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Abstract
Using the ARGUS detector at the ete™ storage ring DORIS II at DESY,
we have measured the lifetimes of the DY, D and D} mesons. We find
Tpe = (4.8 0.4 % 0.3) x10°B 5, 75y = (1054 0.8 £ 0.7) x 10713 5 and
T = (567134 0.8) % 107 5.
5

In the spectator modet of heavy flavour decays, light quarks play a minor role and
it 1s expected that the lifetimes of all charmed hadrons are approximately equal.
Initial experiments measuring the lifetimes [1] of charmed particles and the ratio
of the Dt to D® semileptonic branching fractions [2] indiecated that this was not
the case. Several mechanisms have been proposed to account for this difference
[3], but agreement with experiment is still unsatisfactory. Accerale measurements
provide & check of previous results and constrain models which attempt to explain
lifetime differences.

We report here measurements of the DY, D, and DY lifetimes! using data
collected by the ARGUS detector. The detector has been described in detail
elsewhere [4]. This analysis relies primarily on the good spatial resolution of the
vertex drift chamber [5] and the particle identification capabilities of the detector.
The vertex drift chamber provides excellent resolution of less than 100 um in the
r — ¢ plane at the interaction point for high momentum tracks. The method of
particie identification is deseribed in reference [6]. For charged tracks, dE/dx and
time-of-flight measurements yield a x? for the possible particle mass hypotheses
e, p, 7, K and p. A likelihood ratio, {;, for each of these hypotheses is then
calculated:

w; -T2

g o= e
]
T e X2
7

7= ¢u,% Kp

where the w; are relative particle production weights. These are set 1o 5 for the pion
hypothesis and unity for all others, in approximate agreement with observation.
A track is used as particle 7 if {; exceeds 0.05.

The data sample corresponds to an integrated luminosity of 166 pb~! at centre-
of-tnass energies around 10 GeV. From our sample of multi-hadron events, we have
reconstructed D mesons decaying via the following channels:

1) Dt -2 DOg? , D' K-nt

2) Dt — DOp+ , D= K- nfrtr
3) DT o Km*tgt

4) Df — ¢n , $p— KtK-,

For cach measurement, events containing candidates consistent with the ap-
propriate decay mode were chosen. Each of the tracks forming a candidate was
required to have at least 4 hits in the vertex chamber and belong to the main event

e

vertex within 7 standard deviations. Those systems which passed our kinematic

'Relerences in this paper Lo a specific charged state are to be imterpreted as implying the
charge-conjugate state also.
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selection criteria (Tables 1 and 2} were then fitted to a separate vertex using a
3-dimensional parametric vertex fit [7]. Ouly systems which had a vertex y? per
degree-of-freedom less than 5 were accepted as charm decay candidates.

Since the events contain, in general, the decay products of charm guarks and
other long-lived particles, it is not possible to measure the beam interaction point
on an event-by-event basis. For this reason, the beam position and beam widths
were measured using tracks from the Bhabha events in each run {typically equiv-
alent to about 25 nd™! of iniegrated luminosity), which gave about 500 tracks in
the barrel region of the detector. The beam center was determined to an accu-
racy of approximately 30 um in the horizontal direction and 20 um in the vertical
direction. The corresponding beam widths were found by studying impact pa-
rameter distributions of Bhabha tracks with respect to the beam center and were
determined to be about 480 um and 85 um, respectively.

The decay length of each candidate was deiermined by measuring the most
probable path length in the r — ¢ plane,

zviszz + yntyByy + B:y(tryv + f'h'x”)
12B.; + 2By, + 2.1, B.,

Iy =

L]

where {z,,%) is the displacement from the beam center of the filted secondary
vertex, ¢, and , are the direction cosines of the decaying particle and the matrix
B is the inverse of the sum of the beam and vertex covariance matrices. The
corresponding error is

i
H

Oty = {Byte’ + Buct) + 2Bt}
The proper decay iength and ervor are then

i o)
lzcr= eid o= —r _
Bysinf ' ! Bysiné

where # is the polar angle of the decaying particle with respect to the beam axis,

To extract the proper decay length, Iy, we used a maximum likelihood fit where
the single-event likelihood function is described by an exponential convoluted with
a Gaussian resolution function,

1 oo 2ot
0= ___] ot/ o—i=8) /e ge
g(l) CronA ¢

In addition, the effect of background events in the sarple was accounted for by
adding a Gaussian, (1), of width ¢; and mean background decay length, !;. This
gives the complete single-event likelihood function as

L{l) = (1 — fo)o(D) + £ub(1),

where fi is the fraction of background contamination in the event sample.

The method was checked by a Monte Carlo simulation of each of the decay
channels, including a detailed simulation of the ARGUS detector [8]. The decay
length analysis reproduced the Monte Carlo input decay length within errors for
all channels. We conclude that there is no bias in the method.

The background fractions were found for each of channels 1) to 4) by fitting
the appropriate invariant mass distributions {Figures 1la to 4a respectively) with
a Gaussian for the signal and a polynomial parametrization for the background.
The background proper decay lengths were measured by choosing events from the
sidebands and passing them through the same cuts (9).

Tabie 3 summarizes the decay length analysis for all channels, including the
results of the sideband analysis. The maximum likelihood fits to the proper decay
lengths are shown in Figures 1b to 4b for the four chanmnels respectively. The
systematic error on the decay length measurement for the D — K ~#* candidates
was obtained by adding in quadrature the foliowing contributions: + 2pm from
varying the background fraction within errors, + 1pm by changing the background
lifetime within errors, *§ um from allowing the beam sizes to vary by £100 pm in
x and £50 gm in y, +0.6 um by allowing the beam positions to vary within errors,
13 uwm from changing the quality cuts on the vertex x* and ¢; within reasonable
Iimits, and an additional +4.5 wm from uncertainties in the error mairix B. In
the case of the D™ measurement, although the same sources were considered, the
background uncertainty is the dominant component, contributing +14 im. For the
D}, the error matrix (+i6 pm) and beam width (7]} pm) dominate.

Combining the two available channels, the lifetime of the D® meson is deter-
mined to be:

Tpo = (4.8 + 0.4+ 0.3) x 10735

The corresponding results for the D and D} mesons are:

T+ = {10.5L0.8L0.7)x 107
Tpr = (5.6%1F +0.8) x 107

For the ratio of charged to neutral D lifetimes, we find rp+ /7po = 2.2 + 0.3
+ 0.2 which should be equal to the ratio of semilepionic branching fractions,
Br(D* — ¢t X))/ Br(D® — e* X ). This ratio has been measured by the MARK III
coliaboration to be 2.3*0% + 0.1 [10]. From the D} and D° measurements we
calculate TD;/‘TDD = 1.2 £ 0.3 £ 0.2. These results represent the most precise
charmed meson lifetime measurements from et e~ annihilation data, are in good
agreement with recent results from other experiments [11].
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Table 1. Summary of D° data selection criteria. Momenta are in units of GeV /¢,
masses in GeV/e?. AM refers to the D** - D? jnvariani mass difference.

[ D 5 DPat
D K-nt I Do K-nvntn-
o< 1lem o <007 em
Pye > 25 Py, > 2.5

1.818 < My, < 1.898 1.830 < My;, < 1.886
0.1435 < AM < 0,1475 1 0.1435 < AM < 0.1475
IM,,+,.— - ngl > 0.03

Table 2. Summary of D* and DY data selection criteria, §p, is the angle between
the ¢ and the D} boost direction in the rest frame of the ¢ system. 8}, is the
helicity angle beiween the K~ and the m* in the rest frame of the ¢ system.

D¥ —» K-ntat D} — gnt
¢ KTK-
o < 0.08 em & < 0.1 em
Pien > 3.5 ' Prre> 2.4
1.835 < Mj.. < 1.895 1.930 < Mgg. < 1.995
Py > 04,P, > 04 1.0115 < Mgy < 1.0275
costyn < 0.9, |cosfy, ] > 0.5

Table 3. Summary of decay length analysis. The number of events quoted (N)
includes the background fraction fi.

Decay N | A(%) [ b(em) | b (pm)

D° L K-=t 4311 8+2 [19+17 | 146 T2 F

D% - K-wtmta [ 452 |16 L2 | 34 £ 10 | 1423342

DY o K-r*xt | 825 |56+4| 25+5 |315%5+12

D} - ¢ 168 [ 32+4 | 2437 | 16713315
7

Figure captions

Figure 1 a)K~7* invariant mass distribution. The region between 1.5 and 1.7
GeV/c?, containing D" decays into K=t #x° where the #° is missed, is
excluded from the fit.

b) Proper decay length distribution for D* —+ K ~n* candidates. The
hatched distribution shows the sideband decay lengths in relation to
the D? sample.

Figure 2 a) K~ #*w*7~ invariant mass distribution.
b) D — K~ n*ntx~ proper decay length distribution.
Figure 3 a) K-n*x* invariant mass distribution.

b) D* — K~n*a" proper decay length disiribution.

Figure 4 a) ¢n* invariant mass distribution. The peak at a mass of 1.869
MeV/c? is from the decay D+ — g™,
b) DY — ¢n* proper decay length distribution.
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