Nonparametric Dispersion

Estimation
* Theory

* Applications in frequency analysis

* Time delay estimation




Estimation of dispersion
through subsampling

For a set of observations y;,2 = 1,2,..., /N we can observe that
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Let K = 28— ho the total number of squares
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The sequence of half squares can be looked upon 7, — (Yi (k) _zyj ()’
as a general finite sample from which we

can draw random subsamples. Ay, =1,2,..., L
In this case the mean values:
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approximate the original estimate S



How good the estimates are?

(K — L)D>
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D? is the dispersion for the full sample
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We see that when L approaches /X the approximation error vanishes
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The important point 1s that even for small values of L the
subsampling error 1s as small as D?/L.. The subsampling is used

here as computing device to get approximates

for S? and the subsampling error arises as a result of using a
subsample instead of the full set of squared differences.
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Trend

More interesting to us is a general regression model
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Phase-process diagram (folding)
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Weights G are larger than zero when phases of two points 1n pair
are similar, or:




Smoother periodograms
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How to compute?

t; —t; ~ kot, for some k
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Multiperiodic processes
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An example
£(t) = 0.55073 cos(27t/0.53289 + 0.09111)+

+0.58717 cos(2mt /7.83453 + 0.91564).
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Why?
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second real period P = 7.8345346
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Multichannel
search
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Total dispersion
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Many channels in LSQ format

Dispersions in separate channels
N
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Time delays

Model for two photometric Time delay
Ai — g(tif) T €A (tz)*

1 =1,2,.. /N,
By = (glt;+7)—b)/a+en(ty



Dispersion of the combined curve

Aj;, when t, = t;,
Cr (i) = {aBj +b, whent, =t;+7

D*(7) = mi§1 D*(7,a,b)
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Dispersion spectra for original and model data sets

The lower curve is D3 5 for model data set
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Only results with polynomial degrees 1,

5 and 9
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Dispersion spectra for detrended data sets

The upper curve is DiE(-T'} and the lower curve is D?,(7)
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What we learned?

Look first at data window

Use only information truly needed
Check methods on model data

Do not hope that nature 1s kind(?)

Subtle is the Lord, but
malicious He is not.



Multiple delays

1 arcsec

' PG1115+080 (Gravitational Lens) CISCO (J & K’) & Suprime-Cam (R)

Subaru Telescope, National Astronomical Observatory of Japan January 28, 1999




More curves




Dispersion of the combined
curves
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Fig. 1. Confrast enhanced plot p(tBa, tca) of the dispersion spectrum
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Fig. 2. Contrast enhanced plot p(ta ., tc 4 ) of the dispersion spectrum
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Fig. 3. Contrast enhanced plot p(tpa ., te 4 ) of the dispersion spectrum
Di AF=15.5



