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Intergovernmental agreement signed on the Russian 
side by Ministry of USSR Foreign Affairs Mr. Gromyko 
and the Ministry of Foreign Affairs of Italy in 1979.

Some history.
• In the early 60's there were ideas about the
use of scintillation methods for the detection
of neutrinos from the supernovae collapse.
• Once, at an international conference,
Castagnioli and Zatsepin agreed to build a
detector under Mont Blanc.
• In addition, the USSR has already developed
a cheap scintillator on basis of wait-spirit and
built large-scale detectors in Artyomovsk and
Baksan.



Russian side Italian side

1. Liquid Scintillator CnH2n

2. Stainless steel Counters
3. Photomultipliers with dividers
4. Cover transportation expanses

1. Portatanks
2. Electronics
3. Software



Institute for Nuclear Research USSR, Acad. of Sci.
Institute of Cosmo Geophysics of CNR, Italia 

Depth = 5200 m w.e.
72 counters (111.5 m3),

90 t of scintillator,
200 t of iron, 

Start of data taking– 1984
End of experiment (fire)- 1998

Mt. Blanc

Start of construction in 1979.

Started working in 1984.

72 counters Counters were 
loaded into trucks in 
Moscow. 
In Italy we checked 
the counter before 
installing them in 
detector

4+2 counters with 
problems

Temperature regime: 0-30



Events detected by LSD February,23, 1987 
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2/28/1987

Main reaction: e p  n e+

n p  d . 
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1. The LSD signal does not look
like an antineutrino detection
signature: in which trigger
pulse must be accompanied by
a neutron capture pulse.

2. The coincidence of the LSD
signal with the signal of the
Gravitational antennas in
Rome and Maryland (Weber,
USA)

3. Matching the LSD signal with
signals of other detectors: KII,
IMB, Baksan.

nepе  ~ n + p  d + 

n + Fe  Fe + 

GW

LSD

23 .02.1987
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In 1985, the experimental 
program for  Gran Sasso
Laboratory was already under 
discussion. At that time, the 
construction of Large-scale 
detectors were being 
developed  
• for searching of neutrino 
from collapsing stars, 
• for muon physics,
• for searching of monopole.

1995



Russian side Italian side

1. Liquid Scintillator CnH2n

2. Stainless steel Counters
3. Photomultipliers with 

equipment
4. Cover transportation expanses

1. Portatanks
2. Electronics
3. Software

1986-88



640 counters  10-12 counters per truck (~60 trucks) + 
2520 PM + Boxes (2 trucks)  2 days is duration for truck 

to rich GS from Moscow.
7% of total counters had a scintillator leak

8 % of the counters had broken film (mylar) inside the 
counter

 counters were welded (at scintillator inside);

 to repair the film, the Mylar was replaced inside the
counter (through the window for the PMT). To do this
scintillator was avoid from counter and put again after
reparation, than the scintillator was bubbled with Argon.

Сварка производилась при  заполненном сцинтиллятором счетчике 



Length Width Height  
22.713.210

m

Iron mass 1020 t

Scintillator mass 1008 t

Amount of scintillation 

counters
840

Average depth

minimal

3650 m w.e.

3000 m w.e.

Start of build 1990

End of build 2002

The main goal of LVD is searching for 

neutrino radiation from stellar core collapse. 

The coordinates of the LNGS:

13.5333E, 42.4275N.



105 portatanks total mass of iron is 1.1 kt



Values of the calibration coefficient for the month of operation of the counter

GOOD COUNTER

Light output of 
scintillator degenerate = 
calibration coefficient of 
automatic calibration 
changes smoothly

The calibration coefficient is proportional to 
the scintillator light output

2% 



1. Universal multichannel power supply system – CAEN Mod.527
2. High voltage power supply – CAEN Mod.PS35-100 – 3.5 kV – 100 mA  - 3 pieces
3. Dual power supply CAEN Mod. 584 – 6 pieces

4. MODEL C 111 – CAMAC  Controller interface
5. MODEL C 176 – 8 Fold Fast Charge and Time Digitizer ~106pieces
6. MODEL C 175 – 8 Fold 3ch double threshold discriminator  ~105pieces

7. HV divider for photomultiplier tube – CAEN Mod.S4170, 64 ch, programmable 2520 pieces
8. CAEN Quad scaler and preset counter timer Mod.145 – 1pieces
9. CAEN Dual FAN OUT Mod.105 – 4 pieces
10. CAEN Dual timer Mod. 22558 – 2 pieces 

The LVD setup contents 18 
racks of electronics



• According to modern concepts, the frequency of
collapse in spiral galaxies is once every 30 years.
• The detector was specially built to detect neutrinos.
• We did not have any incident.
• The modular structure LVD allows the repair of
individual counters.
• The presence of a large amount of scintillator and
iron makes it possible to detect both neutrinos and
antineutrinos.
• The LVD science program is not complete.
• We are waiting for the Supernova explosion any day.
• Without LVD and Borexino, in Italy there will be no
detector for detecting neutrinos.





 water Cerenkov

 5000 tons fiducial

 threshold 20 MeV

 8 events in 6 seconds

 water Cerenkov

 2140 tons fiducial

 threshold ~6 MeV

 12 events in 12.4 sec.

 330 tons liquid scint

 threshold ~10 MeV

 5 events in 9.1 sec.

nepе  ~

IMB,KII, BUST, LSD 
detected  by IBD

 90 tons liquid scintilator

 220 tons Fe

 threshold ~ 5 MeV

 5 events in 7 sec – 2:52

 2 ev. In 18 sec. – 7:36



The SN outburst is triggered by  the gravitational 
collapse of  the “iron” core of  a mass  MFe=1.22 
Mc into a neutron star.  About (10  15)% MFec2 is 
radiated in the form of  and of all the flavors 
(e, m, t): E = (3 - 5) 1053 erg. The total energy is 
assumed to be equally distributed among the six 
neutrino species: Ei ~ 0.5×1053 erg .

e

e

m,tm,t

• A. DeRujula (Phys.Lett.B 1987, CERN) 
•A. Burrows’ group (Arisona); E. Müller, T. 
Janka (MPA, Garching) 
• G.S. Bisnovatyi-Kogan’s group (ICR, Keldysh 
IPM, Moscow) 
•V.S. Imshennik (Alikhanov ITEP, Moscow) 
•V.S. Berezinsky et al, Nuovo Cimento, Torino

Fe ….. O C He H

i

E νe 
 = 9.5MeV, 

 Eνe
 = 12MeV, 

 E νx 
 = 15.6MeV

Neutrino spectra, 100ms after bounce



e + p  e+ + n

n + p  d + 

n + Fe  Fe + .

Eth = 1.8 МэВ

E= 2.2МэВ

E  7МэВ

e + 12C  e + 12N
12N  12C + e+ +e

Eth = 17.3 МэВ

e + 12C  e++ 12B
12B  12C + e +e

Eth = 14.4 МэВ

i +  12C  i + 12C* 
12C*  12C + 
12C*  11C + n
12C*  11B + p

Eth = 15.1 МэВ

E = 15.1 МэВ

En = 8 – 9 МэВ

Ep = 8 – 9 МэВ

i + e  i + e -

e + 56Fe  e+ 56Co* 
56Co*  56Co +
56Co*  55Co +n
56Co*  55Fe +p

Eth = 10 МэВ

E = 7-11 МэВ

e + 56Fe  e+ + 56Mn*
56Mn*  56Mn + 
56Mn*  55Mn +n
56Mn*  55Cr +p

Eth = 12.5 МэВ

i + 56Fe  i + 56Fe* 
56Fe*  56Fe  +
56Fe*  55Fe +n
56Fe*  55Mn +p

Eth =15.0 МэВ

E  7.6 МэВ

Recently, Stanly Yen  
(Sudbury) suggested to 
take into account the 
role of surrounding LSD 
rock.

The main reaction


