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Abstract: The Large Volume Detector (LVD), in the INFN Gran Sasso National katooy (Italy), at
the depth of 3600 m w. e., is a 1 kt liquid scintillator detector whose majorgserjs monitoring the
Galaxy to study neutrino bursts from gravitational stellar collapses. Tieriement has been taking data,
under different larger configurations, since 1992, reaching in 28Qiresent and final configuration. Its
modularity and rock over-burden, together with the trigger strategyerttak detector particularly suited
to on-line disentangle a cluster of neutrino signals from the background.

No candidates have been detected over fifteen years of observatamsthiting 90% c.l. upper limit to
the rate of gravitational stellar collapses in the Galaxy is 0.18 events / year.

I ntroduction which gives two detectable signals: the prompt ¢
due to thee™ (visible energyF.;s ~ E; — 1.8

MeV + 2 m.c?) followed, with a mean delay
At ~ 185 us, by the signal from thewp, dv cap-
ture (£, = 2.2 MeV). The trigger logic is op-
timized for the detection of both products of tt
inverse beta decay and is based on the three-
coincidence of the PMTs of a single counter. |
deed each PMT is discriminated at two differe
thresholds resulting in two possible levels of ¢
incidence: H and L, corresponding ty; ~ 4

LVD consists of an array of 840 scintillator coun-
ters, 1.5 mM each [1]. The whole array is divided
in three identical "towers” with independent high
voltage power supply, trigger and data acquisition.
In turn, each tower consists of 35 "modules” host-
ing a cluster of 8 counters. Each counter is viewed
from the top by three 15 cm photomultiplier tubes
(PMTs) FEU49b or FEU125. The charge of the
summed PMTs signals is digitized by a 12 bit dy-
namic range ADC (conversion time =is) and MeV and&;, ~ 1 MeV. The H coincidence in an
the arrival time is measured with a relative accu- counter represents the trigger condition for the
racy of 12.5 ns and an absolute one of 100 ns. Theray. Once a trigger has been identified, the che
modularity of the array allows high duty cycle per- and time of the three summed PMTs signals

formance & 99%) as shown in figure 1.
The main neutrino reaction in LVD ig.p,e™n,
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stored in a memory buffer. All the signals satisf
ing the L coincidences in the same module of 1
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For each period of data acquisition, characteri:
by a fixed detector configuration (i.e., stable m:
and counting rate), preliminary cuts are appli
to reject signal contributions coming from no
optimal counters. To this purpose, informatio
contained in the general LVD Data Base, whi
20 is daily updated, are used. The pulse energy
0 Y5001 2002 2003 2004 2005 2006 2007 the events is required _to belong to_the 7-100 M
range and the muon signals are rejected. The t

<1000 trino burst candidate selection, widely discussec
g;ag 800 WWW [11], processes all possible clusters up to 200
= 600 duration, initiated by each single pulse belongi

%3) 400 | to the trigger sequence. For each selected clu
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200 | with multiplicity m and durationAt, the Imitation
(= FrequencyF;,, is calculated as a function of th
0 2001 2002 2008 2004 2005 2006 2007 cluster parameters and of the rgig of the back-
ground events, which for the period under analy

is for = 0.19 Hz.

After this pure statistical selection a complete an
ysis of each detected cluster wiff},,, < 1y~!
tests its consistency withaburst through:a) the
study of topological distribution of pulses insic
trigger counter are also stored, if they occur within the detectorp) the energy spectrum of the ever
1 ms. The average neutron detection efficieagy, in the clusterg) the characteristics of the time dit
amounts to about 50% for neutrons detected in the tribution of delayed low energy pulses.
same counter where the positron has been observedWo events have been selected in the last r
2. (Fim = 0.46 y~1, 0.48 y~1). They are statis-
LVD has been taking data since June 1992 with tically compatible with the number of candidat
increasing mass configurations, its sensitive masseéxpected by chance during 846 days (in standal
being always greater than 300 t, high enough to mode, F;,, = 1-10"2.y~', is the level above
cover the whole Galaxyl§ < 20 kpc) [3]. The which to claim a detection). Moreover the e
LVD active mass during years 2001-2007 is shown €rgy distribution, the topological distribution ar
in figure 1. The results of the search for neutrino the time delay distribution of low energy pulses ¢
bursts in the period 1992-2004 have been reportedin total agreement with the background behavio
in [4][5][6][71[8][9][10]. The distributions of the number of clusters, ¢
In this communication we present the results of the tected between 2005-2007, as a function of cl
analysis of the last run, since February 4th 2005 to ter duration (\t), for different multiplicities ¢»)
May 31st 2007. Details on the LVD on-line search are shown in figure 2 compared to the expec
will be discussed in the last section. tions from the Poissonian fluctuations of the bas
ground: a quite good agreement is observed.
. sensitivity of the telescope is shown as aline in 1
Search for v burst in 2005-2007 run 3 together with all the clusters detected during t
period: each dot represents a cluster with a cer
The data used for the present analysis spans the pemultiplicity (m) and duration 4At).
riod since February 4th, 2005 to May 31st, 2007,
for a total live-time of 846 days.
The search for burst candidates is performed off-
line by studying the temporal sequence of triggers
and looking for signal clusterizations. The consid-
ered data set includes 14161469 of such triggers.

Figure 1: LVD duty cycle (top) and trigger mass
(bottom) during years 2001-2007.
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Table 1: LVD data runs.

[ Run | Start \ End | Live Time (days)| Uptime (%) | Mass (t) | Reference]
1 | Jun.B" 1992 | May 31 1993 285 60 310 [4]
2 Aug.4" 1993 | Mar.11" 1995 397 74 390 [5]
3 Mar.11* 1995 | Apr.30"* 1997 627 90 400 [6]
4 Apr.30"* 1997 | Mar.15" 1999 685 94 415 [7]
5 Mar.16" 1999 | Dec.11" 2000 592 95 580 [8]
6 Dec.12" 2000 | Mar.24" 2003 821 98 842 [9]
7 | Mar.25" 2003 | Feb.4" 2005 666 > 99 881 [10]
8 Feb.4" 2005 | May 31°¢ 2007 846 > 99 936 this paper
[ ¥ [ Jun. 6" 1992 [ May 31 2007 | 4919 | 93 ] \ \
. > 100 |
2 2 ©
- £ gt
° = i
o s 0
E 2 60
z O

50
40 |
30
20
10
0

7‘ 1 1 1 1 1 L L 1 1 L 1
0 25 50 75 100 125 150 175 200 0 25 50 %5 100 125 150 175 200

Cluster Duration (s) Cluster Duration(s)

Figure 2. Distributions of the number of clusters, Figure 3: ClustersAt, m) detected during 2005
detected during 2005-2007, as a function of cluster 2007. The full line represents the LVD sensitivi
duration At), for different multiplicity (m). in standalone mode,,, = 1-1072y~1).

tion of signals inside the detector are left to a st
sequent independent analysis. Based on this f
Since 2001 a fast and reliable on-lindourst mon-  ciple, the LVD data are continuously analyzed
itor has been implemented to keep LVD connected the on-line supernova monitor. In detail, the ¢
to SNEWS[12], the network of world-wide neu- line data period T, is scanned through a “slidi
trino detectors designed to provide a prompt alert Window” with duration At = 20 s, that is, it is
to astronomical community in case of a coinci- divided intoN = 2. . — 1 intervals, each one
dence. The algorithm for the on-line selection of starting in the middle of the previous one, so tt
candidate bursts is based on the search for clus-the unbiased time window is 10 s. The frequer
ters of high threshold signals within a fixed time of clusters of duration 20 s and multiplicity m,
window, At=20 s. The candidate is simply char- due to background, is:

acterized by its multiplicitym, i.e., the number of
pulses detected iAt¢. All the other characteristics
of the cluster, e.g., detailed time structure, energy
spectra flavor content and topological distribu-

The Supernova On-line Monitor

Fim (m, for)=8640-Y > P(k; 2tk ) ev.day ™ (1)

where {; is the background counting rate of tt
detector for E-E.., P(k; forAt) is the Poisson
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probability to have clusters of multiplicity k if ~Conclusions

forAt is the average background multiplicity, and

8640 is the number of trials per day. In the on- LVD has been continuously monitoring the Gala
line mode the search for burst candidates is per- since 1992 in the search for neutrino bursts fri
formed for both energy cuts: & = 7 MeV and  GSC. Its active mass has been progressively
Ecue = 10 MeV. The chosen Fim, below which the  creased fron810 t in 1992 to the final 1000 t ir
detected cluster will be an on-line candidate super- 2001, always guaranteeing a sensitivity to GSC
nova event, is 1 per 100 year in standalone mode to distancesD ~ 20 kpc from the Earth. The tele
while it is relaxed to 1 per month when working in  scope duty cycle, in the last six years, wa®99%
coincidence with other detectors, as inthe SNEWS (see tab.1).

project. No burst candidate has been found over 4919 d
In figure 4 we show the distributions of observed of live-time observation and the upper limit at 90
on-line delay between selected clusters at the imi- c.l. 0.17 event- y~! to the rate of GSC is obtaine
tation frequency;,,, = 1/day andF;,, = 1/month (D < 20 kpc).

during 688 days andE; = 7 MeV. The observed  Since 2001 an on-line-burst monitor is in opera:
mean rates are respectivelyf’* = 1.24 day ! tion keeping LVD connected to the SNEWS inte
and F2% = 1.28 monthr!, meaning that, within  experiment system.

25%, the time behaviour of the background is un-

der control, even during long periods of data acqui-

sition and with variable detector conditions. References

[1] M.Aglietta et al., Il Nuovo Cimento A105
1793, (1992)

[2] A.Porta, Ph.D. Thesis, University of Torinc
Italy (2006)

[3] The LVvD Collaboration, 29th ICRC Confer
ence Proceedings, OG 2.7, (2005)

[4] The LVD Collaboration, 23th ICRC Con
ference Proceedings, HE 5.1.1,Vol.4, 4¢

Selected at F,,,=1/day

Entries

10%

(1993)

Sdlected at F, =1/month [5] The LVD Collaboration, 24th ICRC Con
ference Proceedings, HE 5.3.6,V0l.1,10:
(1995)

[6] The LVD Collaboration, 25th ICRC Confer
ence Proceedings, HE 4.1.12, (1997)

N SR v 1 I s %0 [7] The LVD Collaboration, 26th ICRC Con
1 10 102 ference Proceedings, HE 4.2.08.,\ol.2,2:
Delay (days) (1999)

[8] The LVD Collaboration, 27th ICRC Confer
ence Proceedings, HE 230,1093, (2001)

[9] The LVD Collaboration, 28th ICRC Confer
ence Proceedings, HE 2.3,1333, (2003)

[10] The LVD Collaboration, 29th ICRC Confer
ence Proceedings, OG 2.5, (2005)

[11] W.Fulgione, N.Mengotti Silva and L.Panar
Nuclear Instruments and Methods A, wvc
368, 512, (1996)

[12] P.Antonioli et al., New Journal of Physic:
vol. 6, 114 (2004)

Figure 4: Distribution of the delay between clus-
ters, due to background, observed by the on-line
monitor at theF},, = 1/day (solid histogram) and
F,, = 1/month (dashed histogram) during 688
daysand E,, =7 MeV.
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