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The big picture of gravitational wave astronomy
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Pulsar timing
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Pulsar Timing Array

TEMPO(2)

A- GWs from e.g. supermassive  B: GWe perturb space-time  C: ionized gae in the interstellar medium  D: GW perturb signals from all pulsars at Earth.
BH binaries (also cosmic sfrings) &t the pulsars as they traneit  disperses & soatters the light from pulsars  Time of amivals and residuale are caloulated.
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GWs from SMBHBs

Frequency of the binary orbit
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Timing effects by GWs

SMBHB

Perturbation of metric tensor:
h = (h-_|_e+ -+ h-x ex)ﬁ?i(wgwt_klx)

GW signals:
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Likelihood ratio
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Detection statistics
GLRT(r) = max max A(r; \)

A Ae

Option I:  Wang, Mohanty, and Jenet. ApJ, 795, 96 (2014)

Ae = {C 10} + A = {06, wgu 70, 91}
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NEC: aias + azay =10
NIEC: «af — a5+ a3 —aj >0
Option II:  Wang, Mohanty, and Jenet. ApJ, 815, 125 (2015)
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Opt |: S/IN=100, signal recovery
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timing residuals (sac)

timing residuals (sac)

timing residuals (sac)

Opt |l: network S/IN=100, signal recovery
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Effect of increasing the PTA size
for Opt Il
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Maximization v.s. marginalization
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Computational cost

Method Frequentist No. of Data span Cost
/Bayesian pulsars (No. of cores)

Ellis 2013 B 10 ~15 yr ~4 hr (4)
Taylor et al. 2014 B ~15 yr ~45 min (48)
Wang et al. 2014 F 15 yr 89 min (1)
Wang et al. 2015 F 15 yr 6.7 min (1)

12 15 yr ~1.5 min (1)
Zhu et al. 2016 F :

30 15 yr ~4 min (1)

Credit: Xing-Jiang Zhu (Monash)

reduced by a factor of 18




PTA In SKA era
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Data model for a network
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Direction estimation

Wang & Mohanty, arXiv: 1611.09440
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Multiple source search — Frequency domain
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Multiple source search — Sky localization
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Wang, Mohanty and Qian. In prep. (2019)




PTA In FAST era
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Mumber of MSP
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Detection horizon for SKA and FAST

z as a function of Mc (Ms)
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