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Observation of a Neutrino Burst in Coincidence with Supernova 1987A in the Large Magellanic Cloud
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A burst of eight neutrino events preceding the optical detection of the supernova in the Large Magel-
lanic Cloud has been observed in a large underground water Cherenkov detector. The events span an in-
terval of 6 s and have visible energies in the range 20-40 MeV.

PACS numbers: 97.60.Bw, 14.60.Gh, 95.85.Sz

According to conventional supernova theory,' the re-
cently observed supernova explosion? (SN1987A) in the
nearby Large Magellanic Cloud should have released ap-
proximately 3% 1033 ergs of gravitational binding energy
in a burst consisting of ~ 10°® neutrinos in a time inter-
val of a few seconds. In this Letter, we report the obser-
vation of a burst of neutrino events, completely con-
tained within the volume of the IMB (Irvine-Michigan-
Brookhaven) water Cherenkov detector, occurring close
to the estimated time of the supernova collapse. The ob-
served signal consists of eight neutrinos with energies in
the range of 20-40 MeV, spaced over an interval of 6 s.
The background rate of contained events from cosmic-
ray-produced neutrinos interacting in this detector is
~2/d in the range 20-2000 MeV.

The IMB detector, designed to search for proton de-
cay, is located in the Morton-Thiokol salt mine near
Fairport, Ohio (41.7°N, 81.3°W) at a depth of 1570 m
water equivalent. It consists of a rectangular tank
(22.5%17%18 m?) filled with purified water. The active
volume for this search is approximately 5000 metric tons
compared to the nominal fiducial volume of 3300 metric
tons used in the proton-decay search. The six sides are
instrumented with 2048 8-in. photomultiplier tubes
(PMT’s) arranged on an approximate 1-m grid. The

tubes are mounted on wave-shifter plates, which in-
creases their light-collection efficiency by a factor of 2.
Each tube provides timing and pulse-height information,
from which the vertex, direction, and energy of a
charged particle track may be reconstructed.? For a 7-h
period of time containing the observed neutrino burst,
one-quarter of the PMT’s, representing essentially one
contiguous region of the detector’s walls, were not opera-
tional because of the failure of one of four high-voltage
power supplies. The absence of these PMT’s has been
taken into account for all the results reported here.

The detector is triggered when at least 25 PMT’s fire
in 50 ns; this corresponds to about 40 or more PMT’s
firing in the 511-ns trigger-recording window. Typically
about 15 PMT’s fire in this window as a result of random
noise. The trigger efficiency as a function of visible ener-
gy has been determined and is given in Table 1.
Cosmic-ray muons trigger the detector at a rate of ~2.7
Hz. Neutrino events are distinguished from cosmic-ray
muon events by the fact that the reconstructed vertex of
a neutrino interaction will occur within the detector
volume (contained event) while that of a cosmic-ray
muon will occur at the top or walls of the detector and
the direction will be downward. As previously stated,
the number of neutrino interactions is ~2/d.
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TABLE I. The estimated trigger efficiency for the detector
with the loss of one high-voltage power supply as a function of
visible energy.

Visible energy

(MeV) Trigger efficiency
20 0.14
30 0.56
40 0.76
50 0.89
60 0.92

The absolute time of an event in universal time (UT)
is recorded to = 50 ms by means of a WWVB clock; the
relative time for each event is known to better than 1 ms.

The signal of a supernova is expected to be a burst of
low-energy neutrinos occurring over a period of seconds.
In the search for low-energy neutrino events, an upper
limit of 100 PMT’s firing was set as an off-line accep-
tance criterion. To search for such a burst of neutrinos,
a 6.4-h period starting at UT 23 February 5" 00™ 00%
(when one-quarter of the PMT’s were off) was selected
and divided into nonoverlapping 10-s intervals. The
number of events with fewer than 100 PMT’s was deter-
mined for each 10-s interval; the frequency distribution
is given in Table II. For N =< S, this distribution is fitted
well by a Poisson distribution with (V) =0.77 events per
10-s interval. However, one interval, (UT) 7" 35™ 403
to 7" 35™ 508, is found to contain nine events. A search
of —~60 h around this interval revealed no other 10-s in-
terval with more than six events.

With use of the track-imaging capabilities of this
detector, the nine events during this time interval were
studied in detail to determine if they could be due to
charged particles entering the detector, or possibly spuri-
ous triggers of instrumental origin. One event was
identified as a typical cosmic-ray muon. The remaining

TABLE II. The frequency distribution of events in 10-s in-
tervals of the 6.4-h period containing the neutrino burst.

No. of events No. of 10-s intervals

0 1043
1 860
2 307
3 78
4 15
5 3
6 0
7 0
8 0
9 1
=10 0

eight events are identified as neutrino interactions in the
detector volume; they occur within an interval of less
than 6 s. None of the events can be identified as a muon
since no decay electron followed. We found no other
neutrino events during this 6.4-h period.

The visible energies corresponding to these events were
determined by our correcting the observed PMT pulse
heights for noise and geometric effects and comparing
with a detailed simulation of Cherenkov light production
in the detector. We further note that the light levels are
comparable to those observed from muon-decay elec-
trons, which were used as an independent energy calibra-
tion. If these events are caused by electron antineutrinos
on free protons, then the visible energy corresponds
closely to the neutrino energy. The uncertainties in these
neutrino energy determinations are estimated to be
+25% (statistical plus systematic). Reconstruction of
the individual track directions has an uncertainty of
about * 15°. The observed events, times of occurrence,
number of PMT’s firing, estimated energies, and track
angles with respect to the supernova are given in Table

TABLE III. Characteristics of the contained neutrino events recorded on 23 February.

Time Energy® Angular distribution®
Event No.? T No. of PMT’s (MeV) (degrees)
33162 7:35:41.37 47 38 74
33164 7:35:41.79 61 37 52
33167 7:35:42.02 49 40 56
33168 7:35:42.52 60 35 63
33170 7:35:42.94 52 29 40
33173 7:35:44.06 61 37 52
33179 7:35:46.38 44 20 39
33184 7:35:46.96 45 24 102

2The event numbers are not sequential. Interspersed with the contained neutrino events are fifteen enter-

ing cosmic-ray muons.

YError in energy determination is & 25% (systematic plus statistical).
“Individual track reconstruction uncertainty is 15°. Note that this angular distribution will be systemati-
cally biased toward the source because of the location of the inoperative PMT'’s.
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III. As a result of the missing PMT’s, there is a bias
against the detector triggering on tracks moving toward
the Large Magellanic Cloud; the quantitative extent of
this bias is under investigation. Individual track direc-
tions, however, are unaffected by this bias.

The detector is dead for about 35 ms after each trigger
and the total dead time during the 6-s burst was mea-
sured to be 0.8 s. When corrected for dead-time and
trigger losses, our observation corresponds to 22 events in
the 6-s interval. If we assume, for simplicity, monoener-
getic 32-MeV v, ’s interacting via inverse beta decay on
free protons with a cross section of 8x10 ~*' cm?, this
corresponds to a total flux of 8x10% cm ~2 The total
neutrino output from the supernova is then 3x10°¢ cor-
responding to a luminosity of v, of 1x10%? ergs above
our threshold; the flux and luminosity have an estimated
uncertainty of a factor of 2.

In addition to the systematic search over the 60-h
period, a more detailed search was performed for the in-
cluded period UT 23 February 2" 22™ to 3" 22™, encom-
passing the time 2" 52™ at which a neutrino burst was
reported to have occurred in the liquid scintillation
detector of the Mount Blanc Neutrino Observatory. Our
detector was fully operational during this period. A visu-
al scan of all triggers with fewer than 100 PMT’s yielded
no contained events; this implies a 90%-confidence-level
upper limit on the v, flux above 20 MeV during this time
of 2x10% cm ~2 The subsequent selection of the 6.4-h
period in which the observed neutrino burst was found
came after our learning of the detection of a neutrino
signal by Hirata et al.®> at UT 7" 35™ 35% with an uncer-
tainty of £ 1 min.
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Our events and their proximity in time to the optical
observation of the supernova 1987A are compelling evi-
dence that neutrinos have been seen from a supernova
collapse. It is clear that these data can be used to study
fundamental properties of supernovae and neutrinos; fur-
ther calculations are in progress.
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