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Abstract: TheLargeVolumeDetector(LVD), in the INFN GranSassoNationalLaboratory(Italy), at
the depthof 3600m w. e., is a 1 kt liquid scintillator detectorwhosemajor purposeis monitoringthe
Galaxyto studyneutrinoburstsfrom gravitationalstellarcollapses.Theexperimenthasbeentakingdata,
underdifferentlargerconfigurations,since1992,reachingin 2001its presentandfinal configuration.Its
modularityandrockover-burden,togetherwith thetriggerstrategy, make thisdetectorparticularlysuited
to on-linedisentanglea clusterof neutrinosignalsfrom thebackground.
No candidateshave beendetectedover fifteenyearsof observation: theresulting90%c.l. upperlimit to
therateof gravitationalstellarcollapsesin theGalaxyis 0.18events/ year.

Introduction

LVD consistsof anarrayof 840scintillatorcoun-
ters,1.5 m

�
each[1]. The whole arrayis divided

in threeidentical ”towers” with independenthigh
voltagepowersupply, triggeranddataacquisition.
In turn,eachtower consistsof 35 ”modules”host-
ing a clusterof 8 counters.Eachcounteris viewed
from thetop by three15 cm photomultipliertubes
(PMTs) FEU49bor FEU125. The charge of the
summedPMTssignalsis digitizedby a 12 bit dy-
namic rangeADC (conversiontime = 1 � s) and
the arrival time is measuredwith a relative accu-
racy of 12.5nsandanabsoluteoneof 100ns.The
modularityof thearrayallowshighdutycycleper-
formance( ��
�
 %) asshown in figure1.
The main neutrinoreactionin LVD is �������������� ,

whichgivestwo detectablesignals:thepromptone
due to the � � (visible energy ���! "$#%�'&(*),+.-�/ 0
MeV 13254 ��6 � ) followed, with a mean delay798 # -!0;: �=< , by the signalfrom the �>�=�*?A@ cap-
ture ( �CBEDF2 / 2 MeV). The trigger logic is op-
timized for the detectionof both productsof the
inversebetadecayand is basedon the three-fold
coincidenceof the PMTs of a singlecounter. In-
deedeachPMT is discriminatedat two different
thresholdsresultingin two possiblelevels of co-
incidence: H and L, correspondingto GIHJ#LK
MeV and GIMN# - MeV. TheH coincidencein any
counterrepresentsthetriggerconditionfor thear-
ray. Oncea triggerhasbeenidentified,thecharge
and time of the threesummedPMTs signalsare
storedin a memorybuffer. All thesignalssatisfy-
ing the L coincidencesin the samemoduleof the
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Figure1: LVD duty cycle (top) andtrigger mass
(bottom)duringyears2001-2006.

triggercounterarealsostored,if they occurwithin
1 ms.Theaverageneutrondetectionefficiency, UWV ,
amountsto about50%for neutronsdetectedin the
samecounterwherethepositronhasbeenobserved
[2].
LVD hasbeentaking datasinceJune1992 with
increasingmassconfigurations,its sensitive mass
being always greaterthan 300 t, high enoughto
cover the whole Galaxy ( XZY[2;\ kpc) [3]. The
LVD activemassduringyears2001-2006is shown
in figure 1. The resultsof the searchfor neutrino
burstsin theperiod1992-2004have beenreported
in [4][5][6][7][8][9][10].
In thiscommunicationwepresenttheresultsof the
analysisof thelastrun,sinceFebruary4th2005to
December31st2006. Detailson the LVD on-line
searchwill bediscussedin thelastsection.

Search for ] burst in 2005-2006 run

Thedatausedfor thepresentanalysisspansthepe-
riod sinceFebruary4th, 2005 to December31st,
2006,for a total live-timeof 695days.
Thesearchfor � burstcandidatesis performedoff-
line by studyingthetemporalsequenceof triggers

andlooking for signalclusterizations.Theconsid-
ereddataset includes11523747of suchtriggers.
For eachperiodof dataacquisition,characterized
by a fixeddetectorconfiguration(i.e., stablemass
and counting rate), preliminary cuts are applied
to reject signal contributions coming from non-
optimal counters. To this purpose,informations
containedin the generalLVD Data Base,which
is daily updated,are used. The pulseenergy of
theeventsis requiredto belongto the7-100MeV
rangeandthemuonsignalsarerejected.Theneu-
trino burstcandidateselection,widely discussedin
[11], processesall possibleclustersup to 200s of
duration,initiated by eachsinglepulsebelonging
to the trigger sequence.For eachselectedcluster
with multiplicity ^ andduration

798
, theImitation

Frequency _a`cb is calculatedasa function of the
clusterparametersandof therate dfehg of theback-
groundevents,which for theperiodunderanalysis
is dfehgiD�\ /j- 
 Hz.
After thispurestatisticalselectionacompleteanal-
ysis of eachdetectedclusterwith _ `kbml - y n �
testsits consistency with a � burst through:a) the
study of topologicaldistribution of pulsesinside
the detector;b) the energy spectrumof the events
in thecluster;c) thecharacteristicsof thetimedis-
tribution of delayedlow energy pulses.
Two events have been selectedin the last run:
( _o`kbpDq\ / K�r y n � , \ / K 0 y n � ). They are statis-
tically compatiblewith the numberof candidates
expectedby chanceduring695days(in standalone
mode, _a`cbsD -utv- \on � t y n � , is the level above
which to claim a detection). Moreover the en-
ergy distribution, the topologicaldistribution and
thetimedelaydistributionof low energypulsesare
in totalagreementwith thebackgroundbehaviour.
The distributions of the numberof clusters,de-
tectedbetween2005-2006,asa function of clus-
ter duration(

798
), for different multiplicities (̂ )

are shown in figure 2 comparedto the expecta-
tionsfrom thePoissonianfluctuationsof theback-
ground: a quitegoodagreementis observed. The
sensitivity of thetelescopeis shown asaline in fig.
3 togetherwith all theclustersdetectedduringthis
period:eachdot representsa clusterwith a certain
multiplicity (̂ ) andduration(

798
).
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Table1: LVD dataruns.

Run Start End LiveTime(days) Uptime(%) Mass(t) Reference

1 Jun.6wjx 1992 May 31yzw 1993 285 60 310 [4]
2 Aug.4wjx 1993 Mar.11wjx 1995 397 74 390 [5]
3 Mar.11wjx 1995 Apr.30wjx 1997 627 90 400 [6]
4 Apr.30wjx 1997 Mar.15wjx 1999 685 94 415 [7]
5 Mar.16wjx 1999 Dec.11wjx 2000 592 95 580 [8]
6 Dec.12wjx 2000 Mar.24wjx 2003 821 98 842 [9]
7 Mar.25wjx 2003 Feb.4wjx 2005 666 { 99 881 [10]
8 Feb.4wjx 2005 Dec.31yzw 2006 695 { 99 934 this paper|

Jun.6wjx 1992 Dec.31yzw 2006 4768 92
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Figure2: Distributionsof the numberof clusters,
detectedduring2005-2006,asafunctionof cluster
duration(

798
), for differentmultiplicity (̂ ).

The Supernova On-line Monitor

Since2001afastandreliableon-line � -burstmon-
itor hasbeenimplementedto keepLVD connected
to SNEWS[12], the network of world-wide neu-
trino detectorsdesignedto provide a promptalert
to astronomicalcommunity in caseof a coinci-
dence. The algorithmfor the on-line selectionof
candidatebursts is basedon the searchfor clus-
ters of high thresholdsignalswithin a fixed time
window,

798
=20 s. The candidateis simply char-

acterizedby its multiplicity ^ , i.e., thenumberof
pulsesdetectedin

798
. All theothercharacteristics

of the cluster, e.g.,detailedtime structure,energy
spectra,� flavor contentandtopologicaldistribu-
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Figure3: Clusters(
798 � ^ ) detectedduring 2005-

2006. Thefull line representstheLVD sensitivity
in standalonemode( _ `cb D -�t;- \�n � y n � ).

tion of signalsinsidethedetectorareleft to a sub-
sequentindependentanalysis.Basedon this prin-
ciple, the LVD dataarecontinuouslyanalyzedby
the on-line supernova monitor. In detail, the on-
line dataperiod T, is scannedthrougha “sliding
window” with duration

7'8 D�2�\ s, that is, it is
divided into ��D�2 ti�� w +�- intervals, eachone
startingin the middle of the previousone,so that
the unbiasedtime window is 10 s. The frequency
of clustersof duration20 s andmultiplicity ��^ ,
dueto background,is:

_ `cb�� ^ � d ehgI� D 0 r�K�\ t
�
���>�

� ����� 2�\ t d�eWg� n � � ��  t ?I¡£¢ n �

(1)
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wheref eWg is the backgroundcountingrate of the
detectorfor E � E¤�¥�¦ , � ���§� d�eWg 798 � is the Poisson
probability to have clustersof multiplicity k if
d�eWg 798 is theaveragebackgroundmultiplicity, and
8640 is the numberof trials per day. In the on-
line modethe searchfor burst candidatesis per-
formedfor both energy cuts: Ë�© w D3ª MeV and
Ë�© w D - \ MeV. ThechosenFim, below whichthe
detectedclusterwill beanon-linecandidatesuper-
nova event, is 1 per 100 year in standalonemode
while it is relaxedto 1 permonthwhenworking in
coincidencewith otherdetectors,asin theSNEWS
project.
In figure 4 we show the distributionsof observed
on-linedelaybetweenselectedclustersat the imi-
tationfrequency _a`kb.D - /dayand _o`kb.D - /month
during688daysandË�© w D�ª�«�¬f­ . Theobserved
meanratesare respectively _¯® e y`kb D -�/ 2;K dayn �
and _ ® e y`kb D -�/ 2 0 monthn � , meaningthat, within
25%, thetime behaviour of thebackgroundis un-
dercontrol,evenduringlongperiodsof dataacqui-
sition andwith variabledetectorconditions.

Selected at F
°

IM
± =1/day

Selected at F
°

IM
± =1/month

Delay (days)

E
nt

ri
es

²

1

10
�

10 2

1 10 10
2

Figure4: Distribution of the delaybetweenclus-
ters, due to background,observed by the on-line
monitorat the _� � D - /day(solid histogram)and
_§ � D - /month (dashedhistogram)during 688
daysandË�© w D³ª¯«�¬´­ .

Conclusions

LVD hasbeencontinuouslymonitoringtheGalaxy
since1992 in the searchfor neutrinoburstsfrom
GSC. Its active masshas beenprogressively in-
creasedfrom µ - \ t in 1992 to the final 1000 t in
2001,alwaysguaranteeinga sensitivity to GSCup
to distancesXE¶·2�\ kpc from theEarth.Thetele-
scopeduty cycle, in thelastsix years,was {¸
�
o¹
(seetab.1).
No burstcandidatehasbeenfoundover4768days
of live-timeobservationandtheupperlimit at90%
c.l. \ /j-!0 event t y n � to therateof GSCis obtained
( X l 2�\ kpc).
Since2001anon-line � -burstmonitor is in opera-
tion keepingLVD connectedto theSNEWSinter-
experimentsystem.
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