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Detection of gravitational wave bursts by interferometric detectors
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We study some filters for the detection of burstlike signals in the data of interferometric gravitational wave
detectors. We present first two genefabnlineaj filters with noa priori assumption on the waveforms to
detect. A third filter, a peak correlator, is also introduced and permits us to estimate the gain, when some prior
information is known about the waveforms. We use the catalog of supernova gravitational wave signals built
by Zwerger and Mler in order to have a benchmark of the performance of each filter and to compare to the
performance of the optimal filter. The three filters could be a part of an on-line triggering in interferometric
gravitational wave detectors, specialized in the selection of burst ey&0556-282(99)01706-3

PACS numbsd(s): 04.80.Nn, 07.05.Kf

[. INTRODUCTION amplitudes typically less than 167 are expected for SNS at
the distance of the Virgo cluster. Nevertheless, observation
Long-base-line interferometric gravitational-wave detec-of very fast pulsars in the Galaxiguch as the one in the
tors such as The Laser Interferometric Gravitational WaveGuitar Nebuld22]) may indicate that, at least in some cases,
Observatory (LIGO) [1], VIRGO [2], GEO600[3], or the collapse can be highly asymmetric and provides much
TAMA300 [4] are now in their phase of construction, and higher gravitational wave strain amplitudgz3]. Estimates
should be fully operational in the first years of the next mil- of gravitational wave amplitudes from the collapse to a BH
lenium. Sources of gravitational waves that are expected ireach similar orders of magnitude as for previous type Il
the bandwidth of these detectors all involve compact objectSNS[24,6].
such as black holeBHS) or neutron star$NSS); see[5] or Another possible source of gravitational wave bursts oc-
[6] for a review. Among them, inspiraling binaries seem tocurs during the merging of two compact stars, at the very end
be the most promising sources for a first direct detection obf the binary inspiral. If the inspiral signal for binary neu-
gravitational waves. Accordingly, a huge effort has beertrons stars is well understood up to the 2.5 post-Newtonian
made up to now in order to be ready in time for analyzing theorder [25], we know only little about the signal waveform
inspiraling binary data delivered by the interferometric de-corresponding to the merging phase itself, since its compu-
tectors: detection of the signal by correlation with suitabletation requires in particular fully relativistic hydrodynamical
templates(matched filtering (see, e.g.[7—10)) or by time-  codes, although some semiclassical attempts have already
frequency analysi$11,12 and estimation of astrophysical been performed; see, e.§26]. Some recent estimat¢27]
parametergmainly the masses of the stars and their spinsgive a maximum amplitudéh~ a few 102! at 10 Mpc
[13—15. This part of gravitational wave data analysis, con-within a frequency range of 1-2 kHz. This is just the order
cerning inspiraling compact binaries, is now well advancedof magnitude of the noise level at these frequencies for in-
and rather well understood. In addition, periodic sourceserferometric detectors in their initial design; that leaves
such as rotating neutron stars are maybe as interesting as tbeme hope for a future detection. Concerning BH binaries,
binary inspirals, since, despite the low expected gravitationahn ambitious program called The Binary Black Hole Grand
wave amplitudes, these sources have the advantage of bei@pallenge Alliancd 28] is underway to handle the very dif-
permanent. A number of studies have been also dedicated fizult task of computing the waveform of the merging phase.
the analysis of periodic sources: see, €/@],or [16] and Damped oscillations of excited BHs or NSs, like baby
references therein. born NSs(just after the collapge can also provide gravita-
Historically, supernovagSNS were the first envisaged tional waves with detectable amplitudés. The correspond-
gravitational wave emitters and first resonant detectors havieag waveforms are not really burst like; they rather have
been designed to be sensitive around the typical frequencie®me coherent structur¢hey look like typically a damped
expected in such bursts of gravitational radiation, around kine. However, their characteristic frequencies, above hun-
kHz. With the construction of intrinsically broadband intef- dreds of Hz to tens of kHz, and their short damping times
erometric detectors, these kinds of sources have not beenake them belong to the category of signals of interest in
studied as much as inspiraling binaries or pulsars. this article. Note that the frequencies and damping times are
Expected sources of burst gravitational waves are firsexactly known for a Kerr BH29] and the detection of gravi-
collapses of massive stars to neutron stanse Il SNS orto  tational waves emitted by such a perturbed BH could provide
black holes. Modern simulations of the former show a rathea direct measurement of both its mass and its angular mo-
small efficiency of gravitational radiation emissifti7—21: mentum[30]; of course, in this case, matched filtering, with
damped sine templates, is the more suitable method.
All these gravitational wave burst signals have the follow-
*Also at Ecole Nationale des Ponts et Chaass®-8 av. B. Pas- ing features: short durations from milliseconds to seconds,
cal, CiteDescartes, 77455 Marne la VadleFrance. frequencies from~100 Hz to a few kHz, and a large range
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of waveforms. Filtering of such short signals in the ouput of & [
interferometric detectors should therefore be as general or < 4 | ||| |
robust as possible, and designed wighmos) no a priori f H

knowledge of the waveforms; this prescription of course for- 2
bids the optimal(Wienep filtering as used for inspiraling 0
binaries. Such general filtering methods are then necessarily
“suboptimal,” in the sense that they are less efficient than

the optimal filtering. In this article, we concentrate on the N T T T N A T T P
filtering of one detector’s output, which is the first step in a 0 o1 02 03 04 05 06 07 0'8ﬁmg'?sec')1
detection process, the second one being the reconstruction of

the gravitational wave signal from the filtered outputyaf FIG. 1. Principle of the bin counting filter. The filter select all

leas) three detectors. The second step has been already stuglrs that are above some leveld,3in the exampli here a signal,

ied in detail[31,37], while the first has attracted so far little starting at time 0.5 s, has been superposed onto the noise.
attention in the literature. Here, we study three filtering ideas

for the detection of bursts in the data of interferometricnoise iso,=h,\/fs~6x 10~2% We will denote the sampling
gravitational wave detectors, two of them being very generalime ty=1/f5. The value chosen fdr,, corresponds approxi-
and the third one more specific. These methods are, namelgately to the minimum of the sensitivity curve of the
a “counting” method, where we count the number of bins VIRGO detector{34]; around this minimum, the sensitivity
which are larger than some threshold in a certain windowjs rather flat, in the range-[200 Hz,1 kH3Z, which is pre-
then a method based on the autocorrelation function of theisely the range of interest for the gravitational wave bursts
detector data, and finally a filtering based on the correlationve are interested in. This validates then our assumption of a
of the data with a peak generic function. For each of themwhite noise; otherwise, we can always assume that the de-
we develop the statistical properties of a link to Gaussiartector output has been first whitened by a suitable filB&i.
statistics, number of false alarms, threshold definition, etc. In

order to quantify the performances of such filters, we use as A. Bin counting (BC)

gravitational wave signals the SN catalog from Zwerger and
Mdller available on the web33], and compute, as a bench-
mark, for each of them, the maximal distance of detectio
obtained by the three filters; as a reference, we compare
the maximal detection distance calculated by optimal filter
ing. For this purpose, we will use, as a model for the detecto
noise, the minimum of the VIRGO sensitivity, which occurs

The principle of this first filtering method is quite simple.
A data stream of lengti being given(so containingN=T

t>c§fs datg, we count the number of dathing whose value
exceeds a certain threshold, say o, in units of the noise
tandard deviation. The method is illustrated in Fig. 1. It
ollows the prescription about no preconceived idea about
precisely in the range of frequencies of interest. the waveforms to detect. In the absence of signal, the noise

Of course, any burst filtering is unable to distinguish aP€iNg Gaussian, the probability that a data kinis larger
nonstationary noise from a real gravitational wave event!1@nsxoy is
such filterings will be sensitive to transient noise as well as
to gravitational bursts. The goal of burst filtering in one de-
tector is then mainly to act as a trigger and select interesting P(|Xi|23"n):2Js 2 dx. (2.3)
data streams in order to investigate coincidences with other
detectors. It will also be useful to identify and study nonsta-jt js then straightforward thal., the number of bins above
tionary noise in a single interferometric detector, ultimatelythreshold, follows a binomial distribution and the probability
providing vetos or cleaning procedures for “known™ nonsta- that N =n is

n N—n
such as one of those proposed below, will be sensitive to P(N = erfdl S 1—erfc S
unexpected sources and therefore may provide some insight ¢ NA J2 ’

tionary noise sources.
into new physics. (2.2

oo —x212

Finally, it is stressed that a general filtering approach, N
(.

where erfc is the complementary error function. Settng
Il. BURST FILTERING: SOME IDEAS =erfc(s/\/2), the mean o, is thenu.=Np and its stan-
Since we know little about the expected waveforms ofd@rd deviation isre=yNp(1—p). Itis well known that the
burst gravitational wave sources, a robust filtering is re-normalized random variabl.= (N.— u.)/ o behaves like
quired. Since we wish such a filtering to work as an on-lined normalized Gaussian variable, as soonNgs>5 and
trigger, it should be fast. We study three of such filters in theN(1—p)>5 [36]. These conditions will be satisfied in every
following. Throughout the paper, we assume that the detecsituation of interest; so we will consider now that the random
tor noise is white, stationary, and Gaussian with zero meanvariableN, is well approximated by a standard normal one.
For the numerical estimates, we chose the @ahplitude Two parameters are involved in this method: the window
spectral density to bl,=4x10 2% \/Hz and the sampling length T (or equivalentlyN) and the threshold. We will
frequency f;=20 kHz; so the standard deviation of the discuss the window length later, with the other filtering
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Gaussian statistics, however, but we first require simplicity
for these preliminary studies. This is why we turn our atten-
tion to the maximum of the autocorrelation, which is nothing
but the squared norm of the outpx(t), since the autocor-
relation of any function is maximal at zero. For tié
sampled data in a window of siZe= N/f, the output of this
filter is then

o Efficiency
0
a -

T T

0.9 - i=N

A=, x(i)? (2.3
=1

0.85
wherex(i) is theith data in the window. When no signal is

present,x(i) is pure noise and, under our assumption of
Gaussian noise(i)?, being the square of a Gaussian ran-
dom variable, is a chi-square random variable with one de-
gree of freedomA is then the sum oN such chi-square
random variables with one degree of freedom, which is a
0.75 Sl e Dl chi-square random random variable withdegrees of free-

s dom. Its mean isup=N and its standard deviation g,

FIG. 2. Efficiency of the BC filter as a function of the threshold ~ V2N. !f N>30, the random variableelated to the norm
level s. The efficiency values have been normalized to the maxi-Of the windowed detector output

mum value.
A=.2A—\2N-1 (2.9
methods. On the contrary, the choicesaf a specific issue

for this approach. Firsts should not be too large, as we iS very well approximated by a standard normal variable
expect low amplitude signals. Thes,should not be too [36]. This fits the~3|mpI|C|ty requirement and we will then
small because then the filter would become very sensitive tose the output oA as a filter. The only parameter for this
noise fluctuations with the drawback of a huge number ofilter is the window sizeN; it will be discussed in the next
false alarms; as an example, §2,P(|x;|=20,)=4.6%, section.

giving on average 46 “counts” in a window dil=1000

sampled data. The optimal value feris evaluated as fol- C. Correlation with single pulses(PC)

lows: we compute the average distance of detection for the
supernova signals of the Zwerger-Na catalog as a func-
tion of s; the calculation of this distance is explained with

0.8 -

Since many of the expected waveforms present one or
several peaks, it seems judicious to use single pulses as fil-
ters. These pulses are modeled with truncated Gaussian func-

full details in Sec. Ill. Of course, many realizations of the h

noise are generated and the results are averaged in order%nS such as

reduce the influence of noise fluctutations. The result can be )

seen in Fig. 2. We choose accordinght 1.7 in all the fol- f (t)=exp( _ t_) (2.5
lowing, but any value o in the rangq 1.4,2.0 would also T 27%)

be reasonablégiving a loss up to 10% in the average dis- o o
tance of detection with respect to the maximum with t lying in the rangd — 37, +37], so that the function is
truncated at about 1% of its maximum value. The only pa-

rameter for this set of pulse filters is the width The dis-
B. Norm filter (NF) crete correlation between the daté), i=1,... N, and

This method has been initiated by the remark that whitgn€ Pulse can be written as
noise samplings are uncorrelated, while this is in general not
true for a gravitational wave signal. So the autocorrelation ) )
A (7)=Jx(t)x(t+ 7)dt of the detector outpuk(t) should P(N,k)=21 X(i+k)f ([ = N/2]ty). (2.6
reveal the presence of a correlated signal hidden in a uncor- -

r_elated noise_. However, MO problems arise: thg computingn the absence of a signal, the output of the filéN, k) is
time (depending on the window lengthnd the choice of the 5 G4 ssjan random variable, as a sum of Gaussian random
detection criterion. The norm of the autocorrelation function, o riables weighted by the pulse function. The standard de-

seems a good one, since it should probably distinguish b&i,tion of P is simply the square root of the sum of the
tween noise and noise plus signal. But the squared norm quared weights

the aucorrelation of a Gaussian discrete variable is generally
not a Gaussian variable itself: it becomes Gaussian only for
very long data windows, as we have checked, and so it re- To= \/ £ (Ti—N/21t)2 2

quires prohibitive calculation times. We could live with non- P Z Al Its)" @7

N
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which can be recast as

t, (ms)

1 Ntg T
ol= t—f ) f(t)2dt= ﬁt—. (2.8

We can then define a signal to noise rdNR) as the filter

output normalized by the standard deviatiep: P=P/op, 6|
whereP is the maximum of the function defined in EQ.6).

D. Practical implementation 4

The two first methods BC and NF are very easy to imple-
ment in practice, as we can write simple recurrence relations
for the calculation of the filter outputs in a given window, as 2
a function of the filter outputs in the previous window. For I
instance, for the BC, the output of the filter in a window of i
length N starting at themth datumx(m) and ending at the 7+ ST e w7 a—
datumx(m+ N - 1) iS NC(m) . The next fllter OUtDUNC(m Distribution of filters between 1 ond’\‘I%TnEer of the Filter
+1) is obtained by moving the window by one bin, namely,
starting now at the datum(m+ 1) and ending at the datum FIG. 3. Distribution of the 117 templates for the peak correlator
x(m+N). The relation betweei.(m) andN.(m+1) can in the interval[1;10] ms with the assumptioa=10"*.

be cast as
<f7!f7>_<fT+A7!fr> -

Ne(m+1)=N(m)+0(m+1)—-0(m), (2.9 .0 <€, (2.19

wheree is the allowed loss in the signal to noise ratio. Ex-
panding the ratio of Eq2.11) to second order itA 7/ 7 leads
to the simple inequality

where@®(i)=1 if the datumx(i) is above threshol@X o,
and®(i)=0 if x(i) is below.

Similarily, for the NF, in the window of lengtN starting
at the datumx(m+1), the norm of the data i&\(m+1) 5
=3M*N x(i)? and is simply related té&\(m) by A(m+1) (A_T) <de. 212
=A(m)+x(m+N)2—x(m)2. This recurrence relation be- T
tweenA(m+1) andA(m) allows a very fast calculation of

the filter outputA(m+1) to be performed from the calcula-

tion of the previous filter outpub(m).
One advantage of this practical simplicity for both meth- Ar=27e. (2.13
ods is that it allows the computation of filter outputs with a
window moving from bin to bin, which is not always pos- Starting from the first filter of widthr,,,, it is then easy to
sible (and anyway not necessaiip case of correlations with  pyiit the kth filter: its width is 7,=(1+2€)* *r.,. The
a predefined lattice of filters. total number of templates in the lattice is finally the maximal
Concerning the PC, we have first to build the lattice Ofintegernt such that (3 2e)" 7= Trax.
filter, depending on only one parameter, the Gaussian peak gqr example, Fig. 3 shows the distribution of the 117
standard deviationr. The parameter space is the interval templates in the intervdll ms,10 mgfor a loss in SNR of
[ 7minTmax].- The distance between two successive filters ofe— 104 (the one we will use in the next sectiotthe choice
the lattice is denoted 7 and the problem is to estimater,  of ¢=10"2 reduces the number of filters to 13 for the same
which is a priori a function ofr. The output of the correla- jnterval. We notice that we can allow for a very low loss in
tion between a Gaussian peak filferand a “signal” g is SNR and still obtain a reasonable number of templates; this
is due both to the fact that we deal with one-dimensional
lattice space and to the “smooth” dependencenpfon e.

If the Gaussian filtef . of width 7 belongs to the lattice, then
the next onef _, 5, is built from

f(t+t")g(t)dt For instance, the same very low value o£10 % and a
(f,,9)=K Max, , (2.10  Pparameter space extended to tpaysically possiblginter-
) val[1 ms, 1 § lead to a lattice of only 349 templates, which
V f fr(t)dt is easy to implement for an on-line processing.

whereK is a constant. I is itself a filter of the kindf’, it E. Threshold and false alarms

is easy to show that the maximal correlation is obtained for Since the outputs of the three proposed filters behave like
t’=0. Following[37], we choseA 7 such that standard normal random variablgsvhen no signal is
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preseny, it is convenient to define the same detection thresh- _22 <162
old for all, with, consequently, the same number of false * .
alarms produced. As we expect weak signals, this threshold %2 |
has to be low. On the other hand, we can deal with a large 0.1 |
number of false alarms; these spurious events can be pro- ot
cessed and discarded later when working in coincidence with _g 4 f
other detectors. The relation between the detection threshold

-02 |

7 and the rate of false alarmg, for a Gaussian random o3k
variable is ' 0 - ‘0‘02‘ ‘ ‘0,04‘ ‘ ' OI - 005 - ‘0i1| -
time (s) time (s)

TYPE | TYPE Il
1 (= [—%?

2X—| exp ——|dx=ry,. (2.14 x 1622

\/277 n 2 E

0.25 F

02 F

A false alarm rate,=5%x10 ' (=36 false alarms per hour 0.15 ¢

for a sampling ratd ;=20 kHz) corresponds to a threshold o.1 ¢

7=4.75, while a false alarm rate 10 times smaller corre- %9 |

sponds ton=5.20. For the results presented in the follow- OF

ing), the chosen threshold ig=4.75. 0.8 c; TRy Ry
For the two first filtering methods, BC and NF, the situa- ' ) time (s)

tion is, however, not so simple because the outputs of the e

filters in two successive windows are in fact strongly corre- FIG. 4. Typical waveforms for the type I, Il, and Il supernova

lated. For example, for the BC filtering, the filter outputs in signals in the Zwerger-Mler catalog.

two successive windowgstarting, respectively, at the data

x(m) andx(m+1)] are related by Eq(2.9); it is clear that  signals[20]. Type | signals typically present a first peak

N¢(m) andN¢(m+1) are the same or differ at most Byl.  (associated with the bouncéollowed by a ringdown. Type

So if the detection threshold is exceeded in a number ofi signals show a fewtwo to three decreasing peaks, with a

consecutive windows, there is in general only one “event.”time lag between the first two of at least 10 ms. Type IlI

This leads us to redefine what is a detected event: an eventdggnals exhibit no strong peak but fast { kHz) oscilla-

said to be detected in some time interfal;ts,m,ts] if the  tions after the bounce. The fact that type | and type Il signals

filter outputO(m) exceeds the thresholg for all values of  are characterized by strong peaks validates the choice of fil-

min the intervallm;,m,] and is less tham outside. This is  tering by correlation with generic peaks in order to detect

equivalent to defining a “correlation length'nf,—m;)tsfor  such events. The 78 signal templates in the catalog are not

the event to be detected. equally sampled; so we have first resampled them by inter-
polation at the desired sampling frequendy=20 kHz in
lll. DETECTION OF SUPERNOVAS our examplep

In this section, we use the catalog of simulated gravita- B, Optimal filtering and maximal distances of detection
tional wave signals emitted during supernova collapses and
computed by Zwerger and WMar [20], to implement and test
the three filterings described previously, in a realistic con
text.

Since the 78 signal waveforms are known, we can explic-
itely derive the optimal SNR provided by the Wiener filter
for each of them, and then compute the maximal distance of
detection. We will then be able to build a benchmark for the
different filters by comparing their resuligletection dis-

A. Catalog tance$ to the results of the Wiener filter. In all the following,

The Cata|og of Zwerger and Mar [33] contains 78 Wwe assume that the inCOming waves have an Optlmal inci-
gravitational wave signals generated by axisymmetric corélence with respect to the interferometric detector.
collapses. Note that, in particular due to axisymmetry, these Let us callh(t) one of the 78 signals arti(f) its Fourier
are purely linearly polarized wavesi { =0). Each of them transform. The optimal signal to noise rajg is given by
corresponds to a particular set of parameters, essentially the

initial distribution of angular momentum and the rotational |F1(f)|2
energy of the star core, in the collapse models of Zwerger p§=2 —fdf, (3.1
and Muler. The signal total durations range from about 40 S(f)

ms to a little more than 200 ms. The gravitational wave

amplitudes of the stronger signals are of the ofaerh,) where S;, is the one-sided noise power spectral density
~ a few 10 23 for a source located at 10 Mpc; that leaves (hence the factor of)2 The noise is assumed to be Gaussian
little hope to detect such events with the first generatiorand white with a standard deviation related to the constant
detectors. Concerning the shape of the wavefofsege Fig. spectral densitySh=h§ by o,=h,xfs=S,xfs. The

4), Zwerger and Miler distinguish three different types of SNR then becomes
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FIG. 5. Detection distances calculated with the optimal filter for
the 78 signals in the catalog of Zwerger andIMu About 6 signals
can be detected at distances as high as about 50thpcLMC
distance.

FIG. 6. Histogram of the number of signals as a function of the
maximal detection distance for each of the three filters
(@, BC; O, NF, andx: PO.

of of For the pulse filter PC, the window size is automatically
pgz_;f |ﬁ(f)|2df: _zsf [h(t)|?dt. (3.2  fixed by the definition interval of the Gaussian peak
On On [—37,37] for a filter of width 7. The window size for the
correlation with the filterf . is thenN=6f and depends on
As previously, a supernova signal is detected by the Wiener.
filter if po= %, where 5 is the same detection threshold as
defined above. Figure 5 shows the maximal distance of de- 2 Detection distance
tection for each of the 78 signals. The mean distance, aver- . L _
aged over all the signals, is about 26.1 kpc, which is of the The efficiency of each filter is measured by the maximal
order of the diameter of the Milky Way. A few signals can distance of detection for each of the 78 gravitational wave
be detected at distances beyond 50 kpc, the distance of tifinals of the catalog. This distance is obtained by averaging
Large Magellanic CloudLMC). The most energetic signals OVer many noise reallz_atlons in a Monte Carlo simulation.
(Nos. 77 and 7Bcan be detected at distances as high adVe present the results in two ways. Figure 6 shows the num-
100-120 kpe. It is clear that this class of signals will pe ber of detected signals as a function of the distance of detec-
detected by the first generation inteferometric detectors onfjjon for the three filters. The results of Fig. 6 combined with

if the supernovas occur inside our Galaxy or in the very closdh® results for the optimal filteringFig. 5 are reported in
neighborhood. Fig. 7 in a normalized way. The histograms in Fig. 7 show

the number of signals detected as a function of the reduced

distance of detection for the three filters; the reduced dis-
C. Detection by the three filters tance of detection is simply the distance of detection divided
by the maximal distance of detection computed with the op-
) ) ] ] ) timal filter. The means of the distributions are, respectively,

_The window sizeN for the first two filters is a compro- .22, 0.26, and 0.34 for the BC, NF, and PC filters; these can

mise between the need for not too small number of bins, ile seen as rough estimators of the efficiency of the filters.
order to guarantee that the filter outputs are well approxiThe histograms in Fig. 7 give also an idea of the sensitivity
mated by Gaussian random variables and the rather shaogt the filters to the waveforms of the detected signals. We
_S|gnals we are looking for. The first constraint is easily satngote that the histograms corresponding to the BC and NF
isfied for the NF method, wherl¢ must be larger than about fjiters are much more concentrated than the one correspond-
30. For the BC method, we must haMerfc(s/V2)>5 and  ing to the PC filter; this is particularly impressive for the NF
N[1—erfc(s/\/2)]>5; with the optimal choice o§=1.7, so filter. This means that the two first filters are rather robust
that erfc6/\2)=0.91, the two inequalities give, respec- and their efficiency does not crucially depend on the details
tively, N>6 andN>56. The constraints are not very severeof the gravitational wave signals. On the contrary, the larger
and require thaN must be between 80 and 150, as has beemlispersion of the last histografC) indicates that the re-
checked by Monte Carlo simulatiofl®oking for the optimal  sponse of the PC filter depends much more on the gravita-
window size giving the maximal mean distance of detegtion tional waveform.

1. Window sizing
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FIG. 7. Histogram of the number of signals as a function of the
normalized detection distance for each of the three filters. The nor- FIG. 8. Efficiency of the peak correlator PC versus the loss in
malized distance is the detection distance divided by the correSNR €. The efficiency is measured as the mean detection distance
sponding maximal detection distance computed by the optimal filfor the 78 signals in the Zwerger-Mer catalog.
tering.

? An analysis of one day of data has been perforrfiad

The global efficiency can be measured as the mean deteerder to check the validity of the redefinition of an event—
tion distance averaged over the 78 signals. The results agke Sec. || E—and the number of false algrros a DEC
reported in Table I. The efficiency of the BC and NF filters is Alpha workstation, in about 14 mn with the BC filtering and
about one-third of the efficiency of the optimal filtering in about 25 mn with the NF filtering. So there is about a
(maximum efficiency, while the PC filter(for e=10"%) has  factor 100(57) between the data stream duration and the
an efficiency about 58% of the maximal efficiency. time needed to process them by the BC filtdye NF filtep.

We note that none of the BC, NF, and PC filters is effi- These two filters can then be used on-line without any prob-
cient enough to cover all the Galaxy on average. Severgem.
signals, however can be “seen” anywhere from the Galaxy The PC filter is no more problematic due to implementa-
and even beyond; in particular the signals 77 and 78 can bgon in the Fourier space and use of fast Fourier transforma-
detected up to the LMC by any of the three filters. tions (FFT’s). Moreover, the correlations do not need to be

In fact, concerning the PC filter, the mean distance ofcomputed in successive windows. Indeed a templiate
detection depends o, the allowed loss in SNR, and con- (Gaussian of widtts) has a certain correlation lengthZs):

sequently on the number of filters in the lattice. Figure 8so it is possible to compute the correlation with the template
shows the mean distance of detection as a function of the_ everyT,, whereT, is related to the allowed loss in filter

loss in SNR. Ase decreases, the mean distance of detectiorsfficiency. In practice, one order of magnitude in the calcu-
becomes closer to the maximal val(elittle larger than 15  |ation time can be gained with a loss of 1—2 % of efficiency.
kpc). We also natice that for high values eflow number of
templateg, for instance, above=1% (13 templates the
efficiency of the PC filter is still well larger than the NF/BC

efficiency. We have studied in this paper three filtering methods with
the aim of building on-line triggers for the selection of burst-
like events in the data flow of interferometric gravitational
Apart form the criterion of simplicity of the filters, we wave detectors. Such a filtering needs first to be as general
require also that the data processing with these filters has #nd as simple as possible; these two prescriptions are satis-
be fast enough to be implemented on-line as a trigger. fied well by the two first: BC and NF filterings. A third filter
_ _ _ has then been studied in order to quantify what could be the
TABLE l. !Detectlon distance averaged over the 78 signals forgain with a more specific filtering, i.e., using somepriori
the different filters. information on the signals to dete@tamely, here the fact
that the supernova signals contain at least one peak of short
duration). The catalog of supernova gravitational wave sig-
Average distanceékpc) 26.1 7.8 9.3 15.2 nals provided by Zwerger and Mer has been used in order
to build a benchmark for the different filters in a realistic

IV. CONCLUSION

3. Computation time considerations

Filter Optimal BC NF
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way and to compare each of them to the optirf\éieney  tributed over the sky5]. So only a small fraction of the
filter. supernova events can be detected anywhere in the Galaxy or
The results we find are first that a general filter, such adeyond. This is not a surprise and, anyway, not the main
BC or NF, has an efficiency of about one-third (0.30—0.36)point of this paper.
of the efficiency of the optimal filtegmaximal efficiency for We finally notice that the two general burst filters BC and
a linear filtey. The peak correlator PQooking for the peaks NF we studied are in fact nonlinear filte(hey cannot be
in the Zwerger-Miler signalg has an efficiency slightly reduced to a correlation with the detector oujpihis may
larger (58% of the optimal filter efficiengyWe note also encourage physicists to develop and study such a class of
that the general filters seem to be more rolflests sensitive filters in the context of gravitational wave detection. In the
to the waveform detai)ghan the peak correlator, because of near future, we plan to study other filters based on the auto-
the smaller dispersion of thefnormalized responses to the correlation function and on wavelet analysis. We plan also to
78 supernova signals. study the effect of a more realistic noise on the response of
Concerning a practical implementation, each of the filtershis class of filters, in particular the effect of non-Gaussianity
can be implemented on line and can be used as a trigger @nd nonstationarity. We keep in mind that nonstationary
order to select events for off-line coincidences with othemoises can be treated as “signals” and the burst filtering can
detectors. ) help to identify them and finally understand the detector be-
The results for the detection of the ZwergerdMu sig-  havior.
nals are not very optimistic. Moreover, as we have assumed Note added in proofA filter similar to our Norm Filter
optimal incidence for the gravitational waves, the detectionNF) has been proposed by Flanagan and Hughes in the con-
distances should be divided k{6 for sources randomly dis- text of the detection of black hole merg¢Ra].
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