
Abstract
• The physics of the dense star clusters in the vicinity of 

the central black holes of galaxies is a topic of great 
interest in astrophysics. 

• Our own Galactic Center (GC) contains the closest 
massive black hole and is the only nuclear star cluster 
that we can study in detail.

• Millisecond pulsars (MSPs) have exquisite timing 
stability and are considered to be precision cosmic 
clocks 

• Finding one such MSP in orbit about the Galactic 
Center black hole would be a signature discovery

• The DSS-43 antenna of the DSN offers one of the best 
capabilities of any telescopes for high-frequency 
detections of MSP in the GC

• The GC harbors a radio loud magnetar, a rare class of 
neutron stars, offering a window into the magneto-ionic 
environment of dense stellar clusters
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Galactic Centre Pulsars with the SKA R. P. Eatough

Figure 2: The positions of detected radio pulsars in the central 0.5� toward the GC overlaid on a 10.55 GHz
continuum map made with the Effelsberg telescope (Seiradakis et al. 1989). Assuming a GC distance of
8.3kpc, 0.5�corresponds to a projected distance of ⇠ 70pc. Even PSR J1745�2900, which overlaps the
position of Sgr A* on this scale (⇠ 300⌘ 0.1 pc offset), is too distant for gravity tests. Figure courtesy of
B. Klein.

reactions should occur as they do in globular clusters. Voss & Gilfanov (2007) show that tidal
capture of NSs by low-mass main-sequence stars is the dominant mechanism for forming binary
NS in approximately the central 10 of M31 and these can produce millisecond pulsars (MSPs)
via long-term accretion. Along with similarly captured stellar-mass BHs, accreting objects in the
central part of M31 can account for the excess number of point X-ray sources in the inner bulge of
M31. The same processes should occur in the GC over a similar-sized region (0.1–0.2 kpc) (Muno
et al. 2005).

Arguably the strongest evidence for a significant NS population in the central parsec now
comes from the recent detection of a radio loud magnetar - PSR J1745�2900, an inherently rare
class of pulsar, just ⇠300(0.1 pc) from Sgr A* (Kennea et al. 2013; Mori et al. 2013; Eatough
et al. 2013a; Shannon & Johnston 2013). Along with the five pulsars previously discovered in
proximity to Sgr A* (at 100�150- see Figure 2 (Johnston et al. 2006; Deneva et al. 2009)) these
objects cannot be explained as part of a Galactic disk population because the number of foreground
pulsars expected in the pulsar surveys to date is much less than one. Consequently, the question of
the GC pulsar population has been recently revisited by a number of authors (Chennamangalam &
Lorimer 2014; Zhang et al. 2014; Dexter & O’Leary 2014). As will be described in Section 3, it is
pulsars in compact orbits (Porb < 1 yr - corresponding to a semi-major axis of ⇠ 160 au) around
the BH that will enable the most precise tests of GR. Recent simulations suggest that up ⇠ 200
pulsars could orbit within 4000 au of the BH, the closest of which could have a semi-major axis of
⇠ 120 au (Zhang et al. 2014). It is only through observations with the SKA that the full GC pulsar
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Objectives
K-band Pulsar Survey of the GC

• Multipath scattering in the interstellar medium broadens pulses with sharp frequency 
dependence

• We have built a state-of-the-art pulsar backend that operates at K-band (17-27 GHz) in Canberra
• DSS-43 is the most sensitive single dish radio telescope in the southern hemisphere
• We are carrying out a survey of the inner few arcminutes around the GC region

High Frequency Observation of Magnetars
• Magnetars are a rare class of neutron stars with very high magnetic fields, providing the main 
engine for intense high energy outbursts

• Magnetars have flat radio spectra and are best studied at high radio frequencies, where the 
effects of interstellar medium are greatly reduced

• We are carrying out observations of active magnetars following high energy outbursts

Novel Detection Algorithms
• Searching for pulsars in binary systems with orbital periods longer than the duration of 
observations has been a computationally prohibitive task due to the large phase space, 
consisting of Keplerian parameters

• We are working on developing novel coherent search techniques that are capable of carrying out 
pulsar searches with higher derivative terms

• We plan to test and validate coherent search techniques by searching for pulsars in globular 
clusters, where a large number of MSPs have been identified 

Results
Multi-frequency Observation of Magnetars
• Detailed study of single pulses from XTE J1810-197 in 

both radio and X-ray
• Post-outburst studies of the new member of the radio 

magnetar class, Swift J1818
Carried out K-band survey of the GC using DSS-43 before 
long downtime
• We have obtained 95 hrs of K-band data on the GC, 

including surrounding region
• Data quality problems persisted at DSS-43
• Developed a suite of tools aimed at cleaning and 

removing instrumental artifacts from the data
• Large computation cost with some degradation of 

sensitivity due to data quality issues
Development of novel search techniques

• Efficient sub-band search technique for single bright, but 
narrowband pulses

• Dynamic programming method for pulsar searches in 
binary orbit, using higher order terms
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