NMonseMHaa pusnuka wm
nepuMeHTbl Ha geTeKTope

Paxckaa Onbra [eoprmeBHa
NAN PAH



* [log3emMHasa pusmnka (UP) obcyxxpnaeTca Kak
SPPEKTUBHLIN MEeTOo4 N3YHEHUSA LUNPOKOTo
KJlacCa penKunx npoLeccoB B pusnke
KOCMUNYECKNX JIy4den 1 31eMeHTapPHbIX
4yacTunuy, ocobeHHO cBA3aHHbIX C POJIbIO
HEUTPUHO B ACTpodunsnke.

* B3ToM goknage a xotena 6bl oTMETUTb
Hanbosiee Ba>KHYI0 TEMAaTUKY
BbIMOJIHEHHbIX 3a NocaenHee BpeMa paboT
Ha noa3semMHoOM agetekTope LVD, paccka3aTb
O CaMbIX MHTEPECHbIX COBPEMEHHbIX
3KCMepumMeHTax.



N3y4yeHre npoHMKatoWwen KOMMNOHEHTbI
KocMunyeckunx nyden (KJ1) non semnen

* PaboTbl, KOTOpPbIE NOJIOXKWUAN Havano UP,
LI OQHOBPEMEHHO C OTKPbITUEM U
nccneposaHmem npupogbl KJ1. NsyvyeHnem
NPOoHMKalLwen cnocodbHocTun KJl,
nImepeHmnemMm PyHKUNMN MHTEHCUBHOCTb-
rnybnHa 3aHMManoch Bce bonblLuee 4Yyncno
dbrn3unkos. NroHepamMun 3Tnx PpabdboT BbIIN
nTanbaHey loMmeHNKO MNMNayvynHu v
coBeTCKUN pun3nk Jles MbICOBCKUN,
pa3MecTuBLLUME CBOU NpUbopbLI Noad BOOOW.
[lepBbln coenan 3to B 1905-1912 rr.,
BTOpOon B 1927-1929 rr. bbino nokasaHo,
410 KJ1 HEe ABnATCA raMMa-KBaHTaMMu.



* B nocnenytowme 40 net bonbwasa rpynna
dn3nkoB akTUBHO n3ydaeT KJ1 Ha
Pa3INYHbIX rNybuHax nog 3eMJsien,
I3MepeHa KpmBas 3aBUCUMOCTU

MHTEHCUBHOCTW MIOOHOB OT rJIybuHbI (00
7000 m.B.3.)

1938 V. Wilson

1939 J. Clay and A. Van Gemert
1950 L.M. Bollinger

1951 C.A. Randall and W.E. Hazen
1955 L. Avan and M. Avan

1965 C. Castagnoli et al.



Ona n3ydyeHnsa HEMTPUHO aTMOCHEPHOro N acTpoPr3nN4ecKoro
MPOUNCXOXXOEHNA HY>XHO Bbl/10 Ha4YaTb CO34aBaTbh bonbLUME OEeTeKTOopbl
c maccamm 100-1000 ToHH, TakXe TpeboBanocb 3HaHUe (POHOBbIX
YCNOBMM B NoA3eMHbIX NabopaTopusax. Lna nHTteHcmBHasa paboTa no
CO30aHWUIO 3TUX OETEKTOPOB: pagnoxmmmyecknx getektoposn (Cl-Ar, Ga-
Ge), 601bWNX CUNHTUNNALUMNOHHBIX 0ETEKTOPOB, YEePEHKOBCKUX
0EeTEKTOPOB U OETEKTOPOB, CHab)XXEeHHbIX TPEKOBbLIMU CUCTEMaMMN.

Cl-Ar akcnepuMeHT Obln npeanoxeH b. NMoHTekopso B 1946, u ObiN
peann3osaH P. [1asncom B 1967.

B Havyane 60-x rr. B ®PIAHe Obina co3naHa nabopatopuns HeNTpUHoO (3aB.
nabopatopuen I'.T. 3auennH). Ha bakcaHe NaaHMPOBaNOCh CO3aaTb
non3semMHyto nabopatoputo

1. ong perncrpaumm aTMoCEePHbIX HEUTPUHO, NAYLWNX C 0OpaTHON
CTOPOHbI 3eMnun (pykoBoauTesib npoekTa A.E. Yynakos),

2. ANA NeTeKTUPOBaHUSA COJIHEYHbIX HenTpuHO Cl-Ar meToa0M
(pykoBogunTenb npoekta A.A. [loMaHCKNN).

Bbls10 pelweHo NoCcTponTb bakCaHCKMM Noa3eMHbIN CUMHTUNNSALNOHHbIN
Teneckon. [Ans Hero B 1965-1968 rr. 66121 paspaboTaH ahpeKTUBHLIN
XUgkunm cunHtTunnatop (A.B. Boesoackun, B.J1. JaabikuH, O.I.
Pa)xckasi), KoTopbin 6bls1 NCNOSIb30BaH B AaJibHENLLEM OJ19 HECKOJIbKNX
noa3emMHbIxX getektopos VAN.

BINCT 6bin BBeOeH B akcnayaTauunio B 1979 roay. bbin HavaT
SKCMEepuMeHT No perncrtpaumm HeEMTPMUHO C 0BpaTHOM CTOPOHbI 3eMn
(A.E. YypakoBs n ap. ).



ILna Bcex noa3eMHbIX
3KCNepuMeHTOB BOonpoc (poHOB
MrpaeT O4eHb Ba>HYI0 POJib.
Hanpumep, ¢poH ana COJIHEUHbIX

v+CI37 - Ar3§yEMHo

CtaTnctuka v cobbltnm Ha 1
aTOM MuULWeHn B 1 cek
COCTaBseT

~ 10-34 - 10-37 (ppe)

AnepHo-aKTMBHAA KOMMOHEHTa KOCMUYECKNX
ny4yen npn B3aNMOOENCTBUN C XJIOPOM MOXKET

o33PI Ar37+n




o 1964 cymnTtanoch, 4TO A4epHO-aKTUBHAA
KOMMOHEHTAa CO34aeTCs B 3/1IeKTPOMATrHNTHbIX
KaCckadax, reHepupyeMmMblx MIOOHaMn nopa
3eMJ1eNn.

B paboTax I'.T. 3auenunHa n O.I'. Pa)xckon
6b1/10 NOKa3aHoO, YTO OCHOBHbIM MeXaHWU3MOM
ABNAIOTCA A0epHble Kackadbl, BO3HUKaloLWMe
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B TeyeHne nocnenyrwouwnx 40 net pe3synabTaThl 3TOr0
pacyeTa ObIIM NoATBEPXAEHbLI HA MOA3EMHbIX
netektopax NAW, pacnono>XeHHbIX Ha pa3HbIX
rnybunHax non 3eMnéen.

ACJ («Konnanc»), Aptemosck, 4N, 105 ToHH
cuunHTunnaTopa, 1977 rr.

LSD (MAN n NHCTUTYT KOoCMOo-reodunsnkm Utanun),
MoH6naH, 90 TOHH cunHTUANaTopa, 200 TOHH
»xenesa, 1984 .

LVD (MAN PAH coBMeCTHO C HaumMoHanbHOWU
nabopatopuen NpaH Cacco HUAD NUTannn), 1000
TOHH cunHTUnnatopa, 1000 ToHH Xxene3a, 1992 r.



* Discussion about underground
physics, 1969

* Discussion
about Russian-
Italian
collaboration,
1977




B.Pontecorvo
about Gran Sasso
lab:

“l regret not to be
young enough to
participate in this
formidable project.
The scientific
content of the
project appears to
me extremely
interestina”



LVD - detector under Gran Sasso (LNGS) @ 3300

. Ythe largest iron-
- scintillation telescope in
the world
v'3 towers:
v 840 scintillation
counters (1010

Study & importe
results in:

* neutrino phys
» astrophysics
e Ccosmic ray

LVD is 10 times

W expanded version

= Y of the LSD (Mont
%A‘? Blanc) apparatus
-y« Which has detected

physics | 'h I
 search for rare the v-burst from SN
processes }{ 1987A at 2:52 UT
. = on February, 23,
;2:, T to " ia 1987. LSD &LVD are
search forv 1 | i P \ Russian-Italian projects
bursts from Ry =R T \ Scintillator & scintillation

collapsing . counters were elaborated



The Large Volume Detector

® modular liquid scintillator detector made

by 840 stainless steel 1.5m3 counters
arranged in 3 identical towers

® each counter is viewed by 3 PMTs
(3-fold coincidence).

® each TOWER is fully independent and can
run all alone.
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TOWER 1
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TOWER 2
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TOWER3

Main features:

Liquid Scintillator: C H,,,, <n>=9.6 + 1g/1 PPO + 0.03g/|

POPOP, p=0.8 g/cm®  total 1 kt
840 stainless steel, 1.5 m3, counters total 0.85 kt
(FEU49b or FEU125) 15 cm diameter 2520 PMTs

N - - a1
Setentifte-Committee-Gotober—24643

Walter Fuleione(@email com
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- Fréjus, 1989 .
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. NUSEX, 1990 S
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~ from Crnuch World Survey, 1987 |
Crookes and Rastin, 1973
Bergamasco et al., 1971

Stockel, 1969 ;
Castagnoh et al., 1965
Avan and Avan, 1955 :
Randall and Hazen, 1951
Bollinger, 1950
Clay and Van Gemert, 1939
Wilson, 1938
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LVD is modular and unshielded

consequences:

Main
st characteristics

Hleakage affects E resolution
and detection efficiencies

v bk rate gradient among

[&] : T
detector shells g 10’ . _ _ U e
self Shleldlng % e;qfiiz - Lvnr;Fé
DGamma-Spectra’ have been E 102k e _m;m{_”_ém?__1.4.@.3.3......
measured inside and outside & o=

1764494

the LVD array. The flux, in the  qosp- (0 S N
LVD Core, is attenuated by a ; : o

factor 20. SO O o

d The bk rate gradient is used :
to check the consistency of o5k _____________________
neutrino burst candidates. .

v"Rn contamination of the 10%, 5007000 15100 50002500 3000

cavern can be utilized Energy (keV)

Hdto monitor single counter
sensitivitv to 609 KeV




HenTpunHO OT 3BE3OHbIX KOJ1J1IArNCOB N BCMbILLKA
cBepxHoBon SN1987A.



* [1ONbITKN MOHATb, OCMbIC/INTL , KAKUM 06pa3om
NPOXOANT 3aKJYUTESIbHbIWM 3Tan 3BOAOLNN
MaCCUBHbIX 3BE3/[ MNNaBHOW NOCN1eN0BaTENIbHOCTMN,
KOrfa y>xe ncyepnaHbl TepMosaepHble pe3epssl,
Korga Makpoobpa3oBaHua npuobpeTatoT AO0epHYIO
NJOTHOCTb, KOFAa BO3HUKAOT yCNOBUA OS5
rpaBUTALMOHHOMO KoJ11anca n obpa3oBaHUSA YEPHbIX
Nblp, @ BAUSHUE FrPaBUTALMOHHLIX CU OenaeTCcy
onpenenstowmm, UMetoT MHOIMoJIETHIOW ncTopuio. B
anpene 2011 ropa ncnoaHunocb 70 net ¢ MOMeHTa
nyonmkaunm pabotbl NlamoBa n LLloeHbepra, B
KOTOpPOW OblI0 YKa3aHo Ha 0cobyto poJib NpoL,eccos
C y4aCTUEM HEMTPUHO B 3BE3HbIX KaTacTpodax.

* KakK 3HauyuTesibHble O0CTUXXEeHUd Teopun 3a
npowenLwmn nepnoa MoXXHo Bbis10 Obl TakXXe
OTMeTUTb pa3paboTKy Moaenm CTaHOaPTHOro
konnanca (MmMweHHUK, HapexxnH, ApHeTT, IBaHOBa,
bayepc, BunbcoH v gp. ) u moaenmn Bpallatolerocs
Konnarncapa (MmweHHnkK 1995 r.)



The name "SN"
came from the
observational
astronomy
data and deals
with an instant
appearance of
a very bright
star, with
luminosity of
about tens
millions of the
solar one.

w4 i © Anglo-Australian Observatory “i%i 2




SN % _N*
S N N —

The idea was born in Rio casino “Urca”

~ ( URCA-process
pt —Hy

FBS e R YETR e thE Gendrat el 17
regarding the role of neutrino emission in the vast
stellar catastrophes known to astronomy, while the
neutrinos are still considered as highly hypothetical
particles because of the failure of all efforts made to
detect them».

G.Gamov,

WMM&M&W, that

gravitational collapse is accompanied by powerful and short
(~10 ms) pulse of neutrino radiation. The neutronization
process - Ve

1965 The first proposal to search for collapsing starts (c.s.) using
neutrino detectors by G. V. Domogatsky and G.T. Zatsepin

TO65 The hirth of an exnperimental netitrino astronhv<ics

20




General idea

low can one detect the neutrino flux from collapsing stars?

Until now, Cheregkov (H20) and scintillation (CnH2n) detectors which are
capable of detedfing mainly  ,, have been used in searching for neutrino
radiation, This choice is natura¥and connected with large - p Cross-
section

\y4p —e"n
<> 9.3ECmERZT 7 E.TE95 MeV
e

As was shown at the first time by G.T.Zatsepin,
0O.G.Ryazhskaya, A.E.Chudakov (1973), the proton can
be used for a neutron capture with the following
production of deuterium (d) with y - qguantum emission

with TDlSOn— 20& lUS ] B L ,ﬁ MeV

The specific signature of 21



Neutrino detection from a collapsing star

makes it possible:
- To detect gravitational collapse even it is “silent” (isn’t
accompanied by Supernova explosion);

- To investigate the dynamics of collapse;

- To estimate the temperature in the star center.
If the star is nonmagnetic, nonrotating, spherically symmetrical
the parameters of neutrino burst are the following (Standard

model): _
Total Total Total EW) Duratio
Model €ne€rgy, energy energy g  Mev E, ,MeV NS
107 erg Vo0 erg v, L0 erg ‘ ‘ MeV
Model
| 126 105 - ~20

Model 3-14 0.5-2.3 0.1

| 10 8 25 5
From the theory of the Standard collapse it follows that the total
energy,carried out Wgﬂws;b\%eutrmos

corresponds to ~ 0.1 of star core mass and is divided among thesé26
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)

A Supernova explosion
n the Large Magellanlc Cloud
occured.




February 23, 1987

1 3 5 7 9 11
s e b ———————————.
Optical observations Hour, UT
|| m,= 12m mv=6"“ ﬂ
Geograv || 2:52:35,4
2:52:36,8 7:36:00
5 ’
sl 43,8 = o 19
KII i 2:52:34 12; 7:35:35
7:35:41
IMB 8 | 47
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The Two-Stage Gravitational Collapse Model
Imshennik V.S., Space Sci Rev, 74, 325-334 (1995)]

View from
aside I
N

>

N

5 h later

View from
above




Pa3HuuUa BbIXO4a HEUTPUHO B MOoAeNm
CTaHOAPTHOro KoJsiJjianca v B Moaesnu
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AP PekThbl BpalleHUa aatoT BO3MOXXHOCTD:

1. PewnTb npobnemy TpaHchopMaLnn
KoJ1/1arnca BO B3PbIB OJ19 MAaCCUBHbIX U
KOJI1ancupyroLmx CBEPXHOBbLIX (BCe TUMbI

SN, kKpome la - TepmodanepHbIX SN)

2. PewnTb npobnemy OABYyX HENTPUHHbIX
curHanoB oT SN198/A, pa3aoeneHHbIX
BpeMeHHbIM MHTepBasioM 4,7 .




KpoMe YyNOMUHaBLLUNXCA Bbille 3PhPeKToB B
yeTbipex HeUTPUHHbLIX AeTeKkTopax B 2:52
UT n 7:35 UT 23.02.1987 r. ecTtb n gpyrue,
MeHee N3BECTHbIE pe3ynbTaThl,
MNosly4YeHHble Ha Tex Xe OeTeKTopax B TOoT
OeHb. 3TOo rpynna paboT, B KOTOPbIX
n3yyaamcb cCoBnageHmMsa BO BpPeMeHHOM
OKHe OoKoJI0O 1 C Mexny wuMnysabCaMun B
Pa3/INYHbIX HENTPUHHBLIX aeTekTopax (LSD,
BUST un KIlI) mMexagy cobon, a Takxe
COBMaAeHna Mexay umnysabCaMm B ITUX
oeTeKTopax n NMMMNyJibCaMi B
rpaBUTALUMNOHHBLIX aHTeHHaX B PumMme wu
MenuneHdne.



| Obpa3eL TekCTa
K 11]4 1l /
— TpeTun ypoBeHb
BUST|3 TRENITITE 5
— [MaTbIN ypOBEHb
LsD|2 1l
| [ |
LSD|1 LU L1 |
0 | — 2.5 5 7.35 | 10 UT

Timing diagram of the BUST pulses coincident with the LSD pulses within 1 s and
similar coincidences for the K2 and LSD detectors as well as double pulses in LSD
over the period from 0:00 to 10:00 UT on February 23, 1987.

Nc (LSD-K2) = 8; Nc.by chance = 2
Nc(LSD-BUST) = 13; Nc.by chance =3 - -
Npairs by chance = 1,2 Coincidence by chance

with SN 1/3000 years



1. The coincidences between the signals from the
Maryland and Rome gravitational antennas and
the signals in the LSD and K2 detectors were

studied [Amaldi et al.// Ann.New York Acad. Sci. 571,561 -

1989; Aglietta et al.//Proc. 21 ICRC, 2, 246 — 1990, Nuovo Cimento
C 14,171 -1991].

2.LSD - K2 correlations [Aglietta et al. // Ann. New York

Acad. Sci, 571, 584 - 1989, Nuovo Cimento C 12, 75 - 1989, Proc.
21 ICRC, 2, 246 - 1990]

3.LSD - BUST correlations [Aglietta et al. Ann. New York
Acad. Sci, 571, 584 - 1989, Nuovo Cimento C 12, 75 - 1989, Proc.

21 ICRC, 2, 246 - 1990;: Chudakov 1989 Ann. New York Acad. Sci,
571,577 - 1989]



e 2:52 UT and 7:35 UT are two key instants in the evolution of
SN 1987A. These instants are marked by the neutrino signals:
5 pulses over 7 s at 2:52 UT in LSD and from 6 to 12 pulses
over 10 s at 7:35 UT in each of the three remaining detectors.

* Present day models explain them better or worse.

» Effects related to the excess of coincidences and double pulses
still remain outside the scope of these models



On the interpretation

The excess of coincidences near 2:52 UT may be
Indicative of a very-low-intensity pulsed neutrino source
operating in the regime of a pulsar at the presupernova
stage.

e Dt~1 sec - time emission
e t >> 1 sec - irregular pulse repeation period
e t~2 hours - lifetime period

This undoubtedly phenomenological scheme leaves a
number of questions open but basically seems plausible
to us.
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The detector active mass, Mact, is updated &) .
every 8 hours: 06
® The response to atmospheric muons is
used to identify and discard bad working 04T
counters. -
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= Results of the analysis of data
taken during 7212 days, from

1992 to 2013. 2 1
= T
" The detector is considered %0.3__ SR YU U N N A
active only if Mact>300 tons, S |
being, in this way, fully Sosl i N
sensitive to core collapse SN S P -
Occurring at a distance D<25 04__ ______________
kpc from the Earth. 0 .
I
* No neutrino burst candidate L .
has been detected during the Olshisbinilbi e Ll

whole period, the Distance [kpc]
corresponding upper limit on

the rate of gravitational stellar

collapse, at 90% C.L. is: 0.116

year—1.




10 4aHHbLIM NOJIY4YEeHHbIM 3a 36 sieT paboTbl HENTPUHHOIO OEeTeKTopa
AC/L (ApTemMmoBCcKada Hay4yHada cTaHUMA) U POCCUNCKO-UTasIbAHCKOIO
HENTPUHHOIro getekTtopa LVD (Hay4Hasa nabopaTtopusa NpaH Cacco,
NTannsa) ycTaHOBMIEHO CaMoe Jiyyllee B HacTosLllee BpeMs
3KCNepuMeHTasibHOe OrpaHNYeHmne Ha 4aCTOTy HEUTPUHHbBIX
BCMJIECKOB OT rpaBUTAUMOHHbLIX KOJIJIAancoB 3BE34 B [[aNakKTUKe: MeHee
1 cob 1a Ha 90% ypOBHE NOCTOBEPHOCTU.

A
1







OBHbIE€ OEeTeKTOpPbLI B COBpeMeHHOﬁ cny)KGe NMOUCKa 3Be3AOHbIX KOI

Jerexrop Crpana* Macca u Tin Mutmcim Uncno N;, (MCK)™ Yucno N, (MBK)™
AC/ Poccus 0,1 k1 KC, I kr NaCl 57 8
BIICT Poccus 0,211 KC, 0,16 k1 I'e b7 8
KamLAND Anomns, CIIA | k1 KC 500 180
Borexino Hrams 0.3 k1 KC 120 60
LVD Pocens, Hrams | k1 KC, Tkt Fe 500 410
SuperK Anomns, CITA 2251 Hy0 9400 630
* Crpana (cTpansi), ocyiecTBHBIIA pa3paboTKy H COOPYKCHHC JICTCKTOPA.
** Unenio permcTpupyeMbix VickTpoibix antrieitpuio cornacio MCK.
** Yncno perucTpHpYCMBIX VICKTPOMNLIX HCHTPHHO /U8 nepBoi craum konnanca cornacno MBK npw yeaosum senbimk csepxuosoi THia
SNI98TA s ucirrpe anaxrukn.




- e

SuperNova Early Warning Sy:

Large Detectors for SN Neutrinos

LVD & Super-Kamiokande
Borexino & Kamland

Alarm to scientifi®
community

il Triangulation by arrival
/" time poor, cos(6) ~ 0.5
“ | (Earth diameter ~ 42 ms)

Asymmetric signal from
ve scattering: Pointing

accuracy ~ 5° (SuperK)
or -~ 20° (SNQ) :
[Beacom & Vogel, hep-ph/9806311]E.
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LY

D=OF

ERA horizontal evenis

Relative position of the detectors LVD and OPERA in
the Gran Sasso Laborator

CERN
E=59 500 i : N
=60 47
L O 2 i | OPERA
L =
R —~LVY D . |
AQUILA } | TERAMO
i — i Bl by by E— )
L ﬁlﬁ— KL Tl W g O e —— T T e ] e e e e = —_——
o @% JL[_J_uﬁ .—£ T i ’,r

E min ~ 70 GeV

Distance between LVD and OPERA is ~160 m
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Depth-intensity curve

Gran Sasso laboratory depth
distribution for angles © from 87

CERN = Depth (m.w.e)
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Depth from the Teramo side is ~8000 m.w.e, from the L'Aquila

side is more

then 15000 m.w.e. There is only muons from neutrino from the

L’Aquila
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Chasmg systemahcs wﬂh cosmic muons
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2013
Year

29.07.2008 and 01.10.2008 earthquakes were in Gran Sasso Laboratory
An unambiguous indication of an instrumental bias of OPERA

at Gran Sasso
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oBnaaneHuna LVD-OPERA
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* Beunpgy 3
dbyHOaMeHTaJ/IbHOro
XapakTepa pe3ysibTaToB LS. — 4.0 s
OMbITOB Kosiabopaunmn
OPERA, o6cyxnaBwwmxcs
Bbille, Mbl CO CBOewu
CTOPOHbI B KoJIsTabopauunmn

LVD wn3Mepunnm CKOpPOCTb !J_L‘|1

Mean =0.9 ns

Events / ns
I
IIIIIIIIIIIIIIIII

HENTPUHO B HEUTPUHHOM -20 0 20

ny4ke, Hanpas/l€HHOM OT Pacnpe eneHv?:a[nés’g a3HOCTM
LLEPHOBCKOI0 YCKOPUTENS bea P

BpeMeHU-nposaeTa HEMTPUHO U
B CTOPOHY  AETEKTOpa BpemeHm nponeTa CBeTcl)OBblx
LVD. Haw pe3ynbTaT P P

OTOHOB.
Nn3MepeHuns CKOPOCTWU P
HEWTPUHO oKa3aJics

ENREH&EN L300 AN EN O piHHOrO nyyka LIEPH - Ipan Cacco, ¢
Kég%"h@l?l@ll/l GanANMA EnETHOM 3 HC U MHTepBanoM Mexay HuMu 100
k2 1QR0= 518 DO WROBRE 0THOCUTENBHOrO OTKIOHEHUS CKOPOCTM
HEUTRER I opocTn cBeTa Ha ycTaHoBKe LVD: -3.3:10-6 < (vv-c)/cC
< 3.5:10-6 (Ha 99% ypoBHe gocTtoBepHoOCTK). H




°* 1o

N MIOOHHOI0O HEUTPUHO.

pe3sysibTaTaM
aKkcnepumeHTa LVD nony4deHbl nepBblie pe3ynbTaTbl MO NMOUCKY
ocumnnaumn vud = ve B CNGS nydyke MIOOHHbLIX HEUTPUHO.
MoaoynbHada CTPYKTypa YCTaHOBKW TMMO3BOJ4eT onpenennTb
TOMNONOrnN CobbITUN U pa3nesinTb COObITUSA OT 3JIEKTPOHHOIO

06paboTKu

NaHHbIX

2009-2011

Hona KaHOuaoaToB Ha perncrpauunto

ve B CNGS MmiooHOM ny4ke cocTtasnsgeT & = 504/60776 = 0.8 %,
RANUINHVY ANINKVID K NONe 3aNAKTNHOHHbIX HeVITpVIHO B Ny4kKe.
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n56Fe- 57Fe*- 57Fe
(ky), 91.7%

n54Fe- 55Fe*- 55Fe (y),
5.8%

/ 35CI - 36CI*_,. 36Cl (ky),
, 75.8%

MMny b Mnynbic
c y-KBaHTa
oT np-i

NnFe-
3axBaTqQB

eV | 50<t<650 ke




IHononHnTEeNnbH
oe xeneso 4
CM
470 Kr




[ 5] 50

.I Entries 1818
Hean 2354
FhE 1353

Windt EO4E [ 44
70 P 4878

60 H Fa 150
a0 nl
40 H

Ilo YCTaHOBKM naac ' 4 il i)

- YNCJ1I0 HENTPOHOB (FraMMa-KBAHTOB) 20 |
3aperncTpmpoBaHHbIX B ABYX
—cdeTdmkax VD

1C INEEEERE FEENE AN e RN
ODCJ1€ YCTAHOBKU MJ1aC1' kb . 100 20C 300 400 SOC

40 D 365

Eniries 351
35

Mean 270.0

RMS 157.3
K/ndl 1524 7 19
Pl 32.71
P2 9,298
P3 145.0

30

25
20
.5

10

5
- 3(pPEKTUBHOCTb perncTpaumm HEMTPOHeB,—~ L+ | .+ .\ |
POXOEeHHbIX B AO0M. NJacTuHe, ABYMS

cyeTYnkamm LVD
-%pe,ﬂ,Hﬂﬂ OnnHa npobera MOoOHa B NJacTUHE

B r/cmMm2




CNACUBO
A BHUMAH




® Last June LVD celebrated 21 years of operation.
® Data set taken from June 9th 1992 to August 31st 2013 corresponding to 7212 live days

® LVD project was approved in 1985, two years before the observation of neutrinos and
photons from SN1987A Il

® LVD began taking data on June 1992 with 1/3 of its present mass. At the end of 2001 the
detector reached the present configuration.

® LVD has been participating to the SN Early Warning System since its very beginning.
® In 2001 participated to the High Rate Test together with SUPERKAMIOKANDE and SNO.

® SNEWS started to be operational on July 2005 after a long period of commissioning.
® At present with LVD, SUPERK, ICECUBE and BOREXINO.
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For studying the rare processes, as search for

dark matter (for example) it is necessary to
take into account the existing of the muon
variation at the higher depth underground
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The superimposed curves represent the cosinusoidal functions
behaviours Acos w(t — t0) with a period T = 1 yr, with a phase t0 =
152.5 day (June 2nd). The dashed vertical lines correspond to the

ted vertical lines
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RUNS 03590/-055954
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Days
date 30/03/09 — 12/04/09
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3.82 d 3.05 min 26 .8 min
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Counting rate of LVD during
earthquake in Italy (1997).
The momesds of shocks are
given by arrows.




Energy spectra of

neutron-produced eve
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Itron space distributio
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Expected number of events Back-

Detector Depth, Mass, Threshold Efficience Standart model Rotating collapsar ground,
m.w.e. ktons model s-1
net nn ny . _ .
vep vie vIiC veA veAin
ASD 0.1
Artyomovsk CrnH2n 0.97 0.80 0.85 57 2.1 9.5 19
Russia 570 10 5 0.16
NaCl 0.07 0.05 25
BUST 0,2 -
Baksa_m 850 CnH2n 8 0.6 0.2 67 2.2 4.3 8 0.033
Russia 0.16
Fe
KamLAND
Kamioka 2700 1Y 0.35 0.9 500 48 85 180
Borexino 0.3
Gran Sasso 3300 ./ 0.2 0.9 0.85 120 12 28 60
C9H12
Italy
LVD 1.0
0.9 0.6 0.55 500 22 55 160
Gra?tjasso 3300 ngén 46 01
y ' 0.45 250
Fe
Super-K 95
Kamioka 2700 ' 7 0.9 - - 9400 400 - 650
H20
Japan
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