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S On February 23, 1987,
| A supernova was

| detected in the

§ Large Magellanic

¥ Cloud about 160,000
¢ ight years from

The discovery of
mINS7A was a great
opportunity for
detailed observation
11054 AD of the dynamics of
produced A SUpPernova.
o which Unique feature:
wa ohserve a the star which
exploded had been
observed and named
Sk(Saduleak)-69202.
It was a blue supergiant

11+ 54+ 8% = 24 Neutrinos!! presumed to have a mas
of about 20 solar masses




List of Detectors Which Have Reported Candidates for
Neutrinos From SN 1987A

Detector P;gggg% Energy | Background | Number| Durat. | Time
(numb. of | Threshold rate of of sign. | (UT)
o et MeV) | (sec ™) | Events | (sec.)
6800 (5000)
IMB W\ 13,32 x 10%
H,O
d 2140 H 0
32
1.42x 10
Baksan 200 C, Hy
1.87 x 103
Mont 90
Blanc C,H,,
{"e + P n + e (absorption) ve(ﬁe ) +160 F (lﬁN)+ e (e+)
V, + ¢ —am V_4+ ¢ (elast.scatter)S v (V. )+ C e N(B)+ ¢ (¢)

for Cherenkov detectors—2  contribution are very small !!



Large Magellanic Cloud, at 7:35 UT February 23, 1987 Supernova 1987A

K11 On February 23, 1987,
e A SUPernova was
detected in the
Large Magellanic
Cloud about 160,000
ight years from
Earth. The first
supernova to be
discovered that year,
it was designated

SN 1987 A.

Horizontal plane of Baksan Super-Kamiokande

Underground Scintillation Kamioka Mine, about the Flil-ﬂ‘—’“:’fl‘_ﬁ’ of |
Observatory (village "Neutrino'"200 km north of Tokyo SNS87A was a great

IMB The detector was built 600 meters underground in the Morton Dppf]rtlmlty o )

salt mine near Cleveland, Ohio. detailed observation
of the dynamics of
4 Supernova.

in 1054 AD
produced

Unique feature:
the star which
exploded had been
KI11 observed and named

in which
wa observe a

IMB Sk(Saduleak)-69202,
BAKSAN It was a blue supergiant

11+ 5+ 8 = 24 Neutrinos!! presumed to have a mas
of about 20 solar masses




The BAKSAN Neutrino Underground Scintillation Telescope
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*Fiducial mass'130 tons — interior 3 plains of telescopes

W.C court. rate= ~ 0.012 seé’
10 MeV

C “H,; - - | Standard—type L
———— Detector Unit Total Mass (3150 detectors) — count. rate= ~ 0.034 sec

Eff. 50% 70x70x30 cm 330 tons of a liquid organic scintillator
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The counting rate of single events of the 1200 detectors in the tree internal planes of the
telescope (the target mass is 130t) during the period 1980-2000. The improvement with time
IS shown (from zh. Eksp. Teor. Fiz. 95 (2002) 10-16).
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The background development of the KAMIOKANDE 11 detector.

It was inmproved only after the SN87A signal, by installing isolation
structures from the mine air both in the 3000 ton tank and the water-
purification system, and kept under control since end of May 1987.
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Comparison of trigger efficiencies of all SN87A detectors.

IVK, Int. J. Mod. Phys. 113 (2004) 2085-2105, T.J. Loredo, D.Q. Lamb PRD (2002) 063002, E.N.
Alexeev, L.N. Alexeeva, IVK, V. Voichenko, PLB 205 (1988) 209-214




List of Detectors Which Have Reported Candidates for
Neutrinos From SN 1987A

Detector P;gg;ﬁ% Energy | Background | Number| Durat. | Time
(numb. of | Threshold rate of of sign. | (UT)
f‘:ftg;‘ggfs) MeV) | (sec ) | Events | (sec.)
6800 (5000)
IMB 3.32 x 103 35 0.077 3 6.0 |-
H O \
f 2A40H0] oo | 11 | 125 NZ35
Lexio] > ' '
Baksan 200 Co Hyo 0.034 5 9.1 |
1.87 x 103 >
Mont 90 5.5 0.012 5 [\ 7.0 | 252
Blanc C 9H 2
{'e + P n + e (absorption) \Fe(ge ) +°0 F (lﬁN) + e (e+)
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for Cherenkov detectﬂrsj contribution are very small !!




SUPERNOVAE SN 1987 A



The time sequences of events detected by
KAMIOKANDE-II, Baksan telescope, IMB  and LSD detectors
at 07:35 UT on February 23, 1987.

E.N. Alexeyev, L.N. Alexeyeva, .V. Krivosheina and V.I. Volchenko

Detection Energy JETP Letters May 25 1987, Vol. 45 pp. 589-592
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Time profiles of the events recorded byKIl, Baksan telescope and by all three detectors
setting the time equal for the first events of each detector

-~ at 07:35 UT on February 23, 1987.
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; t + KAMIOKANDE-II -
| ¢+ BAKSAN Telescope
20 %y se:.:‘ﬁ ‘ ' :
# A 6-7 sec A .
107 & @ 4 N
? ¢ Time (s.s;:g -
2 o T 1 T 1 1 T 1 T T T ] a
Eﬂ_ + ++ + 5 10 15 =
1 =
30 + + IMB =
20 4, % 4 + . ¢ -
4 3 os
105 ’, ] 9 >
L I R — — T =
=
0 5 10 15

Tiie (coe ]



Time profiles of the events recordede by KII, Baksan telescope setting zero time to be

the time of the first events for Baksan and KII detectors at 87:35 UT on 23.02.1987,

and assuming coincidence of the first IMB signal with the first high energy signal of KII
E.N. Alexeyev, L.N. Alexeyeva, L.V. Krivosheina

Detection Energy (MeV) ¢+ KAMIOKANDE-II
A ++++ + 4 ¢ BAKSAN Telescope
30- ' { IMB
207 %4 %i + + n *
Lo ) g
¢¢+ N ' Time (sec)
|1] | | | | | | | | | | | | | | | -
40— + 5 10 15
t + o +
30 )
30 'y +“%+ + ’
e ¢
10+ s, g .
| | | | | | | | | | | | | | | |‘P
L 5 10 15

Time (sec)



The most recent analysis of the temporal structure of the neutrino signal
from the SN 1987A was done in 2001 (used a Bayesian analysis —is very
adequate to work with very low statistics.

T.J. Loredo, D.Q. Lamb PRD (2002) 063002

This analysisi shows:

“.. A strong evidence for two components in the neutrino signal ...” on the
basis of an analysis of the energies and arrival times of the neutrinos from
SN 87A detected by KII, IMB and Baksan neutrino scint. telescopes.

For the first time after 17 years of explosion of the SN 87A

“ .. The Baksan neutrino scintillation telescope daita are fullly
consistent with the KIV and IWB data ..”’
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Poisson distribution for events
within 10 sec interval detected in
the period surrounding the time
of Supernova.

nis the average of the background
c.r. per second

(this means one such event
per ~ 20 years)



Main Parameters of the Neutrino Signal fromm SN 1987A

Detector Average detected  Neutrino E_#*10°
energy (MeV) temper. (MeV) (ergs)
KAMIOKANDE 16.7 + 1.1 28 © 0.3 58 T 18
Baksan 194 & 1.7 337 04 18.6 * 8.5
IMB (5000 t) 338 I 29 45 % 0.7 29F 1.1
IMB (6800 t) 332 F 25 43 % 0.6 32 111
R ~ 50 Kpc
30 -
8~
g &
é < 90 - Baksan
E ﬂ= / _\ 20 % inaccuracy
ﬁ = 10 - of the energy
K]1_+_ MR threshold
| | | | | position
1 2 3 4 5
Kil - 2140 tons, Neutrino Temperature

680 tons (factor of 2.5)

The distance to the SN87A 50Kpc, the neutrino spectrum has a Fermi-Dirac shape



CONCLUSIONS

® The neutrino signal from SN 1987 A was observed. There are
24 evenits in three detectors  recorded at 7:25 UT on February 23, 1987.
® The average derived characteristics of the burst are consistent with the general

theoretical picture of SN explosions: the evolution of the neutrino emlssion Is approximately

described as an exponentlally decayIng slgnal with characterlstic time ~ § seconds;

the total duratlon of the neutrlno signal Is ~ 20 sec

the detected energles of the events are conslstent with thermal neutrino spectrum and the effective neutrino
temperature of 3-5 VeV (If a single temper. spectrum Is supposed)

the total energy of the neutrino emlsslon Is - 3 10 % ergs

the resldue of Supernova Is most probably a neutron star with a mass of ~ 1.4 Iv],

® The temporal distribution of the KK-II and BAKSAN events is in favour of a
three—bunch shape of the neutrino signal

30 ® The propeties of the IMB signal are somewhat
2 - Baksan distinct from those of the KK-II one and
g B ol the Baksan one.
{g B \ # Based upon the Baksan data obtaining during
ss | . 17.6 years from (19.75 years of calendar time)
10 KII of the energy (since 30.06.1980)
o _+|_ N B . No signal, except SN 1987A in the LMA, was

L 2 3 & s detected. The upper limit on the frequency of
Neutrino Temperaure COllApsesin the Galaxy <0.13 yr 1 (90% c.L)

The mean time inerval between the expected Galuctic events is> 7.7 years (90% c.l.)
(E.N. Alexevev, LN. Alexeveva, JETP 95 (2002) 5-10)



What kind of criteria should be fulfilled by an experiment
searching for supernova explosion?

1. A "Supernova" detector should be able to detect the v, v, as well as all types of
neutrinos Ve, vy Vi

2. The time distribution of the events (neutrinos-antineutrinos) and
perfect absolute time.

3. The energy of each event.
4. All detectors must have a 'low' energy threshold (not bigger than 10 MeV).

5. The detector must be located in a deep underground laboratory, to reduce the
background from the muons.

6. The detector must have a big fiducial mass, to be able to see a neutrino sighal from
our Galaxy or from the Universe with sufficiently good statistics.

7. The detector must run permanently and stable before and after a SN signal.



CONCLUSIONS

® The neutrino signal from SN 1987 A was observed. There are
24 evenis in three detectors
recorded at 7:25 UT on February 23, 1987.

The observation of the NEUTRINO SIGNAL with the

expected general characteristics is the greaf success

of the theory and the experimenti.




The time sequences of events detected by the LSD and the Baksan telescope
at 02:52 UT on February 23, 1987.

Detection Energy
E ; (MeV)
‘ JETP Letters May 25 1987, Vol. 45 pp. 589-592

Physics Letters B 205 (1988) 209-214

E.N. Alexeyev, L.N. Alexeyeva, I.V. Krivosheina and V.1. Volchenko
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