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ABSTRACT. Observations of the neutrino burst from Super-
nova 1987A by water Cheremkov detectors (KAMIOKANDE II,
IMB) and liquid scintillator detectors (Baksan, Mont Blanc)
are reviewed. It is shown that neutrino signal from

SN 1987A was observed. There are 24 events in three detec-~
tors (KAMIOKANDE II, IMB, Baksan) recorded at 7:35 UT. The
average properties of the signal (effective neutrino tem-
perature, total energy of neutrino emission, burst dura-
tion) are consistent with the general theoretical descrip-
tion of supernova explosions. Special attention is concen-
trated on individuel charscteristics of the signals detec-
ted and the available discrepancies of the model estimates.
Time profile of the neutrino burst, estimates of effective
neutrino temperatures and total neutrino energies, angular
distributions of the events are discussed. These proper-
ties point out, probably, a more compound picture of the
phenomenon. The more detail analysis of the experimental
data ig needed and all possibilities must be at least
considered. Based upon the Baksan observations, an upper
limit of 0.35 core collapse in the Galaxy per year

(90% C.L.) is shown.

1. THE DETECTORS

There is no doubt that the detection of the neutrino sig-
nal from SN 1987A is the remarkable corroboration of the
theory of supernova explosions.

The idea of searching for neutrinos from collapsing
stars suggested in 1965 by G.Zatsepin [1] led to the deve-
lopment of gpecific underground detectors with a high con-
tent of hydrogen in their targets. There were four groups
looking for neutrino burst associated with this supernova:
the IMB collaboration [2], the KAMIOKANDE II collaboration
[3], the Baksan telescope [4], and the LSD detector of
USSR-Italy collaboration [5].
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The first two detectors are water Cherenkov devices where
Cherenkov light produced by relativistic charged particles
measures by photomultiplier tubes. The other two detectors
use liquid organic scintillator (C9H20) as a target of neut-

rino interactions. All of them are

located underground

at different depths. The main properties of the detectors
and reported data are summarized in table 1.

Table 1. The detectors and reported candidates for
the neutrino burst in association with SN 1987A.

Fiducial |Energy|Backgr | Number|Dura-| Time
Detector| oqs (t),| thresh rate, |of tion | (UT)
target |(MeV) ([(sec”)|events|(sec)
6800
H,0
KAM II 2140 8.5 [0.022 | 11 12.5 [} 7:35
H20
Baksan 200 10 0.034 5 9.1
Cqtlag
Mont Blanc 90 5.5 [0.012 5 7.0 2:52
| CoHiao

Arrival times of events with relative accuracyg 1 msec and
energies with energy errors~ 20% are defined by each detec~
tor.

The basic interaction which can be observed by both types
of detectors is reaction ofy, absorption by freetarget pro-
tons,),+p-+>n+e'. Angular distribution of positrons pro-
duced must be isotropic. It is possible to detect some ad~
ditional reactions of ) (v) interactions in water and scintil-
lator. The most importent of them is neutrino-~electron eles-
tic scattering, h,+e+»V.te. A recoil electron approximately
conserves a neutrino direction and angular distribution of
recolil electrons will be sharply anisotropic one, showing
the neutrino direction. Total contribution of other inter-
actions (L) +°0~"F(“N)+e (e*) for Cherenkov detectors,

Y (L) +C="*N(?B)+e (e*) for scintillation detectors) to the to-
tal number of observed events is estimated to be smalll(6,7)
The values of energy threshold at the level of 50% de-

tection efficiency and background counting rates are also
shown in Table 1. Evidently, the best detector is the KAMIO-
KANDE II (K II) due to its large mass, low energy threshold
and low background rate.

2. THE DETECTION OF THE NEUTRINO SIGNAL

The details of the discovery of Supernova 1987A have been
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described elsewhere[8]. Three groups (table 1) reported the
observations of v, signals at 7:35 UT on February 23[2-4].
The Mont Blanc group observed signal of 5 events at 2:52 UT
[5]. FPirstly, we shall discuss the second burst detected at
7:35 UT and then we shall return to the first burst.

The overall uncertainty in time is *1 min for the K II
signal, is +50 msec for the IMB one and is (-54 sec,+2 sec)
for the Baksan one. Within errors these three signals can
be supposed to be simultaneous. Figure 1 shows comparative
trigger efficiencies of all detectors. The trigger efficien-

> cies of the Mont Blanc,
§9 the K II and the Baksan
49 Boﬂﬂ7 are rather close each other
oo 0.5 22391 but the IMB can detect on-
g Py ly a high energy tail of
gg neutrino spectrum.
—— . Bb - 70 Figure 2 shows the Pois-

son distributions for
Energy (MeV) events within 10 sec inter-
Pigure 1. Comparative trigger val detected in the period
efficiencies of all detectors. surrounding the time of
Supernova. It is seen that

background pulses of all detectors are well described by

the Poisson law. There is usually no doubt that the KII gig-
nal and the INMB one were not originated by background. As
regards the Baksan one, the chance probability of such sig-
nal to get into the one-minute interval respects to one
occurrence per~20 years. So, we can conclude that these de-
tectors have sampled the same source of the observed events.

Figure 3 shows the observed neutrino event rate per se-
cord normelized to the individual number of the observed
events versus time. Pigure 4 depicts the intergrated number
of neutrino events, normalized in the same way, versus time.
It is remarkable that just such generasl evolution of the
neutrino emission was predicted by different model calcula-
tions of stellar core collapse and subsequent cooling of a
nagcent neutron star(9,10]

1) the evolution of the neutrino emission is approxima-
tely described as an exponentiaslly decaying signal with
characteristic time ~ 5 seconds;

2) the total duration of the neutrino signal is~ 20 sec;

3) the detected energies of the events are consistent
with thermal neutrino spectrum and the effective neutrino

" temperature of 3-5 MeV (if a single temperature spectrum is
supposed); 53

4) the total energy of the neutrino emission is~ 3-1077;

5) the residue of Supernova is most probably a neutron
gtar with a mass of ~ 1.4 Mgy .

The observation of the neutrino signal with the expected
general characteristics is the great success of the theory
and the experiment.
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Figure 2. Poisson distribu- Figure 4. Integrated number of
tions for events within 10 events normalized to the indi-
gec intervals detected in vidual total number of the ob-
the periods surrounding gerved events versus time.
7:35 UT on February 23.

Now we shall discuss some facts most of which are ussual-
1y neglected with the reference to a "small-number statistic
play". But we have the only supernova with the neutrino sig-

nal and the analysis of all, even small, facts is certainly
desirable.

3. PROBLEMS
3.1, Time profile of the neutrino burst
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What is the true time profile of the observed neutrino gig-
nal? Due to the absolute time inaccuracies ,we do not know
it. Figure 5a shows the ensemble of the KII and the Baksan
data as a function of time, setting t=0.0 to be the time of
the first events. The events of both detectors show a bunch
structure in time. There are the gepsa of more than 7 sec in
the KII signal and of 6 sec in the Baksan one between the
second and the third buncheas. Based upon a constant rate of
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Figure 5. Time profiles of the events recorded by the KII
and the Baksan (a) and by all three detectors (b), setting
zero time to be the time of the first events. ¢) and d) de-
pict posasible time profiles of the observed signal.
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11 events in 12.4 sec, the probability that a 7 sec inter-
val would have zero events is 2°1073 [11] .The same probabi-
1lity of the Baksan 6 sec gap is 3.5¢102 ,So, the joint
probability is rather small. The first gap is statisticelly
less significant. Thus, the appearance, at least, of 6-7
gap in both data is the question which needs to be answered.

The majority of authors superpose the IMB signal to the
KII one in the way shown on f£ig.5b [10]. Are there serious
reasons for such assumption? Due to the higher IMB energy
threshold, it seems more naturally to suppose that the IMB
sees the second bunch with higher energies of events
(fig.5c). If this picture is true, that means that the se-
cond gap is indeed the result of small-number statistic
play with low probability. But it is possible that the IMB
signal passes shead of the KII and the Baksan (fig. 5d4).
Outstripping can be about 3 sec. In this case the second
bunch of the IMB would coincide with the second bunch of
the KII-Baksan data, and the gap of 6-7 seconds remains
indeed empty. Perhaps, this superposition reflects better
the evailable data.Thus, the question on the time profile
of the neutrino signal is open and all possibilities need
to be considered.

3.2. Effective neutrino temperature

Derived temperatures for all data are summarized in table 2
[12].
TABLE 2. Derived effective neutrino temperatures
and total energieg of 1y emission

*
Detector Average detected| Neutrino 5)-1052
energy (MeV) temper. (MeV)| (érgs)
KAMIOKANDE | 16.7 I 1.1 2.8 30.3 [5.87%1.8
Baksan 19.4- :_ 107 3.3 :“_ Oa4 18-6 ; 8-5
EMB (6800 t)| 33.2 = 2.5 4.3 = 0.6 3.2 - 1.1
YDistance to the star is adopted to be 50 Kpc

The estimates were obtained with the supposition of neutri-
no spectrum to be thermal single-temperature one. It is
seen that the temperatures for the KII and the Baksan are
much the same within errors,v 3 MeV. The IMB data lead to
a higher temperature, kT ygv 1.5 KTij.pak. «

There are at least two possibilities to reconcile data.
i) The detection of events in IMB is very sensitive to an
inaccuracy of the energy threshold posgition.For example,
inaccuracy of v 20% in the energy range 20-25 MeV results in
the substantial drop in the derived temperature, = 3.5 MeV.
ii) Another possibility is an assumption of neutrino spect-
rum in which high energy tail is considerably enhanced.
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3.3.Total energy of neutrino emission

Table 2 shows also the derived total energies ofO emission.
The ratio of the values is (IMB:KII:Baksan) ~ O. 5 : 1 3 3.
Why is the Baksan estimate so large and is the IMB one so
small? The Baksan signal consists of 5 events instead of
1.6 predicted by standard model {12].The probability of
such discrepancy to be the result of small-number statistic
play is ~ 8%. To reconcile the data we may have to assume a
neutrino spectrum with enhanced high energy tail once more.
The IMB small value of E; can be partly caused by the
same inaccuracy in the energy threshold position which was
discussed in session 3.2. Figure 6 shows the derived total
energy of 7, emission versus kT- . Dashed line illustrates
¢ the IMB effect of imagina-
ry 20% inaccuracy of the
energy threshold position.
Thus, the question on
- Beksan differences of the esti-
mates of kT; and E ,ob-
i kI N tained for the detect%rs,
jﬁ_ \. IMB needs to be considered in
‘ , = more detail.
T 2 3 4 >
Neutrino temperature(MeV
Figure 6. Derived total energy
of J, emission versus effective Many authors have pointed
neutrinoc temperature. out that the observed an-
gular distributions, espe-
¢ially of the IMB events differ from the expected one and
are quite puzzling [13]. The IMB group studied very careful
all effects which could bias the expected distribution.
They found the probability of the IMB distribution coming
from a parent isotropic one to be only 5% [14].
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S ©

energY(102%g
7o)

Total

)3.4. Angular distributions
of the events

3.5. The Mont Blanc gignal

The Mont Blanc scintillation detector recorded a burst of
5 events within 7 seconds at 2:52 UT [5]. The chance back-
ground rate of such burst is~ 0.7 per year. During the SN
period two room temperature gravitational wave antennas
installed at the Universities of Maryland and Rome were in
operation [15]. Analysis of the data recorded by the Mont
Blanc detector and by the antennas in the period of 2 hours
roughly centred on the 5 burst shows correlation between
data[15]. 14 Mont Blanc events instead of 2 expected by
chance coiside with antenna peaks within time interval
1.2*0.5 seconds. At present time the same analysis is per-
formed using the datae of the KAMIOKANDE 1I and the Baksan.
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4. SUPERNOVA RATE LIMIT

The Baksan telescope observes Galaxy since June 1980 [4}. The
"live" observational time is 6.6 years. In accordance with
the standard collapse model we can expect about 35-50 events
if a distance to a star is 10 Kpc. We never see any pulse
burst which could be definitely interpreted as a collapse
neutrino signal. So, the upper limit on the collapse rate
in our Galaxy is § < 0.35 per year ( 90% c.l.).

5. CONCLUSIONS

1)The neutrino signal from SN 1987A was observed. There are
24 events in three detectors,recorded at 7:35 UT on Feb-
ruary 23.

2)The average derived characteristics of the bursi are
consistent with the general theoretical picture of super-
nova explosions.

3)Some individual characteristics of the observed signals
(time profile of the bursgt, differences in model estimates
of kT, end E; , engular distribution of the events) point
out, probably, more compound picture of the phenomenon.
4)The preliminary results of the joint analysis of the
Mont Blanc data and two gravitational antennas show the
correlation within two hours centred at 2:52 UT on Februa-
ry 23, which has a low level of chance probability.
5§Based upon the Baksan data obtaining during 6.6 years of
"live" obsgervational time, the upper limit on Galaxy
collapse rate is § < 0.35 per year ( 90% c.l.).

6)The approaching observation of the SN resgidue will help
us to understand the phenomenon in more detail.
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