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%'e have observed 34 events with visible strange-particle production out of a total charged-
current sample of 4500 events in a wide-band neutrino exposure of the Brookhaven National

Laboratory 7-ft bubble chamber filled with H2 or D2. Three events were uniquely identified

as having single-strange-particle production, two with AS=-EQ. In both AS=-hQ events
we observe the A, + (2260), which in one case decays to A~+~+7t and in the second case to

p Z 7t. 7t+. Production rates are given.

The discovery of a high-mass narrow reso-
nance, the 8/g, ' indicated the existence of a new
flavor (charm) beyond strangeness. Using the
mass of this state De Rdjula, Georgi, and Glash-
ow' predicted that the lowest baryon state with
this flavor, the A, ', should have a mass near
2200 MeV with the next higher state, the Z„
being more massive by about 160 MeV. The
first evidence of such charmed-baryon production
arose from the study' of a neutrino interaction
in the Brookhaven National Laboratory (BNL) 7-ft
bubble chamber. The event had a clear dS= -AQ
charm signature and was consistent with the pro-
duction of Z, ~ (with ma, ss 2426+ 12) followed by
the decay to A, ' (mass 2260+10). The subse-
quent observations4 of A, (2260) in a photoproduc-
tion experiment confirmed both the interpretation
and the mass. In this Letter we report on a sec-
ond event in the Brookhaven National Laboratory
(BNL) 7-ft bubble chamber which is identified as
production followed by the kaonic decay of the
A, '(2260), the reaction being

The A,
' mass obtained is 2254+ 12 MeV.

The data come from an exposure of the BNL 7-
ft cryogenic bubble chamber to a broadband neu-
trino beam. The neutrino energy spectrum peaks
at about 1.5 GeV with 14% of all events having
energies greater than 4 GeV. A total of 4500
charged-current events, of which 34 have visible
strange particles, have been accumulated to date.
This has involved exposures with either hydrogen
or deuterium in the chamber. The relevant vol-
ume is 9 m', of which 25% is occupied by four 2-
in. -thick stainless steel plates inserted for neu-
tral-current investigations. All pictures are
scanned for events containjpg two or more charged
tracks. Cosmic-ray events were effectively re-
moved by requiring that the vector sum of the
visible momentum be greater than 150 MeV/c
and make a polar angle 8„,~ 50' with respect to
the beam direction. All events were measured
and kinematically fitted with the appropriate final
states. In this manner 80% of the 4500 events
were uniquely identified. In this same sample
there were 34 events containing identified strange
particles (1 event with Z' and 33 events with vis-
ible neutral strange particles). Of these, 22
events (or 65%) have no missing neutrals and, for
all but one of the final states, have been uniquely
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determined; see Table I.
All events but three' are consistent with being

associated strange-particle production, the re-
maining three being examples of single-strange-
particle production. The first has been published'
as the first example of charmed-baryon produc-
tion and decay, with a bS= —AQ signature. The
second corresponds to the reaction vp- p K,'v'p.
The K, 'v' effective mass is in the region of the
well-known K*(892), implying that the strange-
ness of the K, ' is +1, thus favoring the interpre-
tation for this event as AS= b, @=+1. In addition,
the value of the scaling variable x = q'/2mv Iq'
=2E„E„(1—cos8&), m is the target-nucleon mass,
and v=E„—E&J is 0.11 and therefore consistent
with 69=+1 production off the quark sea. The
third event is the main subject of this Letter and
is shown in Fig. 1. It consists of four charged
tracks, two negative and two positive, and a sin-
gle V'pointing to the vertex. The V' is clea, rly
a K,' associated with the primary vertex (y' prob-
ability 27% for E' compared with less than 10 '
for A). Track 1 is negative and is consistent with
penetrating three plates and then leaving the
chamber. Track 2, the second negative track,
goes through two plates, and enters and fails to
emerge from the third, marking it as a hadron.
Track 3 leaves the chamber without entering any
of the plates. Track 4 leaves the chamber, its
momentum and range clearly identifying it as a
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View of the event as seen in camera 2.

Transverse momentum is balanced to better
than 90 MeV/c, the longitudinal momentum is 3.9
GeV/c, and the vector momentum of the visible
tracks is within 1.3' of the beam direction. The

TABLE I. Topologies of the 34 charged-current events with visible strange
particles. The symbol h is used for those particles with ambiguous interpreta-
tion.

Reaction
Events
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Con- Ep

4S straints (QeV) (0 v)

vp p, 7r vr+7r+z+A

vp-I P~'&'
vp p 7r+K+A

vp p h h h, +h, +7r+E

vP -p h, +h, K 0. . .
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vn p E'+A

vn —p 7r K+X+
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5.2 0.11 0.39 2.059

0.74 2.254
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kinematic variables for each particle are given
in Table II.

The best kinematic fit obtained for this reaction
is vd- p, K,'pw'm (p, ) with a y' probability of
55% for a. three-constraint (3C) fit. The standard
procedure was utilized in handling the reaction in
deuterium, with P„=P,=P,=0+45 MeV/c set for
the target nucleon. This fit gave a spectator mo-
mentum of 50+ 25 MeV/c, which would not be
seen. and is consistent with the lack of any visible
stub at the primary vertex.

%'e now turn to alternative explanations of this
event. Examination of all multibody effective-
mass combinations of the charged tracks from
the primary vertex reveal that the &'n combina-
tion has a mass 489 +6 MeV which is 1.5o from
the accepted K' mass. We thus have to consider
the hypothesis vd- p, K'K"p(p, ) where one K' de-
cays very near the primary vertex. Extrapola-
tion of these two charged tracks back to the ver-
tex indicates that their intersection lies within
1.5 mm (in space) of the primary vertex. The
probability for such a 1.5-GeV/c K, ' decaying
within this distance is 2&10 ' which when coupled
to the mass deviation and multiplied by the num-
ber of associated production events with two Vo's

(one event with a 3C fit) gives an estimated back-
ground of 3&10 ' events.

A second possibility is that the negative hadron
track is a K and the final state is p, K'K pv'
which yields a 3C fit probability of 7%. This fit
requires a recoil-proton stub of 3.5 mm in space
which is not observed. The viability of this hy-
pothesis is further reduced by the improbability of
a K K system forming a K*(892) when the K is
interpreted as a r . We calculate the background
due to this reaction to be 5 &10 ' events. '

There are also the possibilities of missing neu-
tral final states, the most likely bei~g (a) p K'
K'&'~ (n), and (b) pK"p~'w (K'). .In case (a)
the neutron is required to have a momentum
of between 1.1 and 1.7 GeV/c and be emitted in

the forward direction such that Pr &100 MeV/c.
Further, track 3 must be a K' instead of a pro-
ton, a possibility which is disfavored but not ex-
cluded by ionization measurements. ' We calcu-
late this background to be 2&10 ' events. ' Simi-
larly, for case (b) the K' must have a momentum
greater than 2.0 GeV/c and have Pr & 100 MeV/c,
yielding a background of 4 &10 ' events. We have
also considered backgrounds from incoming K 's,
P's, and neutrons. All contribute less than 2

&10 ' events.
The favored hypothesis is therefore single-

strange-particle production with a total back-
ground of about 1.6%. This event could be either
single-strange-particle production off a sea quark
(b S= + AQ), or AS = —LQ indicating charm produc-
tion off a valence quark and its subsequent decay
(v+d- p, + c, c -s+ etc.). The latter is favored
on two grounds. First, an examination of the
two-body effective masses gives a K, '& mass of
913+8 MeV, strongly suggesting a K*-(892) (I'
= 50 MeV) and thus favoring a negative strange-
ness for the K, ', i.e., F'. Examination of other
K, ' events indicates that the random probability
of a K,'Tt having an effective mass within the
width of the K* is 10%. Second, a consideration
of the quark kinematics' favors valence charm
production over bS =+ b,Q production off the sea
by a factor of 3:1. This, combined with the ob-
served K*-, indicates only a 3% probability that
the event is LS= + b, Q.

We now examine the masses of particle com-
binations with the A, ' quantum numbers. Two
values are obtained: M(K'p) =1520+6 MeV and
M(K'pv'v ) = 2254+12 MeV. This latter value is
in good agreement with the A,

' mass of 2260 ~ 10
MeV both for the original BNL event and from
the photoproduction experiments. We estimate
that the probability of obtaining such agreement
by coincidence is less than 2%. This, when com-
bined with the evidence against the presence of a
second strange particle and against the b,S=+ AQ

TABLE II. The measured kinematic variables for each particle.

Track
Momentum Azimuthal angle

{MeV/c) {degrees)
Dip angle
(degrees) Identification

1
2
3
4
yo

1009~21
1309+28
755+19
205+3
935+10

—26.24+ 0.10
1.77+0.10
8.86+0.10

—7.95+0.53
22.87 +0.10

19.71+0.10
—11.03+0.10

4..17+0.13
—42.39+0.60

2.17~0.10
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interpretation, identifies the event as A,
' produc-

tion with a confidence of better than 10':1, and
establishes the decay mode A, '-K* pv'. The
observation of a kaonic decay mode of the A,

' is
consistent with the observed' increase of pp
yields in e'e annihilation between 4.4- and 5.5-
GeV c.m. energies at SPEAR. The event also
confirms, though at a lower confidence level
(95%), the existence and mass of the A, ' itself.

In order to "observe" charmed baryons in this
experiment we require a 3C fit and thus there
may be no neutral pions present among the neu-
trino reaction products nor may the baryon de-
cay products include vc's and/or a neutron. As-
suming a threshold behavior as predicted by
Schrock and I.ee' and correcting for the detec-
tion efficiency and unseen decay modes of the neu-
tral strange particles, we find that this "ob-
served" charmed-baryon production rate com-
pared to charged-current events (above charm
production threshold) is (1.0 a 0.7) /o. The losses
due to "unobserved" A, '(2260) baryons are diffi-'
cult to estimate but should increase the total A, '
production rate to the level to 3-5% quite com-
patible with the 6% Cabibbo rate for charm pro-
duction expected by the Glashow-Iliopoulos-
Maiani mechanism. "
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This work offers a method for finding some exact soliton solutions to coupled relativistic
scalar field theories in 1+1 dimensions. The method can yield static solutions as well as
quasistatic "charged" solutions for a variety of Lagrangians. Explicit so1utions are derived
as examples. A particularly interesting class of solutions is nontopological without being
either charged or time dependent.

The importance of classical soliton (localized
finite-energy) solutions to the corresponding
quantum field theories is now well established. '
A major problem, however, is finding exact
classical solutions in the first place, particular-

ly for coupled fields. This problem is shared
by many branches of physics. Individual solutions,
such as the Prasad-Sommerfeld monopole, ' or
Montonen's solution' (see below), had to be ob-
tained by ingenuity combined with trial and error,
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