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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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Signal model
GLRT(r) = max max A(r; \)

A Ae

Option I:  Wang, Mohanty, and Jenet. ApJ, 795, 96 (2014)
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Option II:  Wang, Mohanty, and Jenet. ApJ, 815, 125 (2015)
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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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PTA In SKA era

| |+ 14000 canonic PSRs
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: h * 1000 MSPs < 3 kpc
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Data model for a network
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All sky search

o

cumulative SNR

pulsars

* Marginal source for a 30 pulsar PTA has p~10 = p~30 for SKA

* Is p = 30 bright? (~1000 parameters to search = False alarm quite high)

* Simulation result: 99.99% detection probability for False alarm probability
of 1074

* Convert p to luminosity distance (signal frequency 2 X 1078 Hz)

* (Redshifted) chirp mass 109M@ —> detectable to z < 0.95 to 1.55
(depending on sky location)

* (Redshifted) chirp mass 1010MO — detectable to z < 28.03 (averaged)
* Redshift of peak SMBHB formation rate: z ~ 2




Direction estimation
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Magnitude

Known candidates
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Light Curve for PG1302-102 for ~ 20 years
(Graham et al. 2015, Nature)

PG 1302-102 PSO J334+01
Graham et al, Nat., 2015 Liu et al, ApJL, 2015

Redshift (z) 0.2784 2.06
Resdshifted chirp mass 10890 — 1091 10%6 — 10100
(1 + Z)Mc (MO)
Period (yr) 5.2 1.48

PG 1302-102: Anon-detectionat p =30 = (1 + 2)M, <
1087 M, with very high confidence

* Very strong constraint on system parameters from

GW observations

- = rest frame total mass < 10%%! M.
For PSO J334+01, p = 100

* Guaranteed source for a SKA era PTA.

« But predicted to coalesce before SKAI

* More such systems should show up with LSST



Multiple source search — Frequency domain

AvPhase GWBsimDataSKA Detections

Freqguency (Hz)

— = = e = = = e e E e e e e e e e e e e e e e s e e e e e e e e E E E EE E ="

e = e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e =




Multiple source search — Sky localization
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Wang, Mohanty and Qian, 2017, in prep.




PTA In FAST era
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Thank you!
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