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Abstract. The main goal of the Large Volume Detector Alekseev et al.1987) and, in spite of some unresolved con-
(LVD), in the INFN Gran Sasso National Laboratory (Italy), troversiesAglietta et al.(1987 opened the way for a new

is the study of neutrino bursts from gravitational stellar col- method of investigation: the neutrino astronomy. Even in
lapses in the Milky Way. Both the detector and the data analthe lack of a complete theory of the core collapse supernova
ysis procedure have been actually optimized for this purposeexplosion the correlated neutrino emission is believed to be
Moreover the modularity of the apparatus allows to obtain awell established and should be detected with different active
duty cycle that is very close to 100%, so that the experimentetectors at the time next event will occur within the Milky
is continuously monitoring the Galaxy. Way boundaries.

The search for Supernova neutrino signal is performed
online, within fixed duration time windows (20s), and of-
fline with variable duration time windows from fewms up 2 The LVD detector
to 200s. In both cases, LVD is able to disentangle a cluster
of neutrino signals from the background fluctuations, and itsThe Large Volume Detector (LVD), operating since June
sensitivity extends to the whole Galaxy. 1992, is a 1 kt liquid scintillator detector whose main purpose

No candidates have been detected during almost 18 yeais to monitor the Galaxy looking for neutrino bursts from
of observation (6013 days of lifetime): the resulting 90% c.l. gravitational stellar collapsesglietta et al, 1992. The de-
upper limit to the rate of gravitational stellar collapses in the tector is located underground at a depth of 1400 m under rock
Galaxy is 0.14 events/year. Detector performances, searc{B600 m water equivalent), in the hall A of INFN Gran Sasso
method and data results are here reported. National Laboratory (ltaly).

LVD is an array of 840 scintillator counters, 1.5m
each, organized in a compact structure (dimensions
13x 23x 10 n?). Counters are divided in three identical tow-
ers with independent high voltage power supplies, trigger

Gravitational stellar collapses are astrophysical events of°9iC and data acquisition. They belong to 2 different sub-

great interest. Because of the complexity of the problem, the>€tS: intermnal (400 units) and external (440 units), as a func-
modeling of the physical processes is still in evolution, put tion of their exposure to the rock rad|oacF|V|ty: t_he external
it is in general accepted that the role of neutrinos is critical Counters correspond to the outer shell while the internal ones

to allow the supernova to form out of a collap®&ethe and  (© the inner core. o _

Wilson, 1985. The trigger logic is optimized for the detection of both
The confirmed detection of the neutrino signal from the Products of the inverse beta decayp,e*n and is based
SN 1987A, which was located in the Large Magellanic N the coincidence of the 3 photomultipliers of each single

Cloud, marked the beginning of a new era in neutrino as-counter. Beyond the active scintillatar/(=1kton) the iron

trophysics (e.g. irHirata et al, 1987 Bionta et al, 1987 supporting structure of the detectad? £0.85 kton) can also
act as a passive target for neutrino and products of the inter-

actions can be detected.

Correspondence tcC. Vigorito The modularity of the array allows high duty cycle perfor-
BY (vigorito@to.infn.it) mance & 99% since 2001) as shown in Fig. 1 together with

1 Introduction
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Fig. 1. Duty cycle (in black) and active mass (in red) as a function of time, updated to 31 August 2010.

the active mass profile along 18 years of data acquisition. tillator with energy higher thaédy has been simulated (see
The main neutrino reaction in LVD is the inverse beta Agafonova et al.2007); on average, the detectable electron

decay (IBD) v.p,e™n, which gives two detectable sig- energy isE;~0.45x E,.

nals: the prompt one due to thet (visible energy - 7.°%Fe%Mne*.

Evis>~Ej, — Q+m,=Ej;,—0.789 MeV) followed by the sig- And neutral current interactions through:

nal from thenp—dy capture €,=2.23MeV). Forthede- . ), 12¢c Y, 12c* (¢=¢,u,7), (physical threshold

tection of both prOdUCtS of the reaction, each PMT of a SingleEu >151 MeV), whose Signature is the monochromatic pho_

counter is diii;riTinaltedfathtwo ?iflfgrent th(rjesholds resu(;tington from carbon de-excitatior, =15.1 MeV);

in two possible levels of three-fold coincidence: Hand L, ) -) .

corresponding t& y ~4 MeV and€, ~0.5MeV. The Hco- . "¢ *Fe, ve *OF€" (¢=e,pu,7), (physical threshold

incidence in any counter represents the trigger condition forE(”_)> 7.6 [\fl)eV),

the module. Once a trigger has been identified, the charge V¢ ¢, V¢ e”, which yields a single signal due to the recoil

and time of the three summed PMTs signals are stored in &lectron.

memory buffer. All the signals satisfying the L coincidences

in the same module (8 counters) of the trigger counter are

also stored, if they occur within 1 ms. The average neutron3 Search for neutrino bursts

detection efficiencyg,,, amounts to about 50% for neutrons

detected in the same counter where the positron has been obVD has been taking data since June 1992 with increasing

served. mass configurations. We consider only that periods when the
Besides interactions with free protons LVD is also sensi-Sensitive mass was greater than 300 tons (see Fig. 1) enough

tive to charged current interactions with carbon and iron nu-to monitor the whole Galaxy{<20kpc) as discussed in
clei through: Agafonova et al(2008. The results of the search for neu-

- 1, 12C, 12N ¢~, (physical threshold®,, >17.3MeV) ob- trino bursts in the period 1992-2009 have been already re-
served through two signals: the prompt one due toethe Ported (se&/igorito et al, 2009 and references therein) and
(E4~E,,—17.3MeV) followed by the signal from thg+  are summarized in Table

decay of'?N (mean lifer =159 ms); The results of the analysis of the last run, since 1 May
- 9,12C,1?B ¢*, (physical thresholdE;, >14.4MeV) ob- 2009 to 31 May 2010, for a total live-time of 395 days, are
served through two signals: the prompt one due toethe presented here.

(Eq~E;,—144 MeV+2m,c?) followed by the signal from The data set include all the triggers in the 7-100 MeV en-
the g~ decay of*2B (mean lifer =29.4 ms); ergy range; a cut on crossing muons (at least two triggers in
- 1.2%Fe%6Co ¢~, where the mass difference between the different counters within 250 ns window), is applied. Some
nuclei is A,,, =m$°—m/®=4.055 MeV, and the first Co al- quality cuts are included to avoid electronic noise that can
lowed state at 3.589 MeV; the efficiency for electron and affect data and to exclude counters with unstable counting
gammas, also produced in the interaction, to reach the scinrate.
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Table 1. LVD data runs.

4
104
Run Start End Time (days) Mass (t) ‘g B Tt e Fim=1/hour
1 6Jun.1992 31 May 1993 285 30 < |
2 4Aug.1993 11 Mar. 1995 397 390 ;10 3
3 11Mar. 1995 30 Apr. 1997 627 400 F Fim=1/day
4 30Apr.1997 15 Mar. 1999 685 415
5 16 Mar. 1999 11 Dec. 2000 592 580 S T
6 12 Dec.2000 24 Mar. 2003 821 842 107
7 25Mar. 2003 4 Feb. 42005 666 881
8  4Feb.2005 31 May 2007 846 936 i
9 31 May2007 30 Apr. 2009 699 967 10 b
10 1May2009 31 May 2010 395 976 e Fim=Umonth
¥ 6Jun.1992 31 May 2010 6013 707
1
3.1 The selection algorithm Al 3
|

The algorithm is based on the search for clusters of H trig-
gers within a fixed time windowAr=20s. The candidate
is simply characterized by its multiplicity m, i.e. the number
of pulses detected inz. All the other characteristics of the

cluster, detailed time structure, energy speatréiavor con-
tent and topological distribution of signals inside the detectory; the corresponding threshold.
are left to a subsequent independent analysis. In detail, the
time sequence of total duration T, is scanned through a slid-

ing window of durationAt=20s, that is, it is divided into
N=2.L
At

1 10
Alert Delay (Units of Fim)

Fig. 2. Distribution of the observed time delay between alerts se-

lected at different imitation thresholdy,,) from 1 hour 1 up to
1 monttr1, compared with the expected distribution (dashed lines)

sistency with av burst. Additional information will come

—1 intervals, each one starting in the middle of the fom the study of the candidate properties.

previous one (in this way the maximum unbiased time Win- 5y The energy spectrum: events from a supernova neutrino
dow is 10s).

The frequency of clusters of duration 20 s and multiplicity round reach their maximum just at the energy threshold
>m, i.e. the imitation threshold due to background, is:

Fim(m, f) =N -y P(k;

k>m

20 fpk
-1

) eventsday*

(1)

burst peak at around 20 MeV, while the events from the back-

(7 MeV).

b) The topology of the event: LVD can identify the counter
where an event occurred. We expect that a neutrino burst
would distribute uniformly in the detector, while events from

where: i« is the background counting rate of the detector for the baclfground favour external counters over the internal,
E>Ecu; P(k, frAt) is the Poisson probability to have clus- More shielded, ones. _
ters of multiplicity & if ( f,x A7) is the average background ¢) The temporal distribution of n-capture signals: a real neu-

multiplicity, and N is the number of trials per day.

trino burst would mainly interact through IBD, so we ex-

The search for burst candidates is performed, on-linePect the temporal distribution of L type signals following the
and off-line, simultaneously for two values of the en- {riggers to be exponential decaying with mean capture time

ergy cut: E.,,=7MeV (fp=0.2Hz) and E.,; =10 MeV

(f»x=0.03 Hz), beingV’' =2N the effective number of trials.

T=185us.
No candidates have been found in the present run analy-

As we are able to properly describe the background besis at level ofFj,, <0.01y~%. Including previous negative

haviour in LVD, we identify as neutrino burst candidates results over a total of 6013 days the resulting 90% c.l. up-
only those clusters which would be produced by backgroundoer limit to the rate of gravitational stellar collapses in the
fluctuations less than 0.01 yedr relaxing the threshold to  Galaxy is 0.14 events / year.

1 monthr! when working in time coincidence with other de-
tectors as in the SNEWS project (ststonioli et al, 2004).
Less sensitive thresholds af,, (i.e. 1week?!, 1day?,

1 hour 1) are used only for monitorig purpose to test the al- The selection method, as it follows from Ed),(defines a
gorithm performance and stability as shown in Rig After candidate as any clustermf>mmin signals within a window
this pure statistical selection a complete analysis of each deef Ar=20s. For a known background rat@min— fpix At
tected cluster with?;,, <1y~1 is performed, to test its con- represents the minimum number of neutrino interactions re-

3.2 The expected sensitivity
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to distanced <20 kpc. The telescope duty cycle, in the last

100 25 11 4 2 1% ten years, was- 99%.
1 _ No burst candidate has been found over 6013 days of
r N\ live-time, the resulting 90% c.l. upper limit to the rate of
i \ gravitational stellar collapses in the Galax® €20 kpc) is
0.8 E 0.14 events / year.

L Edited by: T. Suomijarvi
Reviewed by: R. Caruso and another anonymous referee
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4 Conclusions

LVD has been continuously monitoring the Galaxy since
1992 in the search for neutrino bursts from gravitational
stellar collapses. Its active mass has been progressively in-
creased from 300t in 1992 to the final 1000t in 2001, always
guaranteeing a sensitivity to gravitational stellar collapses up
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