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ABSTRACT

Neutrino events, in which a positron is observed together with a
strange particle and a negative mucn, have been seen in the bubble chamber
GARGAMELLE exposed to the CERN PS neutrino beam. A complete study of all
the possible background sources has been made, and they have been found
tce be very low. The total observed number of muon-pesitron pairs indicates
a strong correlation between the producticon of the strange particle and

! the lepton pair.
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INTRODUCTION

In the usual charm sheme [1], charged current neutrinc reactions
can produce hadrons with charm guantum number.+ 1, with or without an
additional particle of strangeness + 1. The produced charmed hadron may
decay semi-leptonically into a positron, a neutrinc and a particle of
strangeness - 1. The most frequent charm changing reaction on a nuclecn N
is expected to be

V+N>U +C

r

where C is a charmed baryon. A characteristic signal for the production
of charmed hadrons is then the simultaneous occurence of a strange
particle together with & positron at the neutrino interaction vertex, in

addition tc the negative muon signing the V interacticn.

BXPERIMENTAL CONDITIONS

The heavy liquid bubble chamber Gargamelle, with a fiducial
volume of 3 m3, filled with heavy freon (CFBBr, radiation length 11 cm)
has been exposed to the CERN PSS neutrino beam, Two exposures, in 197172
and in 1975, have been done, giving a total of 5.7 x 105 pictures,

The 1275 sample was obtained with the aid of the PS booster. Thus the
total number of pictures examined represents a total of 1.4 x 1018
protons on target, corresponding to a sample of 44500 charged current
interactions (97 % of the 1975 runs have been used for the background

check corresponding to 34100 charged current interactions) above

1l GeV of energy.

BEVENT SELECTION

The film has been scanned twice for all events with an electron
cor a positron at the neutrino interaction vertex or a close Y ray
conversion or a V° possibly pointing to the vertex. The electrons are
easily identified by bremsstrahlung or spiralization ; due to the short
radiation length, there is ne confusion between electron and non-electron

tracks in this experiment. To be accepted as a good event, the electron



has to satisfy several criteria. The curvature must be unambi-
guously defined in order to ensure a reasonable scan

efficiency and to reduce the background coming from asymetric y rays,
candidates were only retained if the electron or positron energy was

greater than 200 MeV.

- +
Three events of the type U e v° have been found, two cf them
have already been published [2,3]. The third one is shown in fig. 1.
It consists of a negative track leaving the chamber without interacting,

a positron, a positive unidentified track, a low enexgy proton and a VO.

All these three events are candidates for the neutrino preduction
of charmed particles. Table 1 shows the number of events of categories

-+ - - - +
H e without VO, UHe , e VO and e found in the 1975 expecsures.

BACKGROUND STUDY

3.1 Background

Two main sources of background could simulate the topology of the
observed events. The first source of background is due to asymmetric Dalitz
pairs or an asymmetric y ray pair converting close to the neutrino vertex
and thus simulating a positron attached to the vertex. The asymmetry
pexrcentages a+ and 0. respectively for positrons and electrons have been
estimated in the present experimental conditions by the study of v rays
converting far from the vertex in ordinary neutrino reactions. They were

+ +
found to be a, = {l.1 - 0.7) % and a_ = (4.2 - 1,3) %. The probability p

that a Y-ray appears attached tc the neutrine vertex ejther because it
is a Dalitz pair or because of a close materialization is found to be
(4.2 b 1.3) %. To oktain the background, the obsgerved number of Y-rays
in the events with strange particles is multiplied by the appropriate
probabilities, resulting in (8.4 : 6.1) 10_2 events. This estimation is
congervative since it does not take into account the fact that the three
u-e+vO events have no asscciated y-ray whereas the main contribution to

the calculated background is multi-y events.

The second contribution to the background could come from events of
- + - -
the type ve + N+e + VO + (m simulating a U } + hadrons. The

percentage of Ge events producing a strange particle and an unidentified



negative particle has been calculated from the four similar events of the
type GU + N =+ u+.+ VO + (w simulating a u_) + hadrons cbserved in the

GU exposure, assuming U-e universality. Since the 0; energy spectrum
background in the vu beam has a different shape‘from the GU spectrum,

the four events were weighted according to the flux ratio to correct

for this energy dependence. This gives (8,2 t 4,9) lO“3 events.

The other scurces of background, such as semi~leptenic decay of .
varicus hadrons, have all been estimated to be negligible., The probability
that the threé observed events may be attributed to background is then
2 x 10—4. It should be pointed ocut that since in the present experimental
conditions the probability for a y-ray to appear as an electron is much
bigger as to appear as a positron, if the three u'e+v° events were due
to the background induced by asymmetric Y-rays, some eleven u“e_vo

should have been observed whereas none was seen.

3.2 Background check

Using the same numbers and the calculated and measured [4]
ve/vu flux ratic for calculating the expected numbers of u_e+, u_e_,
e_VO, e+ events, we obtain the results shown in table 1 tegether with
the observed numbers. Complete agreement is found except for the u_e+
channel where an excess of events is found. This indicates that the

-+
background has been well estimated, the |4 e excess corresponding to

-+ o
U e pairs without cbserved V .

- +
The probability that the observed number of U4 e events are

due to the background is 1less than 10“3. .

+ o
3.3 Correlation between e and V Production

If the rate of strange particle production was the same for
u—e+ events as for ordinary neutrinc events without e+ at the vertex,
a total of 265 u-e+ events without v° would have been expected in the
1975 exposures. Sixteen such events were found in this same exposure.
The probability of observing such a small number is only o4 10_4.

+ o .
This suggests a very strong correlation between e and V- production.



- + 0 -+
4. KINEMATICAL ANALYSIS OF Y e V. AND U e EVENTS

- +
4.1 U e Vo
Table 2 shows the kinematical quantities of all u_e+vo events,
In all three cases a 3 c-fit was tried for both the A and K° hypotheses.

‘In the twe first events both hypotheses fitted well, the third one fitted

only the A.

We should mention also that one of the other u_e+ events shows a
neutron star and 2 Y's pointing to a common origin different from any
visible vertex. There is a candidate for a neutral A decay into neutron
and ﬁo, supporting the A production in at least a fraction of these events.

events.

+ o + .
The Ae and K e masses in table 2 have to be understood as

.. + o +
lower limits for the e v and K e v systems where the vV is not cbserved.

-+
4.2 U e EVENTS

Fig. 2-a shows the energy distribution of these events, together
with the transverse momentum, The comparison with the same distribution

for u“e_ events does not allow us to draw any conclusion.

The two dimension plot as a function of = (B -E E
¢ s P Yo yu (ye ( vis e}/ vis'

Yu = (Evis

the i e case, we can see a possible separation coming from the two

_+ -_ -
_Eu)/Evis) for Yy e and § e events is shown in fig. 3. In

ve and vu background sources.

The V energy independent variable v = Xy is alsc shown in fig. 4.

CONCLUSIONS

We conclude that our data strongly indicate the existence of a new
type of interaction leading to a charged lepton pair and a strange
particle in the final state. This is consistent with expectations

hased on the charm sheme [5].
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Expected number

Topology Found events of events
-+ 0 3 9 x 10_2
eV
we 16 5.0 T 3
. o
without Vv
s +
ue 23 25.6 - 8
e v° 5 2.5 * .8
e’ 6 5.4 1.6
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FIGURE CAPTIONS

Fig.

Pig.

Fig.

Fig.

Fig.
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L e V event.

Visibkble

-+
a) U e
b) U e

Plot of

-+
a) u e

b) U e

Plot of

scaling

energy and transverse momentum digtribution of
events
events.

vis vis e
Yy = versus ye =

vis vig

events

events.

v versus v , with v= x_ vV . (x v . are the
e u vis “vis vis “vis

- +
variables) for U e events,

Electron transverse momentum to the V-U plane distributions.
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