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ABSTRACT:

New results are presented of an analysis of pictures taken
during an exposure of Gargamelle to thé CERN v beam in 1975. In addition
to three vu + N->qpu + e+ + V° + hadrons events previously reported,
an excess is found of events of the type vy + N>p” + e’ + hadrons
without V°.  An analysis of strange particle production in charged
current events suggests a possible violation of the AS = AQ rule.
Interpreted in terms of charm production, the data permit an estimate
of branching ratios and production rate of charmed particles. A limit

is also placed on charmed particle production by neutral currents.
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A search has been made for semi~leptonic and hadronic decays
of charmed particles produced in neutrino interactions observed in
Gargamelle filled with heavy freon and exposed to the CERN neutrino

wide-band beam peaking at 2 GeV (l).

(2)

Within the framework of present theories s charmed particles
can be singly produced in charged current neutrino interactioms and-
their subsequent decay is expected to lead to final states involving
strange particles, If the decay is semi-leptonic, the final state

involves also two leptons of opposite charge.
a) vu + N » ud + C + hadrons
L+ + o+ '
e (g ) + v + hadrons (S = -1)

If the charmed particle decays hadronically, an apparent

violation of the AS = AQ rule is expected:
b) vu + N > u” + C + hadrons
Lf hadrons (8 =‘—1)

In the present experiment two independent but concurrent
scans of the films were made: omne: for neutral strange particles decay-
ing via their charged mode (Vo).and the other for events containing
electrons of either charge and/or ete” pairs whose vertices are close
to the neutrino interaction point. The short radiation length of
heavy freon (11 cm) ensures excellent electron identification, therefore
the dilepton states searched for are of the type eu.; “The films were
doubly scanned and all the events inside a 3 m3 fiducial volume were
then carefully checked. For the analysis, only electrons of unambiguous
charge and showing at least one materialized Bremmstrahlung y-ray were
retained. The electron had to be attached to the neutrino vertex and
its energy had to be greater than 200 MeV. To avoid confusiom with y-
rays, it was also required that the eleqtfén appears clearly as a single
track for a distance in space of 2.5 cm before shower developmgnt.
Hence genuine positrons producing a é-ray of energy greater than 6 MeV

within that range have been reclassified as y-rays.. This loss of

PP )
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signal, averaged over the observed positron energy was estimated to be of

the order of 157. The scanning efficiencies for electrons and positrons

so selected and for V° particles were found to be (97 + 2)% and (98 + 2)Z,
respectively. All events with VO candidates were measured and carefully
scrutinized for the presence of another strange particle (e.g. K* meson
decaying at rest). The final V© particle selection was made by a 3C

fit whose efficiency was estimated to be larger tham 93%. In additionm,

to get a uniform scanning efficiency for VO's, the distance between the
neutrino vertex and the decay point had to be greater than lcm in space,
and, to reduce neutron background, the time of flight had to be shorter than
3 mean lifetimes. Within these cuts, the remaining neutron background in
the A sample was estimated to be 47. The A and K° detection efficiencies
were found to be (49 % 2)7 and (23 *+ 3)7 respectively. For the analysis
only those events with a u™ candidate {CC events), i.e. a negative particle
decaying or stopping inside the chamber or leaving it without interacting,
were accepted for which the total visible energy is greater than 1 GeV

and the total longitudinal momentum exceeds 0.6 GeV/c. The procedure
described above has been applied to a sample of pictures taken using the
booster facilities and corresponding to about 32 000 CC events (sample 1).
In addition, u e* V° events were searched for in previous Gargamelle runs(B),
corresponding to about 9000 CC events (sample 2), Preliminary results of

this experiment were reported in ref, (4).

Leptonic decay of charmed particles. The number of events relevant to the

present analysis are displayed in table I. Three unambiguous p~ et Vv°

events were identified in the total sample of pictures. In additiom, in
— + .

sample 1 only, there were 17 y e . The last three channels in the table

will be considered for the sake of checking the background calculations.

The major sources of background simulating dilepton events are:
(a) CC events containing an asymmetric Dalitz pair or an asymmetric y-ray
pair converting close to the neutrino vertex and thus simulating a positron

or an electron attached to the vertex. The fraction of y-rays
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with energy greater than 200 MeV in which either the p091tron or: the
electron has retained all the energy, has been determxned 1n the present
experimental conditions to be ot = (1. 5 Zo. 4)Z and o = (4 4 - 0. 6)%
respectively. The probability P that a y-ray appear;‘to be attached
to the neutrino vertex either because it is a Dalltz palr or because
of a close materlallzatlon was found to be (4.0 - Oﬁﬁ)z, These values
agree with those calculated from QED, if the same cues afe applled.

The number of background events expected from thls source is g;ven 1n
table I for the different topologles. For the u e v° and T e V°
channels, the observed y-ray mu1t1p11c1ty (0. 5) in the sample of selected

o)
V'  events was taken into account.

.-

(b) Vo and Ge events in which a produced n meson simulates-a u .-
Due to the small number of Ge interactions, this background has been :
estimated, assuming p—~e universality, from the observatiem inm a separate Uu
exposure, of ;u events containing a 7 meson simulating a u :&sseciated
or not with a v° particle. The expected background. from Eéﬁ-(MQ)J
interactions in the final states involving a positron: (eélectrom) s then
calculated taking account of the Ge (ve) fluxes and the di?ference in

the Ge (ve) energy spectra.

(c¢) The contribution from leptonic decays of known hadrons was-estima-

ted to be negligible. - L e

From table I, it is seen that the number of observed events
is compatible with the calculated backgrounds fof”ail'cﬁeﬁﬂeie'eicepﬁ
for v e V° and u~ e’ where an excess of eventsiisuobseéueﬁ. N '
The probabilities that these events are due to background aré 3 x'107
and 2 x 10—{ respectively. It is concluded that‘the'"37ﬁ'_"'e+ v° and’

g

+ - * : s iy R
the excess of (11 — 5) ¢ e are due to a new plienomenon.

The data also indicate a strong correlation between dileptons
‘and the VO's; among the 32 000 CC interactions,JIQﬁ eveﬁﬁeéﬁéfe found with
at least one V° particle satisfying the selection critefia'eﬁgieﬁeﬁéﬁﬁﬁar
bility that the observed rate of Volparticles in uf-e+ events is as low.
as in CC events, is calculated to be 2 x 1074, A11_3_V° pa:tickg?.nf
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u e+ v° events satisfy selection criteria for both A° and K° hypotheses,
The mass assignment has been resolved using a maximum likelihood method.
It consists of comparing the decay configuration of the v® with the
expected distributions of the decay products of A hyperons and K° mesons
and taking into account the time-of-flight in both hypotheses. It is
found that the probabilities PiA for the 3 V° particles to be respective-
- 4 x 10257, P, =67, P.. = 277 and

A IA 2A

PBA = 677, In the following analysis, the weight corresponding to the

maximum likelihood has been assigned to the three events yielding 2.7 A°

ly 0, I, 2 or 3 A are: Pb

hyperons and 0.3 K° mesons. From the detection efficiencies of A°

and Ki 3'tg p~et events are expected with an undetected neutral strange
particle, It is worth mentioning that in two u_ e+ events without a V©
particle there is an indication for the presence of a strange particle.

In one case, there is a possible AC decaying into n 72 (2 converted yv's)
and in the other case a possible K interacting and yielding a Ko(*).

It is concluded that there exists a stromg correlation between the
production of lepton pairs of opposite charge (u e+) and strange particles.

-+
Table II presents some relevant features of the three u e Vo

events; 1if the source of these events is the production and subsequent
semi-leptonic decay of charmed particles, the effective masses A et

and K° &' given iﬁ table II are lower limits of their masses. The
visible hadronic mass ins and the visible energy Evis of the three
events are larger than 2 CeV and 3 GeV respectively. '?EgT”I“dIQEI;ys
the hadronic mass distribution for all e’ n~ events compared to that
corresponding to the CC events. 58% of e+ u  events have ins > 2 GeV

while this fraction is only 15% for charged current interactions.

Fig. 2 shows the positron energy plotted versus the muon energy.
- + .0 -+ .
From the y e V and p e events, the production rate of

charmed particles (reaction a) , of assumed mass M = 2 GeV and decaying

semi-leptonically to an electron with energy > 200 MeV, is found to be:

(% In the usual charm scheme, production of a charmed particle on a quark in
the sea may'be associated to the production of a strange particle of

strangeness +1.
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v+ N->u + e+E > 200 + anything 15
— A eeeee—— = (31 +.13}7.
(v + N >y + anything) 4800
WM .

where the u~ et events have been corrected for backgrounduénd signal loss

" (loss of positrons and scanning efficiency).

Search for a violation of AS = AQ rule. Using a sample of CC events in

which associated strange particle production is identified ‘and the detection
efficiencies for X* and Ko,-it can be verified whether or not the number of
events with a A (v + N > u~ + A9 + hadrons) is compatible with associated
producfion of strange partic%es. In the sample of 205 v satisfying
selection criteria, 94 are unambiguous A's, 54 are unambiguous K®'s and

57 are ambiguous., The maximum likelihood method outlined above permits.

an assignment for these ambiguous VO's leading to (51 * 1.5) A's and

{6 + 1.5) KO's. The sample, after neutron background subtraction is then:
106 single A's, 22 A", 10 K° A°, 1 K*KOA°, 45 K°, 2 K°K° and 0 K'K°.

Only those K''s which decay at rest without a previous interaction have been
selected for this analysis. The K* detection efficiency was calculated by
a Monte—Carlo(S) to be (37 + 5)Z. For that calculation, the same energy
spectrum was assumed for positive and neutral kaons., This assumption

on which the results are strictly dependent, is supported by the fact that
the spectrum of all positive interacting and leaving particles does not
extend beyond that of the K. On the basis of detection efficiencies and
numbers of observed events, (64 * 18) single A's are expected. - These are
compared with the 106 observed events, showing an excess of (42 % 20) events.
Such an excess together with the observation of u~ e? V° events might be
explained by the production of a charmed baryon. Adopting this hypothesis,
the probability distribution for the semi-leptonic branching ratic can be
estimated. At 68% C.,L., its mean value is:

c+(1\e+v+...)+(1\u+-v+...) +18
Br = . = (15 —7 % _Eé.,._ u*> 200 MeV
C = A + anything ‘ * '

assuming u-e universality and normalizing the A sample to the total statistics

(sample 1 + 2)., The production rate for charmed baryons, after correction for
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L detection efficiency, in events with hadronic mass greater than 2 GeV

is found to be:

~ + C + hadrons C +A°+ anything 86

x Br

(v + N+ pu~ + anything) C -+ anything 4800
W>2GeV

v+ N->y

Av(Z2 + D)7

Charm production by neutral currents. A limit on charm production in neutral

current interactions has been obtained by considering the four events with
e’ + hadrons observed in this experiment, A backgroumd of (3 + 1) is
expected from Va charged current interactions, and (0.7 * 0.23) events
from neutral current interactions having an asymmetric vy attached to the
vertex. There is thus no evidence for charm production by neutral currents.
Taking the ratio NC/CC given in ref. (6) to calculate the number of neutral
current events in sample 1, the limit is (907 C.L.): |

v N->wv + C+ anything B C ~» e;>200MeV v * anything _ (4-3.7) 13 g 10"
v N+ v + anything all 4000

Ehad>1GeV

3

The corresponding ratio in the case of CC events, to which the same cut

(Ehadrons> 1 GeV) has been applied, is:
- . + .
v N~-u + C +-anything Cre + anything 15 _
- x Br E2200 = = (94) x 10°°
(vN->u + anythmg)Ehad)iGeV C -+ anything 16000

In conclusion, the study of the various channels with ome or two

charged leptons and with er without strange particles is well explained by
the existence of a new type of neutrino reaction leading to the production
of a charmed baryon. No such evidence exists in the case of neutral current

induced reactions.

We would like to thank the beam, chamber, accelerator, scanning

and typing teams for their cooperative work.
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Table T
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Observed events in each channel and calculated background

from different sources.

. . - +
Characteristics of the 3 (u e vo + hadrons) events, The
"visible" quantities are calculated taking the A hypotheses

for the VO.
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FIGURE CAPTIONS

Fig. 1

Fig. 2

= + . . .
W, for u e events. Solid line is W , for all CC events
v1is vis

. -+
normalized to 20 u e events.

- — +
Plot of Ee+ Vs Eu' for y e’ events {(dots), for u"e v° {(crosses)
and for e u~ events (triangles).
It is possible to distinguish two contributions for this.latter

channel:

one from v, events (where Ee" > Eu_) and the other from asymmetric
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