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The 1 kton LVD neutrino observatory

Aglietta’4, E. D. Alyea’, P. Antoniolil, G. Badino'*, G. Bari!, M. Basile!, V. S. Berezinsky, F. Bersant, M. Bertaina4,
R. Bertoni'*, G. Bruni!, G. Cara Romed, C. Castagnolt*, A. Castellinal4, A. Chiavassa*, J. A. Chinellato®,

L. Cifarelli 1, F. Cindolo!, A. Contin?, V. L. Dadykin®, L. G. Dos Santo$, R. |. Enikeev®, W. Fulgione'*, P. Galeotti*4,
P. Ghia'4, P. Giusti, F. GomeZz*, F. Grianti !, G. lacobucct, E. Kemp?®, F. F. Khalchukov®, E. V. Korolkova®,

P. V. Korchaguin®, V. B. Korchaguin®, V. A. Kudryavtsev®, M. Luvisetto?, A. S. Malguin®, T. Massant, N. Mengotti
Silva®, C. Morello'#, R. Naniat, G. Navarral?, L. Periale'#, A. Pesct, P. Picchit, I. A. Ples$, A. Romero'4,

V. G. Ryasny?, O. G. Ryazhskayd, O. Saavedra?, K. Saitoh!?, G. Sartorellil, M. Selvi, N. Taborgna®, N. Takahashi?,
V. P. Talochkin®, G. C. Trinchero!*, S. Tsuji'% A. Turtelli 3, P. Vallania'#, S. Vernetto', C. Vigorito !4, L. Votano?,

T. Wada'®, R. Weinsteirf, M. Widgoff2, V. F. YakusheV?, |. Yamamoto'!, G. T. Zatsepir®, and A. Zichichi

IUniversity of Bologna and INFN-Bologna, ltaly

2Brown University, Providence, USA

3University of Campinas, Campinas, Brazil

4INFN-LNF, Frascati, Italy

SINFN-LNGS, Assergi, Italy

6University of Houston, Houston, USA

“Indiana University, Bloomington, USA

8Massachusetts Institute of Technology, Cambridge, USA

%Institute for Nuclear Research, Russian Academy of Sciences, Moscow, Russia
100kayama University, Okayama, Japan

10kayama University of Science, Okayama, Japan

12Hirosaki University, Hirosaki, Japan

Bashikaga Institute of Technology, Ashikaga, Japan

Ynstitute of Cosmo-Geophysics, CNR, Torino, University of Torino and INFN-Torino, Italy

Abstract. The Large Volume Detector (LVD) in the Gran arranged in a compact and modular geometry (see Aglietta
Sasso Underground Laboratory, Italy, is a neutrino observaet al., 1992, for a more detailed description), with an ac-
tory mainly devoted to detect low energyrom gravitational  tive scintillator mass\/ = 1000 tons. Concerning the en-
collapses of galactic objects. ergy threshold £}, counters can be considered as divided
The experiment, which at the present time has an active masato two subsets: external, i.e. those directly exposed to the
M = 1000 tons, has been taking data, under ever increastock radioactivity, which operate &t;;, ~ 7 MeV, and inner

ing mass configurations, since 1992, with a sensitivity high(core), operating ak};,, ~ 4 MeV.

enough to cover the Galaxy. Results of the monitoring, based’he main purpose of the telescope is the detection of neutri-
on ever larger statistics, have already been reported: no camos from gravitational stellar collapses in the Galaxy, through
didates for supernovabursts have been found. the absorption interactian,p, et n, charged and neutral cur-
We update here the analysis up to December 2000, presentent reactions oh?C, and neutrino-electron scattering. The
ing the results of the search based on the sets of data taken principal reactioh is however the inversg decay on pro-
1999 and 2000 (592 days of live-time). The new upper limit

. 1An evaluation of expected number of inver$elecay neutrino
l(gssssg iﬂﬂﬁgﬁlﬁﬁsj ?522&:2?;2;;;2? rate of stellar COIi'nteractions in LVD, from the gravitational collapse of a star at a

distanceD, gives:

M Ts D 5

No. ~200- L kton 3.5MeV (10kpc)

)
1 Introduction

where the linear dependence on the average temperature f-the
The Large Volume Detector (LVD) in the Gran Sasso Under-Sphere and the conservative value<ofl;, >= 3.5 MeV (corre-
ground Laboratory, Italy, consists of an array of 840 scintil- SPonding to< Ep, >~ 11 MeV (Burrows, Klein and Gandhi ,

lator counters, 1.5 feach, interleaved by streamer tubes, 1992)) are essential elements.
With respect to the contribution due fbdecay, the one due to re-

Correspondence taC. Vigorito (vigorito@to.infn.it) actions on*2C increases faster with the temperature of the relative
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tons, which is observed in LVD counters through two de-
tectable signals: the prompt signal due to ¢fie(detectable

energyEy ~ E; — 1.8 MeV +2m,c?), followed, with a glooo g
mean delay\¢ ~ 200 us, by the signal from thep, dv cap- g 900 F
ture (£, = 2.2 MeV). > 000 ©
The experiment has been taking data, under different larger 2 F
configurations, since 1992 with a sensitivity high enough to "<3 700 ,
cover the Galaxy. Results of the monitoring, based on ever g r
larger statistics, have already been reported ((LVD Coll. , & 600
1993),(LVD Caoll. , 1995),(LVD Caoll. , 1997),(LVD Caoll. =

500
, 1999)): no candidates for supernaovabursts have been

found. 400
We update here the analysis up to December 2000, present-

ing the results of the search based on the sets of data taken in 300
1999 and 2000 (592 days of live-time). 200
100

2 Analysis and results 0
Jan1999 Dec2000

In the LVD experiment, the scintillator counting rate is con-

tinuously monitored, in order to extract neutrino candidate

signals. No cuts on pulse energy are applied at this level. For

each selected event, absolute time, counter location and efig. 1. Monthly active mass of the LVD detector for the analyzed
ergy value are recorded. At the end of each LVD run, someperiod.

preliminary cuts are applied to candidate events:

(1) the study of topological distribution of pulses inside the

— using the global LVD Data Base information, contin- detector (a uniform distribution is expected for a real
uously upgraded by the complete analysis of previous burst while background pulses are more frequent in the
runs, the rejection of bad counters pulses is performed. surface counters);

(2) the energy spectrum of the events in the cluster;

— pulse energy is required to belong to the- 100 MeV
range, in order to avoid fluctuations at the threshold,
problems due to electronic noise and, finally, to reject

single counter muon signals. All related informations, mainly duration and multiplicity,
are stored, in order to be reprocessed for the off-line, long

) ) ) term analysis.
A subsequent algorithnthe Supernova On-line Monitor SQM a6 e present the results of this analysis, performed on

examines all the events on the basis of their time sequence,q  trinos data since March61999 to December 14 2000
in order to identify significant clusters of pulses having an maqe by using the above described clustering technique, and
imitation frequency less than a predefined threshold, whichaying into account information concerning the data quality

represent candidate alarms. _ _ , and the operational condition of each counter, run by run,
The LVD neutrino burst candidate selection (widely d|scusseq|_VD Global Data Base File). Figure 1 shows the monthly

in (Fulgione, Mengotti and Panaro , 1996)) basically consists,yeraged active mass of the experiment, since January 1999,
of a process which analyzes all possible clusters of eventgypich is the result of a complete off-line analysis excluding
initiated by each single pulse belonging to the events seq nters showing malfunction problems.

quence. For a selected cluster, of multiplicityand dura- e gnalysis regards 4278282 events detected during 592
tion At < 200 s, the imitation frequenc¥IM is calculated. days, corresponding to an average frequefey0.084 s~ .

FIM is therefore a function ofn, At and f, the mean raté  ¢j;sters have been scanned searching for candidate with low

of background events. After the statistical selection, a COMmitation frequency. The multiplicity distributions of clus-

plete analysis of selected clusters tests their consistency withyrs are shown in figure 2, compared to the expectations from

a neutrino burst, based on: Poissonian fluctuations of the background: the agreement be-
neutrinospheres, due to the higher energy threshold of the lattefWe€N data and expectations is quite good. S
Nevertheless, even for very high values/of the maximum contri- ~ The sensitivity of the telescope (at the level of 1 imitation
bution of 12C interactions is of the order &0%, (while that from  event every 100 years) is shown in figure 3, where each de-
the scatteringie ™, e~ 14 is always less thad%). tected cluster is represented by its multiplicityand dura-

(3) the time distribution of delayed low energy pulses (due
to neutron capture following the, interaction).




1095

=
o
o

©
o
T

70 F

Number of Cluster
Cluster Multiplicity
o]

o
I
-

Q
<
8

60
50 F

40 |

30 |
20 L

10

N [ o 5o i A i
! 0 20 40 60 80 100 120 140 160 180 200 0 0 20 40 60 80 100 120 140 160 180 200

Burst Duration At (s) Cluster Duration At (s)

Fig. 2. Number of clusters of certain multiplicity:{) and duration  Fig. 3. Scatter plot {n, At) of clusters detected during the period
(At). Curves are calculated on the basis of Poissonian fluctuationsinder study. Solid line limits the area in which the cluster frequency
of the background. produced by background is 10~2 per year.

tion At. ground counting rate of the upper counters of the telescope
From equation (1), and taking into account the average acby a factor> 2.

tive mass of the telescope during the period under study, wé/loreover, LVD goes on with the participation to the Super-
can say that even in the case of a gravitational collapse aova Early Warning project (SNEWS), which involves anin-
D = 20 kpc andT),, as low as3.5MeV, we expect a number ternational collaboration of experiments representing current
of interaction greater than 25 clusterized in a time window Supernova neutrino detectors (SuperkKamiokande and SNO)
of duration~ 10 s, well inside the sensitivity limits of the (SNEWS, 1998). Since the neutrino signal emerges promptly
telescope. Therefore, we can conclude thatsignal from  from a supernova’s core, whereas it may take hours for the
gravitational stellar collapse in the Galaxy has been detectedirst photons to be visible, the detection of the neutrino burst
during the period under study. Taking into account the pre-from the next Galactic supernova can provide an early warn-
viously reported results ((LVD Coll. , 1993),(LVD Coll. , ing for astronomers.

1995),(LVvD Coll. , 1997), (LVD Coll. , 1999)), the new

upper limit at90% c.l. to the rate of Gravitational Stellar

Collapse in our Galaxy i8.3 event - year—!. Acknowledgements
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Since January 2001, LVD is in operation in its final configu-
ration with a sensitive mase/ = 1kton.

A complete upgrade of the DAQ system has been realiZedl\glietta et al. I Nuovo Cimento A105,(1992),1793

during 2000: particular care has been taken in the design of.Burrows, D.Klein and R.Gandhi Phys.Rev. D45,10 (1992) 3361
the new system, in order to ensure both high modularity ofw.Fulgione, N.Mengotti-Silva and L.Panaro NIM A 368 (1996) 512
the DAQ configuration and the possibility to insert/remove LVD Coll. Proc.XXIll ICRC Calgary (1993) HES5.1.1

counters from the read-out, in case of maintenance, withoutVD Coll. Proc.XXIV ICRC Roma (1995) HE5.3.6

interruption of data taking. This upgrade will increase fur- LVD Coll. Proc.XXV ICRC Durban (1997) HE4.1.12

therly the duty CyCle, which is already better tm% (aV' LVD Coll. Proc.XXVI ICRC Salt-Lake Clty (1999) HE4.2.08
eraged over the last four years). SNEWS http//-hep.bu.edusnnet

An additional Fe shielding has been mounted on the top

layer of the telescope, which causes a lowering of the back-
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