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F r o m  all the limits summarized in Fig. 7 we con- 
clude that  light R-hadrons  containing gluinos with lu}' 
M < 2  GeV/c  2 may be considered as experimentally 
excluded. Heavier  gluinos are still allowed only for ~0-' 
lifetimes between 10-~6S and 1 0 - ~ ~  for M~ 
< 5 G e V / c  2, and for z < 1 0  ~~ if M ~ > 5 G e V / c 2 ;  ~0-' 
this is a region which is difficult to explore experi- 
mentally [44]. The present experiment and previous 
results exclude gluinos with z > 1 0 - ~ ~  and masses 10-' 
up to ~ 10 GeV/c 2. However,  none of  these experi- 
ments can exclude very long-lived gluinos (z>>l s) ,04 
which have been considered in some models [45]. 

4.3. Consequences  on H e a v y  neutrinos 

In the s tandard  model  of weak and electromagnetic 
interactions, neutrinos are considered as massless, 
and lepton numbers  are separately conserved for 
each lepton family. But there is no fundamental  pre- 
judice to do so, and many  models have considered 
the possible existence of massive neutrinos [46]. In 
most  cases, the concept  of flavour mixing is extend- 
ed from quarks to leptons, and one defines an un- 
itary matrix analogous to the Kobayash i -Maskawa  
matrix;  therefore each weak flavour eigenstate v~ is a 
linear combina t ion  of the mass eigenstates v~ with 
mixing Uu: 

Vi = 2 Vj Uij 
J 

where j runs over all mass 

eigenstates and i =  e, #, T, . . . .  

The present experiment can detect only neutrinos 
heavy enough to decay into final states which may 
be e + e -  v, #+ # -  v, rc + e - ,  /~+ e -  v, r~ +/~- for neutri- 
nos, and the corresponding channels for anti-neutri- 
nos. Such heavy neutrinos may  be produced in rare 
decays of ~ and K mesons, or in semi-leptonic de- 
cays of charm (D and F) or  beauty (B) mesons. In 
order to give quanti tat ive limits, we have analyzed 
our  results using the predictions of [47]:  
- The branching ratio of  F, D and B mesons into a 
heavy neutrino vj of mass M~, and a charged lepton 
i, is propor t ional  to the mixing parameter  (B.R. 
=clUi j l  2 with c=0 .1  to 10 3, depending on the 
mass M~); 

- the branching ratio of heavy neutrinos into a 
final state containing a charged lepton l is a round 
20 ~ for 1 + 1 v decay, 50 ~o f o r / + h a d r o n  decay;  
- the heavy neutr ino decays with a lifetime which 
is given by: 

a 
z =  with N ~ 5  and a ~ 5 . 1 0  ~2s 
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Fig. 8a and b. Exclusion of the existence of heavy neutrinos v n 
having a coupling IUejl 2 to electron neutrino a, o r  ]U#jl 2 t o  muon 
neutrino b, as a function of the neutrino mass M v (IUJ z should 
never attain values close to 1, due to the unitarity of the U- 
matrix). Full lines contours: regions excluded with 90 ~o C.L. limit 
by the present experiment, from e + e-v  or z• e T final states a or 
n+#T final states b. Dashed or dotted-line contours: regions 
excluded by previous experiments: BEBC: neutrino beam-dump 
experiment [48], CHARM: neutrino beam-dump and wide band 
beam experiments [49], PS191: best results from K-~ev u or 
K ~ # v  n decays [50], MARK II: limits obtained by the MARK II 
collaboration at PEP, assuming the reaction e+e -~vn~ n [51], 
PEP MONOJETS: limits derived in [52] from PEP search for 
monojets coming from e + e- ~ e v  n 

this gives lifetimes corresponding to the sensitivity 
domain  of the present experiment for M, < 2 GeV/c 2 
a n d  [Uij l2~ 10 -4. 

The cross-section limits obtained in the above 
possible final states and lifetimes have been trans- 

U 2 lated into regions excluded at 90 ~o C.L. in the [ uI , 
M~ plane; we have taken for the D/ )  product ion 
cross-section the values given in the above sections. 

The results are displayed on Fig. 8a for IUe~l 2 
U 2 and Fig. 8b for I , i [ ,  and compared  to limits pre- 

viously published for M v > 1 0 0 M e V / c  2. A new do- 
main of  existence is excluded by the present experi- 
ment  f rom e + e - v  or ~ + e -  decays for Igell 2, and 
from ~ + # -  decays for Ig ,  i] 2 and M v > 6 0 0 M e V / c  2. 
In the same M~ range, previous results come essen- 
tially from neutrino beam dump experiments [48, 
49], which are sensitive to longer lifetimes and 
therefore smaller values of the mixing parameter  
(typically I UI2< l0 4). Our  results concerning I g ,  il 2 
overlap partially with the recently published values 
f rom the C H A R M  wide band  beam experiment 
[49], in which heavy neutrinos are supposed to be 
produced in a different way (via a f lavour-changing 
neutral current interaction v, + Nucleus ~ v n + X) .  

The combined results displayed in Fig. 8 restrict 
severely the existence of massive neutrinos up to 
masses a round 15 GeV/c 2. 


