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Observation of a Neutrino Burst from the Supernova SN19874A
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A neutrino burst was observed in the Kamiokande I detector on 23 February 1987, 7:35:35 UT (&1
min) during a time interval of 13 sec. The signal consisted of eleven electron events of energy 7.5 to 36
MeV, of which the first two point back to the Large Magellanic Cloud with angles 18° 2 18° and

15° £ 27°.

PACS numbers: 97.60.Bw, 14.60.Gh, 95.85.5z, 97.60.Jd

Following the optical sighting on 24 February 1987 of
the supernova' now called SN19874, a search was made
of the data taken in the detector Kamiokande-I1 during
the period from 16:09, 21 February 1987 to 07:31, 24
February 1987. We report here the results of that
search.

The Kamiokande 11 detector, directed primarily at nu-
cleon decay and solar~ 8B-neutrino detection, has been
operating since the beginning of 1986. It is described in
detail elsewhere,? but its salient features are shown
schematically in Fig. 1. The inner detector fiducial
volume containing 2140 tons of water? is viewed by an
array of 20-in.-diameter photomultiplier tubes (PMT’s)
on a Ix1-m? lattice on the surface. The photocathode
coverage amounts to 20% of the total inner surface. The
attenuation length of the water for Cherenkov light is in
excess of 45 m. The inner detector is completely sur-
rounded by a water Cherenkov counter of thickness
2 1.4 m to ensure the containment of low-energy events.
The outer counter also is an absorber of y rays from sur-
rounding rock and a monitor of slow muons which do not
produce Cherenkov light in the inner detector but may
decay there.

Neutrinos of different flavors are detected through the
scatiering reaction ve — ve. The kinematics of this reac-
tion and the subsequent multiple scattering of the recoil-
ing electron preserve knowledge of the incident neutrino
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FIG. 1. Schematic view of the Kamiokande Il detector.

The inner detector contains 3000 tons of water of which 2140
tons are fiducial volume. It is viewed by 948 20-in.-diameter
PMT's mounted on a 1-m grid on the inner surface. The outer
{veto} counter surrounds the inner detector and is viewed by
123 PMT’s. Dimensions in the figure are in millimeters.
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direction within approximately 28° rms at electron ener-
gies in the vicinity of 10 MeV. In addition, v, are
detected through the reaction v,p -~ e¥n on the free
protons in the water with a cross section approximately
100 times larger than the cross section for v.e— v.e at
10 MeV. The reaction v.p ¥ — e ¥n produces ¢ * essen-
tially isotropically. The Cherenkov light of a 10-MeV
electron gives on average 26.3 hit PMT’s (W) at %
photoelectron threshold. The energy calibration is ob-
tained by observation of y— e decays and by use of the
Compton-scattered electrons from ¥ rays of energy up to
9 MeV from n-+Ni by use of a Cf neutron source.

The detector is triggered by 20 PMT discriminators
firing within 100 nsec. The trigger dead time is approxi-
mately 50 nsec. Charge and time information for each
channel above threshold is recorded for each trigger.
The trigger accepts 8.5-MeV electrons with 50%
eficiency and 14-MeV electrons with 90% efficiency over
the volume of the detector.’ The raw trigger rate is 0.60
Hz of which 0.37 Hz is cosmic-ray muons. The remain-
ing 0.23 Hz is largely due to radioactive contamination
in the water.

Reconstruction of the vertices of low-energy events is
performed with an algorithm based on the time and posi-
tion of hit PMT’s. After the vertéx is established, a
separate fit is used to obtain the angle of the electron.
The distribution of the events presented here is consistent
with a uniform velume distribution,

The search for a neutrino burst from SNI1987A was
carried out on the data of run 1892, which, except for a

pedestal run of 105 sec duration every hour, continuously
covered the period from 16:09, 21 February 1987 to
0731, 24 February 1987, in Japanese Standard Time
(JST), which is UT plus 9 h. Events satisfying the fol-
lowing three criteria were selected: (1)} The total num-
ber of photoelectrons per event in the inner detector had
to be less than 170, corresponding to a 50-MeV electron;
(2) the total number of photoelectrons in the outer
detector had to be less than 30, ensuring event contain-
ment; and (3) the time interval from the preceding event
had to be longer than 20 usec, to exclude electrons from
muon decay.

The short-time correlation of these low-energy con-
tained events was investigated and the event sequence as
shown in Fig. 2 was observed at 16:35:35 JST (7:35:35
UT) of 23 February 1987, In Fig. 2 we show the time
sequence of all low-encrgy events (solid lines) and all
cosmic-ray muon events (dashed lines) in the given inter-
val. The event sequence during 0 to 2 sec is shown ex-
panded in the upper right corner. The properties of the
events in the burst (numbered 1 to 12 in Fig. 2) are sum-
marized in Table 1. Event number 6 has Ny, < 20 and
has been excluded from the signal analysis. A scatter
plot of event energy versus cosine of the angle between
the measured electron direction and the direction of the
Large Magellanic Cloud (LMC), known to contain
SNI1987A, is shown in Fig. 3. The zenith angle of the
LMC was 109.7° at the experimental site. It is seen that
the earliest two events point back to LMC with angles
18° 4 18° and 15° % 27°. The angular distribution of
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FIG. 2z

. The time sequence of events in a 43-sec interval centered on 07:35:35 UT, 23 February 1987, The vertical height of each

hne rcprescnts the relative'energy of the event. Solid lines represent low-energy electron events in units of the number of hit PMTs,
N (left-hand scale). Dashed lines represent muon events in units of the number of photoelectrons (right-hand scale), Events
p1-p4 are muon events which precede the electron burst at time zero. The upper right figure is the 0-2-sec time interval on an ex-

panded scale.
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TABLEI. Measured properties of the twelve electron events
detected in the neutrino burst. The electron angle in the last
column is relative to the direction of SN1987A. The errors on
electron energies and angles are one-standard-deviation Gauss-

ian errors.

Event Number Electron Electron

Event time of PMT’s energy angle
number (sec) (W) {MeV) (degrees)
1 0 58 200429 18 £ 18
2 0.107 36 13,5432 13227
3 0.303 25 754220 108 =32
4 0.324 26 9.24£27 70430
5 0.507 39 128129 135423
é 0.686 16 6.3+ 17 68 £ 77
7 1.541 83 354480 32416
3 1.728 54 21.0%£4.2 3018
9 1.915 51 19.8 3.2 38422
10 9.219 21 8,627 122+ 30
11 10.433 37 13.0£2.6 49126
12 12,439 24 8§91 1.9 91+39

the remainder of the events is consistent with isotropy.

in performing the search of the data of 16:09, 21
February 1987 to 07:31, 24 February 1987 JST, the data
were divided into successive 10-sec intervals. Binning
problems were avoided by offsetting each 10-sec interval
10 times by an additional second. A search was also
made on a larger data sample of 42.9 days, 9 January
1687-25 February 1987, and no other burst candidates
were found, where a burst candidaie was defined as an
event multiplicity =4 per 10 sec with Ny, per event
> 30. From the extended period it was determined that
the number of events with Ny = 30 per 10 sec was well
described by a Poisson distribution of mean 7=0.0121
up to multiplicity 3, excepting only the burst of multipli-
city 6 shown in Table I. For a reduced threshold of Ny
per event = 20 per 10 sec, a Poisson distribution also ob-
tained with 7=0.219 up to multiplicity 4, the only ex-
ception being the burst (of multiplicity 9 described
above. Accordingly, the rate of occurrence of 6 ¢vents
per 10 sec with Ny, = 30, or 9 events per 10 sec with
Ny == 20, due to a statistical fluctuation is less than one
per 7107 yr or less than one per 1 X 107 yr, respectively.

The only background process that might conceivably
give rise to a burst of events in a short interval of time
would be the production of an energetic nuclear cascade
by an incident cosmic-ray muon. The characteristics of
such events have been studied in detail previously as the
spallation background for solar-®B-neutrino events.*
The relative total rate of spallation leading to one or
more low-energy electron events is less than 10 ™% per in-
cident muon. The measured multiplicity distribution of
low-energy electron events following an incident muon in
time vields a probability of multiplicity = 3 of 3x10 72,
The low-energy electron-event background from spalla-
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FIG. 3. Scatter plot of the detected electron energy in
megaelectronvolts and the cosine of the angle between the
measured electron direction and the direction of the Large
Magellanic Cloud. The number to the left of each entry is the
time-sequential event number from Table [. The two projec-
tions of the scatter plot are also displayed.

tion has the following principal properties: (1) It exhib-
its an exponential time structure which reflects the
known lifetimes of the radioisotope fragments from !0,
specifically, an (18 &+ 1.2)-msec component from N
and '’B, and also a component with a longer cxponential
time structure of 1.2 = 0.5 sec, with relative rates 2:1, re-
spectively; and (2) the resultant S-decay electrons with
observed energies above 15 MeV occur with less than 4%
probability.

Consequently, the overall probability that any of the
muons, gl to u4, was the progenitor of the event burst in
Table [ is extremely low, much less than 10 73x3
X 10 73%(0.04)4, where the last factor follows from tak-
ing the four events (Nos. 1, 7, 8, and 9) in Table I with
E.—1lac>15 MeV. Note that the probability of 8§
%1012 does not include factors from either the details
of the internal time structure of the data in Table I, or
the time separation of the entire burst from any of the
preceding muons, or the geometrical correlation of the
low-energy electrons from spallation with the muons that
produced them,

We conclude that the event burst at 7:35:35 UT, 23
February 1987, displayed in Fig. 2 and Table I, is a
genuine neutrino burst. This is the only such burst found
by us during the period from 9 January to 25 February
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1987.° We therefore associate it with SN1987A. This
association is supported by the time structure of the
events in the burst, their energy distribution, and uni-
form volume distribution. Additional support is provided
by the correlation in angle of the first two observed
events with the direction to SN1987A. The event burst
occurred roughly 18 h prior to the first optical sighting.!
Correcting for energy-dependent detection efficiency,
and assuming that nine of the twelve events are due to
#.p+ — e*tn, we obtain an integral flux of 1.0x10!° 7,
em "2 for the burst, where the 7, energy (the observed
electron energy plus 1.3 MeV) is above 8.8 MeV. This,
in turn, leads to the ¥, output of SN1987A of 8§x10°2
ergs for an assumed average energy of 15 MeV.

This observation is the first direct observation in neu-
trino astronomy, and coincides remarkably well with the
current model of supernova collapse and neutron-star
formation.® In that model an aged, massive star, having
exhausted its nuclear fuel, undergoes a supernova explo-
sion. In supernovae of Type Il almost all of the gravita-
tional binding energy of the resultant neutron star,
~3% 10 ergs, is radiated within a few seconds in the
form of 10°% neutrinos of all flavors with average energy
in the vicinity of 10~15 MeV.

The impact on elementary-particle physics and the
properties of neutrinos is direct. The lifetimes of v, and
¥, must be greater than about 10° yr/y, where y is the
ratio of neutrino energy to neutrino mass, thus ruling out
neutrino decay as an explanation of the solar-neutrino
puzzle. Weutrino mass and mixing information, and lim-
its on the magnitudes of electromagnetic properties, are
more problematical, and require additional study.
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