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ABSTRACT

~ We have used a high-resolution drift chamber in the Mark II Detector at PEP
£ to measure the lifetimes of D° and D' mesons produced in ete~ annihilations
at 290 GeV. Based on a sample of 74 decays for the D° mesons and 23 de-
cays for the D mesons, the lifetimes are found to be 4.77073 £ 0.5 x 10713
sec and 8.9738 4 1.3 x 1013 sec, respectively. This leads to a ratio of lifetimes

of 1.9702 £ 0.3.

I. INTRODUCTION

It has taken several years to develop techniques for making reliable mea-
surements of charmed meson lifetimes. Since these lifetimes are on the order of
10713 sec, detection devices with extremely high resolution, such as emulsions,
bubble chambers, and silicon strip detectors have been used to make most of
these measurements thus far.!

In this paper, we report on high resolution drift chamber measurements of the
lifetimes of D° and D% mesons produced in ete~ annihilations.? This approach
differs from measurements made by other techniques in several ways. First, since
the selection of charmed particles is accomplished without regard to their decay

—length, the sample has essentially no bias toward long or short lifetimes. Second,
since the decays are fully reconstructed, the charmed particle momenta, and
hence the proper decay times, are directly measured. Third, our approach can be
readily applied to 7 lepton decays, which provides a good check on our technique.
Finally, one disadvantage of our approach is that the error in each measurement
of the decay length is comparable to the average decay length measured. Hence
the statistical power per event is somewhat smaller than those of experiments

~with better resolution.

The data used in this analysis were collected with the Mark II detector at
the PEP storage ring (29 GeV center-of-mass energy) and correspond to an
integrated luminosity of 205 pb™! . We have previously reported a measurement
of the D° lifetime based on the analysis of the first 136 pb~! of this data set.3.
The present analysis,* which includes refinements and extensions of the earlier
work, supercedes it.
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II. EXPERIMENTAL DETAILS

The Mark II detector at PEP has been described in detail elsewhere.® A high

‘spatial resolution drift chamber, known as the vertex chamber,® was added to

find and measure secondary vertices from the decays of short-lived particles. The
vertex chamber is inside and is concentric with the inner shell of the main drift
chamber. It consists of seven axial layers of drift cells grouped into two concentric
bands and contained in a pressure vessel with an outer radius of 0.35 m and a
length of 1.2 m. The first band consists of four layers of drift cells starting at a

-radius of 10.1 cm (relative to the beam line) and extending out to 12.6 cm. The

second band of three layers extends from 30.4 to 32.0 cm in radius. There are a
total of 825 drift cells (270 in the first band, 555 in the second band). In each
cell, sense wire layers are separated from adjacent field wire layers by a distance
of 4.2 mm. Sense wires are separated from adjacent field wires within a layer by
5.3 mm. Chamber wires are positioned to an accuracy of 15 um (rms).

The average spatial resolution is 95 um/layer which gives a position resolution
for a track at the beam interaction point of o) [pm] = \/ (85)2 + (95/p)2 (p in
GeV/c) in the plane perpendicular to the beams. In order to minimize multiple
Coulomb scattering, the inner shell of the vertex chamber is made of beryllium
and serves as the beam pipe. Thus, its thickness, 0.6% of a radiation length, is the
only material between the interaction point and the first position measurement.
The vertex chamber and main drift chamber operate in a solenoidal magnetic
field of 2.3 kG and have a combined charged particle momentum resolution of
ép/p = \/ (0.025)2 + (0.010p)2, when tracks are not constrained to pass through
the interaction point.

The resolution and azimuthal symmetry of the chamber are checked by mea-
surements made on Bhabha scattering events. Fig. 1 shows the distribution of
the separation distance between Bhabha tracks in the vicinity of the beam col-
lision point. Since these tracks have momenta greater than 12 GeV/c, multiple
Coulomb scattering contributes only a small amount to this distance. Thus, the
root mean square separation distance of these tracks, 124 um, yields an intrinsic
position error of 124/4/2 or 88 um for tracks extrapolated back to the vicinity
of the beam. The position resolution for hadronic tracks from those events used
in this analysis was found to be about 10% worse than that found for Bhabha
tracks. This degradation is largely due to electronic cross-talk in the amplifiers
of the vertex chamber.

The phi symmetry of the chamber’s measurements is evident in Fig. 2, which
shows the mean impact parameter, in the x-y plane (transverse to the beams),
with respect to the beam position for Bhabha tracks as a function of azimuthal
angle. The impact parameter is defined to be positive if, when looking along a
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track toward the origin, the average beam position is to the right of the track,
and negative if to the left. On the scale of ~ 20 um , no angular dependence of
~ the mean impact parameter is observed.

Lifetime measurements at ete™ storage rings depend on knowledge of the
position of the beam-beam-interaction point. The beam positions used in our
analysis were determined for every two hour run by finding the position which
minimized the distance of closest approach for an ensemble of well-measured
tracks. With this method, we have measured the average beam position to an
accuracy of 20 um vertically and 50 um horizontally. The beam position was
found to be stable over the course of several runs.

Stability of the beam position within a run was checked by measuring the rms
spread of the measurements from two Beam Position Monitors. The monitors
were positioned 4.9 m on either side of the Mark II detector along the beam
line and consisted of four copper pickup electrodes which protruded a small
distance into the beam pipe. Each beam bunch crossing induced voltages on
the electrodes. The vertical (horizontal) position of the beam relative to the
monitor was determined by measuring the ratio of induced voltages on the two
electrodes on the vertical (horizontal) axis. Since the component of the Mark II
solenoidal field transverse to the beams was quite small outside of the detector,
the beam positions measured on either side of the detector along the beam line
could be used to determine the beam position at the interaction point. These
beam positions were measured every four minutes during a run. The accuracy
of the voltage measurements and the stability of gain calibration limited the
position resolution of the monitors to ~ 50 um. Five percent of the runs were
eliminated from the data sample, because their beam position measurements had
a large rms spread, indicating that the beams had moved during the run.

Measurements of decay lengths and their errors require knowledge of the
horizontal and vertical beam sizes. We measure the sizes by finding the impact
parameter distributions for Bhabha tracks which are within 100 mr of the verti-
cal and horizontal axes. Fig. 3 shows the distribution of impact parameters for
vertical and horizontal tracks. We find the width of the vertical Bhabha distri-
bution to be 493 + 16 um. After removing the component of the width due to
our tracking resolution, we get a horizontal beam size of 481 &+ 18 ym. Similarly,
the width of the horizontal Bhabha distribution is 113 £ 5 um, which yields a
vertical beam size of 62 + 9 um. '
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III. D° ANALYSIS

7

The sample of D° mesons’ was obtained by observing the decays

DH- —+D°1r+
l——» K ntor K nta®

and their charge conjugate decays. We refer to the charged pion from the D** ,
produced in conjunction with the D° , as the bachelor pion.

The D**+ - D° mass difference is just a few MeV/c? greater than the =+
mass. Thus, in the laboratory frame, the relative decay angle and momenta of
the D° and the bachelor pion are very restricted. These tight kinematical bounds
make it easy to identify the decay reactions with very little background when
the energy of the D** is more than 60% of the beam energy (z > 0.6).

All D*t candidates were chosen from a sample of about 60,000 hadronic
events. Hadronic events were defined as having seven or more charged tracks
and a total energy in charged tracks greater than 25% of the center of mass
energy. Hadronic events were also required to have an event vertex within 5 cm
radius (in the plane perpendicular to the beams) of the average beam interaction
point and within 10 cm of that point along the beam direction. No particle
identification was attempted, except for the removal of well-identified electrons
and muons. Each charged track was considered to be both a kaon and a pion in
the selection described below. 7% candidates were formed from pairs of photons
identified by the liquid argon calorimeter if the energies of the photons were
between 100 MeV and 4.0 GeV and the invariant masses of the pairs were between
20 MeV/c? and 700 MeV /c? . The momenta of these photons were determined
from a fit which constrained the invariant masses of the pairs to the 7% mass.
Photons with energy greater than 4.0 GeV were considered to be n° candidates.
This criterion takes into account #° s in which the photons from the decay were
too close together to be individually distinguished in the calorimeter, or in which
the decay is asymmetric and the soft photon is lost.

All oppositely charged Km combinations with invariant mass between 1.72
GeV/c? and 2.00 GeV/c? were considered as D° candidates, and their momenta
constrained to be products of a D° decay. D° candidates were also formed from
Knn® combinations with invariant mass between 1.76 and 1.96 GeV/c? . ( The
invariant mass region chosen for the K77° combinations differs slightly from that

“Tegion for the Km combinations in order to optimize the signal-to- background in
the former mode.) Any candidate which had a x2 per degree of freedom greater
than 5 for the kinematic constraint to the D® mass was eliminated from the
sample. Each D° candidate was combined with additional charged tracks which
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had charge opposite to the kaon of the DY , and those combinations with a small
mass difference, AMg ._po or AMg 0, _po , and z > 0.6 were considered as
- D** candidates. For those events with more than one possible D** candidate,
. the candidate with the smallest mass difference AM was chosen. We checked the
invariant mass distribution of the photon pairs in those Kxn%r combinations
with a mass difference less than 200 MeV/c? , and found its width consistent
with the 15%/ V'E energy resolution of the liquid argon calorimeter.

Track quality cuts were then applied to ensure that the decay point of the
D° meson could be well-measured. To minimize the probability that the K or
-7 tracks from the D° had been scattered or mis-measured, we required that
these tracks have momenta greater than 500 MeV/c and that none of the vertex
chamber measurement points be shared with nearby tracks in the event. The
three charged tracks from the D*t were each required to contain at least three
measurements in the vertex chamber, of which at least one was required to be in
the inner band of drift cells. We also demanded that each track fit have an overall
x? per degree of freedom less than 5, and that the x? per degree of freedom in
the vertex chamber alone be less than 5.

A decay vertex was formed for each candidate from the two charged tracks
from the D° decay. We then used the procedure described in Section IV to
calculate the decay length and its corresponding error. We checked that each
decay was consistent with the hypothesis that it originated in the vicinity of
the beam interaction point by requiring that the distance of closest approach
of the D° flight trajectory to the beam position be less than three standard
deviations in the transverse error on the trajectory. The transverse error included

. contributions from the vertex position error and the beam size. The transverse
error contribution coming from the uncertainty in the D° momentum direction
is negligibly small in comparison to the vertex error and beam size.

Since we can obtain a good estimate of the production point of the D*t from

— the beam and D° vertex information, it is possible to discriminate against events

in which the low momentum bachelor pion has scattered or been mis-measured

by constraining it and the virtual DO track to the estimated production point.

We required the x? per degree of freedom of this vertex fit to be less than 5.

This téchnique improves the momentum determination of the bachelor pion and

permits us to re-determine the mass difference. The mass difference after all cuts

is shown in Fig. 4 for the D° — K7 and D° — K77 events. D*t events were

- defined to be those with a mass difference between 143 and 149 MeV/c2 . In

-~ ~the D*t region, we have a total of :39 events from the K# mode and 35 events
from the K77° mode.

- s

The decay lengths from the 2-particle vertices of the 74 events in Fig. 4 were
used in determining the mean lifetime of the D° . From Fig. 4, the combinatorial
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hadronic background is estimated to be 12 + 6% for events from the K7 decay
mode and 14 + 6% for events from the Knn decay mode. In the standard model,
B meson decays may contribute up to 20% of the produced D** events, but phase
- space considerations ensure that most of these D** events are of low momentum,
whereas the charm fragmentation function is known to be hard.® It is estimated
that 3 + 2% of the D** events with z > 0.6 originate from B decays.?

IV. PATH LENGTH MEASUREMENT

After isolating a clean sample of D mesons which we wish to study, we use
information from the decay tracks to estimate the decay vertex position. We
determine the path length using the technique described in our measurement
on the 7 lifetime.!® Since the vertex chamber can only contribute position in-
formation in the x-y plane (the main drift chamber contributes track curvature
and z position information), these vertex positions and their corresponding decay
lengths relative to the known beam position are estimated only in the x-y plane.
If we assume that the production point of each D meson is close to the beam
interaction point, that its direction is is known perfectly, and that the errors in
the estimated vertex and beam position are Gaussian, then it can be shown that
the best estimate of the projected decay length is

where zy,yv is the vertex position relative to the beam position, (¢;,t,) are the
direction cosines of the particle’s trajectory in the x-y plane, and B, Byy, and
By are the elements of the inverse of the error matrix formed by adding the
vertex position and beam position error matrices. The error matrix associated
with the beam position consists simply of the beam size in x and y. The error
on the decay length is

1
oy = [Basth + Byyth + 2Byytaty| . (2)
The full 3-dimensional decay length is derived from the formula,
el
= 3
= sinfp ~ (3)

where 0p is the angle between the D flight path and the beam line. The decay
~1éngth is converted into a proper decay time using the measured momentum
of the particle. The contribution to the decay time error due to the error in
determining the D momentum is negligible in comparison to the contribution
due to the D vertex position determination.
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V. FITTING FUNCTION

The distributions of decay lengths and proper decay times for events from
" both modes are shown in Fig. 5 and Fig. 6. The errors on the decay times are
shown in Fig. 7. The errors for the Knn® mode are slightly larger than those
for the K7 mode because the additional #° in the K#n° mode causes the angle
between the K and 7 from the D° to decrease. This effect increases the error in
the decay position of the D , increasing the overall decay length error. Since
the measurement errors and backgrounds of the two samples are comparable, we
“have combined them. Fig. 8 shows the lifetime distribution of the combined
sample.

The best estimate of the mean decay time of the sample was found by a
maximum likelihood fit of the proper decay times to a fitting function whose
form is determined primarily by the expected exponential decay time distribution
convoluted with Gaussian errors specific to each event. The fit included effects
due to B meson decays and the combinatorial hadronic background. The explicit
form of the logarithm of the likelihood function is

N
InL =) In[(1 - Bu — Bp)Fi(t) + BuH;(t) + BpGi(t)] . (4)

=1
where By and Bp are the fractions of combinatoric background and background
D** mesons from B hadron decays, respectively. The values of By and Bp for
the D° analysis have been given at the end of Section III. N is the number of
events in the sample. F;(t), H;(t), and G;(t) are the expected lifetime distri-
butions for D° mesons, the combinatoric background, and the background from

77 B hadrons, respectively. F;(t) is simply an exponential distribution convoluted

with a Gaussian resolution for each event. Hence, letting t be the decay time,
ot be the measured error on the decay time for each event, and rp be the mean
DO lifetime,
82
) RO = e [
) = —— e “t e ™Dde
' 27o:Tp JO

_ %[e['ﬁg—% (1 — erf (\/;tTD - \/;g))].

On the basis of control samples (which are discussed in detail in Section VIII),

we find that H;(t) is well-represented by a Gaussian with a mean 7gy. 7 is

o greater than zero since some of the combinatoric background is presumed to

- -—-contain tracks from charm and bottom decays. The exact value of the mean is
determined from the data set control sample. The functional form is simply

_ (t=7g)?
L e (6)
V27oy
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We have assumed that G;(t), the function describing D** mesons produced by B
decays, is formed by convoluting two exponential distributions with a Gaussian
resolution function. Thus,

—-Gi&(t) =

1
V2noi(tB — D)

1 (1‘2——-‘—
ks
_ {e 2rB B

S N G (R T

5D (- )]

1

—92]
[ s o
2

We use as our estimate of the B lifetime,!! 75 = 10712 sec. The results from
the fit to the maximum likelihood function are shown in Fig. 6 and Fig. 8. The
mean lifetimes derived from the fits for the K7 mode is 4.7 X 10713 sec, and that
for the K7n® mode is 4.8 x 10713 sec. The measured lifetimes from the Km and
K77m°® modes agree with each other quite well. We take the mean lifetime of the
D° to be that of the combined sample of 74 events. Thus 7po = 4.7133 x 10-13
sec (statistical errors only).

VI. Dt ANALYSIS

The analysis procedure for D" mesons is quite similar to that described for
the D° . We select Dt mesons via the decay

D*t D40
L K ntat

where we can again take advantage of the low Q value of the D** decay to signifi-
cantly enhance the signal to background ratio. Hadronic events and n° candidates
were defined as described in the D° analysis section. Again, no particle identifi-
cation was tried, all tracks were used. All K77 combinations with a net charge
of +1, where the pions have the same charge, with invariant masses between
1.68 GeV/c? and 2.05 GeV/c? were considered as Dt candidates. Their mo-
menta were constrained to be products of a Dt decay. Any candidate which
had a x? per degree of freedom greater than 4 for the kinematic constraint to

“the Dt mass was eliminated from further study. Each D candidate was com-
bined with the #° candidates in that event. Those combinations with a mass
difference, AMy,.q0_p+ , between 0.135 and 0.200 GeV /c? were considered as
D** candidates.



In order to ensure that the decay vertices of the Dt candidates could be

well-measured, we subjected the charged tracks in our D+ sample to the same

~ track quality requirements as in the D analysis. A decay vertex, decay length,

. and decay length error were then calculated from the three charged tracks of each

D% candidate. We required that each D flight trajectory be consistent (within

three standard deviations) with the hypothesis that it originated in the vicinity
of the beam position.

Although selecting a clean sample of D° events was not difficult, we found it
harder to select a clean sample of Dt events for several reasons. First, isospin
_considerations demand that there be fewer Dt decays from D** mesons than
DP decays. Second, the 7° from the D** — D* 79 reaction has low momentum,
and is often well inside a hadronic jet. Thus, our accuracy in measuring its
momentum is significantly worse than our accuracy in measuring the momentum
-~ of the charged bachelor pion in the D** — DOt decay. Third, we must deal with
the increased background stemming from 3-body combinatorics when seeking

Dt decays as opposed to the 2-body combinatorics of the D° decays.

The ratio of bachelor 7° energy to total D*+ energy must be nearly a constant
for all legitimate D** events going through the Dt #® decay mode. We have
therefore demanded that this energy ratio for the D*t candidates be between
0.045 and 0.105. The limits on this ratio are set by a Monte Carlo simulation of
the D** — D*7° decay. In addition, we have eliminated multiple-counting of
events (i.e. charged track combinations with several 7° candidates) by selecting
the D** candidate with the smallest x? for the kinematic fit of the momenta of
its photons to the #° mass. Fig. 9 shows the mass difference plot after all cuts
for the D** — D*7° event sample. On the basis of a similar analysis on Monte
Carlo events, we have chosen 135 < AMy . r0_p+ < 146 MeV /c? as the signal
region.

The signal-to-background ratio for the signal region was determined by a

— study of two control samples. These control samples were formed from hadronic

events using the same cuts applied to the Dt sample, with two exceptions. The

first exception was the invariant mass band used to determine D% candidates.

Fake D* candidates were formed from K77 combinations with invariant mass

between 2.05 and 2.42 MeV/c? for one control sample, and 1.31 and 1.67

MeV /c? for the other control sample. Second, tracks which combined with any

other oppositely charged track in the event to form an invariant mass consistent

—_— with that of the ng or A were rejected. Fig. 10a and Fig. 10b show the mass

- - ~difference, AMg,..6_p+ for the high and low invariant mass control samples,
respectively, after all cuts.

- g

In order to determine the amount of combinatoric background in Fig. 9, we
first determined the shape of the mass difference distribution for the high and
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low invariant mass control samples. We increased the statistics of these samples

by eliminating the cuts on the number of vertex chamber hits, on the chi-square

~ of the track fit, and the chi-square of the vertex fit. Cuts on tracks which overlap

__and on the ratio of bachelor 7° energy to D** energy were retained. The mass
difference distribution of these enlarged control samples were then fit with a trial
function which had parameters controlling the shape and normalization. These
parameters were allowed to vary until the best agreement with the data was
obtained. Fig. 10c and 10d show the mass difference distribution for the high
and low invariant mass control samples along with the best fit to the data for
this function. We then fixed the parameters which controlled the shape of the

function and fit the data in Fig. 10a and Fig. 10b to determine the normalization
for the high and low-invariant mass control samples. The normalization for the
combinatoric background in Fig. 9 was determined by interpolating between the
values of the two control samples. The solid curve in Fig. 9 shows the shape of the
expected combinatoric background distribution. The dotted-dashed lines show
the one sigma boundaries of this curve. On the basis of a Monte Carlo study of
the D*+ — D% 79 reaction, we have determined that the excess of events outside
the D** signal region is consistent with broadening of the D** mass peak due
to the poor resolution on the determination of the bachelor 7° momentum. We
have used the background curve to estimate the combinatoric background from
135 < AMg pppo_p+ < 146 GeV /c? to be 5.7 + 3.6 events.

Using Monte Carlo techniques, we have also determined that two other back-
grounds contribute to the signal. The number of D** mesons from B decays, is
estimated to be 3 + 2%. Events from the decay,

D*O _’DOWO
I—» K gt

in which the K and 7 from the D° are combined with a random track to make a
D* candidate provide 14+6% of the events in the signal region. The background
from other charm decays is negligible.

The distribution of proper decay times for the 23 events in the signal region
of Fig. 9 is shown in Fig. 11. A maximum-likelihood fit of this data using
the fitting function described in Section V, which was modified to include the
effects of the D*® background, yields a mean D™ lifetime of 8.9133 x 10713 sec
(statistical errors only).

11



VII. CHECKS ON THE ANALYSIS

We have performed a number of checks to ensure the validity of our anal-

' ysis. We have used essentially the same path length determination method in

measuring the lifetime of the 7 lepton.l? This measurement is in excellent agree-

ment with theoretical expectations and with the lifetimes determined by other

experiments. We conclude that the path length measuring procedure used here
is sound and essentially bias-free.

To check for biases in the vertex reconstruction and fitting procedure, we
‘simulated D° and Dt mesons produced through the D*+ decay mechanism using
Monte Carlo techniques. In the case of the D° , the analysis found mean lifetimes
of 0.3+0.5,2.8+0.4, and 5.9 4 0.4 x 10713 sec, for input D° lifetimes of 0.0, 3.1,
and 6.2 x10713 sec, respectively. For the D% simulation, the analysis yielded a
lifetime of 8.411:2 x 10713 sec for an input D* lifetime of 9.5 x 10~13 sec.

In order to check for any bias against long-lived events which may exist, we
performed our analysis on Monte Carlo simulated events with the decay sequence
D*t — DOm;D° — Kx . The DO lifetime was set to 62 x 10713 sec. We
measured a mean lifetime of 59.4783 x 1013 sec for this sample. Thus, we have
no indication of bias in measuring lifetimes from a sample with a mean lifetime
about an order of magnitude higher than the measurements presented here.

VIII. SYSTEMATIC ERRORS

We have studied several sources of systematic error. The sources and mag-
nitudes of these errors for the D° and DT analyses are summarized in Table I.

A control sample for D° decays was formed by selecting fake D° — Kn
decays out of hadronic tracks having roughly the same kinematics as real D°
combinations. Only tracks which passed the same quality cuts applied in the
D° and DT analyses were used. In order to discriminate against tracks from
charm decays, we demanded that the invariant mass of the K7 combinations
be between 2.05 and 2.45 GeV/c? . Although we did not demand that the K
and 7 candidates have opposite charge, tracks were rejected if the invariant mass
combination of the track and any other oppositely charged track in the event
formed was consistent with the invariant mass of a K¢ or A. The mean lifetime
of the fake D° events was measured to be 0.6 £ 0.3 x 10713 sec. A histogram of

“the control sample lifetimes is shown in Fig. 12. The decay time distribution for
the DT control samples described in Section VI is shown in Fig. 13. The mean
lifetime for these events is 0.8 £ 0.5 x 10713 sec. We assume that the true lifetime
of these control samples should be greater than zero, since there are tracks from

12



bottom, charm and strange decays in the sample. We confirmed this assumption
by performing Monte Carlo studies as described below.

In order to verify that the Monte Carlo programs accurately simulate the
- data, we used the same selection criteria to find a sample of fake DO mesons in
Monte Carlo simulated hadronic events. In this simulation, the mean bottom
lifetime was set to 10712 sec. The mean lifetime of the fake D° events from this
sample was 0.5 £ 0.2 x 10713 sec. We conclude that the Monte Carlo and real
data control samples for the D° lifetime analysis agree to the level of 0.3 x 1013
sec. Thus, we take £+0.3 x 10713 sec as the contribution to the systematic error
~due to any lifetime measurement offset which may exist in the D° analysis. Since
the Dt control sample lifetime agrees with the result of the D° control sample
study to the level of 0.5 x 10713 sec, we conclude that the systematic error from
any measurement offset in the D analysis must be 0.5 x 10713 sec or less.

In the fits for the D° and D lifetimes, the control sample lifetimes of 0.6 x
10713 sec and 0.8 x 10713 sec, respectively, were taken as the lifetimes of the
combinatorial hadronic background. Varying the contribution of this background
to the fit by the estimated one standard deviation limits for the background
changes the mean lifetime of the D° by +0.2 x 10713 sec. Varying the amount
of combinatoric background in the D% analysis within one standard deviation
limits changes the mean lifetime of the D* by +1.1 x 10713 sec. As stated
above, a value of 10712 sec was used for the B lifetime in estimating the effect of
D** mesons from B decays in the lifetime samples. Varying the contribution to
the fit from this source changes the mean DO lifetime by +0.1 x 10713 sec. The
effect of the uncertainty in the B background on the D lifetime is +0.3 x 1013
- . sec. Since D° decays are a background for the Dt analysis, we have assumed
the mean lifetime of events from these decays to be 4.7 x 10713 sec. The mean
Dt lifetime varies by +0.3 x 107!3 sec when the amount of this background is
changed from 20% to 8%. Changes in the mean D° lifetime of +1.0 x 10~13 sec

— change the mean D7 lifetime by 0.1 x 10713 sec.

The D° control sample was used to verify the correctness of the errors calcu-
lated by our vertexing procedure. The distribution of the ratio of the measured
lifetime to the expected error for the events in the control sample is reasonably
well-fit by a Gaussian of width 1.08 +0.06. Hence our errors in the determination
of the proper decay time are larger than expected by about 8 - 6%. This is con-
sistent with the result of a similar analysis done for our 7 lifetime measurement.1?

Rt To account for this effect, we have boosted our vertex errors by a factor of 1.08.

"” “The one sigma limits on the variation of this error change thé results of the

. ... D%and Dt analyses by &+ 0.2x10713 sec. The measured lifetimes are insensitive
to small errors in the estimated beam position and size. By adding all of the
contributions in quadrature, we have determined the systematic errors on the
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measurements of the D° and D7 lifetimes to be 0.5 x 10713 sec and 1.3 x 10~13
sec, respectively.

IX. CONCLUSIONS

- Based oﬁ a sample of 74 D° decays and 23 Dt decays we have measured
lifetimes of
7po =4.7102 £ 0.5 x 10713 sec and

Tp+ =8.9738 £ 1.3 x 10713 se

Assuming independent errors for the Dt and D° , the ratio of lifetimes is found
to be o~
27 =1.973% +0.3.

Tpo
The current world averages'? of the D meson lifetimes are 70 = 4.29+0.53+
0.42x 10713 sec and 7p+ = 9.2+1.3+1.0x 10713 sec. These world averages do not
include the results presented here, but do include our previous measurement .3
The world averages yield a ratio of lifetimes of —D—— = 2.14 £ 0.44 + 0.34. Thus
the results of this measurement are in good agreement with the results from other

experiments.

- When taken together, the measurements indicate that the lifetimes of the
DP and Dt are close to the theoretically predicted value for the charm quark
lifetime.13 This is a good indication that the overall properties of the hadronic
decays of these mesons can be explained by the Standard Model for weak inter-
actions.

A simple spectator model, where the lifetime of a charm meson is deter-
mined solely by the charm quark lifetime, predicts equal lifetimes for the D° and
D' mesons. The difference in the D° and D™ lifetimes definitely indicates that
this simple model needs to be modified. The measured semileptonic branch-
ing fractions of the D° and D' mesons also indicate that the decays of the D
mesons cannot be completely explained by a spectator model alone. The ra-
tio of the semileptonic branching fractions, which should be equal to the ratio
of the lifetimes given above, has most recently been measured by the Mark III

collaboration.14
. R(D+ — et 4+ X)

R(DO — et + X)

= 2.3%105 £ 0.1.

"~ “The ratio of the semileptonic branc¢hing fractions of the D mesons agrees with

the ratio of their lifetimes. That the ratio of the branching fractions is not equal
to one suggests an enhancement of the D° nonleptonic width, or a suppression
of the D* nonleptonic width.
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TABLE 1. Sources and magnitudes of systematic errors.

(magnitudes in units of 10713 sec.)

SOURCE DO D+
Lifetime measurement offset +0.3 | £0.5
Uncertainty in amount of background +0.2 | £1.1
Uncertainty in bottom contribution +0.1 | £0.3
Uncertainty in the amount of the D°

background in the D7 signal +0.3
Uncertainty in the lifetime of the D°

background in the D* signal +0.1
Error in vertex reconstruction +0.2 | £0.2
Total systematic error +0.5 | £1.3
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Fig. 1:

Fig. 2:

Fig. 3:

Fig. 4:

‘Fig. 6:

FIGURES

Separation distance of Bhabha tracks in the vicinity of the beam position.
Mean'is =2.9 + 1.2 pum; the standard deviation is 124.3 £ 3.0 pm.

Mean impact parameter < § >, of Bhabha tracks as a function of azimuthal

angle, ¢.
The variation in the sizes of the error bars is due to the beam spread.

Impact parameters for

a. Vertical Bhabha tracks.

Mean is —8 + 3 um; Standard deviation is 493 + 15 um.
b. Horizontal Bhabha tracks.

Mean is 9 + 5 um; Standard deviation is 113 &+ 5 um.

Mass difference distribution after all cuts for candidates from the decay se-
quences

a. DY —» K.

b. D° — KrxO.

: Decay length distribution after all cuts for the decays

a. D° - K.
b. D° —» Knx.

Lifetime distribution after all cuts for the decays

a. D° - Kn.

b. D° — Knn®.

The curves show the fits to the data for lifetimes of 7p0 = 4.7 x 10713 sec,
and 4.8 x 10713 gec respectively.

: Lifetime errors for the decays

a. D° — K.
b. D° —» KnxP°.

Lifetime distribution after all cuts for the K7 and K7n® decay modes of the
DO . The curve shows the fit to the data for a lifetime of 70 = 4.7x 10713 sec.
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Fig. 9:

Fig. 10:

Mass difference distribution after all cuts for K7n#x® combinations with in-
variant mass of the Knr combination between 1.68 and 2.05 GeV/c? .
The solid curve is the best fit to the background as described in the text.

Mass difference distribution for Knmx® combinations after all cuts, in which
the invariant mass of the K#w7 combination lies between
a. 2.05 and 2.42 GeV/c?.

~b. 1.31 and 1.67 GeV/c?.

Fig. 11:

Fig. 12:

Fig. 13:

Figures 10c and 10d are the same as 10a and 10b, respectively, except that
the vertex and track quality cuts have been removed.

The solid curves are the best fits to the background data as described in the

text.

Lifetime distribution after all cuts for the decays D** — D* 7% D* — Knxr.
The solid curve shows the fit to that data for a lifetime of 75+ = 8.9 x 10713
sec.

Lifetime distribution for the D° control sample.
The mean lifetime of this distribution is 0.6 + 0.3 x 10713 sec.

Lifetime distribution for the D* control sample.
The mean lifetime of this distribution is 0.8 £ 0.5 x 10713 sec.
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