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I am very honoured to have the opportunity to give this talk
in this famous Academy.

Thank you very much to Academician Victor Mateeyv,
Director of the INR of the Russian Academy of Science,

for the award that may be I didn‘t deserve.
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Liquid Scintillator Detector (LSD)
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General view of LSD



Detection mode

Detection of &" from the reaction ]7 -|— p %e_k _|_n
e

that has a large V-p cross section.

05y ~93E. 10" cn’ E +>>0.5MeV

It was shown for the first time by G.T.Zatsepin, O.G.Ryazhskaya, A.E.Chudakov (1973):

n—l—p%d—l—}/ Ey=2.2 MeV

with ©~180 — 200 ps.




How can the neutrino burst be identified ?

The detection of the burst
of N impulses in short
time interval T

V.+p—oe +n

N ~ jl (E,)-o(E, YdE-M
47R* Z,: g,
5 MeV
0.8 MeV
> N. .~ 50in LSD
g X —g X le T | At ~ 5-20 sec

T=500us E.+ < 50 MeV
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Finally, if the collapse occurs within our Galaxy, a large ammount
of information on the dynamics of the collaps¢ znd on the physical con-
ditions inside the pre-superncva core can be c¢btained by obsetving not
only the 5; through reaction {1); but_aISO the v, through the elastic
scattering reactiony + e -®»9 + e , which however produces a ltower
number of interactions in the degector. The signature of the electron
neutrinos is given in LSD by pulses above the high energy threshold of
7 MeV, without any low energy delayed pulse. In this way, since » are
emitted as early as the neutronization stage ¢f the collapse, theeini—
tial phases of the development of a collapsing star can be study.

4, Solar neutrinos

Since in our apparatus the local radioactivity background from the
surrounding rock has been reduced to very low counting rates, we are
ecking the possibility to detect high energy solar neutrinos from the
B decay in the Sun, through the elastic scattering reaction with the
electrons of our detector.
By using the present limit flux of solar neutrines observed in the
Brookhaven detector, and taking into account that the energy threshold

in our apparatus can be set at 5 MeV, the numkter of detectable electrons
from solar neutrinos is ~ 0,3/day.

5, Atmospheric neutrinos

At low energy range, 10£Fp<700 MeV, no experimental information
is at present available for the atmospheric neutrino spectrum; also the
theoretical predictions are not well defined in this region, even if so
me calculations have been recently made for crergies > 200 MeV to stim;
te the neutrino background in proton decay experiments in underground 5
laboratories. However, new efforts are in progress, Gaisser
dict the neutrino spectrum at low cnergies.

With our LSD experiment we intend to dire:tly measure the ¥ atmo
spheric neutrinos above an energy threshold of %10 MeV through regcti0;

+ to pre-
-

(1). By measuring inside the fiducial volume of LSD both the energy of
the contained e’ and the associate y-pulse fiom neutron capture, we'll
obtain a direct experimental measure of the ¥ _ atmospheric spectrum,
with a very clear signature that makes such events easily distinguisha-
ble from any other type of neutrino interactiocns, At a threshold of 10
MeV, the total number of atmospheric neutrinc interactions has been e~

stimated ta be of the arder of a few tens per vear.

563



N -1 ON-LINE:

A ~ search for cluster of pulses in real-time
|

At

N> 2

1ms < At < 600 sec

if < 1/10 day >

Conditions: <

~

Only 1 pulse/N OFF-LINE

E <60 MeV Avoid some noise,
uniform distribution, < 0.1%
scape muons, etc




On-line Burst detection by LSD
at Mt. Blanc




February 23, 1987
2 h 52 min.




On line print of five pulses on 23 February 1987 at 3 hr, 52 min, IT
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Telex from F
S. Cristiani from | &-M,g/i_ M/ 8 R AR

ESO, Chile ¥
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27/02/1987 ¥
SRR 3

. ATT. O. BAAVEDRA
FROM.1 E. CRIETI1AN]

EORRY FOR THE DELAY.
MORE DETAILED INFORMATION ABOUT THE SN 1287 A

1) THE DISCOVERY WAS MADE ON FEB 24.23y BUTs» FROM FREV1OUS PLATEG»
1T HAS STARTED R151NG BETWEEN FEB 22 AND FEB 23.#;3.

2 TYPE OF THE 5N 15 ALMOST CERTAINLY I1 AND THE PROGENITOR COULD
BE A MASSIVE ETAR: BANDULEAK -5%. 202, OF ABOUT 12.2 V MAGNITUDE.

33 LUMINGSITY STILL TO BE COMPUTED 1IN DETAIL. AT PRESENT DATA
ABOUT BOLOMETRIC LUMINOSITY ARE NOT AVAILABELE. AT FRESENT THE SN
18 ABOUT 4.2 MAGNITUDE V.

4) APPROXIMATE DIBTANCE = 32 KPC

MORE RELEVANT INFORMATION 1N THE MNEAT DAYS. PFLEASE HEEP HE
INFORMED ABOUT YOUR OBEERYATI1ONGS.
CORDIALMENTE » -

SETEFAND
240881 ESOGO CL&
224370 LOSMOT FHMHMH

EIEY BEENENSTEE crvel v el ETFELEX



Circular No. 4332
I. A. U.

2/28/1987
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3
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70 DIRECTOR

IN THE MNONT BLANC NEUTRING QERSERVATORY A=STGNAL—HAS=BEEN=DEFECPFD ON
FER.23RD AT 2258 U7. THE NEUTRING TELESCOPE. RUNNING SINCE QCT. 1984:
AT 5668 N.W.E. UNDERGROUND. IN COLLABORATION BETWEEN QUR 1S71TUre@ DI
COENOEEOFISICA CHNR: TORINOG (ITALY) AND ACADENY OF SCIENCES OF USSR
HOSCOW (ZATSEPIN GROURP). CONSISTS OF Q6 TOMNS OF LIQUID SCINTILLATOR
TN 72 COUNTERS SHIELDED WITH 266 TONS OF FE SLARS.

THE RECORDED SIGNAL 78 MADE BY & PULSES. ABOVE THE 7 NEV ENERGY
THRESHOLD . DURING 7 SEC. THIS I8 IN AGREENENT WITH THE PREDICTIONS OF
COLLAREING FE-CORES STANDARD MNODELS AT 58 KPC FARAWAY. RBOTH IH ENERGY
AND TN TINE DURATION.

THE PROBAEILITY OF A RANDON COINCLIDENCE WITH SUPERNOVA SKH 1987 A 18 1
AROUT FUERY 260666 VEARS. '

DETAILS WILlL BE SEND SOON BY TELEFAX (PLEASE. LEFT US KNOW HOUR
NUNEER ).

BEST WISKES

CARLO CASTAGNOLT
DIRECTOR OF ISTITUTO COSWOGEOQFISIEA
TORINGQ = TTALY

g
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LEX



Events, detected by LSD

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

2:52:36,79 | 6,2—-7
40,65 | 5,8 -8
41,01 | 7,8 -11

42,70 7,0 \;

43,80 | 6,8

7:36:00,594 | 8
7:36:18,88 | 9

N =101 WO N =




IMB, K-II and BST SN-neutrino
detection time




GINZ
& Mats:‘ﬁz;kaya

DEPARTMENT STORE
Closed Wednesdavs

10AM -7P M. daily, Ginza 6 chome. Tei03.572.1111

No. 23012 (B)

B #

Dedicated To international Understanding
Tuesday, March 10, 1987

CREN=im0amImesmEes])

[EHEOZR S MO BTN R I R TCR)

)I

-

MIKIMOTO BLD:
CHUo.

© Mainichi Daily News, 1887

_ = 82 Bodies Believed
S Jap all Team ClalmS Trapped In British1

1st

nos, emitted by an exploding star,

The Japanese scienists cast
doudt on a similar announce-
ment last Thursday by a team of
Italizn and Soviet scientists in

They said their observation, on
Feb. 23, was the first detection
of neutrinos emitted rom outside
the soiar system

The European scientists
claimed lo have made the cbser-
vation five hours earlier on the
same date.

The observation concarns neu-
trinos from a supernova in the
large Magellanic cioud, 2 satel-
lite galaxy that lies beyond the
Iringes of the Milky Way, about
150.000 light vears from the
earth.

But the Japanese scieatists
doubt the accuracy of the obser-
valion made by the Eurapean

group, because they said the
device they used is more S0Dhis-
cated than the Itaiian detector
built beneath the Alps.

The Japanese device i 1.000
meters below the ground at an
gbservatory beionging to Tokvo
University in Kzmioka. Gifu
Preiseturs.

The U.S.-Japan joint researeh
group, led by Masatoshi Koshiba.
aprofessor in the seience depart-
men! at Tokyo University, said
it detected 11 neutrinos within 13
minutes from 7:25.35 (GMT) on
Feb. 23 using the device,

The scientists belive the first
two of the 11 neutrines were from
the supernova, because they both
came from the direction of the
large Magellanic cloud, Prof
Koshiba said.

During the first two seconds,

Reagan Received 2
Reports On Irangate

WASHINGTON (AFP-Jiji) —
President Ronald Reagan last
year was twice lgld by his nation-
.al security adviser at the time,
Vice Admiral John Poindexter,
that the profits of arms sales to
Iran were diverted to
Nicaragua’s Contra rebeis, The
‘Washington Post reported
Sunday,

The nonar Asatime wdas '

investigating the affairis soonto
make a decision on whether to
offer Poindexter immunity from
prosecution in return for his tes-
timony

So far he has pleaded the Fiith
Amendment of the Constitution,
which allows him torefuse to tes-
tify for fear of imcriminating
himself.

Vit has succeeded for the
gelementary particles, called neutri-

7.5 million to 36 million electro-

nic volts of electron energy was

observed, he said.

Of the 11 neutrinos, nine were
bolieved 1o have been anu-
neutrinos, he said.

The scientists estimate that 10
billion neutrinos have reached
the earth per square centimeter
from the supernova and the tem-
perature of the supernova is 30
billion degrees centigrade.

The Japanese device, cylindri-
cal in shape, is 15.6 meters in di-
ameter and 16 meters high. It is
filied with 3,000 tons of pure
waler and equippad .with 1,000
photo electron multipliers.

Neutrons emit blue light when
neutrines collide with electrons
in water. Neutrines are minute
particles emitted when neutrons
disintegrate into protons and
electrons.

The discovery confirms a the-
ory that when massive stars ex-
hausi their nuelear fuel at the
final stage of their evolution, ex-
ploding s supernovas, they emit
large quantities of neutrinos,
scientists said. The sun also
emits neutrinos.

Neutrinos, whose mass is near
2ero, can penetrate any body and
contain much information about
slars, They are believed to hold
a key to solving the mysteries of
the creation of the universe.

MATl.. 1"

etection Of Neutrinos

A U.S.-Japan research team said Monda
first time in the world in detectin

ey s L

™ I 5 7

Tokyo University Professor Masatoshi Koshiba annosnces

the detection of reutrinos from a supernova in the Magellan-

ic cloud.

Nunn Wants Soviet
Troop Reductions

WASHINGTON (AP) — Sena-
tor Sam Nunn ealled Sunday for
alink between the removal of ail
U.S. intermediate-range missiles
from Europe and a Soviet reduc-
tion in Moscow’s conventional
forces there.

Nunn is chairman of the
s s it.
tee and one of the most Tespect-
&d veices in Congress on military
strategy,

His remarks come at z time

whon tha Timitad Clné=s -3

equal number on its territory.

Nunn, interviewed on the U.S.
ABC television network, said
thatsuch a treaty should be con-
nected to Soviet reductions in its
u-uopsn'eugthml:mpe'_ )

“We ought to serve notice in
advance to the Soviet Union .
that one of the things we would
look at before we withdrew all
those missiles — let’s say the last
20, 25 percent — we will look at

ZEEBRUGGE, Belgium (AP)
— Salvage experts were to con-
tine their work Monday to raise
the half-submerged ferry lying
on ils side in the North Sea, with
the bodies of & people believed
trapped inside.

With 53 bodies already reco-
vered, the death toll is likely to
be 135, making it the worst acci-
dent in modern times involving
an English Chanoei ferry.

The Dutch company Smit Tak
of Rotterdam sent two salvage
ships with giart cranes Sunday,
and crews worked until sundown
in near-reezing temperatures 10
attach steel cables to the crange-
and-white hull.

Workers mav spend weeks
welding steel loops to the hull in
various places, attaching cables
to the loops, and hoisting the ves-
sel upright.

When the Herald of Free En-
lerprise is upright, they hope to
recover the remaining bodies.
The 82 missing people were pre-
sumed dead, trapped in the
vessel

Relatives, meanwhile, were
filing past rows of coffirs in a
makeshift morgue in a basket-
ball eourt to identify the victims.
Officials said Sunday evening
that 22 of the 53 bodies recovered
so far had been identified by fa-
mily members. Nonames or na-
tionalities were disclosed.

With the last flickering hopes
of finding more survivars zhaard
the vessel extinguished, the
death toll was likely to be 135, as-
suming the count of 543 pas-
sengers and crew aboard is
correct. Officials say there were

tional shock™ and “‘blaming him-
sel™ for the accident, but gave
no details,

He was responding to 2 Sunday
report in a London newspaper
saying Staniey, 28, blamed him-
self for the disaster because he
left a loading door open thal ai-
lowed the torrent of water into
the ferry.

The British news agency Press
Associalion quoted unidentified
divers as saying the propellers of
the ferry were set full astern —
apparently a sign that Capt.
David Lewry was trving to stop
the ship.

A relired skipper of a similar
Townsend Thoresen ferry, Capt.
Oliver Elson, was quoted by the
agency as saying the pasition of
the propellers would indicate
Lewry was employing a maneu-
ver known as a “crash stop.”

Lewry, 46, was in intensive
care with a punctured lung, his
lawyer, Graham Bridge told
reporters. Bridge said the cap-
tain, who fell the width of the ship
when il keeled over, was inter-
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Call

Mart-Opening

French Foreign Minister Jean-
Bernard Raimond called on

Japan Monday to furtheropeniits -

market to the European Commu-
nity to help correct 2 trade im-
balance,

Raimond, who arrived here
Saturday, made the request ina
meeting with Shintaro Ahe,
chairman of the Executive Coun-

diversion of
from the .5

He also as
French comt
U.S. firmsin
New Kansai
port project.

Raimond s
surplus with |

creasing yea



Table I: Summary of IMB Events_

Relative  Cosine Angle
Time from SN from SN
0.000 0.172 80410
0.412 0.720 44415
0.650 0.563 56420 -
1.141 0.414 65420
1.562 0.843 33+15
2.684 0.610 52410
5.010 0.738 42420
5.582 -0.2486 104420

Event

Time
T 7:35:41.374
7:35:41.786
7:35:42.024
7:35:42.515
7:35:42.936
7:35:44.058
7:35:46.384
7:35:46.956

Energy
(MeV)
38T
STET
2846
39T
3619
36+6
1945
2245

A+ 50 s

Mt. Blanc — LSD events

Ta.bli_:__ll: Summary of Kamioka Events
Event Relative Cosine Angle Energy

At =12ms

At

Time
7:35:35
7:35:35
7:35:35
7:35:35
T7:35:36
7:35:36
7:35:37
T:35:37
7:35:37
7:35:44
7:35:45
7:35:47

Time

- 0.000

0.107
0.303
0.324
0.507
0.686
1.541
1.728
1.915
9.219
10.433
12.439

from SN
0.951
0.966
=309
0.342
- 707
0.375
0.848
0.866
0.TE8
-.530
0.656
=017

from SN
18.4-18.
15.£27T.

108.432.

70.4:30.

135.x23.

68.+77.
32.4186.
30.%18.
38.£22.

122.4:30.

49.426.
91.£39.

(MeV)
20.0+2.9
13.543.2

7.54+2.0
9.242.7
12.842.9
6.3£1.7
35.4x8.0
21.0+4.2
19.843.2
8.6+2.7
13.0+2.6
8.9X1.9

Table III: Syﬁmﬂar}' of Baksan Events

7 hr 36 min. 005s 9.0 MeV tank 2
7 hr 36 min. 18.9s 6.4 MeV tank 14
Europhys. Lett. 3,1315,1987

Event Relative Energy Internal or

Time Time (MeV) External

At = +2 sec 7:36:11.818 _ 0.000 12£2.4 Internal
_54sec 7:36:12.253 0.435 18+3.6 Internal
7:36:13.528 1.710 23.344.T External

7:36:19.505
7:36:20.917

7.687
9.099

1743 .4
20.1%4.0

External
External




EVENT

980
981
982
983

984
985
986
987
988
989
990
991
992
993
994
9985
996
997
4 98
999
1000
1001

1003

1004
1005
1006
1007

1008
1009
1010
1011

All pulses recorded in LSD from 2:37:43 to 3:01:47 UT on Feb.23

GEE LB

..

TIME TANK ADC
2:37:43.5 11 35
2:38:24.9 13 49
2:39:22,7 50 36,14
2:39:35.6 3 255

9 208
10 255 /L*-
16 255
23 255
2:42:03.2 TDC TEST 2k
2:42:11.1 69 37,13,13
2:42:27.6 31 a2
2:43:47.4 35 33
2:43:58.5 61 39
2:44:29.2 a1 45
2:45:26.4 42 45,13
2:45:38.8 59 50
2:49:12.7 TDC TEST
2:52:02.0 16 35
4  2:52:36.8 31 33
2:52:40.6 14 37 ‘ r1
J0sec  2:52:41.0 25 TR
J 2:52:42.7 35 32 i
2:52:43.8 33 40 i
; 2:03%41.3 63 40,24
2:55:51.2 11 49
2:56:12.1 55 44,12
2:56:22.2 TDC TEST
2:56:24.6 5 255 % A
11 59,13
29 113,14
2:58:14.8 31 43,17,15
2:59:28.3 42 a4
2:59:46.6 43 39
2:59:50.6 1 255 |
35 255‘
59 255)
3:00:01.5 25 44
3:01:04.7 61 44,17,16
3:01:39.6 1 38
3:01:47.2 3 34

Events No. 983, 1003 and 1007 are cosmic ray muons

EVENT
1270

1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285

1286 .

1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301

TIME
7:13:35,2

7:14:04.1
7:17:35.5
7:21:13,6
7:23:19.0
7:25:46.4
7:26:28.1
7:28:23.1
7:28:25.3
7:29:57.1
7:32:43.9
7:32:53.9
7:33:39.7
7:34:21.6
7:35:32.6
=9 7:36:00,5
—— 7:36:18.9¢
7:37:12.8

7:37:50.1
7:39:25:2
7:42:42.1
7:44:09.1
7:44:33.0
7:45:08.6
7:47:24.9
7:49:51.6
7:56:47.4
120120151
745811158
7:59:08.2
7:59:17.1
7:59:18.5

TANK

10
11
28
29

53
TDC TEST

4

TDC TEST
14

1

12

TDC TEST
10

6

41

25

20

17

TDC TEST
2

14

20

3l
27
TDC TEST
41
53
14
33
TDC TEST
35
TDC TEST
41
54
25
17

ADC

255
184
106
255,41
255

26,10

34
42
48

36
45,16

a

255 — M
¥

3

34 i )
38
42,11
35,15,14
35,14

40
42
33
40

42

35 ;5
45,12,15
255,22
42

~— E:: T

v

All pulses recorded in LSD near the Kamiokande-IMB.
Events No. 1281 and 1300 are cosmic ray muons
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Number of burst as a function of thei duration for mulipliciyof pulses n=2, n=3 and n=4 (fig. a)
and forn>5,n>10,n > 15 and for n = 20 (fig. b). From 9/28/1986 to 5/23/1987.

T=217.7 days, N = 234.168, <f>= 0.012 ev/sec
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Two bangs can produced
the two separated neutrino burst?

e De Rujula
e Imshennik and Ryazhskaya




Correllations between LSD - K-II
and BST







Kamioka-LSD correlations
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FIGURE 2. Distribution of the number of coincidences between K2 and LSD in the period from
114510 3:45 U.T. on 23 February 1987 as a function of the time shift in the K2 absolute time.
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On the Correlation between Mont Blanc
and Baksan Underground Detectors in
February 1987

A. E. CHUDAKOYV

Institute for Nuclear Research
Academy of Sciences
Moscow, Union of Soviet Socialist Republics

INTRODUCTION

After hearing the lecture of professor, E. Amaldi, at the Erice School (April 1988)
concerning the observation of a correlation between gravitational antennas (G.A.) and
Mont Blanc (LSD) signals' and then discussing the subject also with O. Saavedra in
Torino, I suggested to look for a correlation directly between the LSD and Baksan
data, thus of two quite similar underground scintillation detectors.

The idea is very simple: If something really happens that activates the G.A. signal
and that, after 1.2 s, gives a signal in a particular scintillator, then there should be a
chance to observe a quasi-simultaneous signal in another, possibly very distant
scintillator. The big distance between the Baksan and LSD detectors should exclude
the common electrical power supply as a possible source of correlation. Another
advantage of the suggested search could be a simplicity of statistical analysis when the
duration of the signal (in the scintillation counter) is much less than the correlation
time interval (1 s).

Of course, the negative result of the proposed analysis would not mean a strict
contradiction with reference 1 for at least two reasons:

(1) the probability of recording the signal in LSD is unknown;
(2) although the target mass of the liquid scintillator at Baksan is twice that of
LSD, the energy threshold (10 MeV) is nearly two times higher than in LSD.

Both effects could make a cross-correlation of LSD-Baksan unobservable.

Certainly, I also did not expect a positive result because of the fantastic nature of
the phenomenon in question. Therefore, most surprising was the news from O.
Saavedra, who, after receiving the Baksan data, informed me of a positive effect in the
LSD-Baksan correlation. Consequently, I made an independent analysis that unam-
biguously confirmed Saavedra’s message. However, at the same time, we found some
peculiar strangeness and possible internal contradictions in this correlation.

In this report, I would like to discuss both positive and ‘“‘negative” evidence
concerning the LSD-Baksan correlation. However, as the saying goes: the good news
first, then the bad news.
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POSITIVE EVIDENCE NO. 1

Following reference 1, we have to choose several quantities for our correlation
analysis:

(1) Ar = the time gate or correlation time,
(2) T = the time period in which coincidences are summarized,
(3) t = the position of the center of the T period on the U.T. scale,

(4) t, = a chlative shift of the time scales of the two detectors: in our case, a
correlation of the Baksan clock.

We first choose Ar = +1s. One second is exactly the time gate chosen in reference 1
and the plus-minus sign arrives from the assumed symmetry of the detectors. The
choice of At by intention is not =ade as an optimal one (for At = +0.2s0r At = 225,
the result could be made more impressive).

Next, T = 1 hour is in our opinion a good choice, both improving the significance of
the result by a factor of four (as compared with 7 = 2 hours) and indicating the
maximum of activity better.

The choice of 1 = 2:15 U.T. is illustrated in FIGURE 1.

The choice of 1, = —29.5 s for the correction of the Baksan clock is shown in
FIGURE 2,

FIGURE 1 shows the significance of the correlation both for the G.A.-LSD pair

" p
3
0} 1
+
10 10" FIGURE 1. The significance of
& observed correlations for both G.A .-
LSD (squares and crosses) and
LSD-Baksan (dots and solid line) as
a [unction of the position of the
w0l 0-2 period T'on the U.T. scale. Squares:
1 Ey x Eg algorithm; crosses: Ey, +
E g algorithm (see reference 1).
-3
1} 10
=
1 !
- : 10
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FIGURE 2. The number of LSD-Baksan coincidences as a function of the time shift, 1, (lop
histogram). The Poisson probability to have the observed number or mo-e (bottom histogram).

(crosses and squares) and the LSD-Baksan pair (solid line with dots). Note that data
for the G.A_-LSD pair are taken from reference 1.

For both data, the time period of ¢ — 1 hour is moved by sieas of 15 min along the
U.T. time scale. On the left vertical scale, the quantity, n, is plotted (see reference 1);
n = 2000 roughly represents the chance probability to observe the recorded magnitude
of the G.A.-LSD correlation. On the right vertical scale, the chance probability to
observe the recorded number or a bigger number of LSD-Baksun coincidences,
At = +1 s, is plotted. Although this quantity strictly does not obey the Poisson
distribution, the latter is quite a good approximation in our pariicular case. For ( =
2:15, we have: N(LSD) = 44; M(Baksan) = 116; the mean (expected) value of
coincidences is A = 2 x 44 x 116/3600 = 2.84; the observed one is 11. The practical
validity of the Poisson distribution of the number of coincidences [or these particular
figures was checked by 32 400 trials.

Looking at FIGURE 1, we see a siriking similarity between (lie (G.A -1 SD data and
the LSD-Baksan data. The correlation arrives at the same time and, approximately,
with the same strength. The probability of this to happen by clance is P = 2 x 10°%
However, the last figure should be corrected for the arbitrary choice of £y Baksan) =
—29.5s.
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Kamiokande

Event
Number
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1026
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1040
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Time
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3:12:39.10
3:12:39.46
»3:28:33.18

2:31:06.14

o

Enerqy
(MeV)

o |

an

Event
Number
124037
124948
125041
B 5 o
126600
126905
127782

127904

Time

Nhit

cos(teta)

-0.647
-0.807
-0.809

0.170
-0.028

-0.842

Time dif.(sec)
LSD-Kam

7.31

6.89

7.19

6.96

- Coincidences between LSD and K2 in the period from 1:45 - 3:45 UT, Feb. 23 1987.

The oincidence window is 4-0.5 sec.




LSD Baksan
Irndesx Event Time Enerqgy Time Ernerqy Time dif.(sec)
Number (MeV) (HeV) LSD-Kaksan
1 234 . (@3) 1:47:48.80 8.4 1:48:18.12 22.9 -29.32
Yot R4 854 1259292 .45 . 6.3 1:52:52.63 17.5 -30.18
123 4 45  2:03: 0.48 ' . 7.9 2:03:20.04 8.8 -29.56
1793 4 @ 2:10:40.10 6.2 2:11:09.70 5.6 -29.60
e , 2:10:40.32 6.8 . .  =29,38
2 3 QB9 22172 5.05 2.2 2:17:33.04 22.9 ~28.79
a9 4 966 - 2:22:31.19 7.5 2:23: 0.3 12.5 -29.14
: 38 968 - 2:26:42.26 7.4 3:27:12.49 35.9 ~-30.23
yia R 8 2:34:35,62 6.9 2:35: 5.00 19.2 -29.38 K-I
I W 2:36:17.75 6.5 2:36:47.90 n9 .1 -30.05€
Yo 4 9B1 2:38:24.89 7.8 2:58:54.41 24.7 ~29. 52
103 4 036  3:25:15.53 ”.0 3:25:45.11 n3.5 ~29,53
- S A 1047 3:38:21.10 7.8 3:38:50.08 20.6 -28.98
4 1051 3:43: 3.69 6.9 3:43:34.09 | ~30.40

—|

Coincidences between LSD and BST in the period from 1:45 UT to 3:45, Feb. 23 1987.
The meaning of the index is:

Index
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<O

Ne Time UT+1min E, MeV Theta, degree
1 2:52:34 5.3 59
2 37 5.8 47
3 40 11.4 15
4 2:52:44 4.8 130
T =4.5 hours
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1.
A tcorr.’

The distribution
of time differences bet-
ween the pulses in the
pairs (At=2 s) for the

whole data set excluding
the interval of interest

6 8
"cnrr (5hours)

The probability distribution of the
counting rate of pairs of correlated For 10 pairs (At=3 s) from 5:42 UT to
pulses per 5 hours and the poissonian

fit to this distribution; <n___>=1.46/(5 9 pairs (At=2s)

hours), AT=2s 10:13UT on February 23, 1987 .
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ASTRONOMY

Another
mystery
from the..;
supernova

New data defy a:pla.nation
but must mean somemtng

._.
-t
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By Devid L. Chandler Lok s
Clobe m... [TOR | [
hat may be Lhe Lot
mysiery yet about last
yeur's supanovl capho-
. slon In Lhe sodthern
skica, which has siready
produced & variety of puzziing cflecis 1o
give Ltheorials hemdueches, was roporied al
Tuw/ls Univerwity lust woek 10 Lhe consier
nalion of an Inlernauonal gathering of
Phiysicisis. - AT
The new anslysis of dats colleciedudy
scvarl Indrumenis an the day-§ thal
stelinr explosion suggests that Lhe beauy
Lhroes of Lhe dislanl slar were i
complex, conunued over & long spane
lune. and may have resulied o lb;gmlg
aan of parucks of a previously uot.nmnq
ype. a1
Thys analysis has drawn req.l:.nnn
ranging from bewilderment (0 Gulright
o.uwmn [rom scientsts who

“";'

pcn'mn e

the dary In F:hmrv IM'{

urhua perniove flared inlo" View (=

dals th-l el scicniisis had wasled |o
Lhrow cut and forget because Lhey seevoed
W make DO scnec = turn oul W
“ooincidencea” w0 unlikey Lhat Lhel @

oxend something, mame sclefitials wrid1ast
wock al the J3th wnnual lniernadional
Cunlerence on Neutrinos and J\.umph'p-
soa, held at Tula

Bul a4 0 Just whal these coincidehces
might mewn, nolody secma Lo have s clug;
Mo Lheory can pet accuanl for Le
Uoos = I Lthey wre real. .

The obwervelions come from af beasl
four wnstruments in dufferent parta of Lhe
warkd: huge underground tanks of Jiquid
lined with light deteciors. In Francr snd
Japan, ocaigned W pick up the tecks of
Peseling DoULNNOs, which wre incredibly
tlusive subslogic periices; and lurge cyl
Inders of alumninuo in Rome and Mary-
band demigred Ly detect uuvllr wu- 'Y

SUPERNOVA, Page 38 n

e PiLY

sl hey defy explanation but must mean somethmg

K BUPERNO e
banum.mimhp %
+kind of radiation physicisis be-
theve must exis! but wm hn

‘over a (wo-hour penod just before
sthe supcrnova was discovered,

wuwuwm

aimul

-~ "Eleven or more Uimes

Rujuls has been analyzing Lhe
probabilites involved and irying
40 find an explanation for the find-
'mgs. The odds againal Lhese oo~
“Incidences™” being the reault of
‘chance are a millicn 1o one, De Ru-
Juls has culculbsted.

* " Bul there are scrious problems,
“he quickly poinied oul, If the
‘pulses that showed up on the

vily wikve deteclors were In

‘fnct caumed by gravity waves, Lhey
iare anc milion Lmes more ener-
gotic Lthan predicied by theory.
'Bimtlarly, il the neulrino deteclors
bwere In [act picking up neulrinos,
Hrhey were 100 times maore energel-
"lt than expected,
* Thal's why De Rujula inatated
-Ilrl putling the words “gravity
‘waves”' and “neutrioos’’ In
Muoies. He W convineed Lhat some-
imwp real wus happening bul
Mtnat It musl have been somelhing
mmmvllywammdm
Hrinos

. “What the graviry wave dn.:c-
{lors have scen we Nol gravily
waves,” he sald. He suggesied, In-

acad, Lhat wot picking up
i

. Lhe tricks of & Dew &nd OWTI
! kind of pariiche, “scalar pnﬂx:h
Almiler 1o the hypotheticoal “gruvi

m"mtmwwm‘

"

. the foree of gruviuuon. fs. 0

But De Rujuls, who is also a
prolecssor of physics sl Bosion
Univeraily, concodes he s wna ble
o explain all the (indings. . Scalar
-parlicles could account for the
gravily wuve” detecilona, but It
b much more diflicull to explain

Ihe cxcrmaive energy of Lhe “neu- .
detortiona. >

“Alemayves o naulrino are
“wery contrived,” De Rujuls wrote
“fu his peper v, the findinge, “and
nlrodusing mofe Lhan one wikd
*thypolhesis per paper u bud man-
A = Lk e

-

Triple colncidences

at the time of the supernova explosion

Instrumenis in three places picked up 3 stnwliongous pulses J
Jram the supemoua in this basf ome span. Other such
“colncldences” were seen over A luwo-howr period.

E

MARTLAND GRAVITT WAVE DETECTOR

ROME GRAVITY WAVE DETECTOR

Newtrvw drter {ong

MONT MC NEUTRINO DETECTOR

30 40 50 60

Secones

70 80 80 100

But the luck of an explanation
docan’l mean (he Qala can simply
bx ignored, De Kujuls said. The go-
Incidences ure 50 Improubable thet
Lhey musl mean something.

“Having « lour-way coinci-
dence like Lhis s just wmazing"
commented Lawrence H. Sulak,
chairman of the physics deparn-
ment al Boslon University. “This
I going o be & DIg one. Usually
you have some Ltheories™ Lo Lry 1o
sccouni for new findings, but In
this case "there's no obvious ex-
planstion. I's « greal mystery.”

- But he nld 1t Vlouks ke pretty
ool work,” and Lhe improks bl
ity of the coincidences muke them
hard w lgnore,

Even some of Lhose skeptical of
the findings = and they wre the
majorily = were Impresecd by Lhe
quality of D¢ Rujuls’s stausucal
atalysis of the Quls.

The wnalysis wus “brilitantly
lmplemented,” sald Sheldon Gla-
show, Hurvard Universily phym-
cul and Nobel lureste, who o
scribedDe Rujule’s presenilation
a8 "LNE mosl fascinating ualk of
the mecting.”

But Glshow culled Il “u very

Seurre A Do Roivis Clater safl chan I

sLrange. sllusuon, where he's Luk-
Ing the reswlis of & lot of experi-
ments Lhatl are &l weak in thein-
acives and slliching them logelher
Inlo w masierful silk purse Lhui
seCmia (0 Indicsle somelhing new
going on.”

The detecucns wre considered
wesk by masy scieniisis becs use
ihe level of energy recorded Is very
cluoc o = IN some cancs leas Lhan
= lhe “background™” level seen in
these devices. In the gravily wewve
oelectors, (his buckground noise
consists of rendom vibrelions
caused by lemperuture differences
in ithe aluopunum, gy well is choc-
wrical noisc 10 the clrowits that
maoniler the aniennas.

In neulrine detectors, nolse
ean conie (roun Mdiagetivity in Lhe
walls of the Luge underground flu-
d-fllled chambers whae the de-
lecloms are kocaled, There are alao
w certain number of rundom,
beckground neulrngs from spece
that pass through (e chambers

every day.
Glashow sald “I';m skeptical”
but wllded thut “Wa wiightly tanta-

lizing. Tuntslizing, yea, but cun-
vincing. no.

There are Lthree problems in
reconciling lhe cormelations with
theories of how supermovas are
supposed 10 act:

@ The excessive energy of the
gravily waves,” which would
make scnsc only If the slar were s
million Umes the sl of Lhe sun =
AN Impossibility,

® The excesslve energy of the
“neulrinos.” 100 limes greater
thun predicted by theory, which
may be the most dificull 1o ex-
plain,

@ The long durauon In which
Lthe coincidences ure sccn — wboul
two hours = which suggests iU
toak that long for the siar Lo col-
lspec in » wcrice of hiccups or con-
Vulsiona.

A supermove ccurs when a
slar has burned all of Ms Duckesr
fuel, and collspecs under 1L own
weight. In duing =o, it spews cul
mosl of I rernalning maller and
cmile an Intense burst of new-
innos, and the matter thel re-
malns forms & super-dense object
culled u neutron sier or & bluck
hole.

Most scientists had believed
the collupse of & stir of the 1ype
that produced this supernova
should heve taken place In u lew
scconds. Bul Il these cuincioences
are resl and not just chance corme
layions of buckground nolse, Lhe
slar’s death musi have becn “sur-
prisingly king and convulsive,” De
Rujula said.

Stars heavicr than the one thsl
produced pupernove | S87A “have
been numencally found to hawve
long and convulaive wgonies,” ac
cording (o De Rujuls. “Belore final
collupee. the core sullers various
vicienl pulsationsl Instsbilities.”

Bul for = stur of the type be |

lieved o huve produced this super-
nova, s similar pyrotechnical
denih over a period of hours would
mosl cerlalitly come as & aur:
prise.” -

Bul Suluk suid wecording to
some theorics, & stir 25 limes as
hexvy us Lic sun “definitely dues
have oecillsiuns ut the rgnl wme
scule”™ He suld sonk Soviel physts

. Cisls have couatructcd mudels

thal show “IL bresks up Into

pieces i redlales for thal period

of Ume."

‘Tlu-n-. & real dunh of wnior-
miktion.” he udded. “We're just
Rroping. This s our furst obeerva-
tionel Information lrom u euper-
nove in our technologicsl life-

Sfour sela, |
. we'll be dumblounded™ A [ve

'l'tnm.n slep i 1o look for the
same evenis In iwo other neulring
oetectors Lhil also deiecied pulses
ol neulrinus (rom the supernova;
The IMbB geleior unoer Luke Ene,
und the Haksan delecior In the
USSR. The Soviets huve not yet
published their dats, but the IMB
duts s now being studied,

Sulak, who ocaigned Lhe IMB
deteclor, suld lusl week, “Once

we've done our work™ of comipar- |

ing the IMB dats with the other
If we wee & corrclation

wiy coincidence would mauke the
possibilily the resulls are caused
by chunce even more wnlikely.,

Bul many physicists st Lhe
calncidences are su oullandish
thal Lhey simply cannol be be
beved .

“Thuee of us who have lived
Wilh sairuphysics for 20 years are
used L0 secing Llungs come and
go." said asirononier Kenneth
Brecher oif Boston University,
PoIntng ut thal meny sccmingly
arkmmtic INUings have sinaply not
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Professor F.Rainss

University of California

Department of Physics

Irvine, California 92717

Usa 15 March, 1990

Dear prof. Reines,
By this letter I would like to draw your attention to ths crazy

B :
bysness congerning corrslations between underground detasctors data

23 Feb. 1387 prior to SN1987A. My perscnal connection (and attitude)
to the subjsct was formulated in my talk at Texas Symposium at Dalla
Ouc. 13988 (raf.1)(I encloss the paper). Aftsr Dallas during my stay
at Irvine R.Svoboda, d.Kislczawska and myself tried to look if there
is anxﬁbrrﬂlation between LSO(Mont Blank) and IMB data similar to
LSD x Baksan correlation and found none. As I remember at that stags
of analysis we tried to select the small energy IMB events (small
number of hits). More complete results are presented in 21 ICRC Proc
vol.10,p.40(Ra+.2).

Meanwhiles peopls at Baksan lab. E.N.Alaxaev and I.M.Kogat have
found some corrslation between LSO or Baksan neutrino-like low ener-
gy evants and high anergy Baksan asvents looking like muon induced
cascades or horizontal muons-Pisma JETP vol.49,49,p.480,1983(Raf.3).

The signal was not very strong but it gavs them the idsa to try
also hizh energy IMB evants. A remarcable correlation was chserved
betwesn LSO and tho=e IMB avents wich have been identified as hori-
zontal muons.

To svaluats the significance of this result I suggest the follo-
wing procedurs:
1. First of all aveid the temptation to ajust the parameters invol-
ved in analysis as time period T, time gate at or time shift speci-
fically to corrslaton with IMB. Lat us use the same paramaters as
in (ref.1) which cartainly ars indepencent on IMB data. »
2. Let us select for the testing IMB those LSD events, which arrived
in the period 1:45 : 2:45 in coincidence with GA(grauitati;;al an-

Table 2.
IMB-tot IMB- M8 70°
N=8084 N=6340 N=317
1. LSD x (BC+GA) 72/58,8_, 61/46,1_, 11/2,31_,
N=13 5,5-10 2,1-10° 3,0-10
2. LSD x BC 58/45,4_, 49/35,6_, 9/1,72_,
N=10 4,1-10 1,9-10 1,0-10
3. LSD x GA 40/31,9 35/25,01 6/1,25
N=7 9.10 3,5-10-* 1,8-10-3
4. LSO x BC x GA 32/286,2 26/21,1 5/1,06_,
N=6 15-10~ 17. 10~ 4,5-10"
5. LSD x BC x GA 26/18,4_, 23/14,4 4/0,72_
N=4 5,5-10 2.3:-10"* 6,4:10"
6. LSO 214/198
N=43 13.10"*
7.5 BE 545/516
N=116 10,0-10"

events, specifically horizontal muons. Unlike with IMB there is though

I balieve that the data in table 2 shows an another independent
support of tha rsality of the fantastic phenomenan in question. It

is difficult to evaluate some confidential lasvsel, but I suppose that
the probability to have such evidence just by chance is less than 1%,
If so the statsmant in ref.Z concerning the absence of significant
correlation between IMB and LSD-Baksan probably should be corrsctad.
I suggest three things:
1. To look into the data more thoroughly.
2. If the evidence will ba confirmed - think about the publieation
of the results in spite of its unbelievable and fantastic meaning.
3. It seems very important to look for the Kamiokands high snargy

a quite small but positive correlation with my algorithm of a nautri-
no - like Kamiokande signals - 2 when 0,6 expected. !ﬂiurious disag-
reement with IMB really. But the muon - like events can be crucial.

We do not have them.What do you think about going in touch with Koshi-
ba or Totsukal In Dallas I made no success asking Al.Mann of mors com-

plete Kamiokande data.
1 am sending the copy of this letter to R.Svoboda and 0.Saavedra

and hope you will be able to discuss the subject with D.Kielczaevska

or others involved whom I do not know .

Hoping to hear your advics concerning the matters discussed.

Yours sincersly

¥

F

A.E.Chudakov



Conclusions

e | SD detected on real time a burst of 5 signals at 2:52:36
before optical observation.

e | SD detected one pulse at the IMB-K-II time

e A series of coincidences have been found among
LSD-Kamiokande-Baksan underground detectors in a period
encompassing 1.5-2.0 hrs the Mt. Blanc burst.




Dear Russian Friends

After this long and wonderful
Italy-Russian collaboration
during more than 30 years, I
would like to express all my
deep heart with only one word:

(nacvoo




