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Abstract 

We have determined the T l i fet ime i n  e+e' annihilations a t  an average centre 

of  mass energy o f  42.5 GeV, using a pressurized dr i f t  chanber close to  the 

interaction point. Ne find the lifetime to be (3.18 t g'äg i 0.56)'10_13 sec. 
The charged week 1 coupling constant re lat ive to  that o f  the u i s  found to be 
G1/Gu = 0 .94  t 8 'ää  1 0 . 0 9 ,  i n  good agreement with lepton universal i ty.  
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The properties of the point-like leptons e ,  u and 1 are of fundamental 
importance for a theoretical understanding of the constituents of matter. 
Thus far all experimental evidence suggests that the e ,  u and T have identical 
properties except for effects due to their different masses. However, the 
coupling of the 1 to the charged intermediate vector boson i s  s t i l l  much less 
well determined than those of the e and u .  The only presently accessible 
experimental way to determine this coupling is  to measure the 1 lifetime. 
Earlier measurementsl) were l imited by poor resolut ion near the event vertex.  
Recently, the MARK I I  group at SLAC has determined the T l ifetime with improved 
vertex resolution using a high precision dr i f t  chamber2). I n  this paper we 
present a T l ifetime measurement obtained i n  a s i m i l a r  manner using a high 
precision drift chamber (vertex detector) ins ta l led  close to  the interaction 
region i n  the TASSO detector a t  the PETRA e+e' storage r ing .  

The upgraded TASSO central detector i s  shown i n  F i g .  1 .  I n  September 1982 

the original aluminium beam pipe was removed and the vertex detector ins ta l led .  

The vertex detector i s  mounted r igidly on a beam pipe of  6 . 5  cm radius which 
serves as the inner wall of the chamber. The pipe is  made from 1.8 um thick 
beryllium (0.5 % radiation length), coated on the inner surface with a 15 um 
thick layer of copper designed to reduce the penetration of synchrotron 
radiation. The vertex detector has an act ive  length o f  57 .2  cm and i s  composed 
of  two groups of  four radial layers of sense wires p a r a l l e l  to the beam a x i s . ‘  
Each of  the inner four layers has 72 w i res ,  while each of  the outer four has 
108 wires.  The innermost layer has a radius o f  8 . 1  cm, the outermost a radius 
of 14.9 cm. The average radial position for the inner group of wires i s  9 .1  cm 
and for the outer group 13.9 cm. The maximum dr i f t  distance varies from 
layer to layer between a minimum of  3 . 5  mm and a maximum of  4 . 5  mm. The 
chamber has an outer wall of 1.5 mm thick aluminium and i s  designed to 
enable pressurisation up to 4 bar.  The total thickness o f  the beam p ipe ,  
detector and gas is  1.1 % of a radiation length; the outer wall adds an extra 
1.7 % of a radiation length. 

The vertex detector i s  filled with a mixture of 95 % Argon and 5 % Carbon 
Dioxide at  a pressure of 3 bar. The h i t  efficiency of the detector i s  3 98 %. 
The spatial resolution i n  the plane perpendicular to the beam was 
measured using beam associated two track events. The resolut ion averaged 
over the complete cell varies between 90 and 100 pm. A similar resolution i s  
obtained from 1 + 1 charged track decays where the single track i s  well 
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separated. For T + 3 charged tracks decays, however, where the three tracks 
are often extremely close because of the large boost involved, the spatial 
resolution deteriorates to —130 um. The information from the vertex detector 
i s  combined with that of the large dr i f t  chamber3) to  f ind the overall track 
parameters. The relative alignment between the vertex detector and the drift 
chamber i s  known to  an accuracy o f  —-10'4 rad.  azimuthally and 100 um i n  
x (horizontal) and y (vert ieal ) ,  the coordinates perpendicular to the beam. 
The combination of vertex detector and dri f t  chanber leads to a momentum reso- 
lution of op/p — 0.0095 p (p in GeV/c) for high momentum e+e' + u+u' events. 
The TASSO detector i s  described i n  more detail i n  Ref. ( 3 ) ;  more infonmation 
on the vertex detector i tse l f  may be found in  Ref. ( 4 ) .  

The data presented here were collected i n  1983 during an energy scan i n  
30 MeV steps i n  centre of  mass energy from 39 .8  GeV to 45 .2  GeV. The average 
c.m. energy was 42.48 GeV. and the total luminosity collected was 10.2 pb'l. 

‘The selection of candidates for the reaction e+e_ + T+T_ i n  the TASSO 
5 )  and therefore wi l l  be only briefly detector has been described previously 

discussed here.  At the centre of  mass energies of  this experiment T-pair  
production has a dist inct ive signature wi th  very small contaminations from 
other processes. Ne accepted events with two wel l  collimated groups of  
particles. One group was required to have three charged tracks which‚when 
interpreted as pions‚gave an ef fect ive mass < 2 . 0  GeV. The other group was 
required to contain either one track (referred to as "1 + 3" topology) or 
three tracks with an identical mass cut of 2.0 GeV (referred to as “3 + 3" 
topology). The sum of the total momenta of the charged tracks was required to 
be >5.0 GeV/c and the minimum effective mass of pairs of oppositely 
charged tracks (assumed for  this  purpose to be electrons) required to be 
30.015 GeV, i n  order to minimise background from vy and radiating Bhabha 
scattering events, respectively. 

The events selected were scanned and those containing a badly reconstructed 
track or more than one track with less than three associated vertex detector 
hits were excluded. A total of 37 "1 + 3" topology and 11 "3 + 3" topology 
events remained. The background from other processes was estimated to be 
0.9 events for the "1 + 3" sample and 0.7 events for the "; + 3" sample. The 
background i s  discussed i n  greater length i n  reference (S) .  
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The-1 lifetime was determined i n  two ways: 

(a) by measuring the distance between the production point  of  the T and i ts  
decay vertex. In  this case a l l  three track vertices from the "1 + 3" and 
"3 + 3“ topologies were used. 

(b) by measuring the separation of  the two decay vertices i n  a "3 + 3“ topology 
e+‘e' + T+T_ event, which is  the sum of the flight paths of the two 
T particles. 

The rationale for using two different methods i s  that the systematic errors 
for (a) and (D) are different: Method (a)  requires an estimate of  the pro- 
duction point of the T ,  which l ies within the luminous region formed by the 
overlap of  the electron and positron beams. The position of  this region was 
determined for individual fillings of PETRA. Method (b) eliminates the uncer- 
tainty inherent i n  this procedure; however, the accuracy obtained i s  

limited by the smaller nunber o f  " 3  + 3 "  topology events. In  the fol lowing we 

first describe the f i t t i  ng procedure used to determine the pos i t ion o f  

the 1 decay vertex, then discuss the steps employed i n  method ( a ) .  He use 
method (b) as a consistency check on the result of  method ( a ) .  

For each track we used the h i t  information from a l l  three chambers, 
vertex detector, proportional chamber and drift chamber. Before constraining 
the tracks to a common vertex. the fitting program was allowed to delete up 
to three points from each track i f  the X2 fo r  that  t rack f i t  was too high. 

The vertex f i t  was carried out by constraining the three tracks to come 
from a connon point. The x2 formed by comparing the h i t s  associated with each 
track wi th the predicted track posi t ion was then minimized by varying the 

parameters of the track and the position of  the common vertex. Multiple 
scattering was taken into account i n  both track and vertex f i t .  I t  was assumed 
for the purpose of  computation to occur at a radius o f  16 cm, between the 
vertex detector and the drift chamber, with the average multiple scattering 
angle increased by 30 %. This parametrization was checked by Monte Carlo 
simulation and comparison with data and found to give a good description of 
the error matrix for the vertex f i t .  The uncertainty i n  the error matrix 
elements given by this model was estimated to be —20 %. The program f i rS t  
attempted a f i t  i n  three dimensions. I f  the increase i n  overall X compared 

to that without a vertex constraint was significantly higher than would be 
s ta t i s t i ca l l y  expected, a f i t  i n  two dimensions was tried. I f  this too 

fai led the X2 cri terion, then a f i t  i n  the vertex detector alone was attemptede 
I f  a l l  three f i t s  fa i l ed ,  the vertex was rejected. From our sample o f  
59 three track ver t ices,  4 fa i led the vertex f i t .  The above procedure gave 
the vertex posit ion and the ful l  error matrix for each successful f i t .  

The beams have a f in i te  size and the position of  the interaction region 
with respect to the tracking chambers can also vary due to changes i n  the 
PETRA Optics or mechanical variations i n  the positions of  the tracking cham— 
bers. Ne monitored these changes on a run-to-run basis by using tracks from 
beam associated events. At least 50 clean tracks with 34 vertex detector 
hits had to be accumulated for each determination o f  the beam pos i t ion.  The 
uncertainty i n  the beam pos i t ion  was typically 150 um i n  x and y .  No attempt 
was made to determine the 2 posi t ion o f  the interaction region because i ts  
s ize i s  several centimeters. The r . m . s .  beam s ize  i n  x and y has been ca l -  
culated from the machine la t t i ce  and opties parameters to be -500 pm, 10 um 
respect ivelyö).  Because the uncertainty o f  the beam position in y i s  larger 
than i t s  s ize ,  the appropriate quantity for use i n  our f i t  i n  this case i s  
the uncertainty i n  the posi t ion.  In our determination we used 0x = 530 um, 
oy = 150 um for the dimensions o f  the luminous region. 

Having obta ined the centre o f  the interaction region and the coordinates 
o f  the secondary 1 vertex i t  can be shown that the best estimate of the decay 
length projected i n  the xy-plane i s  g iven by 

. N % tx "' "v °ix % ‘ '°io""‘ér-* y’vtx) 
Zi _ 2 t x  °yy 2°xy tytx + °xx ty 

!, 

where ° i j  are the elements o f  the error matrix formed by adding the error 
matrices for the primary and secondary vertices, t x ,  t are the direction 
cosines o f  the T found by adding the momenta of  three tracks from the secon- 
dary vertex (which approximates the direction of  f l ight o f  the T ) ,  xy,  yv 
are the coordinates of  the secondary vertex relative to the beam position. 
The total decay length ß was then obtained i n  three dimensions by using the 
2 component o f  the momentum vector o f  the three tracks from the 1 decay. 
From the above expression for  £x the error, 02, on ß was calculated for 
each event. The distr ibut ion function for the decay paths was obtained from 
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a convolution of a Gaussian resolution function with an exponential decay 
distribution. Ne obtained the best value for the lifetime by carrying out a 
maximum likelihood f i t .  

The distribution of errors i s  shown i n  Fig. 2.  l t  peaks a t  IIGC um with a 
mean of 1400 um. After discarding events with an error greater than 2500 um, 
50 three track vertices survived. F ig .  3 shows the d is t r ibut ion  o f  1 decay 
lengths. The mean of  this distribution i s  1051 i 270 um,which i s  s igni f i -  
cantly different from zero.  The maximum l ike l ihood f i t  gives 1082 f 52% um 
as the best estimate for the T decay length. The distribution function for 
this result i s  shown as the solid line in  Fig. 3 ,  and f its the distribution 
well.  

He investigated several possible sources of systematic errors i n  the result.  
To check that the vertex f i t  and maximum likelihood estimate reconstructed 
the correct lifetime, we generated e+e' + r+T' Monte Carlo events with a 
full simulation of the tracking chambers of the TASSO detector and passed 
them through the standard track reconstruction and T+T_ selection programs 
used for the data.  The generated mean decay lengths were 0 um, 834 um and 
1500 pm; the best estimates for the reconstructed decay lengths after track 
reconstruction and vertex fitting from —250 accepted Monte Carlo events for 
each case were 147 i 90 um, 789 f 132 um, 1630 t ägä um, i n  good agreement 
with the input values. 

He investigated systematic errors due to possible misalignment of the 
chanbers by varying the vertex detector position by 120 from the nomi nal 
values; while the resolution worsened sl ightly,  the mean decay length 
changed by 510 %. Similarly, the position of the beam was displayed randomly 
from run to run by —20 um. While this again increased the error on the 
determination, i t  produced a negligible Shift i n  the mean decay length. He 
checked the effect of a possible t i l t  of the chamber with respect to the 
2 axis by using only r ‘ s  within a polar angle region of 60° — 130°; the 
reconstructed decay length was 1067 t 32% um, i n  good agreement with that 
found for a l l  the data. 

Ne checked that the data showed no bias comparable to our observed 1 decay 
lengths by forming combinations of three tracks, each with p > 0.5 GeV/c‚ 
from eVents from the process e+e' + hadrons, satisfying the T selec— 
t ion cr i ter ia .  This combination of  tracks was reconstructed i n  the same 
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way as the T+T_ candidates. The decay length distribution fitted well to a 
Gaussian whose width was within 20 % of our calculated value and whose mean 
was 54 : 120 um, compatible with no bias. 

The assumption that the errors were Gaussian and centered around the true 
value was checked by generating zero lifetime r+1' events and platting the 
reconstructed decay length divided by the calculated error. This distribution 
f itted we l l  to a Gaussian; furthermore, the width was equal to unity to wi th in  
10 %. This was also checked using the T+T_ data by allowing a scaling factor 
for °1’ as well as the exponential decay length, to vary i n  the maximum 
likelihood f i t .  The value of the scaling factor obtained, 1.11 1 0.15, 
confirms that the data required no statistically significant correction to 
our calculated errors. Similarly, by allowing an offset to vary i n  the f i t ,  
we found no evidence for any b i a s .  

We a lso checked the internal consistency of our sample. I n  particular 

we compared the means o f  the decay distances using only the " 1  + 3" or the 

"3 + 3" topology sample, and the three-dimensional or the two—dimensional 
vertex f i t s .  I n  a l l  cases no s ta t is t ica l ly  s ignif icant  deviation of  the 

reconstructed decay length was observed. 

Ne estimate the systematic error for method (a) from contributions to the 
uncertainty o f  the mean decay length.  We obtain 1100 um from the uncertainty 

i n  our calculat ion o f  the error ,  ca; 1120 um from a possible offset i n  the 

resolution function; 1100 um from uncertainties i n  the relative alignment 
of the chambers and the position of the interaction region, giving an overall 
systematic error of  190 um. 

As a final check on our result we used method (b) to obtain the T decay 
distance from the "3 + 3" topology sample. After identical vertex reconstruc- 
tion and cuts, 7 "3 + 3" evehts with both 3-track vertices well reconstructed 
survived. The mean separation of the two 3-track vertices, which i s  inde- 
pendent of the production point, was found to be 3200 t }ägg pm, and hence 
gave a mean decay distance of 1600 f 333 um, i n  good agreemént with that 
deduced from method (a). Since, as was remarked earlier, method (b) has differ— 
ent systematic errors from method ( a ) ,  this serves as a further consistency 
check on our resu l t .  
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1 lifetime was determined by calculating the decay time for each T and fitting 
this distribution. Correcting for an average 7 % loss i n  the mean T energy 
due to radiation of photons i n  the initial state, we obtain a 1 l ifetime of 

I n  conclusion, we obtain a mean r decay length o f  1082 

r(r = (3.18 * °'59 : 0.56 «10'13 sec. - 0.75 
Our result i s  i n  good agreement with the value given i n  Ref. ( 2 ) .  
r(r) = (3.20 = 0.41 t 0.35).1o'13 sec. 

I f  lepton universality holds, the T l i fet ime i s  predicted to  be 

r ( r )  = T(u) (mT/mu)5 BR(T + ev5) = (2.8 i 0.2)-10‘13 sec 7), where we have 
assumed a value of  0.1758) for the decay branching ra t io  BR(r + ev5) .  Our 

result i s  in  good agreement with this prediction and leads to a value of the 
. . _ + 0.12 charged coupl1ng constant GT of Gr,Gu — 0.94 _ 0_09 : 0.09. 
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_Fi sure Capti ons 

Fig. 1 

Fig. 2 

Fig. 3 

a) 

h) 

€) 

The inner part of the TASSO central detect viewed perpendicular 
to the beam direction. 

The inner part of the TASSO central detector viewed along the 
beam direction. 

Schematic view of the cell configuration in the vertex detector. 

The distribution of the error on the decay distance, °9.’ for 
1: + three charged tracks. 

The distribution of decay distances for -: +three charged tracks. 
The solid curve shows the best f i t  to this distribution as 
described in the text. 
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