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Intergovernmental Agreement
Italia = Russia (USSR)

! . MEMOPAHIAYM

O TOTOBOPEHHOCTH OTHOCKTEJNBHO COTDYIHYYECTBA
B 00nacT? acTPOYU3NKA ¥ UCCHENOBAHUS HEATPUHO

i Mutncrp Yxocrpanuux Jien Cownsa CoperTcrux CONMAACTHYECKUX
Pecniy6mx n )

; H‘ S kuanerp Ysoctpankux Jent Ureumsrckok Pecmyomuxu,

C YIOBJIETBOPEHNHEM OTMEYAR YCIEWHOE DAasBUTHE OTHOLEHUY, CYy—
LECTEYMIX MEXTY UBYMA CTpaliaMy, ¥ B3auMHOEe HAMEDEHWE DasEBnBaTh
; UX B HayuyHoif o6nacTy,

; TIDMEMMAR BO BHiHMAHNE 3AMHTEDECOBEHHOCTS IOBYX CTOPOH B

H iz

CHNH YKE CYUECTBYHLEI0 HAYYHOTO COTPYIHNYECTBA X, B YacT-
[0CT%, B 0CJiaCT% &CTPOPHIHMKI N UCCIELOBAHEA HERTDHHO,

OTMEYadA, YTO BaXHOCTH NAHHHX odiacTeil UcCHEIOBaHUE 06y-
CJOBIMBAET HEOGKOMAMOCTS NOCTUHEHAT COOTBETCTBYIUAX COTVIAlE—
it MEAHZY KOMIETCHTHHMA BEIOMCTBaMH,

DBUDLWKART HWACDCHME KaK MOXHO CKODEE 3aKJIOURTH COIVIAMEHUS

O COTPYyZ:!%“eCTBE B DBLIUEY.

X 0671aCTfX, KOTODHE MPENyCMa~ ;
TpHBANX G, B YACTHOCTH, ‘OGMEHH CIIeLayuCTaMM, HAayGHO# ammapa-—

TYpO# ¥ HayuHO¥ HILiopMAaImeit.

Conepweso B Pute 5 suinaps 1979 roma B IBYX oK3eMIIADpaX,

KaxOuii EQ PYCCKOM M MTaNBAHCKOM A3HKAX, NPMYEM 00a TEKCTa KMe-
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1 0T ONUHAXOBYO CHJY.
lw 3a Cozercxyn CTropoHy
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3a PITanbﬂxléxym Cropoxy
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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.

Nppuarasrad OPerBapNTONBHAL CMeTa, FTOYHANUAad ols
¥ STAMH BHIONTHeHT AJENSHTCB NDOTPAIME COBEMEeCTHHX

[T
H

I.

Te

I0.

Corrapinnancie
Hamserobziome TeM CTRaI EE
PazpedoTna 1t Kometpym— CCCP AH CCCP H
poBayTe CLTNTHLIATNIOH= H
r:-,'):
3T TIOMOMHATENRE O}
el THH EA MPOTOKON
HEPOE -
K LOTNAMEHKID ¢ HAYYHOM COTpYaNHdecTse Mexay
Mpoei Akanemuen Hayk COCP M HammoHansHm COBETOM
oHiad Hecnenomasud, HalmousiabHoR Axasgemeei ned JHE
HAUHOHANEHEM MHCTHTYTOM ANEDHOR GHIHKH HTamm
Paap: oT 15 uwHa 1976 roaa
THET]
HHX o
He
CHOHETE Axazemua Hayk Cow3a COBETCKMX COUMAENHCTHY
Pasps ¥ Hauwonanekbi coser uecnenosanud HTaneapckol P
neg_gg HERWEM HMEeHYeMue CTOPOHaMK, B COOTBETCTEMH ¢ Ol
Dasn HHeM u llepcnekTHs oM NPOTPaMMON DA3IBHTHA HAYYHO|
Homne  COTDYAHHuecTBa Mexuty CCCP w Hramwed na 10-meTHH
PR30 mycp o wumecnemymuen
CHCTY
Warod Craresn 1
Hi2 ¢
nerel Axanesus wayk COCP W Hauuowssie i coner
Hraneawckofl Pecny6avxyu SYOyT NpOBOSHTE COEMEr
B OBNACTH HEATPHHHOR acTPOPH3HKH H QHIHMKY KOC
Gase YHHKANLHHX NSTEKTOPOB AAEPHOTO HINy4eHHR
Harao!
HOl CraTtesa 2
“ COTDy,D.HH‘-IECTBO MEeRIy CTODOHEMH B pamMKax
pers kona GYOEeT HMeTh UuensD QYHOAMEHTANEHHE WCoNen
TR HeRTOMHHON ACTPODHAMKH ANA M3YYEHWA ALEDHMX N
Ociof] THKE, a Takke B OGNacTH BHIMKH BJEMEHTADHHX 4
ggm OCYMeCTBAATHCA HHCTATYTOM AMGDHHX HCCASIOBAHM
HH,O,E CCCP u JlaGoparopuen xocMoreoduavku Hamuohansw
OEeTa] BawHA HTanHM NPH NOMOMHM MOOSEMHHX 2KSMEDHMERT
Pasp COOpy¥aerx HHCTHTYTOM B CCCF W JlaGopatopref
THOO b e e =
e ONUTIHX OO0paBIon
———— R ————
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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.

Hacromauit [poTOKON BCTynaeT B CHJy B HEHb €ro NOANMCaHus
u 6yner pmeiicTsoBaTh mo 1986 roma.

Mocne ykasauHoi mati [IpoTokon 6yneT aBTOMATHYECKM npoane-
BATBCA Ha MNOCJeaykuMe PONOBhHE NEepPHOJk, €CJM HH ONHA M3 CTOPOH He
3aABHT O CBOEM XeJlaHMM NPEeKPaTHTH €ro ASHCTBHE NMYyTEM H3BeueHUs
3a WeCTh MeCAUeB N0 HCTEYEHHA COOTBETCTBYKMErO CpOKa.

CoBepuweHo B Mockse 25 okTabGpa 1979 roma B
OBYX JK3EMIJIAPaxX, KaWObH HAa DYCCKOM W MTalbAHCKOM A3LKAaX, NDH-
yeM o6a TEKCTa MMEKNT ONMHAKOBYO CHIIY.

3a Axkanemuo Hayk Cowsa
CoBETCKHX COUMaNHCTHYECKHX
Pecny6nuk

3a HauwownanbHelt CoBeT
HCCNENoBaHni UTanbAHCKOR
Pecny6nuku

,l),lo».:.‘ Mok




Development + Delivery + Installing

LSD under Mont Blanc

Russian side

1. Liquid Scintillator C_ H,,
2. Stainless steel Counters
3. Photomultipliers with dividers
4. Cover transportation expanses

Italian side

1. Portatanks
2. Electronics
3. Software




72 counters
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Counters were
loaded into trucks in
Moscow.

- In Italy we checked
__ the counter before

B installing them in
detector
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Liquid Scintillation Detector ~

Started working in 1984.

o Institute for Nuclear Research USSR, Acad. of Sci.
Start of construction in 1929

Institute of Cosmo Geophysics of CNR, Italia

4+2 counters w

Depth =5200 m w.e.
pro

72 counters (1x1x1.5 m3),
90 t of scintillator,
200 t of iron,

Start of data taking— 1984
of experiment (fire)- 1998

Temperature regime: 0-30




Events detected by LSD February,23, 1987
SN1987A

# of Time, Energy,
event UT+2ms MeV

2:52:36,79 6,2 *
40,65 5,8
41,01 7,8
42,70 7,0
43,80 6,8

7:36:00,54 8
7:36:18,88 9

ao25+
0257103206842
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D257103206842+
28702 44737
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IN THE MNONT BLANC NEUTRINO OFSERVATORY A=ST HASBE, CAED ON
FEB.23RD AT 258 U7. THE NEUTRING TELESCOPE. RUNNING SINCE OCT. 1984.
AT 5000 N.W.E. UNDERGROUND. IN COLLARORATION BETWEEN OUR 1S7ITUT0 DI
COSNOGEOFISICA CNR: TORINO (ITALY) AND ACADENY OF SCIENCES OF USSR
PNOSCOW (ZATSEPIN GROUP)s CONSISTS OF 96 TONS OF LIQUID SCINTILLATOR
TN 72 COUNTERS SHIELDED WITH 208 TONS OF FE SLABS.

THE RECORDED SIGNAL 18 NADE BY 5 PULSES. AROVE THE 7 NEV ENERCY
THRESHOLDs DURING 7 SEC. THIS 18§ IN AGREENENT WITH THE PREDICTIONS OF
COLLAPSING FE-CORES STANDARD NODELS AT 50 XPC FARAWAY. BOTH IH ENERGY
AND TN TINE DURATION.

THE PROBABILITY OF A RANDON COINCIDENCE WITH SUPERNOUA SN 1987 A 1§ 1
ARoUr EVERY 10066 YEARS.

DETAILS WILL BE SEND SOON BY TELEFAX (PLEASE. LET US KNOW YOUR
NUNBER ).
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Main reaction: v,p — ne*

Circular No. 4332 i
np—dy. K . A. U. - International Astronomical Union
2/28/1987



Mysteries of the LSD neutrino signal :

/. + et +n  Ntpo>dty
Vet P n+Fe—> Fe+ 3y

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

OS > [0S > &<—>
T windSw: 72500015 LRJc;zw)e and Maryland (Weber,
2:52 7:36  February 23, 1987
s 5 2 3. Matching the LSD signal with
12 12 4 signals of other detectors: KIlI,
IMB 8 g / IMB, Baksan.
y
— i || W | 23.02.1987

LSD 51 2:52:368




1995

Agreement between

INFN - Italy and Russian Ministry of Science

HCIOJHUTENBHAS IIPOTPAMMA TPETHEH CECCHUH
CMELWAHHOMA POCCHACKO-UTAJILAHCKOH KOMHCCHH 10 HAYYHOMY
TEXHWYECKOMY COTPYAHUYECTBY (PHM, 16-17 oxtabps 2002 r)
B cootserctsuy ¢ Cornawennenm mexay [TpasutenscrsoM Poccutickoit ®enepar

Tpasutenscteom Wransanckoft PecnyGnuki o BayqHOM K TEXHHYECKOM COTPYHHY

or 1 pexabpa 1995 r. 16 u 17 oxrabps 2002 r. 8 PuMe cocTOANach TPETbA CETTRN

CMewanno#t Poccuficko-UtaneaHckoi KOMHCCHH MO Hay4HOMY M TEXHHYCCKOMY

COTPYAHHYECTBY.

Poccutickyto neneraumio sosrnasnsn [lepebii samectutens MunucTpa

NPOMBILUIEHHOCTH, HAYKH W TexHonoru# Poccuitckoit Genepaunsu A. H. BpHHIHKOB.

p JI. Casoita.

116 HayanbHuka [naBHoOro ynpasneHHA

[oanucano 8 Pume 17 oktacpa 2002 roda e. asyx IKIEMMIAPAX HA PYCCKOM M Ha

HTLIBRHCKOM A3bIKAX, NPHYEM 002 TEKCTA HMEIOT OHHAKOBYIO CHIY.

3a H'ra:tuncxylo%

3a Poceniickyiq cTopoHY

CONVENZIONE
tra I'Istituto Nazionale di Fisica Nucleare italiano
e
histero dell'Istruzione e della Scienza della Federazione russa
degli studiosi e specialisti russi impegnati nei progetti dei Laboratori

nali del Gran Sasso dell Istituto Nazionale di Fisica Nucleare

y6expeHHbe B TOM,

cocTapaseT OAHY H3

Hayuno-rexuwmcxux cBAded

MEXZY NMPABHTEAbCTBOM POCCHACKOH @EAEPALHH H
NMPABHTE/NDBCTBOK HTAAbBAHCKOR PECMYBAHKH
0 HAYYHOM H TEXHHYECKOM COTPYAHHYECTBE

paBATENbLCTBO PoccHiickon Pepepaunu H NpapHTEeNbCTBO WTanbAHCKON
Pecny6AMKM, HHeHyeMbe B AanbHeAweM CTOpPOHaHH,
4YTo
BaxHeAWHX
ABASETCH BaXHHHM ONEMEHTOH WX CTabWALHOCTH,

npHHHMAA BO BHHMaHWe HAKONAEHHHA NONOKHTE/bHHA

in avanti denominato
COT/LAIIEHHE in avan
Hi Fisica Nucleare Prof.

ienza della Federazione
tsona del Vice Ministro
ssa Povalko Alexandr

| 20 dicembre 2012, da

ella Repubblica Italiana

HayuyHoe # TexXHH4YecKoe COTPYRHHYCCTBO

OCHOB ABYCTOPOHHMX OTHOWEHHA v || lorazione Scientifica e

ONBT Pa3IBHTHUA

SYMPOS

181
UP 85 umogagy,

SAIM-VINI:Enr Abn

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.

, CyWecTBYOWHX Mexay ABYMA CTPaHaHH, "

TexcTa MMenT OfMHAKOBYW cUay .

3a MpaBHTeABCTEO
Pocoufickol Pepepauny

H'rnauucxoﬂ/?ocnyéauxu i
t \

i

i

CTOPOH .« vAra RAAUMONERCTBUA, i

CoBepueHo B Pune " 0/" nexabps 1995 roaa B ABYyX huus "!

JK3ENnAApax, KaxauA Ha pyCCKOH H WTanbAHCKONW A3bKax, MpHyen oba ;
Il Ministero

dell'Istruzione e della Scienza

3a npnnu're.nbcrno

| della Federazione Russa
- ~

pREA e

te Convenzione g' redatia in duplice originale, ognuna in lingua

russa, ambedue i testi facenti ugualmente fede.

L Istituto Lo

. PR e
Nazionale di Fisica Nucléare -

I FRESIDENTE
{Prof. Farnands Farroni]




Development + Delivery + Installing
for new detector - LVD

Russian side Italian side

BCEMAPHAR NABOPATOPIL ‘

. Liquid Scintillator C H,,

COBETCKO-WTAIBAHCKOrO

Stainless steel (.ou nterg: < mm - 2. Electronics

Tpoekr "Tpau Cacco” ‘ 1 PO r‘t a ta n ks

HeATpUHO ,

N

. . Wran»AHCKad CTOPOMA NDENOCTEBMAET TamenN

P h OtO nn u Itl p I I e '-S ‘ n 'It h crepmmMe YCTPOACTBA BMECTE C IASKTPOWHOR JOTMKOA. 3 Softwa re
‘ ipeacenaTens Noeannent .

° Copevcioro  oTAeneHua § 2 :
BCEMMPHOR NIAGOPATOPUA BCEMMPHOR NASCPRTOPHA KoopuuaTopu:
e q u I p I I I e n t axanemmk fpogeccoo C coB. cropouu C urar. cTopoRu
npod. M.Mapkoa npod. A.J3uKuxu
|

E.N.BENAX0B

. Cover transportation expaﬁ”S"“éS‘i

MICXBA 1987

1986-88

K 2ax, ¥ I2954.Txp.20 axs.




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

-

J counters were welded (at scintillator inside);

CBapKa npounssognnaco npn 3alnoJAHEHHOM CUMHTUNNATOPOM CHETHUKE

d 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.
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The coordinates of the LNGS:
13.5333E, 42.4275N.

Length xWidth xHeight 22'7X13£X10
I[ron mass 1020 t
Scintillator mass 1008 t
Amount of scintillation 840
counters
Average depth 3650 m w.e.
minimal 3000 mw.e.
Start of build 1990
o 4 End of build 2002
The main goal of LVD is searching for
neutrino radiation from stellar core collapse.




The Large Volume Detector
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® modular liquid scintillator detector made
by 840 stainless steel 1.5m? counters
arranged in 3 identical towers
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® each counter is viewed by 3 PMTs
(3-fold coincidence).
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® each TOWER is fully independent and can
run all alone.
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Main features:

Liquid Scintillator: C H,, ., <n>=9.6 + 1g/I PPO + 0.03g/|
POPOP, p=0.8 g/cm®  total 1 kt

840 stainless steel, 1.5 m?, counters

(FEU49b or FEU125) 15 cm diameter 2520 PMTs

105 portatanks total mass of iron is 1.1 kt



LVD scintillator

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

The calibration coefficient is proportional to
the scintillator light output

G
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1000
LILILS

I.l"\. 1| | | | I | | | I | | | (- | | I | | | I | | 1 | | | 1 | | 1 | | | 11 1 |
i

20 40 60 80 100 120 140 160 180

-]

‘ LI 227 | Light output of
scintillator degenerate =
calibration coefficient of
automatic calibration
changes smoothly
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9.

10. CAEN Dual timer Mod. 22558 2 pleces

LVD Electronics

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

MODEL C 111 — CAMAC Controller mterface

HV divider for photomultiplier tube — CAEN Mod.S4170, 64 ch, programmabl 2520 pieces
CAEN Quad scaler and preset counter timer Mod.145 — 1pieces
CAEN Dual FAN OUT Mod.105 - 4 pieces e =1 s

The LVD setup contents 18
racks of electronics



. Accordmg to modern concepts, the frequency of-'
“collapse in spiral galaxies is once every 30 years.

* The detector was speC|aIIy built te detect neutrinos.
» We did not have any incident. ,

-+ The modular structure LVD - aIIows the repalr of
‘individual counters. = N :

 The presence of a large amount of scintillator and
iron makes ‘it possible to detect both neutrlnos ald,
antineutrinos.

o 8% The LVD science program is not complete :

* We are waiting for the Supernova explosmn any day. .
* Without LVD and Borexino, in' ltaly there W|II be no
detector for detectmg neutrinos. - '






Signals from SN1987A on 23 Feb.1987:

LSD

O 220 tons Fe
[ threshold ~ 5 MeV

1 2ev. In 18 sec. —7:36

Baksan

O 330 tons liquid scint
O threshold ~10 MeV
O 5 events in 9.1 sec.

0 90 tons liquid scintilator |g= == S SEEsEEEEsEE

DO5eventsin7sec— 2520

Kamioka

L water Cerenkov

L 2140 tons fiducial

Q threshold ~6 MeV

[ 12 events in 12.4 sec.

IMB,KII, BUST, LSD
detected v by IBD

IMB

O water Cerenkov

Q 5000 tons fiducial
O threshold 20 MeV | Fia T
Q 8 events in 6 seconds [




Models of SN explosions:

Standard Collapse
Model

The SN outburst is triggered by the gravitational
collapse of the “iron” core of a mass M,=1.2+2
M. into a neutron star. About (10 = 15)% Mc? is
radiated in the form of v and v of all the flavors
(e, w, 7): E, 3 =(3-5) x10°3 erg. The total energy is
assumed to be equally distributed among the six

neutrino species: E,~ 0.5x10>3

nositi, erg/s

Neutrino spectra, 100ms after bounce

(€, )=9.5MeV,
(Ey)=12MeV,
Tt T 7 (E, )=15.6MeV

Two-stages Collapse
Models

* A. DeRujula (Phys.Lett.B 1987, CERN)

*A. Burrows’ group (Arisona); E. Mller, T.
Janka (MPA, Garching)

* G.S. Bisnovatyi-Kogan’s group (ICR, Keldysh
IPM, Moscow)

*\/.S. Imshennik (Alikhanov ITEP, Moscow)

*\/.S. Berezinsky et al, Nuovo Clmento Torlno
0

T "’f < !H :"" ‘Ml Jl s
> k
\ipk ’rFSJ:H ,H: ul . u,
B‘[,% Fragmentation into a "\‘ - ,f:
T close binary system P &
V. (LSD) — ,:'
5h later iy -
SN1987A bursts °*P'°dgslwn’:;" M, J,
¥ “gwf

v,V (KIL IMB)
u;

M increases W decreases



Neutrino interactions in LSD material

The main reaction

Votp—et+n Ep=1.8 MoB
n+po>d+y E,=2.2M>sB
n+Fe— Fe+2y. (E) ~ TMbB

+ 12 -4 12

vt “C—>e 12||§|| G 4 e b, E; =17.3 MaB

4+ 12 +4 12

ve+t“C— e 12BB e 4y, E; =14.4 MaB

v+ 12C > v, + 12C* E; =15.1 M»B
L2C* 5> 12C +y E,=15.1 MaB
L2C* 5> UC+n E,=8-9M»sB
L2C* 5> 1B +p E,=8-9M»sB

vite > v t+e N

v, + %Fe — e+ 56Co* Ey, = 10 MoB
56Co* — %6Co +Xy EY =7-11 M»B
%6Co* — %°Co +n
6Co* — SFe +p

;e + 56Fe — et + 56\MIn* Eth =12.5 MsB
Mn* — °Mn + vy
°Mn* — >Mn +n
Mn* — >>Cr +p

S Al 2
Cross Section x 107 [em”)
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Recently, Stanly Yen
(Sudbury) suggested to
take into account the
role of surrounding LSD
rock.



