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Introduction

Wiener-Khinchin theorem states that a stationary covariance ma-
trix,

Cu(t, ) = / "4 S(f) cos(2mf(t — 1) (1)

where S(f) is the power spectral density (PSD). The integral
can be approximated as the sum

> AfS(fa) cos(2mfu(t —1')
— Z AfS(fa)lcos(2m fut) cos(2m fut') (2)
+ 8in (27 f,t) sin(27 o t')]

Problem : What if S(f) is in fact really S(f,t)?
Solution : Use wavelets to track the time-evolution of S(f,1).

Method Demonstration

Let g;(t) be the i" envelope of a mother wavelet that satisfies
the condition

Zgz'(t) = 1. (3)

Then, in the case of a non-stationary C,,,, (2) can be expressed
as,

Crs(t, 1) = Z AfS(fa)lgi(t) cos(2m fat)g; (') cos(2m ft')

a’7?’7.]

+g;(t) sin(27 fot)g; (t') sin(2m fot')]
= > AfS(fa)[9i(t)g; (t') cos(2m fo(t —t))]

a,t,]

(4)

Cus (8, 1) = g(1) Cs(t — ) g(t') (5)
as also found by Falxa et.al [2].

= Fourier modes are being modulated by time evolving wavelets.

In a Low-Rank Approximation [1], C = N + F®F! where, N contains measurement errors of TOAs, and F is the Fourier Design
Matrix, ®,,, = 9,,,S(f.)Af, the stationary PSD. In the Fourier-wavelet-basis, we choose n,, wavelets to modulate F' and

Dt =0,,5(fu,t)Af. As an example,

Example sine mode in original basis

An example envelope of wavelet g(t)

Sine mode modulated by the example envelope
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Results from simulations

For PSD Model : S(f,t) = A%(t) (f )_7 o3, log;o A(t) = log, o A(to) + a=to)

E T

Case (i) Non-Stationary PSD: A(tg) = 107'® and a = 0.8

a=8.0E—01+23E-03

—llogq0A(ty) = —1.8E + 01+ [-3E-92

Future work

Case (ii) Stationary PSD: A(tg) = 107 and a = 0

a=—6.8F—03%32£-02

- llog10A(ty) = —1.8E + 01+]4E-02

(i) Explore other mother wavelets (ii) Combine with the Fourier-domain likelihood (Talk by Serena Valtolina) (iii) Apply to real data
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