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SUMMARY OF DATA ON STRANGE PARTICLE PRODUCTION BY NEUTRINOS IN THE H.L.B.C.

Out of 454 events, observed in the fiducial volume of the heavy liquid
Bubble Chamber during the 1963 and 1964 neutrino runs, 8 events are associated with
strange particles. Two events, producing strange particleés, have been observed outside
the fiducial volume and they will be discussed in the following, but they are neglected

when statistical considerations are made.

The relevant parameters of these 10 events are summarized in Tables 1 and 2.

1. Interpretation of the events

In almost all the events, the identification of at least one of the ejected
particles was uncertain. In some cases (see table 1) they were consistent only with
them being ntor K+, in others with n+, K" or protons. Their interpretation as u+ has

been disregarded altogether.

, When only one strange particle was seen, a K p0351b1e candidate was assumed
to be a K , prov1ded that the other strange partlcle could be interpreted as one of

strangeness -~ 1. We remark that in no case this procedure led to contradictions.

When there was more than one candidate, that of highest momentum was inter-
preted as K+. This procedure is not justified by any physical reason but it does not
affect appreciébly the conclusions of the discussion reported below. In faét any of the
alternative choices would have not chahgéd the estimate of the total visible energy
by more than 1 Gev, for the events listed in Table.l.

Gamma rays were consideréd as an evidence for the neﬁtral decay of strange
particles only if not pointing to the apex of the primary neutrino event, In events 462
and 486, two and one y respectively were observed, in both cases not pointing to the
origin and the interpretation as A. was preferred to that of KO, due to the large
probability for y's to materialize in CF,Br. | |
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2. Dynamical analysis of the events

Theirélévant‘dynamical data regarding the neutring events»and the Qbserved

strange particles are given in Table 2. They suggest the following comments.

a) Of the ten events listed in Teble 1 and 2 four indicate the presence of
two strange particles (106, 213, 462, 486). In each of these cases one
- of them was a charged K or a A decaying into a charged mode; the other
decayed into neutral particles and was individuated by the fact that one
or more y's were observed which did not point to the primary neutrino
event, thus excluding the possibility of originating from directly

0
produced n 's.

Five (197, 495, 518, 728, 80%) have a clearly identified strange particle

(Aor &°) and at least a X' possible candidate.

One (127) has & K' decaying in the chamber and mo other visible cendidate.
Even in the case of associated pfoduction one should expect cases of Kg
which would not be seen in the chamber.

Considering that a strange particle may not be detected i.e. because

of its long lifetime (as in the case Qf Kg) or because the dynamical
anélysis,did not permit-its identification (fast K+ cannot be.distinguished
in our chamber, from n+;s), we estimate that ~5 events ééntéining pairs

of strange particles may be present in our sample of 1).— evéntskand have

not been individuated.

b) Evis - distribution. The majority of the events with stranée particles

have a large visible energy, i.e. the ratio

)_ Number of events with strange particles
vis’ Number of inelastic events

increases with the neutrino energy, (see fig. 1). This fact, however,

may not be very significant as we shall discuss later.

2 e e
c) q -distribution. The g distribution is similar to that of the

inelastic events.
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d)

the ¥ distribution (see fig. 2). (MF being the inveriant mass of the
hadronic part of the final products) is grouped around 2 Gev. This is
most probably a kinematical effect : on the low energy side the
(associated) production of strange perticle is limited by the threshold

and on the high energy side by the decrease of the neutrino spectrum.

the E'-~distribution. If the production of the strange particles is-

associated with the baryon vertex B

the neutrino energy E‘V (taken to be equal.to Evis) may not be the
best parameter to allow a comparison with strange particle production
by other radiations. We know for instance that a close analogy can be
drawn between photo production and electron production of pions by
displaying the events from electron production in terms of the energy

of the equlvalent real photon in the laboratory system

. e
Yy 2M

where M 1is the mass of the target nucleon and M* is the total energy

of the photon and the nucleon in their CM - system. Thus to compare

~our data w1th the production of strange particle by other particles

of mass m we plot our results as a function of

Up to pion masses, m2 4L 'M2 and we can neglect it.
E' is then nothing else but ¥ displaged on & different scale.
The ratio x , plotted as a function of B' is shown in fig. 3. For

comparison the corresponding ratio (rn) for strange particle production

by pions are shown. For neutrino events the data are restricted to the



events "inside" the fiducial volume. The statistics is too poor and the
two processes need not be related as they are in the example quoted above
to allow a definite conclusion. It seems to indicate, however, that
strange particles are produced by neutrinos at a relative rate which is

higher than by pions.

Associated and single production of strange particles by neutrinos.

As discussed above all events are consistent with associated production.
This conclusion is essentially based on the fact that no event is seen
below the threshold energy for associated production whereas neutrinos

are certainly plentiful in the region around and below that energy.

This is in agreement with the A Q/AS = + 1 rule which forbids the
production of single hyperons by neutrinos. A single K, however, may

be produced (not a K). In fact a process of the type

Y +N—3 f +K+ N

has AS=+1 AQ =+ 1 and does not violate the selection rule.

We expect the number of these e&ents in our sample to be small ( 0.1 o/o
of the elastic events: see G.R. Henry, J. Lﬁvseth, J.D. Walecka, CERN
preprint, 9243 - TH. 451, 1964). Since the number of elastic events
observed in our fiducial volume is‘ .130, we cannot expect an appreciable

contribution from this effect. Event 127 might possibly be an example.

Secondary production of strange particles. Some of the strange particle

. events may be due to secondary production by pions interacting inside

the same nucleus in which they are produced by the primary neutrino

interaction.

Rough estimates based on the observed number of fast pions indicate that
such an effect should be negligible (see the CERN Bubble Chamber report
at Dubna). A more accurate estimate of it is in progress. However, it

should not affect any of our main conclusions as the comparison with



/fv

Distribution :
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pion production was also based on data some of which were obtained in

heavy nuclei.

A number of discussions with Prof's. Cabibbo, Prentki, Salin and Veltman

are gratefully acknowledged.

C. Franzinetti
J. Keren
G. Myatt
- M. Paty

(closed)
Scientific Staff of N.P.A.



Figure Captions

Number of events with strange particles

Fig. 1 *r(Evis) = Number of inelastic events plotted as
a function of B |
4 vis
Fig. 2 MaE versus Evis distribution for events producing strange particles
compared with that of inelastic events
Pig. 3 The ratio r as a function of BE'. The line represents the same

ratio for pion production (rn)
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