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Method of Detecting GWs from 
Binary Inspiral Sources

• Knowledge of Waveform
of the source, in harmonic coordinates, outgoing radial null

geodesics obey t!r!2mlnr"O(1/r)#const. An identical
R dependence in the phase shows up at the next 1/2PN order,

when one combines the two polarization states of P1/2Qi j

with those of P2Q tail
i j . We thus conclude that, at least through

the 2PN order considered, our procedure for calculating the

tail terms yields gravitational waves that asymptotically

propagate along the true harmonic null cones, toward true

future null infinity, despite the use of a flat-spacetime wave

equation for h!". This avoids the need for further matching

or other devices to connect our solutions to true null infinity,

and answers another long-standing criticism of the EW

framework #7$. It is useful to note also that, in the BDI ap-
proach, a similar logarithmic term appears in the phase shift

%7.9&, but there the term depends on the parameter b used in

the transformation from harmonic to radiative coordinates.

The appearance of such a parameter can be shown to have no

physical consequences, as expected #38,64$. Our method is
explicitly free of such arbitrary parameters, all effects of R
having cancelled. The only external radius which appears is

that of the observer.

The tail contribution to the energy flux, given by Eq.

%6.13c& can also be calculated in closed form using the above
assumptions together with Eq. %7.6b&. The result is the
‘‘4'’’ term in Eq. %1.4&.

C. Display of the waveforms

We now display our results explicitly by plotting the

waveform for an inspiralling binary as a function of time.

We will assume that the binary is in a quasicircular orbit in

its last few moments before the final plunge to coalescence.

The time evolution of the orbital phase velocity in this re-

gime can be obtained by integrating the equation

d(

dt
#

Ė

dE/d(
, %7.10&

where Ė is given by Eqs. %1.4& and dE/d( can be obtained

from Eqs. %7.1& and %7.2&. The orbital phase angle ) can, in

turn, be obtained by integrating the orbital phase velocity.

The results are
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where T is a dimensionless time variable related to the co-

ordinate retarded time u by T#*(u/5m), and )c and Tc are

constants of integration. The constant Tc is the dimensionless

retarded time at coalescence %the time at which the frequency
in Eq. %7.11& formally becomes infinite&, and )c is the orbital

phase at coalescence.

We can now use the orbital phase evolution along with

Eqs. %7.3&, %7.4&, and %7.1& to write h" and h$ as explicit

functions of time. We will not display the result here %there
are enough large equations in this paper already&, but rather
refer the reader to Eqs. %2&–%4& in #48$ for ‘‘ready-to-use’’
waveforms. The ‘‘ready-to-use’’ waveforms are essentially

Eqs. %6.11& boiled down to the circular orbit case.
For the case of a 1.4 M! neutron star spiralling into a

10 M! black hole the resulting frequency sweep and wave-

form are shown in Fig. 8. The observer is viewing the orbital

motion edge on, so that i#'/2 in Eqs. %7.4&. In this case the
gravitational radiation is linearly polarized %only h" is

present&. The upper cut-off frequency in Fig. 8 is chosen to
be 180 Hz; this is approximately the orbital frequency at the

innermost stable circular orbit #65,66$ for this type of sys-
tem. For the initial LIGO detector, Finn #67$ has shown that
a substantial fraction of the signal-to-noise ratio available is

accumulated when integrating a matched filter against the

signal in the frequency range we have displayed. In other

words, the segment of the waveform shown in Fig. 8%b&,
sweeping from 75 Hz to 180 Hz, is the portion of the wave-

form which is actually most detectable for the initial LIGO

detector.

As energy is extracted from the system by the radiation,

the orbital radius shrinks and the orbital frequency increases.

FIG. 8. %a& Orbital frequency and %b& waveform for a 1.4M!

neutron star spiralling into a 10M! black hole plotted vs time in

sec. Orbit is viewed edge-on, therefore only ‘‘"’’ polarization is
present.

4836 54CLIFFORD M. WILL AND ALAN G. WISEMAN

1. B. Allen, Phys Rev D71, 62001 (2005)        2. C. M. Will, A. G. Wiseman, Phys Rev D54, 4813 (1996)



Method of Detecting GWs from 
Binary Inspiral Sources

• Knowledge of Waveform

• Matched Filtering

of the source, in harmonic coordinates, outgoing radial null

geodesics obey t!r!2mlnr"O(1/r)#const. An identical
R dependence in the phase shows up at the next 1/2PN order,

when one combines the two polarization states of P1/2Qi j

with those of P2Q tail
i j . We thus conclude that, at least through

the 2PN order considered, our procedure for calculating the

tail terms yields gravitational waves that asymptotically

propagate along the true harmonic null cones, toward true

future null infinity, despite the use of a flat-spacetime wave

equation for h!". This avoids the need for further matching

or other devices to connect our solutions to true null infinity,

and answers another long-standing criticism of the EW

framework #7$. It is useful to note also that, in the BDI ap-
proach, a similar logarithmic term appears in the phase shift

%7.9&, but there the term depends on the parameter b used in

the transformation from harmonic to radiative coordinates.

The appearance of such a parameter can be shown to have no

physical consequences, as expected #38,64$. Our method is
explicitly free of such arbitrary parameters, all effects of R
having cancelled. The only external radius which appears is

that of the observer.

The tail contribution to the energy flux, given by Eq.

%6.13c& can also be calculated in closed form using the above
assumptions together with Eq. %7.6b&. The result is the
‘‘4'’’ term in Eq. %1.4&.

C. Display of the waveforms

We now display our results explicitly by plotting the

waveform for an inspiralling binary as a function of time.

We will assume that the binary is in a quasicircular orbit in

its last few moments before the final plunge to coalescence.

The time evolution of the orbital phase velocity in this re-

gime can be obtained by integrating the equation

d(

dt
#

Ė
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where Ė is given by Eqs. %1.4& and dE/d( can be obtained

from Eqs. %7.1& and %7.2&. The orbital phase angle ) can, in

turn, be obtained by integrating the orbital phase velocity.

The results are

(% t &#
1

8m
%Tc!T &!3/8! 1"" 743

2688
"
11

32
* #%Tc!T &!1/4

!
3'

10
%Tc!T &!3/8"" 1 855 099

14 450 688
"
56 975

258 048
*

"
371

2048
*2#%Tc!T &!1/2$ , %7.11a&

)% t &#)c!
1

*
%Tc!T &5/8! 1""3715

8064
"
55

96
* #%Tc!T &!1/4

!
3'

4
%Tc!T &!3/8"" 9 275 495

14 450 688
"
284 875

258 048
*

"
1855

2048
*2#%Tc!T &!1/2$ , %7.11b&

where T is a dimensionless time variable related to the co-

ordinate retarded time u by T#*(u/5m), and )c and Tc are
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As energy is extracted from the system by the radiation,
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SNR Test (threshold = 3.0)
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SNR Test (threshold = 4.5)
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SNR Test (threshold = 4.5)
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Modified r2 Test *

*Andres Rodriguez, Louisiana State University
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