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Abstract

We report the measurement of the lifetime of the D° meson. The direct obser-

vation of the decay vertex distribution in the process D° —•• K~ir~^ was made using1

a vertex chamber installed in the HRS detector at PEP. The measured lifetime is

found to be rDo — .42 ± .09 ± .06ps.
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Charmed mesons have been studied extensively in the past few years. Measure-

ments of D* ,D° ,D + cross sections and fragmentation functions have been made

by the HRS and others. l 2 Many branching modes of the D*,£>°,D+ have been

measured,ho\vever the exclusive final states are not yet well understood. Since

the semileptonic branching ratios of D ° , D + indicate that the ratio of lifetimes
TD°ITD+ = ^ -k •** 3 ' a P r e c i s e measurement of the individual lifetimes of the D

and £>"*"is important.

The process

provides an opportunity to measure the DQ lifetime in a decay that is nearly

free of background. We have previously measured the fragmentation function of the

D*1. For an energy fraction ZQ* > .4, D* production is dominated by direct charm

quark production and the contribution from the decay of B mesons is thought to

be small. "The measurement of the D° lifetime in the HRS detector was made using

decay vertices observed in the process D* -+ D°;r+.

The details of the HRS detector and vertex chamber appear elsewhere.

In the HRS detector tracks were measured over a radial path length of 1.9

meters in a 1.62 T magnetic field. The resulting mass resolution of the Kir mas3

is ±13MeV . For the measurement of the 13° decay vertex we used tracks that had

been fit through the 4 layer tubular vertex chamber and the central drift chamber.

A particularly beautiful D* event is shown in Figure la,b,c,d,e. The central and

outer drift chambers have an intrinsic resolution of <TR < 200^1. The vertex chamber

occupies the region between 0.09 m and 0.11 m from the interaction point. The

intrinsic resolution of the chamber is 100/i.

The event selection procedure was similar to that used in our previous D*

publications * . We started with the momenta obtained using the central and outer

drift chambers. We required that the energy fraction ZQ* of the D* be greater than



0.4. Then we applied a cut which removed events where | cos# |< 0.9 where 0 is

the angle between the direction of the K~ and the D° in the D° rest frame. A plot

of the mass difference A = A/A'JTT - A//f, is shown in Figure 2. A cut was made on

the mass difference so that values between .143 and .148 GeV were accepted. The

mass of the KJT combinations for the remaining events is shown in Figure 3. We

accepted events in the mass range 1.83 < M^o < 1.90 GeV and reprocessed them

using the vertex chamber and the central drift chamber. There were 122 events

that passed successfully through this step from a data sample collected with 200

pb~l integrated luminosity.

Several additional cuts on the D° events were imposed to insure track quality

and reduce systematic'error. All K and t tracks were required to have at least three

hits in the vertex chamber.Events were removed if the K or JT track shared one or

more hits in the vertex chamber with another reconstructed track. With these cuts

59 DQ events remained with about a 3 per cent background.

The vertex of the K and z tracks was determined by a least squares fit to the

common point.The average beam position was measured for each run by using all

the tracks in the combined Bhabha events.The typical uncertainty in the average

beam position was < 50fx horizontally and < 30/z vertically.

Once the vertex was determined, the most probable decay distance from the

beam center was calculated 5. Only the events with errors on the decay distance

less than 1.3mm were used in the lifetime determination. Using the measured £>0

momentum, the proper lifetime distribution for the remaining 55 events was then

calculated from the decay distance distribution. The proper lifetime distribution is

shown in Figure 4.

The proper time distribution was then fit using a maximum likelihood tech-

nique. An exponential decay distribution was convoluted with a gaussian distribu-

tion characteristic of each event. The resulting best fit to the proper time is

= .42i .09±.06pa.



We estimate our systematic errors to be 0.06 ps, based on a variational study

of our cuts and tracking errors and also including effects such as the error in the

background fraction and error in the background lifetime. The resulting lifetime

agrees well with previous measurements from other e+e~ detector experiments.
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FIGURE CAPTIONS

1. A D*+ —• K~x+x+ event in the HRS detector, a) The full transverse view.

b)The side and top views, c) Details of the central drift chamber tracking.

d)Tracking in the vertex chamber. e)Projection near the interaction point

with a lmm grid.

2. The mass difference plot for MR^X ~ A^K* with ZD* > 0-4= an(^ I c o s ^ 1^ 0-9-

3. The invariant mass of the KTT combinations for the events with 0.143 < A <

0.148 GeV as well as the cuts on z and cos 9.

4. The proper lifetime distribution for the D°.
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H R S RUN=5587

EVENT= 1009
DCHITS = 143
NPRNG = 7
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