A Coherence Function Statistic to Identify Co-incident Bursts

We seek a statistical measure which reduces false coincidences significantly while maintaining very high efficiency for even the faintest injected burst which triggers the DSOs. We require this statistic to be robust even when the two IFOs have very different sensitivities as well as when there is a time delay of +/- 10 ms between the injected signals in the two IFOs. 

Let: 


X(t) = T seconds of data from H2

              Y(t) = T seconds of data from L1. 


CXY(f)  = Coherence function between X, Y. = abs(CSD(X, Y)2)/(PSD(X)*PSD(Y))



(CSD = Cross Spectral Density, PSD = Power Spectral density)

Consider the statistic: CCS = Integral (CXY, {fmin, fmax})   (*)

(or) since we are sampling the data at discrete time intervals, we use the following discrete analog of  (*): 

                                    CCS =  CXY(f)*f (between fmin and fmax) 

In our analysis, we use the value of T = 1second. The statistic will depend upon the value of T and this dependence needs to be explored. 

The idea behind this exercise is to determine the distribution of the CCS statistic before and after signal injection and thereby hope to find a value of the CCS statistic which can then be used as a test to identify coincident bursts. We would like this statistic to have a high efficiency of detection while maintaining a low fake rate. 

Determination of optimal values of fmin and fmax: 

We are considering ZM waveforms. In order to find the optimal range of values of fmin and fmax, we plot CXY(f) for the case when there are no injected burst signals in H2, L1 and compare it with the case when we inject signals (ZM supernovae at  a distance of 2 parsec). 
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[image: image2.jpg]ZM A1B1G1 at a distance of 2 Parsec

©
c
B
03
o €
o=l
b i7]
20
=}
L
——
T e
SR e e
e
i © 10 = ] o =
o o o o o

=3 =3
20uUaIsyoD

2500

2000

1500

1000

500

Frequency




[image: image3.jpg]ZM A1B1GS5 at a distance of 2 Parsec
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[image: image4.jpg]ZM A3B1G1, Distance 2 Parsec.
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[image: image5.jpg]ZM A4B2GS, Distance 2 Parsec.
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[image: image6.jpg]ZM A4B3GS, Distance 2 Parsec.
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[image: image7.jpg]ZM A4B4GS, Distance 2 Parsec.
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From the above plots, it is clear that the region of interest lies between ~250 Hz – 1000 Hz. This is consistent with the fact that ZM supernovae have little power beyond 1000 Hz and the fact that LIGO has its peak sensitivity in this region. The plots also indicate that the CCS statistic would be of little use in detecting some waveforms (eg: A1B1G5). Infact, this seems to be the case for nearly 55 of the 78 ZM waveforms (the supernovae are placed at a distance of 2 Parsec). The values of fmin and fmax for our analysis were chosen to be 300 Hz and 1200 Hz respectively. This was done to include all the significant peaks in the coherence function plots. The plots also indicate that by choosing a lower value of fmax=1000 Hz, the statistic will yield better results. 

Notes on the Data used: The data as well as the burst triggers were from the data gathered during E7. The data was resampled at 4 KHz before being analyzed. This was primarily done because our region of interest lies between 300 and 1200 Hz and therefore, we have little to gain by retaining information about the higher frequencies. 

Procedure: 

We take N (N = 360 in our case) seconds of data from L1 and H2. We break the N second dataset into (N/T) intervals of length T each (T= 1 second in our case). We then estimate the distribution of the CCS statistic on the raw data by forming (N/T)2 coincidences between them and computing the CCS statistic between the T second intervals thus generated. We histogram the results to arrive at the distribution of the CCS statistic on the raw data. 

Since the CCS statistic test will be used only on the data sections that trigger the DSOs, we perform the same analysis on the data sections between the times t and t + T where t corresponds to the time identified by the DSO as the start time of the burst which triggered the DSO. 

We then inject ZM waveform signals in the (N/T) intervals of length T. The distribution of the CCS statistic after signal injection is similarly studied. We then inject the ZM waveform signals with a time delay of 10 ms (H2/L1 light travel time) between them and estimate the CCS statistic by the above method. The results are plotted below: 
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Comments on the Plots: 

(1) It is clear that the distribution of the distribution of the CCS statistic on the data sections identified by the DSOs as containing bursts is very similar to the distribution of the CCS statistic on random T seconds of data from L1 and H2. 

(2) The peak of the CCS statistic distribution when the signal between H2, L1 is delayed by 10 ms is occurs at a slightly lower bin than the peak of the distribution when there is no delay. However, we notice that we can produce an efficient value of the CCS statistic which maintains high rates of efficiency while minimizing the fake rate. 

(3) The Matlab function cohere (X, Y, NFFT, Fs) was used to estimate the coherence function. Since we are interested in a specific region of the frequency spectrum (namely, 300-1200 Hz), we must ensure that the coherence function estimate contains significant information between the frequency bins 300-1200 Hz. In order to achieve this, we require to maintain the ratio X/NFFT = 16. If the ratio is bigger than 16, then the number of frequency bins in the coherence function estimate between 300-1200 Hz is far too small to be useful to us while if the ratio is lesser than 16, the coherence function estimate between X, Y gets artificially boosted up due to the inadequacies of the Welch’s averaged periodogram method of estimating the coherence function of a discrete time series when the size of the data sample is not large enough (as compared to NFFT). 
Plots of Fake Rate Vs Efficiency: 
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Things to be done: 

(1) Estimate the CCS between 250-1000 Hz. We expect the results to be better than the results obtained above. 

(2) Explore the dependence of the CCS on T. 
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