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Abstract. The lifetime of the D~ meson has been mea- 
sured using the TASSO detector at P E T R A  and 
found to be (5.7_+ 3166 + 0.9) x 10-13 s. The method used 
was to reconstruct fully the decay vertex of the chan- 
nel Os ~c~n +, c~ ~ K + K - .  

The TASSO collaboration has previously published 
[-1] results on D s meson (formerly called the F -+ me- 
son) product ion resulting from e + e -  annihilation at 
high energies. The majori ty of the data reported in 
that publication were taken prior to the installation 
of the TASSO high precision vertex chamber  (VXD), 
and so that analysis could not take advantage of the 
improved resolution of track parameters.  The present 
analysis is a new procedure utilizing the VXD infor- 
mat ion and devised to obtain a final Ds sample unbi- 
ased with respect to the D~ lifetime. It  is based on 
a sample of 39,800 hadronic events predominantly 
at a center of mass energy of 35 GeV, and including 
9000 events at 44 GeV. This results from an integrated 
luminosity of 140 pb-1 ,  taken in the years 1984~86. 
Annihilation events were selected using the procedure 
described in [2]. A general description of the TASSO 
detector [-3] and the vertex chamber  [4, 5] may be 
found elsewhere. Since the tracking capabilities are 
central to this study, a short description of the two 
major  drift chamber  systems is given below. 

Briefly, TASSO has a large cylindrical drift 
chamber (DC) consisting of 15 layers of drift cells 
between 36 cm and 122 cm radius. Six of these 15 
layers are made up of small angle stereo wires and 
provide all the polar angle information used in the 
track fits. Inside the DC (and also inside a central 
proport ional  chamber  used for triggering purposes) 
is the high precision vertex chamber  operating at 
three atmospheres. The VXD consists of eight axial 
drift cell layers whose innermost layer is 8.1 cm and 
outermost  is 14.9 cm from the beam axis. The drift 
cell resolution of the VXD has been measured to be 
90 ~tm in #+/~-  pair product ion and 120 ~tm for had- 
tonic events. This resolution facilitates precise vertex 
reconstruction. 

The D~ meson was searched for by looking at the 
decay chain D~ --+ 4) n-+, ~b --* K + K - .  An at tempt was 
made to associate each charged track reconstructed 
in the DC with digitizations in the VXD. Those 
tracks, with p• (with respect to the beam) greater than 
0.1 GeV, which were successfully associated with four 
or more (out of a possible eight) VXD hits were re- 
tained for the rest of the analysis. Pairs of accepted, 
oppositely charged tracks were then combined to try 
to form the q~ meson, assuming the K mass for each. 

Only a very loose cut of M ( K + K  )<1.05 GeV 

was made because in later stages of the analysis t h e  
track parameters,  and hence the reconstructed 
masses, are improved further by reconstructing decay 
vertices. Track pairs were also rejected if, when elec- 
tron masses were assumed, the pair mass was less 
then 0.1 GeV. A third track was then combined with 
the ~b candidate, assuming it to be a pion. To elimi- 
nate events with large vertex errors due to multiple 
scattering, only tracks of momen tum greater than 
0.5 GeV/c were used. A vertex fit [-6] was then per- 
formed on this triplet of charged tracks by requiring 
there exist a point in x, y, and z which is common 
to all three tracks. The triplet of tracks was retained 
if the probabil i ty associated with this three constraint 
geometric vertex fit was greater than 1%. The mass 
of the hypothetical K + K -  subsystem was recalculat- 
ed from the track parameters  resulting from this ver- 
tex fit. Those triplets for which this mass was within 
0.015 GeV of the q~ mass were used in the next stage 
of the selection process if x = EKKJEbeam~0.6. This 
final cut, which essentially eliminates those D s mesons 
produced in the weak decay of bo t tom hadrons, dra- 
matically reduces the combinatorial  background. The 
K K ~  mass spectrum resulting from these cuts and 
calculated using the track parameters  from the geo- 
metric vertex fit is shown in Fig. 1 a. 

A kinematic vertex fit [-7] was then performed 
on the triplet of tracks by constraining the K + K -  
candidates to the q5 mass, 1.020 GeV. All the track 
parameters,  including the vertex coordinates, of all 
three tracks were allowed to vary in order to satisfy 
the requirement of a common vertex. In this way the 
momen tum resolution of the pion is improved as well 
as improving those tracks resulting from the decay 
of the qb. The KKT~ mass spectrum, after the kinematic 
constraint to the q5 mass is imposed, is shown in 
Fig. 1 b. The Ds signal is consistent with the accepted 
mass [8] of 1.971 GeV and the expected 23 + 3 MeV 
mass resolution determined from Monte  Carlo simu- 
lations. The D~ candidates were accepted for the life- 
time studies if they satisfied 1.930 < M(KK~)<2.010 
GeV. No further cuts were made on this sample. 

F rom measurements of D + production in the 
range 0.6 < x < 1.0 at W =  29 GeV [-9] and from the 
measured D -+ ~ 4~ 7~ + branching ratio (1.0 + 0.3)% [-8] 
and D + --*K-~z+ g + (11.4_+1.1)% [-10], we expect to 
see 5 + 2 K + K -  ~ + combinations in the D + mass re- 
gion. The background was determined by normaliz- 
ing a line to the mass distribution outside the D -+ 
and D~ regions. The result is shown as a curve super- 
imposed on Fig. lb .  In the region near 1.870 GeV 
we find 4 .4+4.2D + mesons. Between 1.930 GeV and 
2.010 GeV there is a D~ signal of 8.8 events above 
a background of 5.2 events. 

A control sample was also selected using a very 
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Fig. l a ,  b. K + K - n  + mass  spec t rum for E K r , l E b e a m ~ O . 6 .  a C o m -  
m o n  vertex const ra in t ,  m ( K  + K - )  within  0.015 GeV of q~ mass  se- 
lected, b q~ mass  cons t ra in t  imposed.  D a s h e d  curve Ds s ignal  and  
b a c k g r o u n d  (s t ra ight  l ine fit to sidebands),  no rmal i zed  to data ,  peak  
fixed at  1971 MeV, wid th  from exper imenta l  reso lu t ion ;  sol id curve 
- same, inc luding  es t imated  D • con t r ibu t ion  

similar algorithm but requiring that the mass of the 
"ph i"  candidate be in the range 1.05GeV to 
1.15 GeV. The effect of the kinematic constraint was 
simulated by dividing the K + K -  mass range for this 
sample into three equal segments and constraining 
all "ph i"  candidates to the nearest central mass. There 
is no significant enhancement of the D~ mass region. 

We generated Monte Carlo Djs to calculate our 
reconstruction efficiency. The simulated events were 
passed through the same analysis chain as the experi- 
mental data. Averaged over all x > 0.6 the reconstruc- 
tion efficiency for Djs, including the vertex quality 
and mass resolution cuts, is 16% for the channel D~ 
--+ ~ n, 4)--+ K + K - .  

D~ production at x > 0.6 is expected to come from 
the fragmentation of c and ~ quarks produced in the 
primary e + e -  interaction. The D~ should carry a large 
fraction of the beam energy E11]. To obtain a branch- 
ing fraction, we need to estimate the fraction of D~ 
mesons produced in the region x<0.6 .  The world 

data have been parameterized by Bethke in terms of 
z - (E + P I I) . . . . .  /(E + P ll)qu"r~" Because of initial brems- 
strahlung and final state gluon emission, the spectrum 
in x is softer than in z. Using a Monte Carlo program 
to calculate these effects [12], he finds a mean z for 
D~ production of ( z ) = 0 . 6 0 4 + 0 . 0 2 3  E13]. The most 
commonly used expression to describe the generated 
fractional energy spectrum is the one proposed by 
Peterson et al. [14] : 

f (z) = 
1 e z) a 

z l  z 1-- 

where e is a free parameter related to the heavy quark 
mass. For  this distribution, ( z ) = 0 . 6  corresponds to 
e=0.13. Our estimate of the fraction of events with 
x >0.6 comes from generating samples of D~ with e 
= 0.13_+ ~176 The region x > 0.6 is estimated to contain 
(39 _+ 5)% of all D~ resulting from primary charm pro- 
duction. Using an s/d quark suppression factor of 
0.33_+0.02 [15], we obtain a value of the branching 
fraction D+--+~bg -+ of (3.3• where the 
first error is statistical and the second is from uncer- 
tainties in the fragmentation. This branching fraction 
is different from our previous measurement El]. It 
is to be compared to the world average of (3.6-t-0.3)% 
[16]. 

The lifetime measurement technique is similar to 
the methods we have previously used for the z and 
D o lifetimes [5, 17]. The measurement of an individual 
D~ meson decay distance is made by using the recon- 
structed vertex, the beam spot centre and size, and 
the D~ direction in the determination of the most 
probable production and decay points. In the hori- 
zontal direction the average rms width of the beam 
spot is approximately 375 Ixm (550 Ixm at 44 GeV) and 
is dominated by the beam spread. In the vertical direc- 
tion the average width used is 100 Ixm and is domi- 
nated by the statistical error in determining the beam 
spot center. 

The three dimensional decay distance may be 
written in terms of the x y  coordinates and polar angle 
of the reconstructed D~ meson. The most likely labo- 
ratory decay distance is given by: 

I -  x ayy t~ + y a~x tr--  axr (x tr + y t~) 
2 2 6 x r t x t r + a x x  2 ' oyy  t x - -  t y  

where x = Xwrtex--Xbe.m and y = Yvertex- Ybeam" The aq 
are the elements of the sum of the beam spot and 
decay vertex error matrices, and tl is the three dimen- 
sional direction cosine of the D~ in the i direction. 
This is converted to a proper  decay time using the 
relation z = I/7 fl c. 
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Fig. 2a, b. Weighted distributions of measured decay times. The 
individual measurements (and errors) are assigned weights propor- 
tional to the error-2. Thus a small weight corresponds to a large 
uncertainty in proper time. a The D, sample. Curve is result of 
maximum likelihood fit to individual events, b Control sample (mKK 
in upper ~b sideband, 2.020 GeV < mrr,, < 2.500 GeV). Curve is pre- 
dicted distribution. (See text) 

In Fig. 2a  we show the distribution of the mea- 
sured decay times of the events. In this figure the 
weight given to each event is proport ional  to the in- 
verse square of the error on its decay time. There 
is a large spread owing to variations in projected 
opening angles and orientation of the flight path rela- 
tive to the beam ellipse. A typical error on the proper  
time of an individual event is 5 • 10-~3 s. 

The D~ lifetime is calculated using a maximum 
likelihood method [5, 17, 18]. The likelihood function 
used contains four terms. The first term represents 
the probabili ty density for the decay of real D~ me- 
sons. It  is an exponential convoluted with Gaussians 
corresponding to the event resolutions. The other 
three terms represent contributions to the back- 

ground�9 This likelihood function is then given by: 

L = y [  {(1 - Pb.ck) F(z,, ai; z) + Pb.ck(1 --Po--P+) 
i 

�9 O(*i, ~i) + Pbaok Po F0(*. ai) + Pbaok P+ F+ (,i, a3}. 

The probabil i ty that a Ds candidate is not a D~ is 
given by Pbaek, while the fraction of these background 
events that contain either two or three tracks originat- 
ing from (and hence may be considered as totally) 
charged or neutral D mesons are P+ or Po respectively. 
Contributions from bo t tom hadrons were shown 
from Monte  Carlo studies to be negligible because 
of the hard cut on the x of the D~ meson as mentioned 
above. Monte  Carlo studies have also shown that  be- 
cause of the cut on the q~ mass range the contribution 
to the background from A~ + ~ pK-7r  +, the most  like- 
ly channel to contaminate the D~ sample by mislabell- 
ing the proton as a kaon, is negligible. The functions 
F('ci,  ai; 1;), F+ (zi, ai) and F0(ri, tTi) represent the expo- 
nential decays of the D~, D -+ and D o mesons folded 
with the Gaussian resolution functions, respectively. 
The hypothesized D~ lifetime is z, and the z~ are the 
measured decay times. The fractions of charged and 
neutral D meson contaminat ion were found to be 
Pb,~k P+ = 7.0% and Pba~k Po = 7.8% respectively. 
Values ofzn+ =9.3 • 10 -13 S and Zoo=4.1 • 10 -13 sec 
were used [19]. The maximum likelihood fit yields 
/ :=(5.7_+3; 6) • 10 -13 S. The curve shown on top of the 
data in Fig. 2 a is the distribution predicted from the 
maximum likelihood fit using the distributions of res- 
olutions on individual z~ found in the data. 

Our understanding of the contributions of the 
background to the D~ lifetime measurement  is 
achieved both by extensive Monte  Carlo studies and 
by studying the lifetime of our control sample. As 
mentioned above, we selected KKrc combinations 
where the mass of the K K  subsystem was in the q~ 
upper side band. The decay times of the control sam- 
ple are shown in Fig. 2b. These events correspond 
to masses 2.02 GeV<M(KKrc)<-_2.50 GeV. The 
curve shows the distribution predicted from a Monte  
Carlo study. The agreement between this curve and 
the data shows that the charm fraction of the control 
sample (17% of combinations having two or three 
tracks from D o and 17% from D -+) and the time reso- 
lution are correctly described. Using these fractions 
in a likelihood fit to the control sample, we obtain 
a mean lifetime for p rompt  particles of z , a~=( -0 .59  
+0.43) • 10-13 s. We conclude that we can estimate 
correctly the background and resolution of the decay 
time distribution and that the results are unbiased. 

The systematic uncertainties in our measurement 
were studied by varying various parameters  in the 
analysis on the actual Ds meson data sample. The 
largest single contribution comes from the assumed 
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V X D  re so lu t i on .  Th i s  en te r s  b o t h  expl ic i t ly  a n d  impl i -  
c i t ly  a t  v a r i o u s  s tages  o f  o u r  analys is ,  i n c l u d i n g  V X D  

hi t  a s s o c i a t i o n  a n d  c a l c u l a t i n g  the  u n c e r t a i n t y  in t he  
r e c o n s t r u c t e d  d e c a y  ver t ices .  F r o m  s tudies  o f  the  de-  

s c r i p t i o n  o f  the  d e c a y  t i m e  d i s t r i b u t i o n  in t he  c o n t r o l  

sample ,  we  c o n c l u d e  t h a t  t he  d o m a i n  150 to  100 g m  

p r o d u c e d  a s y s t e m a t i c  inc rease  in the  r e su l t i ng  ave r -  

age  l i fet ime,  t o g e t h e r  w i t h  f l u c t u a t i o n s  a b o u t  this  
t r e n d  a r i s ing  f r o m  i n d i v i d u a l  V X D  hi ts  b e i n g  de le t ed  
as the  i m p l i e d  t r ack  Z z c r i t e r i o n  t ightens .  T h e s e  effects 

l ead  to  a s y s t e m a t i c  e r r o r  o f  _ + 0 . 7 x 1 0 - 1 3 s .  T h e  

b a c k g r o u n d  f r ac t i on  was  v a r i e d  w i t h i n  the  e r r o r  
w h i c h  p r o d u c e d  a c h a n g e  o f  + 0 . 4  • 10 -13  s. C h a n g -  

ing  the  a s s u m e d  b e a m  size by  r e a s o n a b l e  a m o u n t s  

p r o d u c e d  neg l ig ib le  differences.  W e  ver i f ied  in M o n t e  

C a r l o  s tudies ,  by  g e n e r a t i n g  d a t a  sets o f  d i f ferent  as- 

s u m e d  Ds l i fet imes,  t ha t  o u r  ve r t ex  r e c o n s t r u c t i o n  is 
u n b i a s e d  w i t h i n  a s y s t e m a t i c  e r r o r  o f  0 . 3 •  10 -13  s. 

M e a s u r i n g  the  Ds l i fe t ime a s s u m i n g  n o  D - + ~ q ~ n +  

p r o d u c t i o n  c h a n g e s  the  m e a s u r e d  v a l u e  by  0.2 
• 10 -13  s. F ina l ly ,  c h a n g i n g  o u r  a s s u m p t i o n  for  t he  

l i fe t ime of  the  D + a n d  D o m e s o n s  by  the  e r r o r s  o f  

the  w o r l d  a v e r a g e  p r o d u c e d  c h a n g e s  o f  - 0 . 0 7  
x 10 -13  s a n d  + 0 . 0 2  x 10 -13 s. 

A d d i n g  these  c o n t r i b u t i o n s  in q u a d r a t u r e  we  ar-  

r ive  a t  o u r  v a l u e  for  the  Ds m e s o n  l i fe t ime of:  

+ 3  6 X 13 "c =(5 .7_2 :6  + 0 . 9  ) 1 0 -  S. 

Th i s  resu l t  r ep re sen t s  o u r  full d a t a  s a m p l e  a n d  re- 

p laces  t he  p r e l i m i n a r y  va lue  g iven  p r e v i o u s l y  [-20]. 

I t  m a y  be  c o m p a r e d  to  a r ecen t  w o r l d  a v e r a g e  
=(3.5_+0~ • 10 -13  s [21] .  
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