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BENEFITS TO NASA & JPL
• Major contribution to Fermi science in tackling an 

outstanding mystery in high energy astrophysics
• Making use of the new K-band receiving system at the 

DSN 70-m antenna, which is both a unique JPL asset 
and the most sensitive centimeter-wavelength antenna 
in the Southern Hemisphere
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PROJECT OBJECTIVE

• Survey of the inner region of the galaxy for pulsars 
with new DSN capability at K-band

• Develop search methodologies and efficient 
pipelines to detect isolated and binary pulsars in the 
GC, including Crab-like pulsars with bright single 
pulse emitters

• Tune up pipelines with observations of radio 
magnetars, e.g., the GC magnetar PSR J1745-2900
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Field Pulsar PSR J1119-6127”, ApJL, 834, L2 (2017).

• Pearlman, A., Majid, W., Prince, T., et al., “Pulse 
Morphology of the Galactic Center Magnetar PSR 
J1745-2900”, ApJ, 866, 160 (2018).

• Pearlman, A., Majid W., & Prince “Observations of 
Radio Magnetars with the Deep Space Network”, 
Advances in Astronomy, vol 2019, 6325183 (2019).

BACKGROUND

• NASA’s Fermi LAT instrument has identified excess 
gamma-ray emission toward the inner part of the GC

• Leading explanations include the possibilities of
direct annihilation of DM or a large population of
MSPs

• Detection of MSPs in dense nuclear star clusters 
pose a special challenge for surveys, requiring high 
frequency, large antennas, wide bandwidths, long 
integration times

Average pulse profiles of the GC Magnetar J1745-2900
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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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Detectability of pulsars in the GC region

Highest frequency detection of MSP PSR J0437-4715

PSR J0437-4715        17-23 GHz
Closest & brightest MSP

Pspin ~ 5.76 ms
D ~ 160 pc

K-band detection
Single polarization

Only ~4.5 GHz of total bandwidth

Previous highest frequency 
detection

Keith+2011, MNRAS


