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Neutrino Mass Limits from SN1987A
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A neutrino signal from the supernova SN1987A is used to place an upper limit on the neutrino mass.
If most of the neutrinos must have been emitted within several seconds, as suggested by astrophysical
models, the last three of the eleven events observed by the Kamioka detector must correspond to noise or
to the tail of a distribution in emission times. If the remaining eight events (which arrived within two
seconds of one another) are due to neutrinos emitted within four seconds (a conservative upper limit),
the bound m„~12 eV/c is obtained. The Irvine-Michigan-Brookhaven data, with a higher energy
threshold, primarily provide information regarding the total duration of the burst.

PACS numbers: 97.60.Bw, 14.60.Gh, 95.85.Qx, 96.40.Qr

The first optical record of the supernova SN1987A '

occurred at 10:37:55UT on 23 February 1987. About
three hours earlier, a neutrino signal was observed nearly
simultaneously at the Kamioka and IMB (Irvine-
Michigan-Brookhaven) detectors:

23 February, 7:35:35UT (+ I min) (Kamioka),

23 February, 7:35:41UT (IMB).

A pulse observed at 2:52 UT on the same day by a detec-
tor in the Mont Blanc tunnel was not confirmed by the
much larger Kamioka or IMB detectors and thus does
not appear to have been due to neutrinos.

The Kamioka detector's low energy threshold permits
neutrinos with a range of energies to be detected. In this
note we use this feature to place limits on the electron
neutrino's mass, under simple assumptions about the
time structure of the emission process. A thorough
analysis of the time profile of neutrino emission from a
supernova should be able to improve upon these bounds
somewhat, but we wish to avoid at this early stage con-
clusions based on any specific models.

The IMB detector's energy thresholds appear to be
higher than those at Kamioka. Furthermore, there is a
question of the relative synchronization of the clocks in

the two experiments. Consequently, IMB data in the
present analysis primarily provide a constraint with
respect to the total duration of the neutrino burst.

The distance to the supernova is 52 ~ 5 kpc, corre-
sponding to a light travel time lo of

t o
= (5.3 +- 0.5 ) && 10"s.

A neutrino of mass m and energy E will take a total time
of

TABLE I. Observation times and inferred neutrino energies
in the Kamioka experiment.

Event No.

1

2

3
4
5
6a

7
8

9
10
11
12

t.b, (s)

0 (def)
0.107
0.303
0.324
0.507
0.686'
1.541
1.728
1.915
9.219

10.433
1 2.439

Energy (MeV)

21.3 ~ 2.9
14.8 ~ 3.2
8.9 + 2.0

10.6+ 2.7
14.4 ~ 2.9
7.6+ 1.7'

36.9+ 8.0
22.4 ~ 4.2
21.2+ 3.2
10.0 ~ 2.7
14.4+ 2.6
10.3 ~ 1.9

to reach the Earth. The observation times t,b, and neu-
trino energies E are shown in Tables I and II. ' We
have assumed for present purposes that all events are due
to v, p e+n, so that E =E,+m„—mz+ (small recoil
correction), where the recoil correction is estimated from
the quoted electron angle with respect to the source.
We may infer emission times t, as a function of m for
each event, noting that m need not be the same for all
events. Indeed, neutrinos of various species are expected
from supernovae. '

The values of t, obtained from the Kamioka data via
Eq. (2) (with a constant value of to subtracted) are
shown as functions of m in Fig. 1. Two lines are shown
for each event, corresponding to energies at the upper
and lower limits of the errors in Table I. The value

=0 corresponds to the time at which the first detect-

tabs tem to(I +m /2F ) (2)
'Event 6 was excluded from the analysis of Ref. 3 because it had

fewer than 20 photomultiplier hits.
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FIG. 2. Minimum time interval ht;„over which neutrinos
could have been emitted for the Kamioka experiment as func-
tion of m 2. Solid line, all events; dashed line, excluding events
10-12; dotted line, excluding events 7-12. Event No. 6 has
been excluded here.

lowed by astrophysical models), we find

m„~12 eVc (ht;„~4 s). (5)

The later arrival of the last two events, which have about
15 MeV lower energy than the others, could have been
construed as evidence for finite neutrino mass were it not
for our previously stated arguments based on the Kamio-
ka data. The possibility of a "late burst" or the tail of a
time distribution remains open.

The limit (5) is more stringent than any obtained so far
on the basis of any direct laboratory experiments. ' '
Assuming that Eq. (5) indeed applies to electron neutri-
nos, the limit is incompatible with the claim of one
group ' for a finite electron-neutrino mass, m,—
~ 17 eV/c .

A further improvement on the bound (5) is possible if
one takes seriously calculations ' which indicate the
presence of an initial "pulse" of neutrinos of less than 1-s
duration. Events 1-5 are candidates for such a pulse.
They all would have been emitted within 1 s of one
another if m, ~ 9.4 eV/c, as indicated by the dotted line
in Fig. 2. This bound is based on events 1 and 3, and
remains valid if the neutrino energy for event 1 is greater
than that shown in Table I, as one might expect if the
first event is due to v, -e scattering.

The possibility exists that additional events could be
due to neutrino-electron scattering, as only events 3, 5,
10, and 12 are characterized by an electron direction
more than 90' (and typically ~3tr) away from the
source. The bound (5) remains valid if, for example, the
neutrino energy of event 7 is higher than that shown in

Table I. However, it has been estimated that it is very
unlikely that more than two events in the Kamioka sam-
ple could be due to neutrino-electron scattering. The
first two events are the best candidates for this process.

We now turn to the IMB data. Events 1 and 8 define
the minimum time interval over which all events could
have been emitted:

est;„=f5.59 —0.63[m,/(10 eV/c )1 j s.

We have not incorporated the possibility of neutrino
oscillations into our analysis, but the present data will

provide useful constraints on models of such oscillations.
We expect the bound (5) to be improved once it be-

comes possible to incorporate the expected time structure
of neutrino emission. Without detailed information on
this time structure, which requires detailed multidimen-
sional hydrodynamical calculations, it is premature to at-
tempt a statistical analysis; simple Poisson statistics, for
example, will not suSce. Our purpose in preparing this
early note was to show what can and cannot be conclud-
ed from the data in as model-independent fashion as pos-
sible.

We thank Y. Nambu for discussions and for sharing
with us an early copy of Ref. 3, M. Turner for several
very helpful comments on an earlier version of the
present note, and M. Bander, A. Burrows, S. Chan-
drasekhar, M. Cherry, J. W. Cronin, P. Freund, B. Fryx-
ell, G. Gelmini, F. Gilman, E. W. Kolb, P. Langacker, J.
Lattimer, and N. Sugarman for useful discussions. This
work was supported in part by the United States Depart-
ment of Energy under Contract No. DE-AC02-82ER
40073 and by National Science Foundation Contract
No. NSF-AST 85-19968.

'Ian Shelton, Las Campanas Observatory (Chile), communi-
cated by W. Kunkel and B. Madore, International Astronomi-
cal Union Circular No. 4316, 24 February 1987.

ZR. H. McNaught, Siding Spring Observatory (Australia),
International Astronomical Union Circular No. 4316, 24
February 1987.

3K. Hirata et al. (Kamiokande II Collaboration), Phys. Rev.
Lett. 58, 1490 (1987), and International Astronomical Union
Circular No. 4336, 9 March 1987.

41rvine-Michigan-Brookhaven (IMB) Collaboration, Inter-
national Astronomical Union Circular No. 4340, 11 March
1987; R. M. Bionta et al. , Phys. Rev. Lett. 58, 1494 (1987).

5M. Aglietta et al. , "Characteristics of a Neutrino Burst
Detected during the Occurrence of Supernova SN1987A" (to
be published), and International Astronomical Union Circular
No. 4323, 28 February 1987.

6G. I. Zatsepin, Pis'ma Zh. Eksp. Tear. Fiz. 8, 333 (1968)
[JETP Lett. 8, 207 (1968)]; N. Cabibbo, in Proceedings of the
International Meeting on Astrophysics and Elementary Parti-
cles, Common Problems, Rome, Italy, l 980 (Accademia
Nazionale Lincei, 1980), p. 229; J. M. LoSecco, in Proceedings
of the Neutrino Mass Miniconference, Telemark, Wisconsin
2-4 October 1980, edited by V. Barger and D. Cline (Univ. of
Wisconsin Press, Madison, Wisconsin, 1980), p. 191; T. Piran,
Phys. Lett. 102B, 299 (1981).

7A. Burrows, private communication. Since submission of
this note we have become aware of several other analyses, in-
cluding ones by J. Arafune and M. Fukugita, to be published;
K. Sato and H. Suzuki, University of Tokyo Report No.
UTAP-47, 1987 (to be published); K. Hikasa, M. Kobayashi,
and M. Yoshimura, National Laboratory for High Energy
Physics Report No. KEK-TH-153, 1987 (to be published);
J. N. Bahcall and S. L. Glashow, Nature 326, 476 (1987);

1908



VOLUME 58, NUMBER 18 PHYSICAL REVIEW LETTERS 4 MAY 1987

J. Thierry-Mieg, to be published; R. Cowsik, to be published;
D. O' Connor et aI. , to be published.

"Astrophysical Quantities, edited by C. W. Allen (Athlone,
London, 1964).

9J. N. Bahcall, A. Dar, and T. Piran, Nature 326, 135
(1987).

'OW. D. Arnett, Astrophys. J. (Lett). 263 L55, (1982);
A. Burrows and T. L. Mazurek, Nature 301, 315 (1983); J. R.
Wilson, R. Mayle, S. Woosley, and T. Weaver, Ann. N. Y.
Acad. Sci. 470, 267 (1986); W. D. Arnett, in Numerical Ex
perinients and )neutron Slar Formation, Proceedings of the In-
ternational Astronomical Union Symposium No. 125: The Ori-
gin and Evolution of Neutron Stars, Nanjing, China, May
1986, edited by David Helfand (Reidel, Dordtrecht, 1987);
Adam Burrows and James M. Lattimer, Astrophys. J. 307, 178
(1986); R. Mayle, J. R. Wilson, and D. N. Schramm, to be

published; A. Burrows, "Convection and the Mechanisms of
Type ll Supernovae, " University of Arizona Report (unpub-
lished).

' 'A. Burrows and J. Lattimer, private communication.
'2M. Fritschi er al. , Phys. Lett. 173B, 485 (1986):

m„~18 eV/c2 for tritium adsorbed on a carbon foil; R. G. H.
Robertson, lectures presented at Lake Louise Winter Institute,
Lake Louise, Canada, 15-21 February 1986 (to be published):
m„(27eV/c for molecular tritium. This last work also con-
tains results of other experiments on tritium beta decay.

'3S. D. Boris el al. , Pis'ma Zh. Eksp. Teor. I iz. 42, 107
(1985) JETP Lett. 42, 130 (1985)l; Phys. Lett. 159B, 217
(1985); V. A. Lyubimov, in Proceedings of the Sixth Moriond
Workshop on Massive Neutrinos in Particle Physics and Astro-
physics, Tignes, France, 25 January-1 February 1986 (to be
published).

1909


