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Using the ARGUS detector at the electron-positron storage ring DORIS II at DESY, we have measured the lifetime of the 
leptontobe(2.95_+0.14_+0.11)X10 ~3s. 

Measurements  of  the l ifet imes of  the fundamenta l  
fermions test the s tandard  model  of  electroweak in- 
teractions.  Quarks  have only been found as consti t-  
uents of  hadrons  and thus a direct  measurement  of  
a quark l ifet ime is not  possible. This is not  the case 
for z leptons and a measurement  o f  their  l i fet ime is 
a direct  test of  the s tandard  model.  Assuming e - ~ - x  
universality, approximat ing the electron mass as zero, 
and  assuming the neutr ino masses to be zero, one 
can obta in  

r ~ = ~ , X B r ( ~ - - ~ v ~ e -  g e ) ( M J M ~ )  s . 

Using the Part icle  Data  Group  values [1] of  the 
- --.v~e-9o branching rat io (17.4 _+ 0.5%), the ~t life- 

t ime (2 .197X10  -6 s) and part icle  masses ( M e =  
1784.2 _+ 3.2 MeV/c  2, M r =  105.6 MeV/c2),  one ob- 
tains the theoret ical  value for the ~ l ifet ime 
( 2 . 7 9 + 0 . 0 8 )  × 10 -~3 s. This l i fet ime was first meas-  
ured by the M A R K  II col labora t ion  [2] .  Since then 
a number  of  measurements  have been publ ished 
[3] ~ and the current  world average is (2.94_+ 
0.12) × 10- ~ 3 s [ 5 ]. This  new measurement  repre- 
sents a significant add i t ion  to the previous  results. 

The original components  of  the A R G U S  detector,  
which have been descr ibed in detai l  elsewhere, con- 
sist of  a drif t  chamber  [6] ,  a t ime of  flight system 
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[ 7], a shower counter  system [ 8] and  muon cham- 
bers [ 9 ]. The recent addi t ion  of  a vertex chamber  to 
the A R G U S  detector  [ 10] has made  possible the 
measurement  o f  the z l i fet ime at A R G U S .  By study- 
ing the distance o f  closest approach between Bhabha 
tracks, we measure  the precis ion with which a single 
high energy electron track can be ext rapola ted  to the 
vertex and f ind it on average to be ( 9 5 + 4 )  pm. 

The da ta  used in this s tudy were collected with the 
A R G U S  detector  in 1985 and 1986 in the energy 
range from 9.3 to 10.6 GeV at the DORIS  II storage 
ring at DESY and corresponds to an integrated lu- 
minosi ty  of  166 pb -~. Events used in this analysis 
were of  the type e + e - ~  +~ in which one z decays 
to a single charged part icle (referred to as part icle  1 ) 
plus neutrals  and the other  to three charged part icles 
( referred to as 2, 3 and 4) plus neutrals, which cor- 
responds to 23.2% of  all • pai r  events. 

There were several potent ia l  sources of  back- 
ground to the z sample: two-photon events, radia t ive  
Bhabha and ~t pairs followed by photon  conversion 
into an e+e pair,  con t inuum qq product ion  and 
resonant  decays to three gluons (ggg). Da ta  selection 
cuts were chosen to opt imize  two conflicting objec- 
tives, namely,  maximiz ing  the acceptance,  while 
keeping the background to a min imum.  With  these 
cri teria in mind,  it was required that  
- there be exactly four charged tracks coming from 
the vicini ty  o f  the main  vertex with a total  charge of  
zero; in addi t ion,  there may  be up to two further 
tracks not  point ing to the interact ion point ,  to allow 
for backscatters,  

- part icle 1 makes an angle of  greater than 90 ° with 
each of  the part icles 2, 3 and 4, 
- part icle 1 makes an angle o f  greater than 120 ° with 
the m o m e n t u m  sum of  part icles 2, 3 and 4, 
- [cos 01 be less than 0.75, where 0 is the angle be- 
tween part icle  1 and the beam direct ion,  
- the mass o f  opposi te ly  charged part icle pairs  be 
greater than 100 M e V / c  2 (assuming the part icles are 
electrons) ,  the total  energy deposi ted  in the shower 
counter  system be less than 7 GeV and the momen-  
tum of  each track must  be less than 4 GeV/c, to reject 
radia t ive  Bhabha and laity events where the photon  
converts,  
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Fig. 1. Three-pion mass distribution for the data which survive 
all the z selection and vertex quality cuts. The solid line is the 
Monte Carlo generated background distribution. 

- there be no more  than 3 7 candidates  within 90 ° 
of  the three-particle momen tum sum, where a shower 
counter  hit  must  have energy greater than  50 MeV 
and not be associated with a charged track, to be 
considered a photon,  
- there be at most  two photons  within 90 ° o f  part icle  
1 and if  there are two, their  mass must  be consis tent  
with that  of  a r t  °, by requir ing I M y y - M ~ o  I be less 
than 50 MeV/c 2, 
- the mass of  the par t ic le  1, plus photons  within 90 ° 
of  it, if  any, be less than 1.45 GeV/c  2, to ensure con- 
sistency with the p hypothesis,  
- no event  be accepted with a n + ~ -  mass within 50 
MeV/c 2 of  the K ° mass, 
- the Z 2 of  the three-prong vertex fit be less than 15, 
- the total energy of  the charged particles in the event 
be greater than 0.3×E~m and the total  m o m e n t u m  
component  perpendicular  to the beam be greater than 
0.2 GeV/c in order  to suppress b e a m - g a s  and two- 
photon  events, 
- at be less than 0.06 cm (at  is the error  in the proper  
decay length and is descr ibed below).  

The three-pion mass dis tr ibut ion of  the events thus 
selected is shown in fig. 1. There are 5696 events with 
a three-pion mass less than 1.8 G e V / c .  

The cuts descr ibed above reduced con tamina t ion  
f rom two-photon and radia t ive  lepton pair  events to 
negligible amounts .  The shape of  the background 
from qct and ggg events was ob ta ined  using Monte  
Carlo events generated by the Lund programme [ 11 ], 
the parameters  of  which were adjus ted  so that  the 
events had the same proper t ies  as those seen at AR- 

GUS.  The events were then passed through a sim- 
ulat ion of  the detector  that  smeared measurements  
using the measured  resolutions of  the detector  com- 
ponents  and the topological  cuts descr ibed above 
were made.  The spectrum obta ined  was normal ized  
to the da ta  in the mass region above 1.8 GeV/c 2 and 
in fig. 1 the Monte  Carlo background is super im- 
posed upon the measured  three-pion mass spectrum. 
The background fraction in the region M3~< 1.8 
GeV/c 2, thus obta ined  amounts  to (9.5 + 1.0)%. 

The project ion o f  the decay length of  the tau, onto 
the plane perpendicular  to the beam direct ion,  was 
found using the average beam posit ion,  the decay 
vertex and associated errors. The beam posit ions were 
calculated, on a run-by-run basis, by min imiz ing  the 
dis tance of  closest approach  to the beam center  of  
tracks from all Bhabha events in the run. The beam 
widths were de te rmined  by studying the impact  pa- 
rameter  dis t r ibut ions  of  Bhabha tracks and were 
found to have a a of  480 g m  in the hor izonta l  di- 
rection and 85 g m  in the vert ical  direction.  

The ~ decay vertex posi t ion was found using a par- 
ametr ic  vertex fitting procedure  which uses the 5 
t rack parameters  and their  errors as input  and out- 
puts the vertex posi t ion,  a new set of  t rack pa ram-  
eters and the errors [ 12]. The most  probable  path 
length, projected onto the plane perpendicu lar  to the 
beam direction,  is given by 

l,~, x , ~ t , B ~ , + y , 7 , B , v + B , y ( t ~ y ~ + t , x , ~ )  
" = t~Bx.- + z t ,By,, + 2txt , ,Bxy 

where (x,,  y , )  is the d isplacement  from the beam 
centre of  the f i t ted vertex, tx and G are the direct ion 
cosines of  the three-prong system and the matr ix  B 
is the inverse of  the error  mat r ix  of  xo and y,,, which 
incorporates  the beam spread,  beam posi t ion and 
vertex posi t ion errors. The proper  decay length is then 

l=- c'G = l,-,,/flV s i n  0 ,  

where 0 is the direct ion o f  the three-prong, which is 
approx imate ly  the ~ direction,  measured  with re- 
spect to the beam axis. The error  in/xy is given by 

m L = (  ~ ~ - '  t.,B~.,. + t vBy v + 2t,.t.,B~,,) 

and 

al = a~,,./fl? sin 0 .  
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Fig. 2. The proper decay length distribution for the x sample. 

The errors on fl, 9, and sin 0 are negligible compared  
to az , .  The l ifet ime of  the • is found from the 
weighted mean decay length o f  the da ta  ( < l )  ) using 
the re la t ionship 

<l> = (1 - b )  <cr~ > +b<lbg > , 

where b is the fract ion of  the da ta  which are back- 
ground events, r~ is the l ifet ime o f  the tau lepton and 
lbg is the apparent  mean decay length o f  the back- 
ground events. The average background decay length 
was found using events with a three-pion mass greater 
than 1.8 GeV/c 2 and was found to be ( - 18.6 _+ 14.5) 
gm. 

The d is t r ibut ion  o f  the proper  decay length is 
shown in fig. 2. Using the weighted mean o f  this dis- 
t r ibut ion  we obta ined  the result 

<cry)  = ( 8 8 . 4 + 4 . 3 )  g m  

or  

z~= (2.95 +0 .14)  × 10- '3  s .  

The error  is statist ical  only and was calculated from 
the mean variance.  The l i fet ime has also been cor- 
rected for the average reduct ion in beam energy due 
to ini t ial  state rad ia t ion  [ 13]. 

Varying the last three cuts discussed above by as 
much as 40%, caused the measured  mean  decay 
length to fluctuate by + 2.0 ~tm which we include in 
the systematic  error. Shifting the beam posi t ion by 
one s tandard  devia t ion  in the analysis contr ibutes  a 
further _+ 2.0 gm to the systematic  error. A one-stan- 
dard-dev ia t ion  change o f  the background fract ion 
shifted the mean p roper  decay length + 1.0 gin. The 

uncer ta inty  in the l ifet ime o f  the background events 
in t roduced an error  of  _+ 1.5 gin. These independent  
effects have been added  in quadra ture  to define the 
systematic error. 

We have checked our procedure  for any bias to- 
wards longer or  shorter  l ifetimes by studying Monte  
Carlo generated e + e - - ~ z + ~  events. The Monte  
Carlo s imulated all known detector  effects [ 14] and 
included initial  state radia t ion  [13].  Events were 
generated with 4 different l ifetimes and in each case 
our  l i fet ime procedure  reproduced the input  l i fet ime 
within errors. There was no evidence of  a systematic  
bias. 

Thus we obta in  the result 

r~=  (2 .95_+0.14+0.11)  X 10-~3 s .  

This result is slightly higher than, but in reasonable  
agreement  with, the value obta ined  assuming e - g - x  
universal i ty  and is consistent  with previous mea- 
surements.  Adding the systematic and  statist ical  er- 
rors of  our result in quadra ture  and taking the 
weighted mean with the previously ment ioned  world 
average, one obtains  a new world average of  
( 2 . 9 4 + 0 . 1 0 ) X 1 0  -~3 s. This value is one s tandard  
devia t ion  larger than the theoret ical  predict ion.  
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