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Abstract

In the searchfor gravitational wave burstssignalsthe coincidenceof two or more
detectords necessaryWe will outline heresomeof the problemsthatarisewhenper
forming a coincidenceanalysis giventhefactthatthe detectorswill have,in general,
differentsensitvities.

1 Intr oduction

Resonantletectorof gravitationalwaves[1] have beenoperatingfor mary years.

The searchfor shortburstsof gravitational radiationis basedon the coincidence
of detectordghathave beenoperatingsimultaneoushandhave produced‘event” lists,
obtainedby optimal filtering proceduresappliedto the raw data. For eachdetectoy
the sensitvity to burstsh, definedasthe dimensionlesamplitudeof a signal with
SNR = 1, dependn the noisespectralamplitude i, expressedn 1/+v/Hz, andon
the bandwidthB . Up to now, four paperswith resultsof coincidenceanalysesione
usingcryogenicresonantdetectorshave beenpublished[2, 3, 4, 5]. Theanalysishas
beendoneusing:

e 180daysof ExplorerandAllegro data,taken from Juneuntil Decemberl991.
No significantcoincidentexcitationshave beenfound andanupperlimit onthe
rate of g.w. burstshasbeenput (lessthan 0.03 events/dayat the level h >
2-10717);

e 57 daysof Explorerand Nautilus data, taken from Februaryuntil November
1996,and 56 daysof Explorerand Niobe data,taken from Juneuntil October
1995. No significantexcesshasbeenfound, but variousproblemsintrinsic to
thecoincidenceanalysishave beenstudied(coincidencevindow, dataselection,
enegy ratio (seealso[6]) or directionfilters);

e 260 daysof commonobsenation with two or more detectorsof the IGEC [7]
collaboration,from January1997 until Decemberl998. No eccesf coinci-
dencesasbeenfound. The previousupperlimit hasbeenimprovedby afactor
of three(lessthan0.01events/dayatthelevel h > 2 - 10-17);

e 94.5daysof ExplorerandNautilusdata,takenfrom Juneuntil December1998.
The aim of this analysis,doneon a subsef dataexchangedwithin the IGEC
collaboration,hasbeento study new alghoritmsfor the coincidenceanalysis,
basednthe characteristicef the detectors.

1in the approximatiorof constant, for SNR=1andfor a 1 msburst,we get: A = 0_(;% 1/ WiB.
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A new analysiswithin the IGEC collaborationis now running on datataken from
Januaryl997until Decembef000. Preliminaryresultsaregivenin [8]. We notethat,
over the total obsenation time of 1460days,the time coverage definedasthe time
overwhich atleastoneof thefive detectorsvasworking, is 1322days?.

2 Basicsfiguresof the coincidenceanalysis

Thegeneraktratgy that,up to now, hasbeenfollowedto performacoincidenceanal-
ysiscanbe schematiseth whatfollows:

e eachgroupfiltersits own data,usingWienerfilters or filters matchedo delta-like
signals andproducesevents above giventhresholds’. The thresholddepends
onthedetectorsensitvity andis thusafunctionof thetime;

e vetoeson the noiseand/oron the eventsare appliedseparatelyoy eachgroup,
beforethedataexchange;

e the coincidenceanalysisprocedures basedon the “time shift procedure”(see,
for example,[9] andreferencesherein).

Using the dataof the two detectorsExplorerandNautilus, and simulationsdone
addingdelta-like signalsto them,we haverecentlystudied5, 10] someof thepractical
problemsandtestednew algorithms.The problemsthatwe have analysedhre:

e thesensitvity of thedetectorssarieswith time;
o thesensitvities of thevariousdetectorsare,in generaldifferent;

e aconsequencef the previousitem is thatthe samesignalgeneratesin thedif-
ferentdetectorsgventsthat give a differentestimationandhave a differentun-
certaintyontheenegy andon thetime of arrival.

We will limit the discussiorhereto the problemof the enegy of the events,and
we will notdiscusghetime uncertaintyandthe consequenthoiceof the coincidence
window.

Fig.1shavsthe ExplorerandNautilussensitvity to bursts(SNR=1)duringtherun
of the year1998. It is not difficult to be corvincedthat, for example, signalswith
amplitudeh = 3 - 10~ '8 canbe seenpn theaverage with good SNRs,usingNautilus
andwith muchmorepoor SNRs,using Explorer But, in ary case,it is still worth to
dothecoincidencanalysis®.

Fig.2 and Fig.3 shaw, for given signals impinging on the detectorwith enegy
SNRs= (10, 20, 50), the probabilities, differential and integral, of getting various
SNR, for theevents The mathematic®f the problemhasbeendescribedn various
papers(sedpr example,[10]). For example,if thethresholdhasbeenput,in boththe
detectorsat SN R;=20 andif the signalis suchto have SN R,=50, using Nautilus,
andSN R,;=20, usingExplorer, thenthe probability of detection is 1 for Nautilusand
50% for Explorep.

2thatmeansijn caseof anastronomicatrigger, atime coverageof 90%.

3we usesignalsto indicatethe valueof h thathashit the bar andeventsto indicatethe quantitymeasured
by the apparatusafterthe properfiltering procedures.

“thatcannotbe doneby simply thresholdinghe dataandignoringall the eventsobtainedwhenthe detector
thresholdwasabove the analysisthreshold.This would correspondo the roughassumptiorthatthe efficiency
of detectionis one,whenthe detectorthresholdis belon the analysisthreshold,and zero,whenthe detector
thresholds above theanalysishreshold.

Sand,if the signalis lower, for exampleS N R,=15 (thatis, lower thanthe choserdetectorthreshold) there
is still a probabilityof 30% of detectingt.
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Figure 1: Explorer and Nautilus sensitivities to delta-like bursts, for SNR=1, during the year
1998. The x-axis are days from Jan, 1, 1997. The y-axis is h - 10'® (ranging from 3 - 10~}
up to 3-10718),
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Figure 2: Differential probability of detecting signals with SN R;=(10, 20, 50). The x-axis
gives the SNR of the event, SNR.. This figure gives also the energy spread measured by
the events, for the given signals.
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Figure 3: Probability of detection (integral) of signals with SN R,=(10, 20, 50), as a function
of the SNR of the threshold, SN R;. If we use the threshold SN R; = 20, as usual, the graph
shows that, for example, the probability of detecting a signal that has SN R,=20 is 50%.

3 Thealgorithm for coincidences

Giventhe previous considerationsye have proposedhe usein the coincidenceanal-
ysisof analgorithmbasedon the selectionof the eventson the basisof their compati-
bility with givensignals®:

e for given SN R, of the signal,thereis a chanceof obtainingcertainSN R, of
theevent,asshavn in Fig.2andFig.3;

¢ hencewe have to assumevarioussignalvalues,for which the analysiswill be
done. In the 1998 Explorer - Nautilus analysiswe have usedthe rangeh =
1-107'®  1.107'7, incrementedn stepsof h = 1-10~1%);

o for eachh valueof thesignal,we evaluateS N R, thatis afunctionof A andof
thelocal noiseof the detector;

e we acceptthe event,andthusthe coincidenceif SN R, fallsinto SNR, 1 ,
where is evaluatedrom the probability curvesgivenin Fig.2;

e thepreviousstepis repeatedor boththe coincidenceseal or shiftedandfor all
thechosersignalvaluesh.

This algorithm canbe improved, by using the experimentalprobability curves'.
The applicationof this methodto the coincidenceof Explorerand Nautilus[5] has
reducedthe numberof accidentalsby a factor of four (the backgroundhasreduced
from =231.7to =50.5).

Sthe algorithmis very similar to the h-veto, usedby B.F. Schutzand collaboratorsn the analysisof 100
hoursdataof two prototypeinterferometersin March1989[11].

"this canbedoneusingcalibrationdelta-like signalsaddedo the noiseof thedetectorswith variousS N R,
atgiventimes.
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4 On the procedureto put upper limits

We remarkherethatthe sameconsiderationapplyto theprocedurdo putupperimits
for burstsignals.Thealgorithmthathasbeenusedin the past[12] doesnotfit with the
following items:

¢ theenepy of themeasuredventis notthe enegy of thesignal;

¢ theefficiengy of detectionfor variousthresholdsandfor the chosersourcedis-
tribution on the sky, hasto betakeninto account.

Thus,a new algorithmto evaluateupperlimits for a given sourcedistribution on the
sky hasbeenproposed13].

5 Conclusions

We have reviewed heresomebasicfiguresof the coincidenceanalysis.In particular
we have analysedwo importantproblems:the sensitvity of eachdetectormay vary
with time, and the sensitvities of the variousdetectoramay be different. An algo-
rithm aimedat solvingtheseproblemspasedn thedifferentresponsesf thevarious
detectorgo the samesignals hasbeenpresented.
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