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We have searched for inclusive 11 production in z decays using a data sample of 2553 events of e+e - - x  +~- in the one-three 
topology. The data were obtained using the High Resolution Spectrometer at x/s= 29 GeV. A 90% confidence level upper limit 
on the process x +~ n-+11X of 2.1% is found. Using x decays to five charged particles limits of 0.5% on z -+ ~Tt + ~I]X and 0.3% on 

-+ --,n -+Tt +re -nX are also obtained. 

The observed proper t ies  o f  the x lepton are gen- 
erally in excellent agreement  with it being a sequen- 
t ial  lepton and its decays are well descr ibed by  the 
s tandard  model  [ 1 ]. One  outs tanding p rob lem how- 
ever, is the discrepancy between the inclusive one- 
prong branching rat io and  the sum of  measured  
exclusive modes  [2 -4 ] .  11 product ion  has been pro-  
posed as a possible explanat ion o f  this discrepancy,  
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although the required level o f  1] product ion  would 
not  be consistent  with low energy e+e - annih i la t ion  
da ta  and the predic t ions  o f  the s tandard  model  [ 5 ]. 

We have recently publ ished evidence [6] for q 
product ion  in the exclusive channel  x + ~ =  +qv using 
the decay q~YT.  The 7t~l system has odd-G par i ty  
but  is in the a v series 0 +, 1 -  and  is, therefore, not  
expected in the s tandard  model ,  since it would be 
p roduced  by a second-class current  [7].  

In the present  study, we have searched for inclu- 
sive q product ion  in z decays by analyzing the invar-  
iant  mass  d is t r ibut ion  o f  the ~t'+~- system in three- 
prong x decays. The specific decay chain looked for 
is x+~=-%qX ( q ~ = + = - r c  °) where X is one or  more  
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neutral  particles. The data,  corresponding to a total  
integrated luminosi ty  o f  300 p b -  1, were ob ta ined  at 
the PEP storage ring at a center of  mass energy of  29 
GeV using the high resolut ion spect rometer  (HRS) .  
A detai led descr ipt ion o f  the HRS can be found else- 
where [ 8]. Fo r  this analysis, the impor t an t  features 
are a resolut ion at high m o m e n t u m  o f  ap/p=2× 
10-3p (GeV/c)  fbr charged part icles and a barrel  
shower counter  system with an energy resolut ion of  
aZ/E 2 ~0 .162 /E+0 .062  (E  in GeV) .  

The cuts used to select events o f  the react ion 
e + e -  ~ z + ~ - have been described previously [ 9 ] and 
resulted in a sample of  2553 events of  the 1-3 topol-  
ogy in the solid angle region covered by the barrel  
shower counter  system. The hadronic  background is 
es t imated to be 5.2_+ 1.0% based on an analysis of  
the three-prong effective mass. In order  to search for 
q--,n +n n °, we have ut i l ized the fact that  this decay 
gives a peak in the ~ +~ - mass d is t r ibut ion  between 
0.28 and 0.41 GeV. The shape o f  this peak which has 
a w i d t h ~  80 MeV depends  on the square o f  the q 
decay matr ix  e lement  which can be paramete r ized  as 
1 - a ( 3  To~Q- 1 ) where To is the kinetic energy of  the 
n ° in the q rest f rame and Q is the Q value for the 
decay. We have used a =  1.07 as measured  by Layter  
et al [10].  

Since the decay 1]~n +n - n  ° involves photons,  the 
sample of  2553 three-prong z decays was divided into 
1446 events with neutral energy in the shower counter  
and 1107 events with no neutral  energy. We have then 
assumed that  the charged part icles are pions and 
computed  the two n +n - mass combina t ions  and the 
one doubly charged n -+n -+ mass combinat ion for each 
sample. For  most  processes contr ibut ing to • decay, 
for example P, co and q product ion  the Tc +n -+ dis- 
t r ibut ion  will be identical  to the d is t r ibut ion  for one 
of  the n +n - combinat ions .  A subtract ion o f  this dis- 
t r ibut ion  from the total  n + n -  mass spect rum will, 
therefore, yield the n +n - d is t r ibut ion  resulting from 
the decays of  the resonances. Using this technique 
we have analysed the n +re - mass d is t r ibut ion  for the 
sample  with no neutral  energy and it is seen to be 
domina ted  by ~ A l  v ~ p ° n v  as observed by other  
authors  [ 11]. There are only a few events in the q 
region with M ~  < 0.41 GeV. 

The n + n -  mass d is t r ibut ion  for the sample with 
neutral  energy is shown in fig. 1. In  order  to deter-  
mine  the magni tude  of  11 product ion,  we have fi t ted 
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Fig. 1. The Tc+~ - mass distribution. The full line is the best fit 
fixing the • ~co to be 1.75%. The inset curves show the fitted con- 
tributions from the q (dotted line), co (dash, dot line) and the 
background (dashed line ). 

this Spectrum with contr ibut ions  from the % co, and  
P decays, plus a smooth background.  For  the back- 
ground, we used a parameter iza t ion  which gives an 
excellent fit to the n-+n + mass spectrum, as shown 
in fig. 2. In  the fits to the n + n -  mass d is t r ibut ion  
however,  the values of  the background parameters  
are left free. The shape of  the 11 and co contr ibut ions  
have been de te rmined  using Monte  Carlo events of  
"c decays passed through a full detector  s imula t ion  ~ .  

The fit to the data,  shown in fig. I by  the solid line, 
is the best fit obta ined with all parameters  free, except 

~ The detector resolution and acceptance result in very small 
changes in the q and m shapes. In addition the acceptance for 
the = + ~ -  system is the same as for a generic three-prong 

decay. 
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Fig 2. The charge-two ~ +~ -+ mass distribution for three-prong 
decays with additional neutral energy. The dashed line shows the 
best fit. 
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Fig. 3. The ~ +~ mass distribution. The full line is the 90% upper 
limit fit with a x --,11 branching ratio equal to 2.1%. The inset curves 
show the fitted contributions from the r 1 (dotted line), 0~ (dash, 
dot line) and the background (dashed line). 

for a fixed x ~o~ inclusive branching ratio of  1.75% ~2 
Only a small il contribution is found in this fit. To 
determine an upper limit on 11 production we now 
refit the data fixing r 1 production at various values 
while leaving the parameters of  the background free. 
Using the increase in Z 2 the 90% upper limit on q 
production is found and this fit is shown in fig. 3. 
After correcting for the 11 decay branching ratios, all 
acceptances and normalizing to B 3 = 13.1 _+ 0.3% [ 3 ] 
we find an upper limit on the branching ratio o f  

+ ~ ±qX, that is on inclusive T 1 production, of  2.1% 
at the 90% confidence level. 

Since the exact form of  the background is 
unknown, we have tried a variety o f  fits to determine 
the sensitivity of  the result to different assumptions. 
These tests included subtracting the doubly-charged 
events and fitting the resulting spectrum to 
p + c o + ~ l + s m o o t h  background. For various co pro- 
duction rates and background shapes, we find fits 
corresponding to rl branching ratios o f  1.0-1.5%. 
Although there is no significant 11 signal, an inclusive 
11 branching ratio of  1 .0+0.7% encompasses all o f  
the fits. This result is consistent with the 2.1% upper 
limit previously quoted. Under  the assumption that 
co production is 1.5%, an absolute upper limit for the 
r 1 production of  3.6% is obtained if, after the sub- 

~2 co production has been measured in the channel z - - , c o x -  to 
be 1.5 _+0.3+ 0.3% by ref. [ 12]. We have chosen 1.75% as the 
inclusive branching ratio, however, the results presented in this 
paper are not sensitive to changes in the c0 production rate since 
its contribution is similar to the background. 

traction of  the n ±n ± distribution, all of  the remain- 
ing events in the region 0.28 < M ~  < 0.41 GeV are 
ascribed to 11 decay. This  hypothesis, which requires 
the remaining n +n background to begin abruptly 
at 0.41 GeV, is not a reasonable interpretation of  the 
data. However, we note that the excess o f  events in 
figs. 1 and 3 near 500 MeV ~3 does suggest that  our 
background parameterization is incomplete. 

We have also used samples of  Monte Carlo events 
including varying percentages o f  T1 to measure the 
sensitivity of  the technique. The low mass peak in 
the n + n -  spectrum is clearly seen in the simulated 
events for a x ± --,n ±T1X branching ratio of  2% and a 
fit similar to that performed on the data gives the 
input branching ratio. This low mass peak is also seen 
in the hadronic annihilation data. 

We note that the largest contribution for inclusive 
q production allowed within the current constraints 
of  experimental data and the standard model involve 
z decays to two q's [ 5 ]. Our best limit on "~ -+--,x-+llllX 
is obtained from five-prong x decays [ 13 ] by assum- 
ing all events which have two n + n -  mass combi- 
nations with M < 0 . 4 1  GeV could come from this 
process. This gives a 90% confidence level upper limit 
o f  0.5% on the channel ~ ± ~ n  ±~lllX. Similarly using 
events with one n +n - mass less than 0.41 GeV gives 
an upper limit of  0.3% for • ± ~ n  ±n +n -11X. This last 
limit also sets the limit on x + - ,n  +n°n°TIV to be 0.3%. 

The limit o f  2.1% is not in agreement with our pre- 
viously published result of  (5.1_+1.5)% for the 
branching ratio o f  the ~ ±--,n-+11v using the 11--,77 
decay mode. As stated in our previous paper how- 
ever, a fit assuming no I 1 and a smooth background 
had a Z 2 of  26.7 o f  which the q region contributed 
10.9 corresponding to a 3.3 standard deviation effect. 
It appears, therefore, that our previous result is most  
probably due to a statistical fluctuation. 

In summary, we have set a 90% confidence level 
upper limit on inclusive v I production in x decays o f  
2.1% and for decays involving two ~l's o f  0.5% ;~4 
These limits are truly inclusive in that they do not 
depend on assuming that the additional charged par- 
ticles are pions or on the character of  additional neu- 

~3 These events are not associated with the hadronic contamina- 
tion in the x sample. 

~4The 95% confidence level limits are 2.3% and 0.6%, 
respectively. 
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trals. The  results are cons is ten t  wi th  the s t anda rd  

mode l  p red ic t ions  a n d  wi th  cross sect ions f rom low 
energy e+e - ann ih i l a t ion .  Ou r  result  m e a n s  that  q 
p roduc t i on  c a n n o t  by  i tself  expla in  the  d i sc repancy  
between the sum of  exclusive one-prong  x decays a n d  
the  one-p rong  topological  b r a n c h i n g  ratio.  The  cur- 
rent  world  average for B~ is 86.8_+0.3% a n d  the  
measu red  exclusive channe l s  leave ~ 7 %  unac-  

coun ted  for [ 3,14,15 ]. Ou r  cur ren t  l imi t  wo u l d  cor- 
r espond  to a one -p rong  c o n t r i b u t i o n  of  < 1.7% for 
channels  i nvo lv ing  q p roduc t ion .  

This  work was suppor ted  in  par t  by  the  US  
D e p a r t m e n t  o f  energy u n d e r  Cont rac t s  W-31-109-  
ENG-38 ,  DE-AC02-76ER01112 ,  DE-AC03-  
76SF000998,  DE-AC02-76ER-01428,  an d  DE-AC02-  

84ER40125.  This  expe r imen t  was m a d e  possible  by  
the  suppor t  p rov ided  by  the PEP  staff  a n d  the tech- 
nical  staffs o f  the co l labora t ing  ins t i tu t ions .  
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