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• A bit of history of LVD
• The Detector Performances 
• The Strategy  to catch  SN Neutrinos
•The Expected Signal & Detector Sensitivity
•Data & Results
•Summary

The outline
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The  Large Volume Detector

Astrophysical observatory 
@ LNGS since 1992

International collaboration since 1986
26 Institutions and 6 countries

USA,USSR,Brazil,China, Japan and Italy

Heir of  LSD
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Liquid scintillator 1.8 kton
Streamer tubes layers

Real time DAQ

Scaled from LSD 
20x

SN Neutrino Astronomy
et al.

Designed to be Robust, Reliable & Long  
Duration

Once upon a time….
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Physics Run
Tower 1

1992

Tower 2
Completed 

1994

Tracking
stopped

2002

Project Phase

1986

31 years  
running

TODAY

Tower 3
Completed

2001
On-Line
SNEWS

2005

The Experiment Timeline
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The LVD Modularity  At Glance The Detector

The Tower

The Module

The Counter

The PMT

Mounting LVD in hall A, early in the 90s  
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The LVD Features 

The Front-End Electronics :
• 2520 ADC/TDC Channels 
• Dead time on single channel 1 μs
• Δtabs = 100 ns (GPS)
• Δtrel = 12.5 ns (TDC)

The running  detector:
• 1000 t of  liquid scintillator (CnH2n+2, n~9.6) & 800 t  

of iron  in the structure
• 840 active counters & 72 passive counters (ex LSD) 

on the upper most layer added in 2001

The counter :
• 1x1x1.5 m3, 1.2 t  with 3 (15 cm) PMTs 
• 50% trigger efficiency @ 4 MeV
• 15% energy resolution @ 10 MeV
• 50% n-capture efficiency
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The LVD Trigger

2 threshold levels:
EH~4 MeV  (L0 trigger)
EL~0.5 MeV for 1ms after the L0  

L0 trigger in LVD: 3-fold coincidence of 
counters PMTs above the main 
threshold enables  the read-out.

Strategy optimised for the double 
signature of the IBD  ν̄e + p → e+ + n

A “machine learning” DAQ guarantees the 
maximal duty cycle. Start & Stop of the run 
occurs very rarely in LVD.

L0 Trigger Efficiency 
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The LVD Remote Manager 
On-line since 2001:

•  DAQ Status Control
•  HV Monitor
•  Run infos  

Failures of the system components  
are automatically notified in real time 

via email and SMS to system 
responsible/shifter 🆘

By the on-line analysis 
neutrino & muon-like events 

are sorted!
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LVD Calibration

Muon-like events in LVD   selected by the time 
coincidence (Δt=175 ns) of triggers in at least 2 

different counters

CR muons in LVD(E> 1 TeV):
Muon rate:  

Muon rate per counter :  
Rμ = 0.097 ± 0.010 s−1

fμ ∼ 50 day−1

Counter calibration frequency: 1/ month
Mean energy deposit:  185 ± 5 MeV

ADC Channels

Fully automatised  procedure

Muon & Energy Calibration
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LVD  Performances 

Modularity provides high duty cycle > 99.5 %  since 2001
Maintenance  guarantees the quality of active mass over the years
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L1(10) trigger: 10<E<100 MeV & Quality Cuts

Neutrino-like 
L0 trigger

L1(7) trigger: 7<E<100 MeV & Quality Cuts

Neutrino-like Trigger Rate 

Energy & Quality cuts remove radioactivity 
background &  electronics noise 

Neutrino pulse  in LVD =  All signals surviving  the muon selection

L1(7 MeV)~0.28 Hz
L1(10 MeV)~0.03 Hz
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•Last update:  6/1992-2/2023
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L1(10) Trigger - Time Delay
Neutrino-like Trigger Rate 

LVD trigger rate behaves as  Poissonian 
distribution over 31  years



C.Vigorito @ SNvD - LNGS 30th May 2023 14
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Year
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K=Average calibration constant over all 
counters in a tower

K0 = Reference value  at Jan.  2007

The Detector Ageing

Global ageing: (0.5-0.75) %/year
(Scintillator, Photosensor,  Electronics)
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Search for SN Neutrino Burst  with  LVD
Three Steps Process

S1) Searching for clusters of events within the expected 
time window Δt / A cluster is  a doublet: (M, Δt)

S2) Defining a ccSN candidate looking at the cluster   
statistical significance 

S3) Check the consistency of selected candidate with 
the expected ccSN signal in the detector

The Imitation Frequency

Δt

Trigger pulse vs Time
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One strategy /Two Methods:

M1) On-line with fixed time window  Δt=20 s
PROs: Fast & Reliable  CONs:  more model dependent

M2) Off-line with variable time window Δt<100 s
PROs: less model dependent  CONs: Time consuming 

Real time  / Prompt alert dissemination within minutes
(Stand-alone and SNEWS network)

Best sensitivity with source distance

Astro Particle Ph., 28, 516 (2008) 

ApJ, 802, 47 (2015)

Marginal use of the emission model
in both methods

Model needed for performance 
estimate

NIMPA, 368, 512 (1996)
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The On-line Selection

Δt=20 s

Trigger time (s)Am
pl

itu
de

 (M
eV

)

Threshold level EH (7  &   10  MeV)

•Sampling  time: Δt=20 s / 10 s overlap
•N.of trials  depends on  T
•Mcluster:  Triggers @ E > EH 
•fbk: Background  rate @  E > EH 

S1) Each data period T is scanned in ‘’sliding” mode”

Cluster Imitation Frequency

S2) Alert candidate
Fim ≤ 1/100 y−1 LVD Standalone
Fim ≤ 1 month−1 LVD in SNEWS



C.Vigorito @ SNvD - LNGS 30th May 2023 18

On-line LVD Alerts to SNEWS

Start:  July Ist 2005

A total of 177 Alerts, in average ~10/y 
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The Off-line Selection

Trigger time (s)Am
pl

itu
de

 (M
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)

Threshold level EH (10  MeV only )

δt

•Cluster time:  variable δt <100 s
•Mcluster  mi≥ 2
•fbk: Background  rate  @ E > EH 
•N.of trials  depends on fbk

S1) Each data period T is scanned in ‘’event by event” mode”

Cluster Imitation Frequency

S2) Alert candidate
Fimi

≤ 1/100 y−1 LVD Standalone
Fimi

≤ 1 day−1, 1 week−1,1 month−1 Monitoring  the   tool 
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Monitoring the Off-line Selection
Fim <1/day <1/week <1/month

Ncls 1578 236 66

Algorithm stable & reliable   over  long time

LVD data:
•Last update:  6/1992-2/2023

Alert Time Delay
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Consistency Checks

Energy spectrum

Looking at foot prints of  real neutrino burst :

Entropy (Uniformity)

Time delay  (Δt~185 μs)  and multiplicity 
of  n-captures in the gate



C.Vigorito @ SNvD - LNGS 30th May 2023 22

Estimated  by:

Modelling  the neutrino flux  for core collapse SN (ccSN)
    Standard ccSN as in Pagliaroli et al. / Based on SN1987A observations
 
+Oscillation effects  

+Detector response function

The LVD Expected Signal

Aph, 31, 163 (2009)
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From model to model the number of IBD  events may change a little but…… 
the overall picture do not change!

Neutrino interaction 
channels 

Expected 
events 

νe+p -> e++n 250 

νe+12C -> 12N+e- 

νe+12C -> 12B+e+ 15 

νi+12C -> νi+12C+γ

νi+e- -> νi+e- 10 

νe+56Fe -> 56Co+e- 

νe+56Fe -> 56Mn+e+ 25 

νi+56Fe ->νi+ 56Fe+γ 

Total 300 
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SN neutrino search with  LVD
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The LVD Sensitivity 

On-Line

Eth ~ 7 MeV
Eth ~ 10 MeV

Conservative:  Only IBD  channel  without double signature 

Eth ~ 10 MeV

300 t
1k t

•10 MeV threshold is better
•n-tagging does not improve the sensitivity 
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Global LVD Results 

Data set:  6/1992-2/2023 (last update)
Average Duty cycle: 95.5 %
Average Mass: 770  t
Exposure:   22.1 kt x year
Lifetime: 10673 days  / 29.4 years

L1(10) Triggers: 19.7  Millions
N. of Clusters: 4.14 Millions

How do these clusters behave?
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Cluster details 1

1/100 years level 

Multiplicity vs Δt

Below 1/year
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Clusters selected with the offline analysis are not necessarily sent as Alerts to SNEWS. In the 
common period 4 has  Fim<1/y: one sent to SNEWS

1/day
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Results 1992-2023 

Individually checked
Compatible with background fluctuation

No evidence of  SN ν signals in LVD
Upper limit 0.08 event /year 90% c.l.
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Continuous Wavelet Transform (CWT) 

Singular Spectrum Analysis (SSA) 

Beyond the standard Fourier approach with
advanced  spectral-analysis methods
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Conclusions 

A summary paper  in preparation

SN neutrinos: best upper limit
for the Milky Way survey

Prompt alert to SNEWS since 2005

31 years  data  taking
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Some of the scientists who imagined, realised and contributed to the LVD experiment are 
not with us anymore. We are left with their memory and their teachings.


