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Matched ﬁltering

Matched filter )
p = (x, hﬁ) = 43%/
= 4R(zx, h—
x (f )h—>(f )
x,h—) = / H df
= | s
x : data
hﬁ: normalized template (hﬁ, hﬁ) =1

We look for p which maximize p=> template bank is introduced
,u ; . discrete parameter points

Computation of (CC, hm) is the most expensive
part of the analysis
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Reduced basis

Field et al. PRL 106, 221102 (2011)
Caudill et al. arXiv:1109.5642

From the template bank (N,,), we select N templates. (N<<N )
(These templates are called Reduced basis)

Templates in the template bank can be expressed with a linear combination of

N Reduced basis.
We can reduce the computation cost for the matched filtering by taking advantage

of this property.
In this talk, | will demonstrate that this property is realized.

Below, | will use the following inner product and norm.

<:C,y> = /OOO z” (f)y(f) df Coalescence times of :E(f), y(f) are fixed.

Sn(f) Thus, we do not need to do Fourier transformatic

| = [|= (z, )"/



Today’s setting

Initial LIGO noise power spectrum density (f, . =40Hz)
Mass parameters: 10, t3
Template: 3PN restricted post-Newtonian waveform
Template bank: we set up 25x25=625 grid points uniformly.
This correspond, approximately, maximum loss of S/N is about 3%.
Total mass : 2.7 — 4.2 Msolar, eta= m1 xm2/(m1+m2)*2: 0.12-0.26

Template bank (LIGOI)

Length of template: 32 seconds 147
Sampling rate: 2048 Hz
Sampling points: 2%=65536 NS IR S R R L S R R R R R
S | sriiiiiiiiiiiiiiiiiiiiil
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Construction of Reduced basis

Greedy algorithm (h— h
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(1) Select a template hm arbitrary, and set €1 = h,u_f

(2) ﬁ2 is chosen so that the perpendicular component to el is maximum.
| hiz = Pulhz) | Pi(hyg) = exer, hyz)

parallel component to e,

(3) e9 = )\2(h72 — €1 <€1, h,u_2>>) A, is the normalization constant

_ : N <€2, €2> =1
:Gram-Schmit orthogonalization

(4) When we select jth basis e;, we select a template which component
perpendicular to e, (k=1...j-1) is maximum.

(The norm of this perpendicular component is the residual of these basis.

(5)We repeat above procedure until the residual becomes small.



The residual

The maximum of the residual as a function of the number of reduced basis

ey =max || hy, — Pn(hy,) || Py k{er, h
H k=1
Maximum residual eN
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Reduced basis for this template bank

Reduced basis

| BIue:TempIate

Reduced Basis (LIGOI)

Red: Template used for the

1.4F

1
0.9

1.3
1.2
]

]

08 1

25.3 25.4 25.5

25.2

]

SeC



Blue: Template

Reduced basis for this template bank
Reduced Basis (LIGOI)

15t basis

Red: Template used for the

Reduced basis
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When we change the 1% basis

Position of the reduced basis changes, but the convergence of the residual is the same

Maximum residual e
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What this means?

N
ex = max || hp, — Pr(hoz,) | S et
Hi k=1

h— = PN(hﬁi) + 5h7i

—
Mo
t

| 0h, |[=en <1 @n~s3

Each template are expressed in terms of the linear combination
of the Reduced basis e,

Thus, the dimension of this vector space is ~52,
within the computation accuracy.
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Application to the real Matched filtering analysis

Preprocess
(1) Reduced basis e, (i=1..N) are constructed. We need computation power for this.

(2) Qjj = <ez-, hﬁ3> (i=1..N, j=1..N,,) are computed in advance.
Although this seems to require a lot of computation time,
This is just a numerical integration, not the Fourier transformation.

Parallel computation is also easy.

(3) When we have data x,

(:C,hﬁj) = 4Re<:l?,h7j>

= 4Re(z, ) erlex,hy,))

M-

N

= 4Re ) (ep, hp )z, er)
k=1 If N < Niemp 2lotof

N computation time is reduced.
= 4Re Z ag (T, er)

k=1 — Only N times computation are requied!"



Summary

We select N template from the template bank of N, (N<<N

and orthogonalize them (they are called Reduced basis)

temp)

We confirm that arbitrary template within the region of the template bank
can be expressed as a linear combination of the N reduced basis.

Using this property, there is a possibility that we can reduce the computation
time of the matched filtering.

In the case of the example of today, we can expect 1/10 reduction of the
computation time.

Discussion

(1)Reduced basis depend on the shape of the noise spectrum.
But it's dependence is not large (Field et al. (2011))
Thus, it may be good enough for the low latency analysis aiming the event alert system.

(2)Similar method : Singular Value Decomposition



Singular Value Decomposition (SVD)

Prepare a matrix from M templates

—  — —
A=(h1, hoyor, B ar)

N x M matrix (N>M is assumed)

—
each h ;1S @ N dim column vector

Any complex matrix can be decomposed “Singular Value Decomposition”

A=UXVI

U: NxN Unitary matrix

V: MxM unitary matrix (1 is the Hermite conjugation)

[

02

oM

)

o1 > 09> ...20M

:Singular value



Singular Value Decomposition (SVD)
A:(ﬁl,ﬁ2,...,ﬁM) A:UEVT

Ilgnore small o, , and approximate A as follows

M
/
:EUikUkjk—EUkO'k M < M
In the waveform,

h](fz) — Az’j — E UZ]CO-I{?V;;{ Each coimn vector of U, is
— uk(fi) = Uk

BN — * .

h j = U LOL V}k Any template can be expressed with

a linear combination of smaller number M’ of
other templates

M/
. S
= D okt Uk = Tk Vji
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