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— The strategy
o Let
(M), k=1,2,..,m) , 1)

be the exact waveform produced by nature (which we will call the signal), which is
characterized by parameters \y.

o Let
At ), k= 1,2, my (2)

be an approximate waveform (called a template) characterized by parameters Lk
e The overlap between h* (t; Ai;) and the time—shifted family hA(t — 7; pk) is defined
as "

(3)

1 X (4. Alp '
A(Mk, px) = max < WA (), W (=T ) >
ré /< WX (5 N), X (6 N) >< WAt p), hA(t 1) >

Here the scalar product < a,b > between two functions a(t) and b(t) is defined as

f)



e The overlap between the signal and the template is maximized when the template is
perfectly matched to the signal.

e There is a reduction in the overlap (and the SNR) obtained when the template does
not necessarily match the signal.

e We need to space the templates throughout the parameter space so that whatever the
~ parameters of the signal, it will produce an overlap w1th one of the templates which
is greater than some given value (sometimes called the minimal match).



Newtonian Templates

e Let us take the simplest case where the approximate waveforms are the so called
Newtonian waveforms.

¢ In this case, the parameter space describing the set of waveforms is one—dimensional,
and may be characterized by the Newtonian chirp time 7y,

9
™ = 5-5—6
where 7y represents the time taken for the frequency of the waveform to increase
from f = f,to f = co. Hére, m = mq + ms (the total mass of the binary), and
p = mymg/m (the reduced mass). Y

M—lm——2/3(7rfa)——8/3 o | (5)

e Generate a bank of equally—spaced templates such that the chirp time of the k%" tem-
plate is 7; and the separation between any two neighbouring templates iS Tpy1 — Tk =
AT.

e Generate a signal which has chirp time 7, which lies within the range covered by the
templates. |



e Calculate the overlap of the signal 7, with each of the templates. Denote the overlap
with the k** template as ®j.

¢ The minimal match here is the overlap produced when a signal has a chirp time which
lies mid—-way between any two neighbouring templates. '
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The Sampling Theorum

e Let h(t) be a function which is sampled at evenly spaced intervals in time with sam-
pling interval A.

e The value of the function at a time t, = nA is denoted /,,,

hy =Wt =t,) . o (6)

e The sampling theorum says that so long as the Fourier Transform of h(t) falls to zero
for |f| > f., where f. = 1/2A then h(t) can be re—constructed entirely from its
discrete samples £, using

h(t) = f: hn sinc [—Z—(t—tn)] 7

n=—00



e A comparison:
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h(t) = Z h,, sinc [g—(t — i:,,)} (8)

N, - ‘
o(r) =Y @ sinc [Z—(T _ T,c)] )
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A Numerical Experiment

¢ Generate a signal waveform with a chirp time 7, = 3.0 seconds.

e Generate a bank of N, = 32 templates, equally spaced either side of 7,, with spacing
AT.

e Calculate the actual overlap between 7, and each template 7, to produce ®.

e Calculate ®(7), which is the expected overlap between the signal and any template
which has a chirp time 7, using the sampling formula:

d(r) =Y & sinc [—”—;(T _ 'rk)] | 9
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¢ The magnitude of the peak in these curves gives us-the overlap produced by the
template bank when the signal lies mid-way between any two of the templates.

— This was our earlier definition of the minimal match.

¢ Therefore, for a given template spacing A7, we can:

' Calculate the minimal match one would get just using a conventional bank of
~ templates |
— Calculate the minimal match onhe can get with the application of the samphng
formula to the conventional bank |

e Equivalently, for a given minimal match, we can calculate the template spacing A7
which would be needed to produce that minimal match.

- — For the conventional grid
— For the conventional grid with the application of the sampling formula

e From this, we can calculate the number of templates nkeded to search the whole
parameter space in each case.



Conclusions

~ e For a given template spacing A7, the minimal match obtained is increased upon use
of the sampling formula

- — e.g. for AT = 0.04 sec,

(mimimal match),,,, = 0.951

(mimimal match)gg, = 0.973

- o For a given minimal match, the number of templates needed to cover the parameter
space is reduced upon use of the sampling formula

— e.g. for a minimal match of 0.97,
NT conv — 5070

NTsampl = 3500

— which is a reduction by a factor of ~ 1.45.
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