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Abstract

We report the result from a search for bursts of gravitational waves using data
collected by the cryogenic resonant detectors EXPLORER and NAUTILUS
during the year 2001, for atotal measuring time of 90 days. With these datawe
repeated the coincidence search performed on the 1998 data (which showed a
small coincidence excess) applying data analysis algorithms based on known
physical characteristics of the detectors. With the 2001 data a new interesting
coincidence excess is found when the detectors are favorably oriented with re-
spect to the Galactic Disk.

PACS:04.80,04.30

1. Introduction

Cryogenic gravitational wave (GW) antennas entered into long term data taking operation in 1990 (EX-
PLORER [1]), in 1991 (ALLEGRO [2]), in 1993 (NIOBE [3]), in 1994 (NAUTILUS [4]) and in 1997
(AURIGA [5]), with gradua performance improvements over the years.

Analysisof the datataken in coincidence among all cryogenic resonant detectorsin operation dur-
ing the years 1997 and 1998 was performed [6]. No coincidence excess was found above background
using the event lists produced under the protocol of the International Gravitational Event Collaboration
(IGEC), among the groups ALLEGRO, AURIGA, EXPLORER / NAUTILUS and NIOBE.

Later [7], acoincidence search between the data of EXPLORER and NAUTILUS was carried out
by introducing in the data analysis considerations based on physical characteristics of the detectors: the
event energy and the directionality. The result was a small coincidence excess when the detectors were
favorably oriented with respect to the Galactic Centre.

Here we extend our analysisto new data obtained in the year 2001, when both EXPLORER and
NAUTILUS were operating at their best sensitivity, using the same procedures applied for the previous
analysis[7]. Aspreviously donein ref. [7] we shall sometimes use the word probability, athough we
arewel| awarethat its significance might bejeopardized by any possibledatasel ection. With thisproviso
we shall use probability estimations in comparing different experimental conditions.



Table 1: Main characteristics of the two detectors in the year 2001. The axes of the two detectors are aligned to within a few
degrees of one other, the chance of coincidence detection thus being maximized. The pulse sensitivity for both detectorsis of
the order of h ~ 4 10~*? for 1 msbursts.

detector latitude | longitude | azimuth | mass | frequencies | temperature | bandwidth
kg Hz K Hz
EXPLORER | 46.45N 6.20E 39°E | 2270 904.7 2.6 ~9
921.3
NAUTILUS | 41.82N | 12.67E 44° E | 2270 906.97 15 ~ 0.4
922.46

2. Experimental data

Theresonant massGW detectorsNAUTILUS, operating at theINFN Frascati L aboratory, and EXPLORER,
operating at CERN, both consist of an Aluminium 2270 kg bar cooled to very low temperatures. A res-
onant transducer converts the mechanical oscillationsinto an electrical signal and is followed by a dc-
SQUID electronic amplifier. The bar and the resonant transducer form a coupled oscillator system with
two resonant modes.

With respect to the year 1998 the following changes were made in the set up of the detectors:
the NAUTILUS detector operated at a thermodynamic temperature of 1.5 K instead of 0.14 K; the EX-
PLORER detector was equipped with a new transducer providing a larger bandwidth and consequently
enhanced sensitivity. The characteristics of the two detectors are given in the Table 1.

The data, sampled at intervals of 12.8 msfor NAUTILUS and of 6.4 ms for EXPLORER, are fil-
tered with an adaptivefilter matched to delta-likesignalsfor the detection of short bursts[8]. Thissearch
for burstsis suitablefor any transient GW which shows anearly flat Fourier spectrum at the two resonant
frequencies of each detector. The metric perturbation / can either be a millisecond pulse, a signal made
by a few millisecond cycles, or a signa sweeping in frequency through the detector resonances. This
search istherefore sensitiveto different kinds of GW sources, such as a stellar gravitationa collapse, the
last stable orbits of an inspiraling neutron star or black hole binary, its merging and its final ringdown.

Let z(¢) bethefiltered output of the detector. This quantity is normalized, using the detector cal-
ibration, such that its square gives the energy innovation of the oscillation for each sample, expressedin
kelvin units.

For well behaved noise due only to the thermal motion of the oscillatorsand to the el ectronic noise
of theamplifier, thedistributionof = (¢) isnormal with zero mean. Itsvariance (averagevalueof thesquare
of z(t)) iscaled e f fective temperature and isindicated with T’ ¢ ;. The distribution of z(¢) is
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In order to extract from the filtered data sequence events to be analyzed we set athreshold in terms of a
critical ratio defined by L
|| — ||

a(lz)

where o (|z|) is the standard deviation of || and |z] the moving average, computed over the preceeding
ten minutes.

Thethresholdisset at CR=6 in order to obtain, in the presence of thermal and el ectronic noisealone,
areasonable number of eventsper day (seeref.[7]). Thisthreshold correspondstoenergy £; = 19.5T.;.
When |z| goes abovethethreshold, itstime behaviour isconsidered until it falls back below the threshold
for longer than three seconds. The maximum amplitude and its occurrence time define the event.

CR =

2
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Fig. 1: Differential probability that the event has the signal-to-noise ratio shown on the abscissawhen the signal has R. = 20
(near the threshold R; = 19.5) and R, = 30.

The searched events are the ones that are due to a combination of a GW signal of energy F; and

of the noise. The theoretical probability to detect a signal with a given signal to noiseratio R, = TE—H

in the presence of awell behaved Gaussian noiseis[9]

o0 1 S =3
probability(Rs) = /Rt \/me_(R = )COSh(\/Re -Rs)dR, (3)

where R, isthe signal to noiseratio for theevent and R; = TE;f = 19.5 for the EXPLORER and NAU-
TILUS detectors.

The behaviour of theintegrand isshown infig. 1. Thisfigure showsthe spread of the event energy
dueto noisefor agiven R, of thesignal. It showsthat signalswith R, = 20 (near the threshold) have a
probability of about 50% not to be detected, and signalswith R, = 30, rather larger than the threshold,
still have a probability of near 15% not to be detected. The distinction between the two concepts, signal
and event, isessentia for our analysis, asdiscussed in ref [7].

Computation of the GW amplitude / from the energy signal F; requires a model for the signal
shape. A conventionally chosen shapeisashort pulselasting atime of 7,, resulting (for optimal orienta-
tion, see later) in the relationship

1 1 [kE
Tarnfir,\ M “)
where f is the resonance frequency, L and M the length and the mass of the bar and 7, is conventionally
assumed equal to 1 ms (for instance, for £, = 1 mK wehaveh = 2.5 10719).

3. Datasdection

All eventswhich arein coincidencewithinatimewindow of £5 s with signalsobserved by aseismometer
are eliminated. Thiscriterion cuts about 8% of the events.
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Fig. 2: The distributions of the hourly averagesof 7.y in kelvin units for EXPLORER and NAUTILUS. We accept only the
time periodswith hourly averagesT.ss < 10 mK.

It is observed that the experimenta data are affected by non gaussian noise which, in some cases,
cannot be observed with any other auxiliary detector. Thus a strategy is needed to select periods during
which the detectors operate in a satisfactory way, as discussed in the following paragraphs.

To thisend we consider the quantity 7~ s, which we used in two ways. The first was to compute
T. s by averaging =% over one hour of continuous measurements (7% ; s), the second to consider the 7.4 ¢
averaged during the ten minutes preceeding each event. For the hourly averages we show thedistribution
in fig.2. On observing this figure we decided to consider for the search for coincidences only the time
periods with hourly averages smaller than 10 mK. The distributionsfor the 7  ; averaged over the ten
minutes preceeding each event are shown in fig.3 for EXPLORER and NAUTILUS. It will be noticed
that the number of eventsislarger for EXPLORER than for NAUTILUS. Thisdepends on the bandwidth
A f whichislarger for EXPLORER(see Table 1).

On observing these distributions we decided, as conservative a prior: data selection, to make a
cut and accept only the events for which the corresponding 7. ¢ was below 7 m K (and there was no
seismometer veto). Thismeant regarding the bump at 10 mK, for NAUTILUS, as dueto extranoise. We
recall that in the previous search [7] with the noisier 1998 datathe cutson 7', ;s r were made at between 25
and 100 mK.

From our previous experience we had learned that the detectors operate in a more stationary way
when the noise temperature remains low for longer periods of time, because thisindicates asmaller con-
tribution of extra noise. To make a quantitative check on this we classified the data stretches in various
categories, according to the length of the continuous periods having hourly averages T.;; < 10 mK,
obtaining the figures shown in Table 2. From this table we clearly see that the longer is the time pe-
riod of continuous operation with low noise the smaller is the number of events associated with a noise
Teff > T7TmkK.

Finally, infig.4 we show the distribution of theevent energies selected accordingto 7.y < 10 mK
andtoT.s; < 7 mK, for each event, belonging to periods with duration > 1 hour. We notice that, in
spite of our selection criteria, we still have several eventswith large energy, which indicatesthe presence
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Fig. 3: Thedistributions of the ten minute averagesof 7. ¢ ¢, before each event, in kelvin units for the EXPLORER and NAU-
TILUS events (with hourly 7.5 < 10 mK'). We accept only the events with the ten minute average 7.5y < 7 mK. Note
that the EXPLORER events are more numerousthan the NAUTILUS events because of the different bandwidth.

Table2: Inthefirst columnweindicate the minimum time length of continuousoperation, in the second columnthetotal common
time of measurement. The last columns indicate the number of events, only those during the common time of operation, with
hourly 7. s < 10 m K and the percentage of the events having the ten minute average 7.5 > 7mkK.

timelength | hours | EXPLORER NAUTILUS
events % events %
>1 hour 2156 54762 5.9 11252 37
>3 hour 2082 52683 5.0 10887 34
>6 hour 1927 50344 41 9939 31
>12 hour | 1490 40105 3.2 7268 27
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Fig. 4: Thedistributions of the EXPLORER and NAUTILUS event energiesin kelvin units.

of extranoise, in addition to the thermal and electronic ones. The only way to eliminate thisnoiseis by
means of the coincidence technique.

4. Searching for coincidences

For the search for coincidencesit isimportant to establish the timewindow. Using simulated signalsand

real noise, we characterized [10] the dispersion of the time of the event around the time when the signa
isapplied.

The standard deviation of the time dispersion for a given detector is
. 1 1

g4 = coOnsSt—;

¢ Af /R,

for deltasignals, where A f is the detector bandwidth and the const = 0.28 is determined, for the EX-

PLORER and NAUTILUS detectors, by means of simulation [11]. For a coincidence analysis with two

detectorswe have
Uw = V O-zzpl —I_ U?zaut (6)

We decided to take as coincidence window w = +30,,, which is the most recent choice of the IGEC
collaboration. Sinceeach event hasitsown o, thevalue of w will be different for each coincidence. Note
that thevalue of w isalmost entirely dueto the NAUTIL US detector, since EXPLORER hasamuch larger
bandwidth; it turns out to be of the order of |w| ~ 0.5 s, about one half of that used in previous searches
for coincidences. With the use of 30, we a so take into account the uncertainty of the detector bandwidth
and of the simulation procedure.

Analysisinacoincidence search consistsof comparing the detected number of coincidencesat zero
timedelay (+w) with the background, that iswith coincidences occurring by chance. In order to measure
the background due to the accidental coincidences, using a procedure adopted since the beginning of the
gravitational wave experiments [12], one shift the time of occurrence of the events of one of the two de-
tectors a number of times. We shifted 100 timesin stepsof At = 2 s (uncorrelated data), from -100 sto
+100 s. For each time shift we get a number of (shifted) coincidences. If the time shift is zero we get the

()



number n.. of obserwved coincidences. The accidental background is calcul ated from the average number
of the n,y; s+ sShifted coincidences obtained from the one hundred time shifts

32 nshige(d)

100 S

n=
This experimental procedure for evaluation of the background has the benefit of handling the problems
arising when the distribution of the eventsis not stationary (see reference [13]), although thisis not the
case with the present 2001 data.

5. Energy filter

It is clear that if a coincidence between the two detectors is due to the arrival of a GW burst we expect
the energies of the two coincident events to be correlated, and we can disregard all coincidences whose
corresponding event energies are very different, according to the considerationsillustratedin fig.1. Thus
we can apply an energy filter with the aim of reducing the background.

The procedure for application of such an energy filter was set in our previous search for coinci-
dences[7]. We considered signalsof variousenergies F,;. For each coincidence found we calcul ated the
R, for each of theabovesignal energy £, using theknownvaluesof the (local ) T+ s of thetwo events. We
then verified whether thetwo R, for thetwo eventsof that coincidence, fell withintheinterval R+ AR,
suchthat thetwolimits R, — AR and R;+ A R delimitate (seefig.1) an areaof 68% (about one standard
deviation for well behaved noise) for agivenvalueof E; that is, we verified the compatibility of the two
events. We followed the same procedure for the shifted coincidencesin order to estimate the background
after application of the energy filter. In thisway we reduced, for the 1998 data, the average number of
accidental coincidencesfromn = 223 ton = 51.

This procedure isuseful, in particular, if the two detectors have different sensitivity, asin the case
of the 1998 data, and, consequently, the event thresholds and the event energies are also different. In
the case of two detectors with comparable sensitivity, however, one could aso consider to compare di-
rectly the energies of the coincident events. For the 2001 data, although in thisyear the two detectors had
comparable sensitivities (see fig.2), we decided not to change the procedure used for the 1998 data. We
considered GW signalsof energy F;,in arange covering the energies of our events,i.e. K, from5mK to
1K instepsof 5mK, and accepted the coincidence (at zero delay or at a shifted time) if the two events
fell withinthe aboveinterva R, + AR;.

6. Sidereal timedistribution

In our previous search for coincidences [7] we took into consideration the non-isotropic response of the
detector to a GW burst. We had reasoned that, since extragalactic GW signals should not be detected
with the present detectors, possible sources should be located in our Galaxy, or in the Local Group. If
any of these sources exist we should expect a more favorable condition of detection when the detectors
are oriented with their axes perpendicular to the direction of the potentia source, since the bar cross-
section is proportional to sin® (), where 8 isthe angle between the detector axis and the direction of the
linejoining it with the source. We did find a small coincidence excess when angle 6 with respect to the
Galactic Centre was larger than a certain value (see fig.3 of Ref.[7]). The inconvenience of this method
isthat, due to the poor statistics, the result has to be presented in an integral type graph, which makes it
difficult to appreciate the real statistical significance of the data. Furthermore, hypotheses must be made
on the location of the GW source.

In the present search for coincidences we extend the previous analysis as follows. We still make
use of thedirectional property of theantennacross-section. Asthe Earthrotatesarounditsaxis, duringthe
day the detector happensto be variably oriented with respect to a given source at an unknown location.
Thus we expect the signal to be modulated during the day; more precisely the modulation is expected
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Fig. 5: Result with eventsin the long time periods (> 12 hour) of continuous operation. The upper graph on the left shows
the number of coincidencesn . indicated with the* and the average number 2 of accidentalsversusthe sidereal hour. The lower
graph on theleft shows the Poisson probability to obtain a number of coincidencesgreater than or equal to .. Thetwo graphs
on the right show the result using the solar time in hours. We remark that the data points refer to independent sets of events.

to have a period of one sidereal day (with one or more maxima) (see references [14, 15]), since the GW
sources, if any, are certainly located far outside our Solar system.

Theprincipal, key analysisis carried out with the eventsin thetime periods of at | east twelve hours
of continuous data taking (see Table 2) to which the energy filter is applied.

Twenty-four categories of events are considered, one per each sidereal hour, the sidereal time re-
ferred to a position and orientation halfway between EXPLORER and NAUTILUS (this determines the
zero local sidereal timewhichis not essential for the following considerations). Each category includes
coincidencestotally independent from thosein the other categories. For each category infig. 5wereport
the number n. of observed coincidences, the average number 7 of accidental coincidences obtained by
using thetime shifting procedureand, given r, the probability p that anumber > r.. of coincidencescould
have occurred by chance. For comparison we also show a histogram produced with the same procedure
using solar hours.

One notice a coincidence excess from sidereal hour 3 to sidereal hour 5, which appears to have
some statistical significance, as the two largest excesses occur in two neighboring hours (the events in
each hour are totally independent from those in a different hour). We have n. = 7 coincidencesin this
two-hour interval and » = 1.7. On the contrary, no significant coincidence excess appears a any solar
hour.

Theaccidental coincidences always have a Poissonian distribution. To check this, we have consid-
ered for all the above eventsthe accidental coincidencesobtained with ten thousandtrials, by timeshifting
from -10000 s to +10000 s in steps of two seconds. The distribution of the number of accidental coinci-
dencesisshownin fig. 6. The agreement between experimental and expected distributionsis excellent.

We repeat the analysis for the events belonging to the larger set of continuous data taking lasting
one hour or more (first line of Table2). We obtain the result shown in fig.7. We notice that in the sidereal
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Fig. 8: Correlation between the event energies of NAUTILUS with those of EXPLORER for the eight coincidencesoccurredin
the sidereal hour interval 3to 5, intime periods > 1 hour. The correlation coefficient is 0.96. No energy filter was applied.

two-hour interval the number of coincident events hasincreased from seven to eight and the background
has become n = 2.6.

We proceed now in performing atest, to check if thisresult is compatible with simultaneous phys-
ical excitation of the two detectors of possible non-terrestrial origin. We compare the energies of the co-
incident events: if the eventsin EXPLORER and NAUTILUS are due to the same cause we expect their
energies to be correlated. This test must be done without applying the energy filter. Using the events
in the time periods with duration > 12 hours and without applying the energy filter we still get seven
coincidences. If we consider the time periods with duration > 1 hour we get eight coincidences. The
event energies are very strongly correlated, as shown in fig.8. We a so studied the energy correlation of
the events of the accidental coincidences and found no correlation.

We &l so performed a coincidence data analysiswhen no energy filter at all was applied, obviously
expecting alarger accidental background. Theresultisshowninfig.9. Wefind that the coincidenceexcess
inthetimeinterval 3to 5 sidereal hours still shows up, although less clearly, as expected.

A different way to present thesedataisshowninfig.10. Thisfigure showsthat at sidereal hoursout-
sidetheinterval 3to 5 hoursthe event energies are not correlated. Also it showsthe particular behaviour
in the 3to 5 hour interval, when the energies of all coincident events are correlated.

The eight eventsin the 3 to 5 hour period are listed in the Table 3. We have verified that, using the
cosmic ray detector of NAUTILUS, these events are not due to cosmic ray showers.

7. Comparison with the 1998 data

The analysis presented here differs slightly (eg. for the use of the sidereal time) from that applied previ-
ously [7]. Wetherefore present the 1998 dataal so in terms of thesidereal time. We must consider that the
1998 data are noisier than the 2001 data. In particular the EXPLORER datahave anoiseT. ;s ten times
larger than that of the 2001 data, whilst the NAUTILUS noise was of the same order.

For the coincidence search we change the window from w = +1 s (the IGEC choice at that time)
used in the paper [7] to the present w = +30,, used here. Theresultisgiveninfig.11. An effect similar
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Table 3: List of the coincident events at sidereal hours between 3 and 5. No energy filter has been applied. §¢ isthe time differ-
ence between the two coincident eventsand E is the event energy.

day | hour [ min | sec | ot | EXPLORER [mK] | NAUTILUS [mK] | sidered
[8] F Teff FE Teff hour
112 | 13 | 59 | 33.26 | 0.01 94 39 128 29 4.6
130 | 11 | 39 | 28.07 | -0.08 179 3.6 195 59 34
133 | 12 35 | 4540 | -0.12 194 7.0 226 5.7 4.5
166 | 10 | 48 | 6.04 | 0.39 73 3.2 64 3.0 49
198 | 7 46 | 40.32 | 043 102 29 133 3.6 40
2718 | 2 12 | 29.65 | 0.37 63 29 57 2.6 3.7
29| O 29 | 4059 | -0.12 96 26 130 5.6 31
26| 1 24 | 10.46 | 0.00 87 2.8 93 41 41
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Fig. 11: 1998 data with energy filter. The upper graph on the left shows the number of coincidences . indicated with the *
and the average number n of accidentalsversusthe sidereal hour. The lower graph on the left shows the Poisson probability of
obtaining a number of coincidencesgreater or equal to n.. The two graphson the right show the result using the solar time in

hours.
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Fig. 12: 2001 datawith " a posteriori” choices (seetext). Asin fig.7 for the two graphson theleft (periods > 1 hour) and asin
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to the onefound for the 2001 datais noticed, although weaker than that obtai ned with the less noisy 2001
data.

8. Robustness of the statistical analysis

In any data analysis care must be taken to avoid choosing procedures which favour particular results.
Thus we considered the possibility that our result be biased, although involuntarily, by any such choices.
In the present analysisall choices were made "apriori” and already published in the scientific literature;
in particular the IGEC choice for the coincidence window of +3 ¢, the energy filter (see ref. [1] and
[7]) and the threshold for definition of an event (see ref.[6]).

Nevertheless, we tested whether our present choiceswere indeed, to accident, most apt to produce
the coincidence excess. This proved not to be the case.

To find the most favorable parameters, that is the threshold and the energy filter parameter, we
considered only the coincidencesin the sidereal hour interval 3 to 5 and minimized the probability of a
coincidence excess by chance. We found that the most favorable threshold for the definition of event is
at Ry = 20.5, instead of 19.5. The most favorable parameter for the energy filter is 50%, instead of 68%.

We thought it interesting to report the result for these most favorable choices, R; = 20.5 for the
threshold and 50% for the energy filter. The result is shown in fig.12. We notice an indication that the
coincidence excess might extend to the sidereal hour interval 3 to 6, including two more coincidencesin
the period 5 to 6 sidereal hours (see aso fig.10). Wewant to remark that this hour was not included in the
optimization process.

Asfar as the coincidence window is concerned, we found (e posteriori) that the best choice for
having a coincidence excessin the 3 to 5 sidereal hour interva is +3.5¢,,, and any coincidence window
from +2.50,, to +40,, gives comparable results.
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Fig. 13: The position of the Galactic Disk and the loci of point sources perpendicular to the detector axis at 1 and 13 sidereal
hour in the right ascension-declination plane. At sidereal hour 4.3 the locustends to coincide with the line of the Galactic Disk.
Thelarge circle indicates the location of the Galactic Centre.

9. Discussion and conclusions

ThelGEC search for coincidences[6] was performed without applying the event energy algorithmsbased
on the event amplitude and on the directional properties of the detectors; it gave a no coincidence ex-
cess. With new data taken in the year 2001 and with improved sensitivity we repeated the coincidence
search with the detectors EXPLORER and NAUTILUS (no other detector was in operation during the
year 2001), applying data analysis algorithms based on known physical characteristics of the detectors,
namely energy of the events and directionality of the detectors. We obtained a coincidence excess at side-
real hours between 3 and 5.

At agiven sidereal time theintersection of the celestial sphere with the plane perpendicular to the
detector axisisacircle. We show in fig.13 two of thesecircles (i.e., a 1 and at 13 sidereal hours) in the
right ascension-declination plane. In therepresentation of fig.13 thelinewhichindicatesthe point sources
perpendicular to the detector axis (we cal this the line o f mazimum sensitivity) moves to the right
with sidereal time. Thislineintersectsthe location of the Galactic Centre twice aday (at 4.3 and at 13.6
sidereal hours). Only once per day (at 4.3 siderea hour) thisline overlapswith the entire Galactic Disk.
The overlapping takes place because of the particular orientation of the detectors on the Earth’ surface
(see Table 1), and would not occur for adifferent azimuth angle of detector orientation.

If all GW sources were concentrated in the Galactic Centre we would have found a coincidence
excesstwiceaday. The coincidenceexcessoccursonly once per day, just when theline of maximum sen-
sitivity of the detectorsoverlapswith the Galactic Disk, asif GW sourceswere distributedin the Galactic
Disk and not just located in its Center.

Asfor the energy balance, in the year 2001 we find in the interval from 3 to 5 sidereal hour a co-
incidence excess of, very roughly, n. — n ~ 6 coincidences occurring in five days (two siderea hours
out of twentyfour, in atotal time period of 1490 hours ~60 days). In terms of energy conversion into
GW we have, very roughly, about one coincidence per day with a signal energy of about 100 mK. This
corresponds, using the classical cross-section, to aconventional burst with amplitudes ~ 2 108 and to



the isotropic conversion into GW energy of 0.004 solar masses, with sourceslocated at distance of 8 kpc.
The observed rate is much larger than the models today available predict, for galactic sources. We note,
however, that our rate of eventsiswithin the upper limit determined by IGEC [6] for short GW burstsand
by the 40m-L1GO prototypeinterferometer [16] for coal escing binary sourcesin the Galaxy.

We think it is unlikely that the observed coincidence excess be due to noise fluctuations, but we
prefer to take a conservative position and wait for a stronger confirmation of our result, before reaching
any definite conclusion and claim that gravitational waves have been observed. Furthermore, although
we have excluded that the events are due to cosmic ray showers (see section 6), we cannot completely
rule out that they be due to some other exotic, still unknown, phenomenon. A possibleway to distinguish
GW from other causes isto measure other vibrational modes of the detectors and verify that, as predicted
by General Reltivity, only quadrupole modes are excited. This reguires multimode detection (with bars
or spheres) and to improve the signal-to-noiseratio of the apparatuses.

We expect to collect new data with EXPLORER and NAUTILUS with improved sensitivity. We
plan to repeat the same analysiswith these new data and also with any other new data provided by other
GW groups, those which operate the resonant detectors and those which operate or are beginning to op-
erate the interferometric detectors GEO, LIGO, TAMA and VIRGO.
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