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Abs t rac t .  Us ing  the A R G U S  de tec to r  a t  D O R I S  II,  
we have  de t e rmined  the b r a n c h i n g  ra t ios  for the  de- 
cays z-~K*-v~ and  z ~ p  v~ to be (1.23 

+ o  11  o • 0.21 _ o121) Fo and  (21.5 _ 0.4 • 1.9)%, respect ively.  
These  resul ts  are  in ag reemen t  wi th  theore t ica l  expec-  
ta t ions  based  on  the s t a n d a r d  model .  

The  decays  of the ~ l ep ton  p rov ide  a very c lean envi-  
r o n m e n t  to  test  the s t a n d a r d  model .  Since the z l ep ton  
is the only  l ep ton  mass ive  enough  to decay  in to  had-  
rons,  the h a d r o n i c  cha rged  weak  currents  can be s tud-  
ied in a de ta i led  fashion.  In  this p a p e r  we present  
new and  precise  me a su re me n t s  of  the  b r anch ing  ra t ios  



for z -  ~ K* - v~ and z -  ~ p -  v~*. Definite predictions 
exist within the standard model [1 3]. The CVC hy- 
pothesis relates the decay T --* p -  v, to the measured 
e + e - ~ n + n -  cross section. For  the decay z -  
- - , K * - v ~ ,  however, the coupling strength of the 
strange hadronic current to the Wboson  is unknown 
within the standard model and has to be calculated 
using asymptotic  flavour symmetry [4-6], which pre- 
dicts the ratio of coupling constants gp and gK* to 
be gJgK,  = mp/mi(,. The ratio of the two partial widths 
is given by 

F ( z -  --+ K *  v~) g~* r ,  
F ( z -  P -  v0 = tan 2 0c ~g-JtmK*, m o, me) (1) 

-+ go 

where 0c is the Cabibbo angle and f (mK, ,  m o, mO 
is a function depending on the masses of the K* , 
p - ,  and z - .  Our measurement  thus directly tests the 
standard model predictions and the sum rules derived 
from asymptot ic  flavour symmetry. 

The data for this measurement  were obtained 
using the A R G U S  detector at the e § e -  storage ring 
DORIS  II  at DESY. The data comprise an integrated 
luminosity of 198pb -1 at centre-of-mass energies 
ranging from 9.4 to 10.6 GeV. This corresponds to 
202,200 produced z pairs. The A R G U S  detector has 
been described in detail elsewhere [7]. This analysis 
relies mainly on the central drift chamber and the 
shower counters, which provide measurements of par- 
ticle momenta  and energies respectively, with very 
good resolution. 

The r pair event selection was based primarily 
on topological criteria, since their low multiplicities 
and jet-like structure result in characteristic topolo- 
gies. Events were accepted as z~ candidates, if they 
had a 1-1 topology or 1-3 topology. The opening 
angle between the two tracks in the former case, and 
that between the lone track and each one of the tracks 
on the 3-prong side in the latter case, was required 
to be greater than 90 ~ . Beam-gas and beam-wall 
events were suppressed by requiring a main vertex 
inside a cylindrical volume of r <  1.5 cm and length 
along the beam direction Izl < 5.0 cm, centered around 
the nominal  interaction point. Two-photon  back- 
ground was reduced by requiring the transverse mo-  
mentum sum to be IXp, l 2 >0.7 GeV2/c 2. Monte  Carlo 
studies showed that the contaminat ion from this 
background became negligible then. Further  selection 
criteria differ for the decays z - - -+p -v~  and r -  
--+K*- v, and are described separately below. 

The z - - + K * - v ~  decay was studied by selecting 

* References in this paper to a specific charged state are to be 
interpreted as also implying the charge conjugate state. In addition, 
unless otherwise qualified, the terms K* and p -  refer to the K* 
(892) and p -  (770) respectively 

events of the type 

e+ e - _ + z - z +  

~ L. 1 prong + neutrals 

K * -  v~ 
LKo,  

(2) 
The events were required to have exactly four tracks 
with charge sum equal to zero and fulfill the 1 3 topo- 
logical criterion. In addition, all neutral clusters with 
an energy larger than 50 MeV deposited in the shower 
counters, had to be confined to the one-prong hemi- 
sphere. On the three prong side, two oppositely 
charged tracks were required to form a secondary 
vertex well separated from the pr imary vertex. Specifi- 
cally, the tracks forming the secondary vertex were 
required to have a distance of closest approach to 
the pr imary vertex, train, such that [rmin/O" . . . .  1> 6. Ra- 
diative Q E D  events with subsequent conversion of 
the photon into an e § e -  pair were removed by re- 
quiring the opening angle, ~b, between the two tracks 
forming the secondary vertex to satisfy cos ~b __< 0.975. 
For  events satisfying these criteria, the invariant mass 
distribution of the two associated tracks from the sec- 
ondary vertex, considered as pions, is shown in Fig. 1. 
A clear K ~ peak is seen with very little background.  
Accepted candidates were required to have a mass 
within _+ 3 ~ of the accepted value for the K ~ mass. 
These selection criteria resulted in a data  sample of 
76 events. 

The invariant mass of the K ~ combined with the 
third track on the 3-prong side, assuming the pion 
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Fig. 1. : + : -  invariant mass distribution for events which are candi- 
dates for reaction (2) 
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Fig. 2. Invariant mass distribution of the K ~ n system. The solid 
line is a fit to the data using a relativistic Breit-Wigner function 
times the z phase space plus a polynomial background, the latter 
shown hatched 

mass for the latter, is shown in Fig. 2. A clear K * -  
peak is seen with little background. The invariant 
mass distribution was fitted with a relativistic Breit- 
Wigner function, with fixed K* parameters, times 
z phase space [8], plus a second order polynomial 
describing the hadronic background. The shape of 
this background was taken from a Monte Carlo simu- 
lation of q q  events and was fixed in the fit. The fit 
yields a signal of N = 54 • 9 K * -  events on a back- 
ground of 27 + 9 events. 

In order to obtain the acceptance, events repre- 
senting reaction (2) were simulated by Monte Carlo 
methods with initial state radiation effects included 
and with the branching ratios of all the known decay 
modes contributing to the one prong topology taken 
from previous measurements [9]. The events were 
then passed through a full detector simulation [10] 
and the same selection procedure was applied as for 
the data. The acceptance was found to be 1.27% with 
the branching fractions of K * -  and K ~ included [11]. 
There is a small additional loss of events due to fake 
photons which appear in the 3-prong hemisphere. The 
acceptance is corrected for this effect by a factor of 
0.99 which was determined from events triggered by 
cosmic-ray muons during beam crossings. This gives 
a total acceptance of ~/= 1.26%. The branching ratio 
BR (z- ~ K * -  v0 is obtained from the relation 

BR(~- ~ K* - v~) * BR(z-  ~ 1 prong + neutrals) 

= N / ( 2  * N~v �9 q). 

Taking the one-prong branching ratio of the z as be- 
ing (86.5• [11], we get 

v~) =(1.23 +0. - o z O V o .  B R ( z - ~ K * -  _ 21+o. l lo  

The systematic errors have been calculated from the 
relative uncertainties of the acceptance (8%), the lu- 
minosity (4%), and possible feed down from the decay 

z -  ~ p(1600)) v~ 

LKoK*- 
which we estimate from Monte Carlo studies to be 
~14%.  

The decay ~- --* p -  v~ was studied using events of 
the type 

e + e - __~ ,r- .c + 

~ ~ e + ,  #+, n + , K  + + v ( s )  

p -  v~ 

L n O n  - 

~ 7 7 -  (3) 

The events were required to have exactly two charged 
tracks with a 1-1 topology and charge sum equal 
to zero and to have either one or two neutral clusters. 
Both charged tracks were required to have a polar 
angle such that I cos 0]<0.75. The two photons from 
the n ~ decay may either form two separated neutral 
clusters in the shower counter array or merge into 
one cluster. Accordingly the events fall into two cate- 
gories, those with a single neutral cluster and those 
with two neutral clusters. These two cases are treated 
separately. 

In the two cluster case, each cluster was required 
to have an energy between 50 and 700 MeV, depos- 
ited in at least two neighboring shower counters. 
Bhabhas and other QED events, as well as exclusive 
resonance decays, were rejected by requiring the total 
visible energy in the event to be less than 8.0 GeV 
and the total scalar momentum sum to be less than 
9.0 GeV/c. The invariant mass of the two neutral clus- 
ters is shown in Fig. 3. A clear n ~ peak is seen with 
little background. Accepted n ~ candidates were re- 
quired to have ;(2< 5 from a 1-C fit to the n ~ mass. 
The resulting data sample contains 1447 events with 
n ~ candidates. The background in this sample from 
z decays other than z -  -~ p -  v~ was determined from 
a Monte Carlo simulation to be 12%. Specific chan- 
nels considered were r decays with 2n~ and K n  ~ 
The contribution from decays involving 3 or more 
n~ was ignored. The process (3) does not include 
the decay z ~ p  v~ for the second z; background in 
the event sample from cases in which both r's decay 
into p's is estimated to be 2%. The invariant mass 
of the n ~ and the charged track in the same hemi- 
sphere, assumed to be a pion, is plotted in Fig. 4a. 
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Fig. 3. Y7 inva r i an t  mass  d i s t r ibu t ion  for events  which are cand ida tes  
for reac t ion  (3) 

A clean p peak is seen with very little background. 
The invariant mass distribution was fitted with a rela- 
tivistic Breit-Wigner function with fixed p -  parame-  
ters times the z phase space [8] and a background 
whose shape and normalization were taken from the 
Monte  Carlo study. By this procedure we obtain a 
signal of 1236 + 37 events of type (3). 

For  the events with a single cluster, the neutral 
cluster was required to have an energy larger than 
1.0 GeV, and a polar  angle 0 such that I cos 0 ] < 0.75, 
in order to ensure good energy resolution. Radiative 
Q E D  events were rejected by requiring that the neu- 
tral track have an angle of separation, ~, f rom the 
charged track in the same hemisphere satisfying 
cos c~< 0.98. Bhabhas and other Q E D  events, as well 
as exclusive resonance decays, were rejected by requir- 
ing the total energy contained in the event to be less 
than 6.0 GeV and the total scalar m om en t um sum 
to be less than 8.0 GeV/c. The invariant mass of the 
neutral track, assumed to be a n ~ combined with 
the charged track in the same hemisphere, assumed 
to be a pion, is plotted in Fig. 4b. The distribution 
is dominated by the p-(770)  with 3815 entries below 
the ~ mass. The feed down due to z decays other 
than z - ~ p - v ~  was obtained as in the two cluster 
case to be 8%. The case where both T's decay into 
p - ' s  contribute another  4%. Remaining Q E D  back- 
ground was estimated by extrapolation from the re- 
gion above the total energy cut to be 3%. 

The total acceptance was determined to be 10.9% 
in the same manner  as for the K * -  decay, the double 
and single cluster cases contributing 3.1% and 7.8% 
respectively. Using (46.7 4-0.8% [9]) for the branching 
ratio of the z+ into e +,/~+, n +, K + +neutrino(s),  we 

50MeV/c 2 

500 

200 

1 O0 

. , § , . . . . .  

0.5  1 1.5 2 

Moss (non- )  GeV/c 2 

5OMeV/c 2 

600 

i . . . .  F . . . .  , . . . .  

b 

4oo + § 

2OO 

0 , �9 ' - ~  , , i ~'1 e ~ ,  . . . . .  == 

0 0.5  1 1.5 

Mass (rr~ - )  GeV/c 2 

Fig. 4. The i nva r i an t  mass  d i s t r ibu t ion  of the n + n ~ sys tem for: a 
two-neut ra l -c lus te r  n~ The sol id  l ine is a fit to the d a t a  of a re la t iv-  
istic Bre i t -Wigner  funct ion wi th  fixed p pa rame te r s  t imes z phase  
space plus  b a c k g r o u n d  f rom feed d o w n  of o ther  z decays,  the la t te r  
shown  ha tched ;  b s ingle-cluster  n~ b a c k g r o u n d  subtrac ted .  The 
h i s t o g r a m  shows the resul t  of a M o n t e  Car lo  s imu la t ion  

obtain for the decay z -  ~ p -  v~ a branching ratio 

BR(z -  ~ p -  v~) = (21.5 _ 0 .4_  1.9)%. 

The separate branching ratios for the single-cluster 
and two-cluster events agree within their statistical 
errors. Systematic errors have been calculated from 
the relative uncertainties of the acceptance (7.8 %), the 
luminosity (4.0%) and the background estimation 
( 2 . 0 % ) .  

The decay ~- --, p -  v~ is the largest exclusive ~ de- 
cay channel and contributes to the 1-prong topology. 
In view of the current discrepancy between topologi- 



cal and  exclusive b ranch ing  ratios for the z, it is desir- 
able to have several independen t  measurements  of this 
b r anch ing  ratio. Theoret ical  estimates of the z -  

p -  v~ b ranch ing  fraction are based on  the CVC hy- 
pothesis which relates the isovector par t  of the e + e -  
ann ih i l a t ion  in to  had rons  to the vector par t  of the 
charged weak current  or to the exper imental  width 
of the p 0 ~  e + e -  [1-3] .  Our  measu remen t  is in good 
agreement  with these predict ions and  with other  mea-  
surements  [9]. 

In  contrast ,  the decay z ~ K *  v~is relatively rare 
and  measurements  of B R ( z -  ~ K * -  v~) have so far in- 
volved only  a small  n u m b e r  of events, result ing in 
a large dispersion for the reported values [-9]. Our  
measu remen t  is based on  the largest sample of events 
to date and,  in addi t ion,  the measurement  of 
B R ( z -  ~ p -  v~) in the same  exper iment  permits  a reli- 
able de te rmina t ion  of the rat io of b r anch ing  ratios 

B R ( z -  --* K * -  v ~ ) / B R ( z -  ~ p -  v~) 
= 0 . 0 5 7 + n  (~|(~ + o .oo6 

�9 - , . ' a •  v -  0 . 0 1 0  

free of c o m m o n  systematic uncertainties.  The value 
ob ta ined  for this ratio is compat ib le  with a model  
predict ion of 0.052 that  takes into account  SU(3) 
breaking  via the D a s - M a t h u r - O k u b o  sum rules [-4]. 
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