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Pulsar timing
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Timing effects by GWs

Perturbation of metric tensor:

GW signals:

Pulsar phase:

Earth term Pulsar term



(Log)-Likelihood ratio function:

Likelihood ratio



NEC:

NIEC:

Option I:

Option II:
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Wang, Mohanty, and Jenet.  ApJ, 815, 125 (2015) 
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Wang, Mohanty, and Jenet.  ApJ, 795, 96 (2014)

Detection statistics



Opt I: S/N=100, signal recovery

Pulsar catalog from Demorest et al., 2013



Opt II: network S/N=100, signal recovery

Pulsar catalog from Taylor et. al., 2014



Localization: Opt I v.s. Opt II

Opt II

Opt I



Effect of increasing the PTA size
for Opt II 

9 pulsars

17 pulsars

Klimenko et al. 2005;  Mohanty et al. 2006;  Rakhmanov 2006



Wang, Mohanty & Qian, arXiv:1704.05784

Maximization v.s. marginalization



Computational cost 

reduced by a factor of 18
Credit: Xing-Jiang Zhu (Monash)

Zhu et al. 2016



PTA in SKA era 

R. Smits et al. A&A (2009)

• 14000 canonic PSRs

• 6000 MSPs

• 1000 MSPs < 3 kpc

• 100 ns timing precision



Data model for a network

Galactic North Pole

Galactic Center

Wang & Mohanty, arXiv: 1611.09440



• Localization to within ~70 to 

180 deg2 at 

• Optical counterpart searches 

possible for even the most 

distant sources (SKA+LSST)   

2sa ´ 2sd ´ cosd

Direction estimation

r = 30

• Conservative error area: 

• Search for PSO J334 (Liu et 

al. ApJL 2015): 80 deg2 field 

from Pan-STARRS1 Medium 

survey 

Wang & Mohanty, arXiv: 1611.09440



Multiple source search – Frequency domain



Multiple source search – Sky localization

Wang, Mohanty and Qian. In prep. (2019) 



PTA in FAST era

R. Smits et al. A&A (2009)

L. Zhang et al. RAA (2016) 



Wang & Mohanty, arXiv: 1711.04435

PTA in FAST and SKA era

Jitter noise:

Radiometer noise:



Detection horizon for SKA and FAST

Wang et al., in prep (2019) 
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Thank you!

谢谢！


