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Galactic Center Pulsars

1. General Relativity and Black Hole Physics 
with Sgr A*-bound Pulsar

2. Star-formation, Stellar Death, Dynamical 
Evolution, Dark Matter within the Central 
Molecular Zone

3. Interstellar Medium, Turbulence, Magnetic 
Fields within the Central Molecular Zone



Using Pulsars to Measure Spacetime
Around Sgr A*

χ = 0.9997 ± 0.0010

Liu et al 2012
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Strong Evidence for a Black Hole

GRAVITY Collaboration 2018



Shiokawa et al

Event Horizon Telescope Imaging



HST & Spitzer: Wang, Stolovy et al 2015

Arches
Stolte et al 2015

• 103 pulsars with P < 100 y
Pfahl & Loeb 2004

• WR+OB Stars
• T~2.5 – 5.8 Myr
• M~104 Msun
Paumard et al 2006, Lu et al 2013



Known GC Pulsars

PSR P
(ms)

B
(1012

G)

DM 
(pc
cm-3)

tsc
(2 GHz; ms)

1746-2850I 1077 38 962 100

1746-2850II 1478 3 1456 145

1745-2910 982 --- 1088 ---

1746−2856 945 4 1168 ---

1745−2912 187 --- 1130 144

Johnston et al. 2006
Deneva et al. 2009



Meerkat+GBT



Scattering Inhibits Imaging & Pulsar 
Detection 

Haggard & Bower, Sky & Tel, 2016



Angular Broadening of the Pulsar

Bower et al. 2014
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Temporal Scattering
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Fig. 2.— Multi-frequency integrated pulse profiles. The blue curves are the measured profile. The red,
green and black lines are the best fitted profile Pobs(t), best-fit Gaussian profile Pg(t) and the scattering
filter PBFe(t) respectively.

Spitler et al. 2014
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Fig. 3.— Measurements of the scattering broadening timescale (τd) and intrinsic pulse width (σ) of PSR
J1745–2900 from 1.2 to 18.95 GHz together with the 1-σ errorbar. Left panel: The measured pulse scattering
time scales τd as a function of observing frequency ν. The +, ◦, and ∗ denotes the data from Effelsberg,
Nançay, and Jodrell Bank respectively. The purple squares are from Effelsberg single pulse data. The inset
in the bottom left shows a zoomed region for 1 to 2 GHz. The red solid line is a simultaneous fit for the pulse
broadening timescale and spectral index, which yields a scattering timescale at 1 GHz of τ1GHz = 1.3±0.2
s and power-law index of −3.8 ± 0.2. The black dashed line is a fit fixing the power index to −4, which
gives τ1GHz = 1.4 ± 0.1 s. Right panel: The best-fit Gaussian widths (σ) of the averaged pulse profiles as
a function of frequency. The measurements between 2 and 20 GHz may suggest that the jitter-dominated
time scale may vary in frequency, but the large scatter in the 1 to 2 GHz intrinsic widths makes it difficult
to draw firm conclusions.



Bower et al. 2014

Alternate Solution:
Uniform 
Distribution of 
scatterers between 
GC & Sun

A New Distance for the GC Scattering Screen



Hyperstrong
Scattering

MSPs not detectable



Galactic Plane 
Scattering



Key Probes of the GC Scattering

• Pulsar scattering
• OH/IR Stellar Masers
• Extragalactic background sources



Other GC Pulsar Scattering Indicates 
Complex, Patchy Scattering

Dexter et al 2017



OH/IR Stars

Van Langevelde+ 1992



Extragalactic Background Sources

Lazio & Cordes 1998, Lazio et al 1999



The GC Pulsar Likely Originates in the 
Clockwise Stellar Disk

• Vproj=240 +/- 3 km s-1

• Rproj=0.097 pc
• P>700 y
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Summary

• Missing Galactic Center pulsars is an ongoing and 
significant Problem
– Gravity
– Star-formation, stellar death
– ISM

• Characterization of the large-scale GC scattering 
medium and pulsar problem is key to understanding 
and may be key for discovery of a Sgr A*-bound pulsar

• How unique is the GC scattering?
• High-sensitivity at long wavelengths will be powerful 


