stan-
dard search procedure based on the PRESTO software package as well as using a new method
in which we incoherently added the power spectra corresponding to �1100 h of observations.
The newly discovered PSR J0024�7204aa, has a pulse frequency of �541 Hz (corresponding
to a �1.84 ms period), which is higher than any other pulsars currently known in the clus-
ter and ranks 12th amongst all the currently known pulsars. The dispersion measure of this
pulsar, 24.941(7) cm�3 pc, is the highest in the cluster. The second discovered pulsar, PSR
J0024�7204ab, is an isolated pulsar with a pulse frequency of �270 Hz (corresponding to a
period of �3.70 ms).

Key words: pulsars: general.

1 INTRODUCTION

Since the discovery of the �rst globular cluster (GC) pulsar, PSR
B1821�24A in M28 (Lyne et al. 1987), GC environments have
proven to be conducive to pulsar searches. Before 2016 January, 144
radio pulsars in 28 globular clusters (GCs)1 had been discovered.
Many of the pulsars are exotic. With a spin frequency of �716 Hz,
PSR J1748�2446ad is the fastest-spinning pulsar known (Hessels
et al. 2006). That pulsar was discovered in the GC Terzan 5, which
has 35 known pulsars (Lyne et al. 1990; Lyne et al. 2000; Ransom
et al. 2005; Hessels et al. 2006; GC pulsars catalogue1), the largest
for any GCs. Among all the GC pulsars, 80 are known to be in
binary systems and 132 are millisecond pulsars with spin periods
of 30 ms or shorter. Both fractions are much higher than those of
the Galactic population (see psrcat; Manchester et al. 2005).

With 23 previously known radio pulsars, 47 Tucanae (NGC 104)
is the second most populated cluster. All the pulsars were discovered
using the 64-m Parkes radio telescope (Manchester et al. 1990;
Manchester et al. 1991; Robinson et al. 1995; Camilo et al. 2000;
Freire et al., in preparation) and are millisecond pulsars. Freire et al.
(2001a) used observations of the pulsars in 47 Tucanae to make the
�rst detection of ionized intracluster gas. Timing models for 15 of
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the pulsars in the cluster were presented by Freire et al. (2001b) and
updated by Freire et al. (2003).

One of the primary goals of modern-day pulsar astronomy is to
discover a millisecond pulsar in orbit around a stellar mass black
hole. Evolutionary models suggest that such a system is only likely
to form in environments with high stellar interaction rates. There-
fore, GCs provide some of the most likely environments in which
to �nd such a system. Finding such exotic systems is a primary
goal of the Five hundred meter Aperture Spherical radio Telescope
(FAST; Nan et al. 2011) currently under construction in China. The
full system testing will start in the middle of 2016 June followed
by an expected �rst light on September 26. Zhang et al. (2016)
described how early FAST observations of GCs may �nd pulsars
by carrying out repeated short drift-scan observations. Traditional
pulsar searches are based on the analysis of a single, long time
sequence of data. The requirement to carry out short observations
during early FAST operation implies that the data from multiple
observations (taken on different days) will need to be combined.
We thus developed a segmented search method operating on power
spectra. The testing and application of such a method on the large
number of 47 Tucanae observation data allowed us to discover two
new pulsars. Such experience is also valuable when planning our
future FAST pulsar surveys.

In Section 2 of this Letter, we describe the details of the obser-
vations and data reduction. In Section 3, we describe the discovery
of two new pulsars. The conclusions are in Section 4.
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