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Pulsars as GW detectors
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Radio pulses travelling through GW to Earth acquire additional
delays.



Effect on EM waves
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• GW along an electromagnetic wave’s path alters the travel time:

∆T = −
1

2
ninj

∫ d

0

hij(x, t)dr

• ∆T varies with time, so we can potentially see its effect in
measured radio pulse times of arrival.

• This is the principle behind all modern GW detectors. In the
pulsar case, there are many GW wavelengths along the path.

• Very bright, stable pulsars (MSPs) are needed if this is to be
successful: h ∼ 10−15 ∼ 30 ns/1 year.



Pulsar Timing Array
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Pulsar Timing Array
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GW-induced timing fluctuations will be correlated between different
pulsars (Hellings & Downs, 1982; isotropic GWB):

-0.2

-0.1

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0  20  40  60  80  100  120  140  160  180

C
or

re
la

tio
n 

co
ef

fic
ie

nt

Angular separation

This method makes GW detection possible!
In this case, sensitivity hc ∼ δt/(T

√

Npsr).



PTA Sensitivity
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PTA sensitivity vs freq shape:
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