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PLAN OF THE TALK

e Prospects for detecting binary inspirals

e Chirp parameters

e Fourier-domain representation of inspiral signals

e Overlaps of exact and approximate waveforms - The match
e Template density

e The interpolation method for Newtonian signals

e The interpolation method for post-Newtonian signals

e Conclusions
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Noise performance of large interferometers and binary inspiral
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Signal and Noise Amplitudes (per root Hz)
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SNR for binary inspirals at 100 Mpc
Damour, lyer & Sathyaprakash, 2000

SNR for a source at 100 Mpc
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For unequal binaries SNR goes down by a factor /2 and span is 1°/2 lower.
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Chirp parameters (formerly chirp times)
Sathyaprakash 1995

0 3 2 9 43 11 3 T
— PG T = 3 T y T = 2
256nvg 192nv;3 8nv§

" 336 4

PR 3058673 N 5429 N 617
- 128nvy \ 1016064 1008 " = 144

T

2) . vy = (wmfo)'/?

100 Parameter space of search for binary inspirals Parameter space of search for binary inspirals
10 T T T 10 T T T
ml=mMin —— ml=m_min —— ml=m_min
80 m1+m2=100 M_sun m1+m2=M_max m1+m2=M_max
mi=m2 - 81— mi=m2 81 —— mi=m2
= —~
— « ™
g 60 - GE) [
(nl = 6 E 6
= 2 o
< = =
c 5
N 40
€ Z 4t Z 4
1 / 0
[ g <

N
o
\.
N
~ ~ .
N
\

o
o

40 60 80 100 0 200 400 600 800 0 200 400 600 800
m1l (M_sun) Newtonian chirp time (s) Newtonian chirp time (s)

B.Sathyaprakash®@astro.cf.ac.uk http://www.astro.cf.ac.uk/pub/B.Sathyaprakash



(CARDIFF

UNIVERSITY

Frequency-domain phasing formula
Thorne 1986; Dhurandhar, Schutz & Watkins 1989

The usual stationary phase approximation to the FT of an inspiral signal is

2
ﬁ(f) _ ¢ v(f) oty (t5)—m/4]
2r /¢ (ts)
where t¢ is the stationary point defined by: 27 f = ¢(t¢). In terms of the chirp
parameters 7%, the phase takes on a particularly simple form:

6 4
Vi(ty) = 2nfte — po + - 5/ EO:‘Pk(f)Tk

5 5 f
Uog=1, ¥; =0, ¥y = —V2/3, Uy =——p, Uy = 5V4/3, where, v = —.
3 2 fo
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Template density
Sathyaprakash & Dhurandhar 1991, 1994; Owen & Sathyaprakash 1999
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To search for mmpyin > 0.2M we would need ~ 10° templates. ngisers < M
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Overlap of waveforms with different parameters
Sathyaprakash & Dhurandhar 1991

Consider two waveforms of slightly different chirp parameters: 7% and 7% + ATF.
Their overlap, in the stationary phase approximation, is:

1
O(ATF) = max

|[n]]? AT exp [2mifAT, + iV (f)AT"]

s df f—7/3
/i Sn(f)
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Interpolation method for Newtonian signals
R.P. Croce, Th. Demma, V. Pierro & |I.M. Pinto 2000

A function h(t) with a support [fo, fo + Af] in the frequency-domain is fully repre-
sented by its samples hy = h(tg), tx = k/(2Af),

h(t)= ) hgsinc(rAfty)

k=—o00

Treat the overlap of a signal with a template as a function of the difference in in
their parameter values @(A7Y). Applying the interpolation formula in this case,

O(AT%) = ) O(Ar))sinc [(57°) ' (A0 — A7)

Compute overlaps at template bank points using overlaps at interpolating points. At
a minimal match of 0.95 this leads to a drop in number of templates by 1.4.
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Interpolation method for post-Newtonian signals

Generalisation of the method for post-Newtonian chirps is obvious: Simply use the
two-dimensional interpolation formula:

0 oy . 7 (Aa:o — Aa:%) _ 7 (Aa:2 — Aa:%)
O(Az’, A Z O(Ax,,, Az;) sinc 570 sinc 52

m,n=——~oco

where Azl 4 — Az, = 02°, Az, — Az = dx* and (2, at) are isotropic

coordinates
AT? = Az cos ¥ — AAz! sin ¥,

ATt = Az sin 9 + AAz! cos 9.

At a minimal matches > 0.95 the number of interpolating templates are only 25%
of all lattice templates.
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Conclusions

e For minimal matches > 0.95 interpolation method saves on computational costs
by a factor 4.
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Future work needed

e T[heory for minimal matches < 0.90 likely to be complicated
e Simulation in the presence of noise (simulated (Gaussian) as well as real)

e Search software in LAL standard (possible next milestone for Cardiff)
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