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Abstract. The problem to search for possible correlation b@f the possible correlation. The scenario for the proposed GRB
tween the Gamma Ray Bursts of still unknown origin and dapaogenitors is vast(Rees 1994), allowing for various mecha-
recorded with the Gravitational Wave detectors is studied. fisms of association. A good way to classify the GRB is by
new algorithm for this search based on the Kolmogoroff cormeans of their time duration. With a significative statistics there
parison of distributions is given, which is not affected by thare at least three classes of GRBs (Mukherjee et al. 1998). Fur-
presence of non-gaussian noise. thermore, even within one class, the bursts exhibit a wide range
of complex temporal behaviours.
Key words: gravitational waves — methods: data analysis — Problems related to the experimental search for time corre-
gamma rays: bursts lation between GW bursts and GRBs have been recently studied
by Finn et al. (1999). They suggest that, because of the limited
sensitivity of the present and near future GW detectors, one
) should use methods of data analysis based on cumulative al-
1. Introduction gorithms, andvithout specifying a priori models for the signal
As well known one of the most important astrophysical ph/@ve-form, source or source population.
nomena still lacking an explanation, although well known to Because of the ample variety of possible models we have
the scientific community since many years, is the occurrence@@nsidered in general the case of a time shifted coincidence
powerful GRBs, lasting several seconds, observed near the ER&fveen the two phenomena, searching essentially an effect,
with spacecraft. Since 1997 (Costa etal. 1997: van Paradijs et&/trms of time signature, in the background of the signals
1997; Kulkarni et al. 1998) several counterparts in other barfjtained with GW detectors. o _ _
widths, X-ray, optical and radio afterglow, have been observed. The first step, in this paper, consists in applying the simple
This discovery provides an important tool for understanding tRg0rithm of averaging the experimental data at times in cor-
sources of GRBs but most of questions are still open. It is pld@SPondence to various (fictitious) GRBs. We shall see that the
sible that the phenomena responsible for the emission be duBqise Of the real data is such to jeopardize this simple algo-
collapsed objects, perhaps to the coalescence of compact bif{yn: thus we shall consider a new algorithm where the real
systems (Thorne 1992; Piran 1992) or gravitational collapse t§*P€rimental noise is properly taken into account.
Black Hole (Ruffini 1999). If so, the GRBs should be associated
with the emission of Gravitational Waves (GW). According t9 The experimental data
several authors (Ruffert et al. 1997; Janka et al. 1999) the du-
ration of a GW burst is of the order of a few milliseconds, akhe GW raw data recorded with a resonant antenna are usually
predicted by several models (Coaiescing and merging BH/m@red with an algorithm that is matched to delta-like Signals,
and NS/NS). Therefore the GW burst can be detected by fié obtaining the SNR of short GW bursts as large as possible.
GW bar detectors, which have their best sensitivity near 1 kHg.the following we shall consider a Wiener-Kolmogoroff filter,
Aninitial analysis of the time correlation between GRBs arlike that used by the Rome group (Astone et al. 1994). At the
GW detector EXPLORER data has been performed (Astoneogitput of thefilter there is a sequence of samples (sampling times
al. 1999; Amati et al. 1999). In these cases the method waPf®.29 s) expressed in kelvin units. At present the bandwidth of
select bursts with a fixed threshold on the background of tHee detectors around their resonance frequency is of the order of
GW detector. No correlation resulted for events with amplitudeHz, which means that the correlation time of the filtered data is
h>2.5-10!8 (about 100 mK in energy). of the order of one second. The average value of these samples,
The main prob|em in Searching for a time correlation bén absence of GW Signals, is called the effective temperature

tween GW bursts and GRB is the uncertainty in the time scales Of the apparatus.
It can be shown that the probability for a sample to have
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Fig. 2. Explorer data. Sample averaged over 91 data stretches. No sig-

Fig. 1. Differential energy distribution of all samples in 91 periods o?als have been added to the data.
two hours each, versus the energy.

An obvious algorithm to use for searching a correlation be-
Stween the GRBs and possible GW signals, with the hypothesis
t%at GW are associated to the GRBs with similar behavior for
most of the bursts, is to take averages (Modestino & Pizzella

) 1) 1997).
Tog Since the filtered samples have a time correlation of the

In addition to the well behaved and modeled noise (elecrOIer of 15, in order to have independent data we take ten-

th

tronic and thermal noise), other sources of noise are acnvg,rgtrc)lﬁo(fz C?Vlvsf?ltz\r/:(rjaggt.@ak (T)hefr?rvczet:ke (k=1,...,91) GRB
sometimes of unknown origin. Therefore the statistical behaV|or
of the data is not predictable.

For testing our algorithm we use the Explorer data (Astor% 91 Z Ey(t) @)
et al. 1993). For each day, in the time period from June 1991 !
to December 1997, we take a random tityeg(simulating the at the same relative time t with respect to the arrival times
arrival of a GRB) and consider 24001 Explorer samples, corfEhis procedure would increase the signal to noise ratio, if the
sponding to a period of 1.9388 hours (since the sampling timeise reduce as the root square of N.
for Explorer is 0.29081 s) centered at eachime. These two- We have applied this average procedure to the Explorer data
hour periods include the possibility of a time shift between treelected as described above, and we show the resultin Fig. 2. We
t, times and the GW arrival time. notice several peaks, one of them near the zero time, due to noise

We accept only the Explorer data that have, over the tloat cannot be modelled. We remark that the noise producing
hour-periods, average noise temperatiitg smaller than 10 the peaks is not gaussian.
mK (corresponding té ~ 8 - 10~1°). Applying this data se- Our problem which we discuss in this paper, is to find a
lection we get, for Explorer, GW data for 91 periods of abouhethod to reduce the effect of the non-modelled noise.
two hours each, centered at thet9ttimes. The overallenergy ~ The GW detectors are so sensitive that some of the noise af-
distribution of the 91 x 24001 samples is shown in Fig. 1.  fecting them, except for the Brownian and electronic noise, can-

This figure shows that, for the Explorer data, in spite of ounot be fully modeled. Other sources of noise are present which
selection criterion for the choice of the two-hour periods, a large not follow any known model. One can have non-modeled dis-
tail appears, giving rise to two slopes. The smallest one of abturtbances in few data stretches, occurring in a way that might be
10 mK, corresponds to our selection criterion. The largest od#ferent for the various stretches of GW data which are associ-
is about twenty times greater. This last slope is due to the effatéd to the various GRBs. As a consequence, the reduction of the
of additional non- stationary noise, which we have to consideoise with/N fails and unexpected noisy signals jeopardize
carefully when comparing different data distributions. This tahe average algorithm.
is present, to our knowledge, in all the data so far available from Only for a much larger number of GRBs (many thousands,
all GW detectors. as predicted by the central limit theorem) the algorithm of the

behaved noise originated from Brownian and electronic noi
both of gaussian nature, is

p(= E) = exp(—
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Pk been careful to use the same experimental data for both distri-

butions.
WWNVW\M In other words, if a strong noise peak is present, it appears in
both the in-phase and off-phase distributions and we do not get

‘ a minimum in the P distribution. Only if a strong peak occurs at
-20 0 20 40 60 the same time in a sufficiently large number of stretches, only
in this case we have a peak in the P distribution.

Note that P does not have the meaning of probability, al-
though obtained with the Kolmogoroff method, because the ex-
perimental data do not have normal distribution, as shown in
Fig.11

The comparison of the distributions is done using 200 sam-
50 0 20 20 60 Dblesof data, which cover 58.162 seconds centered at 0.

In order to estimate the background of the P quantity we repeat
this procedure using different 200 samples centered at differ-
ent values ot,. In a period of about two hours we obtain 120
Kolmogoroff probability values P at 120 different values.of

This algorithm, applied to the Explorer data, gives the result
shown in Fig. 3.

— ‘720‘ : ‘7*20‘ — 5 —— 2*0 —— 4*0 —— 610 We notice that the small appllie.d signal, respectively with
t(minutes) SNR~ 1 and SNR~ 2, are well visible above noise whereas
in the average distributions these signals would have been con-
Fig. 3. The Kolmogoroff parameter P versus the time lag. The uppgised among those due to the noise. We notice that the Kolmogo-
figure shows the result for the 91 data stretches. The middle one shoysg parameter values do not average at fifty per cent, as one

the result for the same data having added a 10 mK signal at zero ti&'%ﬁld presume if they had the meaning of probability, but they

gglc?gd Isnigt:zllower figure, the same parameter is shown for a 16 IrTfllverage at a larger value. This is because the two compared dis-

tributions are made essentially by the same experimental data,
so they are partially compatible.

However they can be more or less compatible depending on
average may give good results. Inthe following we shall descrifggs effect of the in-phase procedure. This is what we measure
an algorithm that circumvents the problem of the non-model@gh the Kolmogoroffprobability which has to be taken, as
noise. We shall show that this algorithm appears to give gosgted above, as an useful parameter rather than the true value
results when applied to data taken with GW resonant detectqjthe probability.

In Fig. 4 we show the result when we add at near zero delay
(with respect to the GRB arrival time) various signals. In this
way we test the sensitivity of the algorithm for the case when
Initial developments of the algorithm which we discuss hefeW do not arrive at exactly the same time with respect to the
have been presented at conferences (Modestino et al. 1®#mMma burst. The probability to detect a signal depends on
1998). The algorithm basically operates in two steps: a) wee distribution of the noise as shown in Fig. 3 or in Fig. 4. We
select the 91 GW data stretches recorded at the vatigus) understand that is an empirical method but it remains difficult to
with these data we perform two types of averages. One aversgjress in a statistical mathematical sense a non-gaussian noise.
which we callin- phaseaverage, is done at the same relativeor comparisonwe show in Fig. 5 what we obtain when applying
times over the 91 stretches of GW data. The other average, it average algorithm. The signal get lost in the noise, unlikely
off-phaseaverage, is done in the same way but having randonil}e result shown in the lower plot in Fig. 4. In the case when
changed the relative times of the GW data corresponding to @€ knows exactly the time lag between the two phenomena, as
91, times. By taking the in-phase averages we increase iRghe case of signals in the GW detectors due to cosmic rays
signal-to-noise ratio under the hypothesis that GW signals &tstone et al. 2000), the average algorithm might be superior,
rive atthe same relative times. The off-phase averages detern@@@ne is limited to the analysis of very short stretches of data
the background to which we compare the in-phase averages VBych allow a betterleaning procedure for eliminating non-
means of the Kolmogoroff test (Eadie et al. 1971), we compdfdelled noise.
the distribution of the in-phase averages with the distribution of
the off-phase averages and obtain the probability P that the two We stress the importance to compare distributions made with the

distributions are compatible. same experimental data, although properly reshuffled as we do. If the

It is clear that if the various stretches have no correlatiafo distributions that are compared are made with different experimen-
these two distributions should be compatible one with the othefl,data, the presence of data which do not follow the normal distribution
since, by the circular time shifting within each period, we haweakes the two distributions very incompatible.
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3. A new algorithm
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Fig. 4. The Kolmogoroff parameter P Versus the time lag. Signals EF .5. Average values versus time. 91 signals of 16 mK have been
16 mK have been added. In the upper figure the 91 added signals h%\? ed on six different delays at 10 s time interval in the minute

been appll_ed d_unng the same n_unute_centered at Zero t|m_e but pa%e% ered at zero time. The lower figure is a zoom of the upper one.
at a 20 s time interval. In the middle figure at a 15 s time interval. In

the lower figure at a 10 s time intervals.

4. Discussion and conclusion Costa E., Frontera F., Heige et al., 1997, Nat 387, 783

We have seen that using a relatively small number of GRE&die W.T., Drijard D., James F.L., Saudoulet B., 1971, Statisti-
al Methods in Experimental Physics. North-Holland Publishing

(we have used 91 events) the presence of non gaussian nois
ompany

jeopardizes the use of the average algorithm. Instead, the g, s "pvohanty S.D., Romano J.D., 1999, Phys. Rev. D60, 121101

posed algorithm presents f[he advant_age_to be Independen_t Og_gﬂﬁa H-Th., Eberl Th., Ruffert M., Fryer Ch., 1999, accepted by ApJ,

quality of the data. Even if extra noise is present, the noise is (astro-ph/9908290)

considered both in the in-phase and off-phase distributions, aifkarni S., Djorgovski S.G., Ramaprakash A.N., etal., 1998, Nat 393,

only the time alignment makes the difference. Thus one can 35

evaluate possible correlation between GRBs and G.W. sigialdestino G., Pizzella G., 1997, Internal Report LNF-97/038,

without the need to accumulate a very high number of eventégdestino G., Astone P., Bassan M., etal., 1997, In: Dakigtallod

as in the present experimental situation (eds.) Proc. Gravitational Wave Data Analysis Workshop 2, 1997,
Orsay, France, p. 187
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