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GeV, with a fit confidence level of-~l%, prompting us 
to examine possible backgrounds. Charged-current 
neutrino interactions may yield a/aTr final state when 
the outgoing baryon, and any accompanying neutral 
particles, are not detected. Such events can only fit 
the two-body decay hypothesis well when the incom- 
ing neutrino scatters coherently off a nucleus, e.g. v-Ne 
-~/a+n-Ne [14], so that the nuclear recoil momentum 
is very small. To evaluate this background we have 
used data from the WA59 experiment, in which BEBC, 
filled with a Ne/H 2 mix similar to the present experi- 
ment, was exposed to a conventional wide band neu- 
trino beam. The fraction of heavy neutrinos in the 
mass range of interest in such a beam is < 1% of that 
in our beam dump beam. We have applied the same 
search criteria to the WA59 events as to the present 
experiment, and performed two-body kinematic fits 
for those events which passed the search criteria. Nor- 
malising the background sample to the present experi- 
ment, we find that the X 2 distribution for these back- 
ground events and our 6 candidate events are compat- 
ible. If we require a fit confidence level of~> 1%, we 
obtain a background of 0.6 + 0.2 events for 1 candi- 
date event. Hence we have no significant signal for neu- 
trino decay. 

4. Calculation o f  limits. For a given flux of heavy 
neutrinos, ¢(vi), the expected number of decays in a 
detector of length L at a distance L ' (~  L) from the 
source is given by 

Ndecay = q~(l~i) exp(-L 'mv/pvr  ) 

X [1 - exp(-Lmv/Pvr)]  (r/rp) Ae,  (7) 

where Pv is the neutrino momentum, rp is the partial 
lifetime for the decay mode under consideration and r 
(= [~ rp l  ] -1)  is the lotal lifetime. The acceptance A 
of the detector was calculated using a Monte Carlo pro- 
gramme to track neutrinos produced at the target 
through to the detector, taking all relevant momentum 
and angular distributions into account. The differential 
production spectra of  F and D mesons were taken to 
be [15], Ed3o/dp 3 = (1 - XF)4exp(--2PT), where E, 
XF, PT are respectively the energy, Feynman x variable 
and transverse momentum of  the produced charmed 
particle. The D -~ £'v~,, F ~ rv r decays are isotropic; 
the branching ratios for r ~ v r + X decays are taken 
from ref. [8] and the appropriate angular distributions 

from refs. [3,16,17], with the effects of non-zero neu. 
trino mass taken into account. The detection efficiency 
e was calculated for each decay mode taking into ac- 
count lepton identification and scan efficiencies and 
the EMI acceptance, together with the probability that 
the final state lepton/s would pass the imposed momen. 
tum cuts. 

Over most of the I U~il 2 _ m v  i plane, the neutrino 
lifetime is sufficiently long (see eqs. (2), (3)) that Lmv/  
pvr ~ L ' m v / p v r  ,~ 1. We may then write 

Ndecay ~¢~(vi)(Lmvlpvrp)Ae = IU~,il21U~i 12, (8) 

where I U~,il 2 enters at production of v i in association 
, 2 with a lepton £ and [ U~il enters at v i decay, v i -+ £ 

+ X. Thus for £ = ~', a limit OnNdecay translates into 
an upper limit on IU~il 4 as a function ofmvi .  The lim. 
its thus derived are quite general in that they apply to 
the couplings of  any neutral heavy lepton to the light 
flavour eigenstates. For the particular case of v 3 pro- 
duction in F decay, IU~,il 2 ~- IUr312 ~ 1, so that a 
limit on Ndecay translates directly into an upper limit 
on lUg312. 

When the neutrino lifetime is very short such that 
L'mv/pvr  ~ 1, the approximation of eq. (8) is no long- 
er valid. This region of the I U~il 2 _ my i plane corre- 
sponds to the case for which the u i flux in the beam is 
strongly attenuated. A lower limit to I U~il 2 is ob- 
tained by requiring that the attenuation is sufficient 
to restrict the number of heavy neutrinos which reach 
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Fig. 2.,Upper limits on the leptonic mixing parameter IUail 2 
as a function of neutrino mass, derived from: Searches for the 
decays (A) v i ~ ~tev , ~ : v  , ~t~r ; 0 3 )  v 3 --*/~ev; searches for sec- 
ondary  peaks in (C) K -~ ~v [20] ; (D) Ir -* ~v [ 19]. The region 
enclosed by curve (A) is excluded. 
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