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A burst of eight neutrino events preceding the optical detection of the supernova in the Large Magellanic Cloud has been
observed by the IMB detector . The events span an interval of 6 s and have visible energies in the range 20-40 MeV . Some
comparisons between the signal and that expected from a supernova are made . We have found no other comparable burst during the
operation of IMB .

According to conventional supernova theory [1], the
recently observed supernova explosion SN1987a [2] in
the Large Magellanic Cloud (LMC) should have re-
leased approximately 3 x 10 53 erg of gravitational bind-
ing energy in a burst of 10 58 neutrinos in a time interval
of a few seconds. We report results from the observa-
tion of a burst of neutrino events, completely contained
within the volume of the IMB water-Cherenkov detec-
tor, occurring close to the estimated time of the super-
nova collapse . The observed 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 the detector is - 2 d in the range 20-2000
MeV. In this paper, we will briefly discuss the current
status of the analysis of the burst as well as the angular
distribution of the observed events [3] .

The IMB detector [4], which was designed to search
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for proton decay, is located in the Morton-Thiokol salt
mine near Fairport, Ohio (41.7N, 81 .3W) at a depth of
1570 mwe (meter water equivalent) . It consists of a
rectangular tank (22 .5 x 17 x 18 m3) filled with purified
water . We consider the active volume for this search to
be the entire detector, or about 6800 metric tons, some-
what greater than the nominal fiducial volume of 3300
metric tons used in the proton decay search. The six
sides are instrumented with 2048 eight-inch photomulti-
plier tubes (PMTS) arranged on an approximate 1 m
grid . The tubes are mounted on wave-shifter plates,
which increases their light collection efficiency by a
factor of about two . Each PMT provides timing and
pulse-height information from which the vertex, direc-
tion, and energy of a charged particle track may be
reconstructed.

For a seven hour period of time containing the
observed burst, one-quarter of the PMTs, representing
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Fig . 1 . A schematic view of IMB showing the division into
patches. The inoperative patches have been crossed out.

essentially one contiguous region of the detector's walls,
were not operational due to the failure of one of four
power supplies . The detector is divided into 32
"patches", as shown in fig. 1, each patch being a local
8 X 8 array of PMTs. The inoperative power supply
controlled the PMTs in patches 25-32 which, therefore,
limited our sensitivity on much of the south and top
walls . The local position of the supernova, at the time of
the burst, was 42' below the horizon and 28' west of
south.

The detector is triggered when about 20-25 PMTs
fire in - 50 ns ; this corresponds to about 40 or more
PMTs firing in the 511 ns trigger recording window .
The trigger efficiency as a function of visible energy has
been determined by implementing the trigger condition
on a sample of Monte Carlo electrons in the detector
and is given in fig . 2 (see ref. [5]) . These calculations
have been been checked by simulating Cherenkov tracks
in the detector using an artificial light source .

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 PMTs firing was set as an off-line
acceptance criterion. To search for such a burst of
neutrinos, a 6 .4 h period starting at UT February 23, 5
h 00 mm 00 s (when the PMTs were inoperative) was
selected and divided into non-overlapping 10 s inter-
vals ; the number of events with fewer than 100 PMTs
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Fig . 2. Trigger efficiency as a function of electron energy
averaged over an isotropic distribution in the full 6800 m3
volume of the partially operating detector. The error bars

represent the systematic uncertainty in efficiency.

firing (N) was determined for each interval . For N<_ 5,
this distribution is fitted well by a Poison distribution
with (N) = 0.77 events per interval . However, one in-
terval is found to contain nine events .

Using 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 spurious tri-
ggers of instrumental origin . One event was identified as
a typical cosmic ray muon; the remaining eight events
are identified as neutrino interactions in the detector
volume. We estimate the efficiency for finding the neu-
trino-burst events, once the detector has triggered, is
essentially 100% based on a double scanning technique .
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 of these events were determined
by correcting the observed PMT pulse heights for noise
and geometric effects and comparing with detailed
simulations of Cherenkov light production in the detec-
tor ; these Monte Carlo programs have been cross-
checked with samples of cosmic ray muons and muon-
decay electrons . If we assume these events are caused by
electron antineutrinos interacting on free protons, then
the visible energy corresponds closely to the neutrino
energy. The uncertainties in these energy determinations
are estimated to be ±25% (statistical and systematic).
Reconstruction of the individual track directions has an
uncertainty of about ± 15 ° . The observed events, time
of occurrence, number of PMTs firing, estimated en-
ergies, distance from the nearest PMT plane, and track
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Table 1
Characteristics of the contained neutrino burst events recorded on 23 February, 1987 .

angles with respect to the supernova are given in table
1.

If we assume that the uncertainty in energy (±25%)
for our events is a Gaussian distribution about the
nominal energy then we can make a determination of
the (assumed) electron antineutrino spectrum from the
supernova. We note these assumptions may not be
valid ; the validity of these assumptions is under investi-
gation . We take a unit normalized Gaussian distribution
centered at the nominal energy E with o = 0.25 E to
represent the probability that the event actually had
energy E. If we further assume that the events are due
to inverse beta decay on free protons (see below for a
discussion) we can estimate the incident neutrino flux .
Folding our energy dependent detection efficiency, the
energy dependent neutrino cross section, and the num-
ber of free protons in the detector together with the
observed energy distribution then gives the antineutrino
spectrum [6] . A fit to the spectrum with an exponential
distribution then gives a total antineutrino flux of 8 x
108 m-2 at the detector . The total antineutrino output
of the supernova is the 3 X 10 56 corresponding to a
luminosity of electron antineutrinos of 1 X 10 52 erg
above 20 MeV, in reasonable agreement with expecta-
tions .

If these events are in fact due to inverse beta decay,
then the resulting distribution of events should be rela-
tively isotropic with respect to the initial neutrino direc-
tion. We have completed initial studies of the effect of
the inoperative PMTs on the observed angular distri-
bution of events in the detector . For example, using a
sample of simulated 30 MeV electrons distributed iso-
tropically in the detector on which the trigger criterion
is applied (" turning off" the inoperative PMTs), we can
study the angular bias . If we let the direction from the
LMC define the z-axis of a spherical coordinate system,
fig . 3shows the azimuthal and polar distributions ex-
pected from an isotropic distribution of 20 and 30 MeV

T. Haines et al. / Neutrinos from SN1987a in the IMB detector

:1 , 0.4
u
.2 0 .3
w

d 0 .2
00
00

0 .4
C
0.3

,, 0 .2

m

a) The event numbers are not sequential . Interspursed with the contained neutrino events are 15 entering cosmic ray muons .
b) Error in energy determination is 250 (systematic plus statistical) .
`) Individual track reconstruction uncertainty is about 15 ° .
d) PMT distance is the distance of event vertex from the nearest PMT plane ; vertex resolution is about 1 m.

events with respect to the LMC direction. The resulting
forward asymmetry is (2 ± 4)%, a negligible effect. This
result is true only when the efficiency is averaged over
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Fig . 3 . Angular dependence of the trigger efficiency for 20
MeV (dots) and 30 MeV electrons . Angles are measured with
respect to the direction away from the supernova. The error
bars represent the uncertainty in angular dependence ; an ad-
ditional overall systematic uncertainty applies (see fig . 2). The
angles of the eight events listed in table 1 are indicated by

numerals.

Event a)

number
Time (UT) Number

of PMTS
Energy b)

(MeV)
Angular Distribution `)
(deg)

PMT Distribution d)

(m)

1 33162 7:35 :41 .37 47 38 74 7 .9
2 33164 41 .79 61 37 52 3 .2
3 33167 42.02 49 40 56 3 .5
4 33168 42.52 60 35 63 4 .1
5 33170 42 .94 52 29 40 1 .3
6 33173 44 .06 61 37 52 4 .8
7 33179 46 .38 44 20 39 5 .9
8 33184 46 .96 45 24 102 5 .0



the entire detector ; specific subvolumes of the detector
do show sizable polar angle biases . If we consider only
the positions of the events in the detector, there is not a
significant polar angle bias .

The polar angles of the eight observed events are
also shown in fig. 3. The observed distribution appears
peaked in the forward direction with the angles of 7 of
the 8 events between 39' (±15') and 75 0 (±15 0 ) .
This does not seem to be a good fit to either
neutrino-electron elastic scattering, which is strongly
forward peaked with 0 _< 45 0 (including multiple
scattering and reconstruction errors), nor to the nearly
isotropic distribution expected from inverse-/3 decay.
We have not yet evaluated the precise likelihood for
either of these interpretations . We note, however, that
the 4 events observed by Kamiokande [71 above the
IMB threshold all have polar angles in a similar range
of 18° (±18 0 ) to 38 0 (±22 0 ).

One can crudely estimate the likelihood of an iso-
tropic distribution by simply assuming a probability of
50% that an event will lie in the forward hemisphere .
This estimation is crude because it ignores the smearing
caused by multiple scattering and reconstruction ; there-
fore, this will result in an underestimate of the actual
likelihood but it should at least be illustrative . The
probability that 7 out of the 8 events will lie in the
forward hemisphere is then about 3% . Initial estimates
of this probability that include the smearing effects
mentioned above yield a likelihood of about 10%. Obvi-
ously, if one includes some or all of the Kamiokande
events that are above the IMB threshold, this probabil-
ity drops drastically .

Using the experience gained with the neutrino burst
from SN1987a as a guide, we can now search for
evidence of stellar core collapses which were not de-
tected optically; the lack of an optical sighting could be
because it was absent (the stellar envelope was not
ejected), small, or obscured . The IMB experiment has
been in operation since September 1982 . We have com-
pleted initial searches [81 for similar neutrino bursts
throughout all of our data. This includes 335 live days
of data before the detector was upgraded (September
1982-July 1984) and 140 live days after the final up-
grade [9] (April 1986-February 1987) until the time of
the supernova. We have found no other comparable
bursts of neutrinos and can therefore set an upper limit
on the rate of stellar core collapse in our Galaxy of
< 1.8 /yr at 90% CL.
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