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“On high energy neytrino" physics in cosmic rays”
M.A. Markov and |.M. Zheleznykh, Nuclear Physics 27 (1961) 385

“‘Energy spectra and angular distributions of the atmospheric
neutrinos”

G.T. Zatsepin an_d"V.A. Kuzmin, JETP 41, 1818 (1961)

After these two works - :
possibilities of underground neutrlno experrments were
considered more carefully in VA Kuzmln 'M.A. Markov, G.T.
Zatsepin and .M. Zheleznykh, -
S s Phys Soc. Jap 17, Suppl A-lll, 353 (1962).
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.M. )Kene3Hb|x I'T 3au,en|/|H B.A.
_Ky3bMI/IH MA MapKOB '

K HenTpMHHOWM PU3NKe BbICOKUX
~ 3Heprum B Kocmuqecxwx nyqax

I/Isaecm;l AH CCCP cepvm ua.,
(1962) %




«3KCI’]epI/IMeHTaJ'IbHaFI YCTaHOBKa MOXeET ObITb YCTPO€EHa TakK.

Peructpauus MHO-Me30HOB NPOU3BOAUTCA B TPeX pAagax
CLUMHTUNIATOPOB, pacnoJfioXeHHbIX OAMH NoA4 APYrMM Ha
pPacCTOAHUAX, AOCTATOYHbIX OANA pa3aeneHns
MMnynbLCcoB BO BpeMeHU U BKITIOYEeHHbIX Ha
3ana3gbiBalolline coBnageHus.

Mexay psaamu CUMHTUNNSATOPOB pacrnonaraeTcs NornoTUTenb C TeM,
4yTOBb! PErMCTPUPOBANCH MIO-ME30HbI C SHEPren BbilLe NMOPOroBoW.
BapbupoBaHue fopora, a Takke aHanus yrioBoro pacnpeaerneHus
perncTpupyemMsix Mo-Me30HOB MO3BOSSET NOMY4YNTb CBEAEHUS, KpanHe
Ba)KHble And Bbibopa Me>|<ﬂ,y MMEIOLLIMMUCA TEOPETNYECKAMM
BO3MOXXHOCTSAMM.

[o6aBneHnve K TpeM psaaM CUMHTUNNSATOPOB YeTBEPTOro NO3BOMNUT
BECTU PEerucTpaLmo 0gHOBPEMEHHO Npu ABYX noporax. imutauns
nccnegyemMbix cobbITUn MOXKET NPOM3BOANTLCA MIO-ME30HaMMU
KOCMMYECKMX fyden. AToT adhekT BbICTPO NagaeT C norpyXeHmem nog
3eMMI0 U YBENUYEHNEM NMOPOTroBOI 3HEPTMM PErNCTPaLINN MIO-ME30HOB.
[MosToMy BCErga MoOXHO o6ecneymnTb 4OCTAaTOMHO YUCTbIE YCIIOBUS
9KCNepuMeHTa. » -



1963 - decision for constructing
underground neutrino laboratory to study
solar neutrino, atmospheric neutrino and ...
at Baksan valley. Creation of the neutrino
laboratory (FIAN, from 1971 INR AS of the

USSR)




- 1963

Cosu,al-me naﬁoDaTODMu HEUTPUHO
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«,El,nﬂ I'IOHI/IMaHI/IFI BOI'IpOCOB
(hOHOB Heo6xon|/||v|o XOpOLLO
3HaTb ¢M3|/||<y KOCMI/I‘-IeCKI/IX

nyqem»"

4 FT 3auenuH



CTOsin BOMNPOC O CO3AaHNMN NEPBO B
Mupe I'IO,EI,3eMHOI/I nabopartopuu:

OcHOBHbIE TpeboBaHUS:

'H —max

CDeBpans 1964 L. —"ﬂ'(‘) """'Ka'p”TaK)l 6b|n6""Ha|‘/’meHo 2 MecTa:

1 — B6J‘II/I3I/I Tblprlay3a
2—B EaKCaHCKOM yLuenbe



DO EYIF CONHEYHBES HethpuHe

v+Cl37—>Ar37+e

CTaTI/ICTI/IKa v COGbITI/II/I Ha 1
aToM MulleHn B 1 cek. [ 5
~ 10> 1' 37 (ppe) P -

Bonpocu cbOHa MrpamT Ba>|<Hy+o POJb

FlaepHo aKTI/IBHaFI KOMI’]OHeHTa KOCMUYECKNX
nyqem : = e R

p+Cl37—>Ar37+n



I npennomun paCCMOTpeTb reHepauuio
AQEPHbIX KaCKa.D,OB 3a cyeT rnyboko-
Heynpyroro B3aVIMQAe__I4QT__BVI$I MIOOHOB.
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20-n cemuHap, Jlabopatopumn HentpuHo, 1964 r. (Arlamumb/ IX ICRC London)

H=1800 m w.e.,(E,) =250 GeV pa— T
S0 Z.R. Izv. AN
- SSSR, ser. Fiz.
m 25¢[
- E i ! y
o 19} = f Neutron
Py - e . .
© 10f - Bo .produ.ctlon in
ot o inelastic muon
5f H=570m.w.e. e ) interactions
(Ey)=125 GeV = with taking into
O el e .5 .6 . account
10 10 10 10 10 10 nuclear
\ transferred energy (E,) (MeV)
showers

Kh. M. R. R.
ETP Lett., 36,

1982 S-electrons

& Dependence of the

& contribution of neutrons,

| produced in inelastic muon 9
| interactions, on the energy L _— SEbU LS Muon

¢ transfer in the interaction E; g - 57 bremsstrahlung

number of ne trons (g/cm

The number of generated neutrons per 1 muon per 1 g/cm2 VS the depth from the top of the
g atmosphere.
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IBOJ1IOUMNA MACCUBHbIX 3Be3

. =

[ paBUTALIMOHHbLIX KONNanc
Bcnbillka CBEPXHOBOW

—— HentpmHHOE nU3nyyeHne

g g f‘."'“"('aiM' OB, LLI oeHGepr - 1941
£ A 3en bAosuY, FyceitHos - 1965
"'OMQI'aLI,KVII/I 3auem/|H - 1965




Ha3BaHue SN
BO3HUKNO U3
HabnwgaTtenbHbIX
aCTPOHOMUYECKUX
OaHHbIX U KacaeTcs
NPaKTU4YeCKMU
MFHOBEHHOro
NnosiBNeHns Ha HeGe
OY€Hb SIPKON
3Be3abl,
CBETUMOCTb

KOTOpOW B .qec;lTKM

MUNSIMapaoB pas

6onblue CBeTIAMOCTI/I-"“;'?.

ConHua.

i fc 'Angm Austrahan IDDSEWEI’EDW S




CTaunoHapHOE COCTOSAHUE!
Cunsbil

KOMMEHCUPYIOT rpaBUTaLMOHHLIE CUMbI.
TemnepaTypa ropayero rasa
noaaepXXnBaeTcs SAepHbIM U3NTyYEHNEM.

ﬁrﬁﬁﬁgne 9BOMIOLINK 3BE3Aa COCTOUT, B OCHOBHOM, 13 Bogopoaa. Co
BpeMeHeM, bnarogaps a4epHbIM peakuusiM CUHTe3a

i=0l-k=C=0- -

BblAENAETCS SHEPrusi, KoTopaa yaepXxuBaeT 3Be34y B COCTOSAHUN paBHOBECUA.
[Tocrne obpasoBaHua agep Xenesa ganbHenwasi asonouns Tpebyet 3atpar
SHEpruu.

B ueHTpe 3B8e3abl nponcxogmnt popmmpoBanme Fe - sagpa.
<F,. 3Be3fa HauMHaeT ckmmaTbes, konnancupoearths. [og Aenctemem
rpaBUTALMOHHBIX CUI SA4pa Xenesa paspyLarTcs, N ANEeKTPOHbI NPaKTUYeCKU
BOABMNBAIOTCA B aTOMHbIe sapa. [1pn 3TOM 1U3ny4vyaroTCca 3NeKTPOHHbIE
HEUTPUHO. > 10 %
~ o 9HEPINN NOKOA 3Be3bl
[TonHaga aHeprus gv ~ 1O%M36€ P i}
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STa uaes poaunack B Pro ae XKaHelipo B pre —n+y,
Ka3nHo «YPKA», rae 6onblLOe KONMYeCcTBo | v o
[leHer MrHOBEHHO MCnapsiioch. & nN—>p e A V,

«Mbi1 paspabomarnu obwue udeu omHocumersibHoO Porsu
HeUmpUHHO20 U3J1y4eHUs 8

U38€CMHbIX 8 aCMPOHOMUU, 8 MO 8PeMS KaK

00 cux rnop paccmampuearmcsi Kak 4ucmo
auriomemu4yecKkue 4Yacmuukl 8 €8513U C meM, 4mo ece
yCUurus ro ux peaucmpauyuu mepriesnu Heyoady.»

[. F[amoB, M. LLlosH6epr



> 3aperncTpupoBaTh rpaBUTaLIMOHHBIN KOMNANC, Aa)ke eciv oH
ABNAETCH «TUXUM>» (HE CONPOBOXAAETCS BCMbILLKOW CBerHOBOVI),
- U3yunTb AMHAMKKY Konnanca;

- OueHnTb TeMNeparypy B L@HTpe 38e3/bl.
MapaMeTpbl HENTPUHHBIX. AGTOKOB NPX KO/Tance HeMarHUTHbIX,

HeBpamatomecn ccbepwqecm CVIMMeTpVIl-IHbIX 3Be3/

Ilonass  DJHeprust  JHeprus Cpezmml Cpenusst . , Y AIHTeIbH

Mojea, OHEPIMs  YHOCHMAsi YHOCHMAsi OHEPIMsi IHeprus 0CTh
108 3pr Y 10% ape v, 10%3p2 Vv, MsB v, MaB M5B genpecka

Mopaean
I 12.6 10.5 5 ~20
Mojaeab 3-14 0.5-2.3 0.1

I 10 8 25 5

M3 Teopun «cTaHaapTHOro» Kommanca creayer, YTo CyMMapHas aHeprus,
yHOCMMas HEWTPUHO Beex TUMoB: Ve Ve Vi Vi Vs Ve cootBetcTByeT ~ 0.1
Macchl Sapa 38e34bl U OENUTCH NMOPOBHY MEXAY STVUMM LLECTbIO
KOMMOHEHTaMM.



Ceneral lvlsa

How can one detect the neutrino flux from collapsihg stars?

Until now, Cherenkbv (HZ,'O): ané:"SCmtlliatlon (C,.H,,) detectors which are
capable of detecting mainly ,-have been used in searching for neutrino
radiation, This choice is natural and connected with large  -p cross-section

2 9 3E2 1 O 44 2 E . >>0.5 MeV
As was shown at the flrst tlme by G. T Zatsepln
0.G Ryazhskaya A.E. Chudakov (1973) the proton can be

used for a neutron capture with the following production of
deuterium (d) Wlth v = quantum emission Wlth t~180 — 200 ps.

n+p—>d+7/ E —..22MeV

The specific signature ofevent .



1965 - elaboration of new liquid scintillator: transparency
L~50m, stability >40 years, -
the price 30 kop/L (<30cent/L.)

A- -\7;\/Jr3;}t]i/ \/2 _)c| cJ/}/Jr OF r’/r'/f eyl
1965-80 - Constructlon of scmtlllatlon detectors and study of deep
inelastic muon lnteractlon and generatlon of nuclear active component
of c.r. underground -

= study of cosm|c ray background

1979 flrst detectlon of up gomg atmospherlc neutrino in Baksan.

1979- 80 - the begmnlng of search for neutrlno from collapsing stars in
Arteomovsk __and Baksan. .3 detectors used the liquid scintillator.



3aBucumocTtb OCB ot
KOHUEeHTpauuu PPO.

1 - POPOP un apr0|-|
OTcyTCTByI-OT

2-0.03r/n POPOP’a,
aproH 0TcyTCTBye'r'.

3 - POPOP OTcyTQTByeT
HacblWweHne aprOHoM

4 -0.03 r/n POPOP’

HaCbILIJ,EHVIe apI'OHOM
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puring last 4U years the 1ollowing unaergrouna aetectors were constructead by tnhe
Institute for Nuclear Research of the USSR:

I AC.EI (CO”GPSZ) : INR RAS, Arteomovsk, 105 1 of liquid
scintillator, 1977

2. BUST (INRRAS), 1978

3. LSD (INR RAS together with Institute of Cosmo Geophysics of
CNR) Mt. Blanc, 90 t of scintillator and 200 t of iron, 1984

4. LVD (INR RAS and LNGS INFN, Gran Sasso) ,
0,35 kt scintillator and 0,33kt iron , 1992
last version (1 kt of scintillator and 1 kt of iron), 2001

One of main goals of the experiment is the search for
neutrino burst from collapsing stars.
These detectors also are used for different studies in the field
of underground physics. The possibility of a simultaneous
detection of a neutrino burst by several detectors located in
different places on the Earth strongly reduces noise and

increases the reliability of results.
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Discussion about
underground phys:cs 1969 ..

Discussion about
~Russian-Italian

~ collaboration,

1 9 /7




DETEKTOPE] PaSE




1985 - OcbuumanbHbIN
3anyck LSD:
HoBoe HanpaBneHue
(pU3NKM KOCMMYECKUX
nydeu — [loasemHan

~ cusumka



L.SD, Mornite Me

“FHLH 8 H H W1 H H A H H -

Col disegnatore Renato Frascoli
abbiamo ricostruito il telescopio
neutrinico. In alto, la macchina in
sezione. Qui sopra, uno dei 72 elementi
del telescopio. Il neutrino, dopo aver
oltrepassato la montagna, incontra un
protone nella speciale macchina. Da
questo incontro (interazione nucleare)
nascono un‘elettrone positive (e+)
che si disperde, e un neutrone (n).
Questo, a sua volta, incontra un
protone: da questo nasce un raggio
gamma che illumina i fotomoltiplicatori " +
del t io: solo cosi gli scienziati ; ELETTRONE
hanno la certezza di trovarsi in POSITIVO

» presenza di un neutrino p ient
dallo spazio.

NEUTRONE

(]
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A Supérnova explosion .




February 23, 1987 |

| m,=12m

Geograv | 2:52:35.4
5 2:52:36,8
| 43,8
K" 2 2:52:34
(4) 1 44

IMB

BUST 1 2:52:34
|




The results are not explained in the frame of the standard
collapse model, but can be naturally explained by rotating

collapsar model (V.Imshennik,O. Ryazhskaya, Astron. Lett.

30, 14 (2004)) which predicts two-stage collapse. LSD
detected neutrino from the stage of
neutronization of the star due to the

| presence of the iron in LSD. The first stage

was ~ 5 hours early then second one.




1 903K BPALLH A A TBOBNOKHOC

i 1. PewwuTtb npobnemy TpaHcoOpMaL MK KosIanca
BO B3pbIB /11 MAQCCUBHbIX U KOTaNCUPYIOLLINX

| CBEpPXHOBbIX (Bce Tunbl SN, Kpome Ia -
. TepMOosAEpHbIX S\'))

| 2. PewwwuTb npobnemy ABYX HEUTPUHHBIX
® curHanoB oT  SN1987A, pa3zeneHHbIX
| BpeMeHHbIM MHTepBaIoM 4,7 u.




Pa3Hnya Bbixoga HEUTPHUHO B MOAE/TH CTaHAapTHOIo
KoJI1arca u B MOgeJT BpallyaroLerocs KoJsiiancapa

Tevox107K T ~5x1010K
1%
" \ e
Vﬂ
; N
e : p~2.610"rcm3
_; —12MeV v OcHoBHas peakuusa - YPKA-npouecc:
E, ~10MeV ptre —ntv,

E, =(30—-50)MeV

—

E, ;- =(20-25MeV

V//["//L’ ”Z" T




H=5200 m.w.e. 72 co, 90 tons of C.H,, (n~9), 200 to s||||
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SHepaus, MaB

JHep2emu4vyeckuu
criekmp 4acmuu,
ebIxodsauux u3
XesieaHou
naacmuHKu
mosiwuHou 2,8 cm

(pac4eT BbINOSIHEH C
UCNofib30BaHMEM
Geant4; rucrorpamma —
obOLee
3HeproBbiaerieHne)



Review by Imshenmk V.-S:_}:;_:_Nad.-_;ozhm D.K: // Inter ] Mod Phys. A
20, 6597 (2005) . 7

Imshennlk V S Space_Sc‘j;Re-' ___574 325 334 (1995); Astronomy Lett., 34,
375 (2008) lmshenmkVS Ryazhskaya' G, // Astronomy Lett., 30, 14 (2004)

a - number' ;of questlons still

remains!



K14 I NN

BUST|3 L |1l

|
LSD) 2 i EE

| | | T |
LSD|1 L |1 I | [ | ||

0 2:52 5 7:35 10 UT

Timing dlagram of the BUST pulses cornmdent wrth the LSD pulses within 1 s
and similar comcrdences for the K2 and LSD detectors as well as double pulses
in LSD over the perlod from O OO to 10 00 UT on February 23, 1987.

N (LSD- K2) cby chance - 2 G \/JJIJr JrJ flc= by CHance
N,(LSD- BUST)" 13N cbychance =3 WitiISINEVEIDURERTS

N =12

pairs by chance



LVD — rJeﬂ Lor LJmJ_er STANESESSONIENIGS @ 3500 m.w.e.

v'the Iargest |ron-scmt|IIat|on
telescope in the world
v 3 towers:
- v840 scintillation counters
(1010 tons of scintillator)
/ 10.00__.tons of iron

-

b LVD is 10 times
expanded version of the
LSD (Mont Blanc)

W apparatus which has

’ﬂ .L detected the v-burst

from SN 1987A at 2:52
- UT on February, 23,

. 1987. LSD & LVD are

J Russian-Italian projects.

| J. l“" Scmtlllator & scintillation
: ;" J_§ ' counters were elaborated

%,ﬁ and produced in INR, Russi:

Study & |mportant
results in:
*neutrino physics
sastrophysics .
«cOSMic ray phySI : '_ =t ,
~search for rare
processes

The main 'géal
is to search for »
v bursts from #al

collapsing stars p

it =
-




U \./Uh‘} \"o il A Uﬂﬁuﬁﬁﬁﬂ '.JL_FK_':? Lo | UU i_t\/h“af‘-_it‘;. hﬂjﬁ
LIeuCCinioS |
LT .:*,HU.,... |_;*u=z-,. YRS LalS
e = -7 = =
,+tp—o e Ly el --
' n+H—>d+7/(E =2.2MeV)

_ ~185
"y (E —10 16MeV) }T =

v e — 57Fe £

v, + 26F e—) C0*+e 0*—) Co+2y, E =7+11MeV

v, +’1ZC—>12C +v (z—e,u r) 126 —>12C+7, E =151 MeV
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JIETEKTOPBI
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Detector

Arteomovsk
ASD
Russia

Baksan
BUST

Russia

KamLAND
USA
Japan

Gran Sasso
LVD

Kamioka
Super-K

SNO
Canada

ltaly,Russia -

Japan,USA

Thre-
shold,
MeV

Depth
m.w.e

Mass,
ktons

0.1

570 5

JCiH
013 10
_CnHZrII

re

HG

6000 1D,0 5

55

& o B
E " - E=30 MeV |

Number of
events

VA v.C

19*
g**

Back-
ground
§-1

Efficiency

097 0.8 0.85 57 0.16

02 45

(67)

0.013
(0.033)

5%(8)
3**(4)

0.6 -
180*

500 80**

250*
100**

110*

09 06 055 500

<0.1

650*

09 - - 9400 <160

600*
700 350



During 32 years ["Collapse” - 1977, LSD - 1984-2002,
LVD - 1992(1 tower), 1998 (3 towers)] there were no
observation of v radiation from collapsing stars in
the Galaxy. The collapse mTe is Iess than 1 / 14
years at 90°/o c.l. 0

Dur'mg 10 year's There were no , observation
of v radiation from collapsing stars in the
Galaxy without electron antineutrino

radiation. The rate of the such collapses is

less 'rhan 1/ 4 year's a'r 90% c.l.




LD Mediiestion

Sodium chloride as a-'target for electron neutrino

T



S N E \_/\_/@ Supeﬁ\f ova Early ‘Wammg System

Large Detectors for SN Neutrinos

LVD & Super-Kamiokande
Borexino & Kamland

.\\

|

Triangulation by arrival
time poor, cos(0) ~ 0.5
“| (Earth diameter ~ 42 ms)

Asymmetric signal from

ve scattering: Pointing
accuracy ~ 5° (SuperK)

Amanda or ~ 20° (SNO)

(Antarctic ice) [Beacom & Vogel, hep-ph/9806311]F




MccnenosaHue
I'IpOHI/IKaPOLLI,eI7I KOMMOHEHTDI

KOCMI/I‘-IeCKOFO M3nyyeHus
9 e 3e|vme|/|

v 3HepreTquCKme CNEeKTPpbl MIOOHOB,

v’ N3yyeHne rny60|<o Heynpyroro B3aI/IMO,EI,eI/ICTBVIF| MIOOHOB BbICOKOW QHEPTUU
v'['eHepayus SAEePHOAKTUBHOMU KOMI‘IOHeHTbI noa 3e|V|ne|/|

v'Kpuas rnybuHa — WHTEHCMBHOCTb MIOOHOB,

v'kpuBasi rnybuHa — MHTEHCUBHOCTb HeVITpOHHOI/I KOMMOHEHTbI

v'Ce30HHbIe Bapmau,vm MFOOHOB K. rlo;;l, 3emren c E>2 TaB

v u+/u- OTHOLLUEHUE

v'MOHUTOPUHT nyqlig "3 LI,EPH‘a 4 AHC NS PAH,
44 o ~ BHO 14N PAH,
MI'Y, LSD, LVD
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3.65
m

intensity E

10°
muon energy at sea level (GeV)

Vertical muon energy spectra at the sea level: dlamonds LVD data; circles: ASD
data; bold boxes: MSU data; solid curves: LVD best fit (y=2.75) together with the
error corridor of the parameters and absolute flux normalization; dashed curve:
MACRO best f|t - ' -
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Spectral indices obtained in various experiments
Experiment Spectral index Method
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Energy spectrum of neutrons passed | [ —
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together with the spectra of secondary | . : .
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distance. hall from the rock
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Energy spectrum of the
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Collapse
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Rock thickness X, m
Barton J.C., XIX ICRC,
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Energy spectrum of
isolated neutrons
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= neutron-produced even

{Neutron space distribution | il 300 MeV
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If we take into account experimental data

N (E ~10®)~1.1.10°
N (E ~10%) ~ 6-10°
N, (E ~10") ~3.4.10°
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The u*/u Ratio
ICRC 2009, Lodz,
Poland; The muon
decay and muon
1,6 capture detection with
LVD - LVD Caoll. -
In: 29th ICRC, Pune, 6,
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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 varlatlon at the hlgher depth

undergro und |
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On the experimental possibilities of the
observation of neutrinos from collapsing stars

At the ICRC in London, 1965, in the paper “On the experimental possibilities of the
observation of neutrinos from collapsing stars” G.V. Domogatsky and G.T. Zatsepin
started to discuss thqf'pos__sibility for the experimental detection of such processes.

if the mass of star is M ~M i

e +e > V+17 '

if the mass of star is M >M m .

< 30005Mm

) 4 - 7 | Diagram of the directional arrangement.
i . B A-_i_prqﬁosal of éahiplefce .‘experiméht____r;ﬁuéft provide information about the
7‘“" 3 direction and energy spectrum of the incident flux of neutrinos and

antineutrinos as well as the time distribution was presented.



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].

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]

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]

The double pulses in LSD [Dadykin et al. // Proc. TAUP’89, 339 -
1989, Izv. AN SSSR, Ser. Fiz., 55, 4 — 1991; JETP Lett. 56, 426 1992].



e The results of these works disagreed with theoretical predictions and
seemed difficult to understand. The hope that the recording of other
stellar collapses much closer to the Earth would clarify the situation then
played an important role in shaping the attitude to these works. We
share this view.

e However, glven the pessimistic estimates of the rate of
collapses, this may not happen soon. Hence, it is not
expedient to neglect the 1nformat10n available at present.
Therefore, We wish to draw the attention of researchers to

the above works and brlng them agaln into scientific use.

® Despite all of the drfflcultles in understandlng the results of these works,
they contain somethlng that does not allow them to be
rejected as a klnd of 1nc1dents that commonly happen when

experiments are analyzed Before eluc1dat1ng our idea, we will have to
make several remarks.



About method

First — temporal coincidence.

The technique of searching for neutrinos from stellar collapses
is the temporal coincidence between the pulses in various
detectors. This practice reduces background pulses and noise
and can find something efl_se.,

Example: the coincidence of the 51gnals at 7:35 UT on February

23 1987111 three detectors K2 BUST and IMB. This technique
helps to fmd -- -

K2 clocks were 7S slow | . .
°BUST clocks 30 s fast relatlve to the UT standard.

If this effect is not taken into account the excess of coincidences
between the pulses from various detectors does not exist.



Second, studying the coincidences in very narrow time windows

» In a normal mode of operation, the neutrino detectors record
pulses with a rate of about 10 1 g1 day by day for many
months and years.

» If n; and n, are the background pulse rates in detectors 1 and
2 and Atis the time window =>

nchanc;(; 7 ZAt nr"z
o LSD - K2: nchance— 1 per hour 7 e
o LSD - BUST: A oancez 1.5 per hour e

» The measured rate of coincidences corresponded to these
values for the long time intervals studied, up to several tens
of days. The only exception is the time interval when the
supernova explosmn was observed.

» on February 23, 1987:
O LSD Kz ndeteai;e:rl_ 8 per 2 hours .
o LSD - BUST: n,,;,.;.,= 13 per2 hours;



Double pulses in LSD

On February,23, 1987, from 5:42:48 UT to 10:13:04 UT
double pulses were detected

E>25 Me / l/ 5<E<25 MeV

«—» <2s

n = 0. 275 per hour from statlstlcs ~1 year
Hoypected =0 PEE 4 5 hours ;
ndetected- 9 per 4 5 hours, Dt<2 sec, <t>—1 5 sec.

chance

Probablhty ofte co1nc1dence by Chance with the day of SN:

3 10 yea rs
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- HelmpoHHLIU 8bIX00d

Yuciao Yucao Yn=
BCEro COObITHM: Nmuon Nneutron Nn/Nu
MIOOHOB HENTPOHOB k*Nn/Nm
OauHO4YHbBIE
23914 3750 0.157
OnuHoYHBIE MIOOHBI
28696 0728 0,000403
COOBITHA OnuHoOYHBIE
4782 5978 1.25
MIOOHBI C JINBHEM
MHoKecCTBEeHHbIE
2736 422 0.154
MIOOHDI
Multiple 3284 1128 | 0,000408
MHoKeCcTBEeHHbBIE
548 706 1.29
¢ JUBHEM
Henoanarommecs
«stop» 162 162 132 132 -
PEKOHCTPYKINH
31980 |31980| 10856 10856 0,000403
32142 10988 0,000406
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