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Coherent detection statistics

I. Single detector (1D) statistic:

1/2
A= 0l = [ICol2 +1Cy 2]

where C 1= (5,z) = (S0, ) + 1(S; /2, %) ;
S =template & = = (noisy) data.
In the stationary-phase approximation,
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II. Multiple coaligned detectors:
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Completed work

Two arbitrary interferometers

Statistic:

A5 =€) |

=[ 11 +[CaGri )

which does not depend on {,¢€}.
/\(T)|€$ depends only on the sum of the

“n2" statistics for the two detectors eval-
uated at the offset times = and T—|—T(2),
respectively.
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2D search algorithm

Obtain single-detector
event lists, B} := E(t#', 6})
for low thresholds

Compute coincidence time-window
742 around each Ej

v

For each E} create a set
W2t 712) of E7 events

with [t§ - t7!] < 77

time coincidence veto: true
Is W2(s¢", 7/7) = 07 -
Compute Net-statistic for )
each pair (E}, E? € W?)
false
Is Net-statistic > -
Net-threshold?
true A
no

Does the event
pass x2 veto?

Add event to linked list
of network events
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2-detector parameter space

Search area of interest

0 xi1(seconds)

Above, &y and &1 are the Newtonian and
1PN contributions, resp., to a chirp’'s dwell
time.
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2-detector networks

Example. The 2D network of H1 and L1:
One-step search on a 3-d parameter space,

{fs€o, fs€1, m3}, with metric:

0.0817 0.122 0

3.615

where fs = 40 Hz (Seader, SB, in prep.). This
extends the work in Owen, PRD 1996, & Bal-
asubramanian et al., PRD 1996.

Template spacing is determined by find-
ing the eigencoordinates, {z1, zo, n3}, in
which the above metric is diagonalized:
(dzy, dxo, dnz) =

1/2
( 0.71, 9.25, 0.19) (%> /
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Work nearing completion

Multi-detector (M D) statistic:

o 1/2
Neg=lICull=(ICTIP+1C7?)""

CT  =C.p%.

Here, (o1,97) are two orthonormal real vec-
tors. They form a basis in which any com-
plex vector in ‘H can be expanded. The
vectors o+ depend on the detector orienta-
tions and the source-direction angles, i.e.,

’l’}j: = ’U:I:(Q, 0} (X(l), ey a(M))

Pai, Dhurandhar, SB, PRD 2001
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3-detector networks

Example. Three coaligned LIGO-I detec-
tors at the locations of LHO, LLO, and
VIRGO: One-step search on a 4-d param-
eter space, {fs&o, fs€1, n3, n1}, with met-
ric:

0.0817 0.122 0 0

o 0.185 0 0
9ij — : : 11.97 8.823
: : 102.98

Template spacing is determined by finding
the eigencoordinates, {x1, xo, 21, 25}, in
which the above metric is diagonalized:
(dx1, dxo, dS21, d25) =

1/2
(0.95, 12.3, 0.05, 0.15) (15%34) /



LIGO .
Work in progress

Hierarchical network searches

Example. L1-H1 (with LIGO-I noise):
Template spacings given by
(dx1, dro, dnz) =

1/2
( 0.71, 9.25, 0.19) <%> /

Take Qo max = 1/yr, Qg min = 0.95,
Smin = 10, &max ~ 140 sec. Then by in-

creasing, e.g., the z1 o spacing 3 times and
the ng spacing 4 times, we get

Qi(n=7.4) ~0.96 > Q4 min

and Qo(n = 7.4) ~ Ol/yr < QO max
Computational gain is ~ 32 x 4 = 36
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Computational gain in 2 steps

Network Ntot Speed Gain
(in 10%) (Tflops)
LIGO-I 0.2 0.04 25
L1-H1 8 0.5 100
L1-H1-LV 1500 103 400

Assumed: 2PN chirp, mmin = 0.5Mg, min-
imal match of 97%, and data sampled at
~ 2 kHz. "L1-H1-LV" denotes three co-
aligned LIGO-I type detectors placed in Han-
ford, Livingston, and Pisa.

Time decimation increases the gain by a
factor of ~ 4.
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Future Work

1. Test LAL code for multiple-interferometer
searches of inspirals

2. Develop LAL code for hierarchical multi-
detector searches of inspirals

3. A FCT-based multi-detector strategy

4. Estimation of parameters based on multi-
detector search results



