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We report measurements of thé, D, andD; meson lifetimes using.7 fb~! of e* e~ annihilation
data collected near th& (4S) resonance with the CLEO detector. The measured lifetimes of the
D° D*, andD; mesons aré08.5 * 4.1%37 fs, 1033.6 = 22.1773; fs, and486.3 + 15.0%37 fs. The
precisions of these lifetimes are comparable to those of the best previous measurements, and the
systematic errors are very different. In a single experiment we find that the ratio & thand D°
lifetimes is1.19 = 0.04. [S0031-9007(99)09313-8]

PACS numbers: 14.40.Lb, 13.25.Ft

The systematics of charm hadron lifetimes have playethased upoiGEANT [8]. Simulated events are processed in
a central role in understanding heavy quark decays [1]. I similar manner as the data.
this Letter we report new measurements of the lifetimes of We reconstructD mesons in the decay modé¥’ —
theD’, D*, andD; mesons. These charm meson groundK~ 7%, K 7" #*, K w*w 7", D" - K 7" 7%, and
states differ in the identity of the light antiquark; i.e., the D7 — ¢ 7" with ¢ — K"K . Inthis Letter, ‘D" refers
D° D*, andD; mesons areu, cd, andcs states. Al- to DY, D*, andD; mesons and reference to the charge
though the weak decay of the charm quark is responsibleonjugate state is implicit. The charg&ddaughters are
for the decays of all three charm mesons, differences imequired to have well reconstructed tracks and to have
the lifetimes indicate that the identity of the light anti- particle identification information from specific ionization
guark also influences the rates of decay. The large rati@/E/dx) and time of flight consistent with the daughter
[2] of the DT and D° lifetimes (7p+/7po ~ 2.5) arises  hypothesis. Charged tracks formingZa candidate are
primarily from destructive interference between differentrequired to originate from a common vertex. Neutral
quark diagrams that contributes significantly onlyo pions are reconstructed from photon pairs detected in the
decay [1]. This interference and a number of smaller efelectromagnetic calorimeter. The photons are required
fects, which can cause thie;” and D° lifetimes to differ, to have an energy of at least 30 (50) MeV in the barrel
appear in a systematic expansion, in inverse powers of th@nd cap) region and their invariant mass is required to
charm quark mass, of the QCD contributions to the charntbe within 3 standard deviations of the nomina! mass.
decay amplitudes [1]. The results described in this LettelThe 7° momentum forD® — K~ 7 7 is required to be
indicate that the ratio of th®; and D° lifetimes differs  greater thanl00 MeV/c. For background suppression,
significantly from one, providing a quantitative challengea soft pion 7" (#?) is required to form aD** with
for the theory of charm meson decays. These data wetbe D candidate for theD? (D) decay modes. The
obtained in are* e~ colliding beam environment, where reconstructe®** — D (D ™) mass difference is required
the event topologies and backgrounds are very differerto be within 800(1400) keV/c? of the nominal value [2].
from those encountered in the high energy fixed target exFor the decayp” — ¢ =+, followed byep — K"K, the
periments [3] that have recently provided the most precis& * K~ invariant mass is required to be withinMeV/c?
measurements dp meson lifetimes [2]. of the ¢ mass, and the helicity angle of thE* K~

The results described in this Letter are based on aBysteméfxx is required to satisfyfco®xx| > 0.4. The
integrated luminosity of3.7 fo~! of e*e~ annihilation D*" and theD;” momenta are required to be greater than
data recorded with the CLEO 1.V detector near hetS) 2.5 GeV/c. The distributions oM (D), the reconstructed
resonance at the Cornell Electron Storage Ring (CESR)nvariant mass of thé candidates, are shown in Fig. 1
The CLEO Il detector has been described elsewhere [4]after subtracting the nomindd mass values\fp [2]).
The major component of the CLEO 1.V upgrade is theThe numbers of reconstructdd mesonsNp, given in
SVX, the first multilayer silicon vertex detector operating Fig. 1, result from fits to two Gaussians over a linear
near theY (4S) energy [5]. The SVX consists of three background. The background fractions in the mass regions
concentric layers of 30@&m thick, double-sided silicon within =16 MeV of the nominalD mass values [2] are
strip detectors to measure thve and rz coordinates [6] 1.2% (K~ 7 "), 4.9% (K~ 7t #°), 10.0%K 7t 7~ =),
of charged particles. The three layers are at radii of 2.3512.2%(D ™), and 13.8%(D").
3.25, and 4.75 cm. There is a total of 0.016 radiation The dimensions of the CESR luminous region (beam
lengths in the material in the SVX and the beryllium beamspot) are known from the machine optics to be about 1 cm
pipe whose inner radius is 1.875 cm. The average “signaklong the beam directiofz), 7 wm in they direction, and
to-noise” ratio for charged particles at minimum ionizationabout 350um in the x direction. The centroid of the
is 15:1 for thexy view and 10:1 for thez view, and the beam spot is determined [9] for each CESR fill. The
efficiency to have two or more SVX hits simultaneously mesons are produced approximately back to back at the
in both views is 95% per track. The impact parameteiinteraction point (IP). In the laboratory frame the selected
resolutions as functions of momentum (GeV/c) are D D™, andD; mesons have an average momentum of
measured from data to e, = 19 ® 39/(p sin/?) um 3.2 GeV/c and average decay lengths of 200, 500, and
and (atd = 90°) o,, = 50 ® 45/p um [7]. The Monte 240 um. The decay vertex, and the momentum vector
Carlo simulation (MC) of the CLEO detector response ispp of eachD meson candidate are reconstructed in the
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FIG. 2. Proper-time distributions ofd meson candidates
FIG. 1. Masses of charmed meson candida¥¥@®) minus  within =16 MeV/c? of the nominal D mass for (a)D° —
the nominal masse/, for (a) D°— K #*, (b) D°—> K 7%, (b) D" K 7*#° () D°—> K w*m «",
K ata7% ©)D° - K wtm w*,d) D" - K w*w",and () D" — K # =%, and (e)D} — ¢7". The data (solid
(e) D} — ¢m*. The data (solid squares) are overlaid with squares) are overlaid with the result from the ULF (solid line).
the fit to two Gaussians with the same mean over a lineafrhe proper-time spectra of the background candidates obtained
background (solid line). The fitted background is indicated byfrom the fits are indicated by the shaded area.
the dashed line.

xy plane. The decay vertex resolution along thdlight ~ VErteX, laec = (rp — rp) - pp. We then calculate the
direction is 80—10Qum depending on the decay mode. Proper time of theD meson decay from = Mplaec/cpp
The interaction pointyp is reconstructed by extrapolating USing the PDG [2] averages fad,. The proper-time
the D momentum back from the decay vertex to the beanfistributions for th_eD.candldates are shown in Fig. 2.
spot. We calculate the projected decay lerigthfrom the The D meson lifetimes are extracted from the proper-

distance in thery plane between the IP and tiie decay | ?ﬁglﬂzrir;%%téogjsng:ghn ?sn unbinned likelihood fit (ULF).

L(TD’fbgv Thg> S, fmiss Omis fwide) = l_[ '[0 dtl|:\psig,iE(t/|7'Dz+£1 - psig,i)[fng(t/lTbg) + (1 — fbg)a(t/)]:|

~
signal fraction background fraction

X |:\(1 - fmis - fwide)G(ti - t/lsa'r,i)j

proper-time resolution

+ \fmisG(ti - tl | O'mis) + fwideG(ti - tl | Uwidez:| s

v
mismeasured fraction

where the product is over th® meson candidates', based on its mass. The signal probabilities are derived
G(t|o) = exp(—t%/202) /27 o, and E(t|7) = from the (independent) fits of th® mass distributions
exp(—t/7)/7. We fit the proper-time distributions for to the sum of two Gaussians with the same mean and a
the different decay modes separately. In these fits, eadimear background function. The seven parameters of the
D meson candidate is assigned a signal probabylity; lifetime arep, fog, Tbg, S, fmis: Tmis, aNd fyige. The
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parameterrp is the D meson lifetime. The background data samples in several key variables such as azimuthal
proper-time distribution is modeled by a fractiofy,  angle, polar angle, momentum of ti2 candidate, and
with a background lifetimer,, and a fraction with zero data taking period. No statistically significant effect is
lifetime. In order to estimate the background propertiesfound in any of these variables. The systematic uncer-
we fit the candidates in a wide region af40 MeV/c>  tainties for theD meson lifetimes are listed in Table I.
around the nominab mass. Each candidate is weighted They can be grouped into three categories:
in the fit according to its proper-time uncertaindy ;. Reconstruction of theD decay length and proper
The fit allows for a global scale factdrthat modifies the time—Errors in the measurement of the reconstructed
calculated proper-time uncertainty. The fitsyild- 1.1  decay length can be due to errors in the measurement of
for all modes. For a small fraction of mismeasured candithe decay vertex, the global detector scale, and the beam
datesfnis, the fitted uncertaintyf o, ; underestimates the spot. The bias in the decay vertex position is estimated to
true uncertainty. This results from track reconstructionbe0.0 = 0.9 um from a “zero-lifetime” sample oy y —
errors such as hard scattering or the use of an SVXr"# 7" 7~ events. This corresponds to a measured
noise hit in the track fit. In the fit, we account for the proper-time uncertainty of 1.8 fs. In addition, the vertex
mismeasured candidates with two Gaussians. The fieconstruction is checked with events with interactions in
parameters associated with the mismeasured candidatd®e beam pipe with a relative uncertainty ©0.2%. The
are the fraction of events in each of the Gaussjansand  global detector scale is measured to a precisior @fl %
fwide and the width of one of the Gaussiang,;;. The in surveys. The sums of these uncertainties in quadrature
width of the other Gaussiafwi¢e = 8 p9 is fixed. The vyield the systematic uncertainties due to the decay vertex
results of the ULFs are superimposed on the proper-timeneasurement. The changes in the lifetimes due to the
distributions in Fig. 2. variation(*2 um) in the vertical beam spot position and
From the fits we obtain 7po = 411.1 = 5.7 fs  height are another source of systematic error, since they are
(K~#"%), 3952 +81fs (K- w"#"), 4163 = 8.6fs used in the calculation of the IP. Statistical uncertainties
(K 7@ @w"), mp- = 1033.6 = 22.1 fs, and Tp: = for the D masses [2] and thB momentum measurements
486.3 = 15.0 fs, where the uncertainties are statisticallead to systematic errors since these quantities are used to
only. The correlation coefficients between thdifetime  convert the decay length into proper time.
and the other fit parameters are typically near 0.1 and the Lifetime fit procedure—This category includes uncer-
largest is 0.28. All of these fit results have been correctethinties in the candidate signal probabilities, the impact
for small biases observed in the measurements offthe of candidates with large proper times, the correlation be-
lifetimes in simulated events 0f3.0 = 0.9 fs (K~ #*), tween proper time and meson mass, and the proper-
24 +23fs(K 770, —20 x22fs(K-#w 7 «"), time properties of the background. The signal probability
—29 + 6.6fs(D"), and—0.6 = 2.4 fs (D). The D° assigned to each candidate in the lifetime fit has a statis-
lifetime 7po = 408.5 *+ 4.1 fs is the weighted average of tical uncertainty, and these statistical uncertainties lead to
the three measurements using statistical uncertainties aisgistematic uncertainties in the fitted lifetimes. We esti-
the weights(r/o,)? [10]. mate these systematic uncertainties by coherently varying
The large samples of reconstructed charm mesons pethe signal probability of each candidate by its statisti-
mit a number of consistency checks, including varying thecal uncertainty and repeating the fits. A correlation be-
D candidate mass region, measurement of the backgroundeen the measurements of the proper timand the
properties in theD mass sidebands, and division of the D candidate masg3/(D) can be a source of systematic

TABLE I. Systematic uncertainties for thB meson lifetimes in fs. The systematic uncertainties for the ttféemodes are
weighted with the same weights as the fiti@# lifetimes.

D° DO D* DY
Uncertainty K o™ K ot a° K mota wt Combined K amtmt bt
Decay vertex *2.0 *2.0 *2.0 *2.0 *2.8 *2.1
Global detector scale *0.1 *0.1 *0.1 +0.1 +0.1 *0.1
Beam spot 0 50 03 o i o
D meson mass *0.1 *0.1 *0.1 *0.1 *0.3 *0.1
D meson momentum oz o i 02 e *0.1
Signal probability ot 02 02 o0 51 i
t — M(D) correlation +0.6 +0.6 *1.0 +0.7 *1.7 *1.5
Large proper times *1.2 *34 *0.2 *1.5 *0.3 *0.5
Background +0.5 +24 *3.0 *1.5 +6.3 *29
MC statistics *0.9 *23 *+2.2 *1.6 *6.6 +24
Total 3 33 +44 iy o 5
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uncertainty. We measure this correlation in simulateccomparable in precision with the best previous measure-
events to estimate the associated systematic uncertaintyients [3], and the systematic errors are very different.
Charm meson candidates with large proper times are an We gratefully acknowledge the effort of the CESR
additional source of systematic uncertainty. These candstaff in providing us with excellent luminosity and run-
dates are modeled by the wide Gaussian in the propening conditions. We wish to acknowledge and thank
time fit. Alternatively, the wide Gaussian componentthe technical staff, who contributed to the success of the
is omitted from the likelihood function and candidatesCLEO Il.V detector upgrade, including J. Cherwinka and
in a restricted proper-time interval are fitted. The sys-J. Dobbins (Cornell); M. O’'Neill (CRPP); M. Haney (llli-
tematic uncertainties due to candidates with large propemois); M. Studer and B. Wells (OSU); K. Arndt, D. Hale,
times are estimated from the variations of with the and S. Kyre (UCSB). We appreciate contributions from
width of the wide Gaussian and the differences in theG. Lutz and advice from A. Schwarz. This work was
results between the fits with different proper-time in-supported by the National Science Foundation, the U.S.
tervals. This systematic uncertainty is small for decayDepartment of Energy, Research Corporation, the Natural
modes with three or more charg&ddaughters for which Sciences and Engineering Research Council of Canada,
the requirement of a well-reconstructed vertex greatly rethe A.P. Sloan Foundation, the Swiss National Science
duces mismeasurements. We estimate the systematic uReundation, and the Alexander von Humboldt Stiftung.
certainty due to backgrounds that might populate fhe
mass peaks differently than they populate themass
sidebands20 MeV/c? < |[M(D) — Mp| < 60 MeV/c?.
Some possible sources of such backgrounds are a back-
ground in theD; sample fromD* — K" 7~ 7~ decays

*Permanent address: Computing Devices Canada, Nepean,
ON, Canada K2H 5B7.
"Permanent address: University of Texas, Austin, Texas

where onerr~ is misidentified as & ~, and backgrounds 78712.
from D*® decays in theD’*) sample caused by adding *Permanent address: Yonsei University, Seoul 120-749,
or missing a charged pion. Korea.

Checking the algorithms with simulated events. Spermanent address: University of Cincinnati, Cincinnati,

Candidate selection requirements can cause systematic OH 45221.

biases in the lifetime measurements. We estimate theséll G. Bellini, I. Bigi, and P.J. Dornan, Phys. Rep89 1
biases with simulated events and correct for the biases as (199,7)-

described above. We include the statistical uncertaintied?] Particle Data Group, C. Caset al., Eur. Phys. J. G, 1
in the measured lifetimes from the samples of simulated (1998).
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The total systematic uncertainties are obtained by adding®] The right-handed coordinate system has thaxis along

the individual contributions in quadrature. the e beam direction and the axis upward. ,
In summary, our measuredD lifetimes are [7] Later improvement of the track-fitting code results in an

0 = 4085 = 41731 fs, 7p. = 1033.6 = 22,1733, s, /2 mpact parameter resolution of. = 42 & 45/p pm
and 7p; = 486.3 = 15.0-5 fs, where the first uncer- g1 g Brun et al., GEaNT 3.15, CERN Report No. DD/EE/
tainties are statistical and the second systematic. These ™ g4.1 (1987).
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