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Abstract 

Using the ARGUS detector at the e+e- storage ring DORIS II at DESY, 
we have measured the lifetimes of the D 0 , n+ and D1 mesons. We find 
Tpo ::::: (4.8 ± 0.4 ± 0.3) xl0- 13 s, Tv-+ = (10.5 ± 0.8 ± 0.7) x 10- 13 sand 
TDi = (5.6:~t~ ± 0.8) X 10- 13 s. 

In the spectator model of heavy flavour decays, light quarks play a minor role and 

it is 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 D+ to D 0 semileptonic branching fractions [2] indicated that this was not 

the case. Several mechanisms have been proposed to account for this difference 

[3], but agreement with experiment is still unsatisfactory. Accurate measurements 

provide a check of previous results and constrain models which attempt to explain 

lifetime differences. 

We report here measurements of the D 0
, v+, and D1 lifetimes1 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 Jlm in the 

r - ¢ plane at the interaction point for high momentum tracks. The method of 

particle identification is described in reference [6]. For charged tracks, dE/dx and 

time-of-flight measurements yield a x2 for the possible particle mass hypotheses 

e, Jl, 1r, K and p. A likelihood ratio, £, for each of these hypotheses is then 
calculated: 

I; 
W; • e-x;/2 

L:U•j · e-x~/2 
i,j = e,J1,7r,K,p 

where thew,- are relative particle production weights. These are set to 5 for the pion 

hypothesis and unity for all others, in approximate agreement with observation. 

A track is used as particle i if C; exceeds 0.05. 

The data sample corresponds to an integrated luminosity of 166 pb- 1 at centre­

of-mass energies around 10 Ge V. From our sample of multi-hadron events, we have 

reconstructed D mesons decaying via the following channels: 

1) n·+ _ _, D 0 1r+ Do_. J(--rr+ 

2) n··t - D 0 1r+ D 0 -) K-1r+1r+1r-

3) D.,. -1 g-7r+7r+ 

4) D1 -1 ¢-rr+ ~ ~ K+K-. 

For each measuremenL 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 

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

1 Heferences in this papn to a specific charged state are to be interpreted as implying the 
charge-conjugate stat.- 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]. Only systems which had a vertex x1 per 
degree-of-freedom less than 5 were accepted as charm decay candidates. 

Since the events contain, in general, the decay products of charm quarks 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 nb- 1 of integrated 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 J.Lm in the horizontal direction and 20 ~tm 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 J.Lm and 85 p.m, respectively. 
The decay length of each candidate was determined by measuring the most 

probable path length in the r - ¢ plane, 

l _ :;;.,i=Bn + y.,t 11B 1111 + B.,11(t.,yv + t 11 xv) 

"'
11 

- t;B.,., + t~B!IIi + 2t.,t11 B.,y 

where ( :r.,, y.,) is the displacement from the beam center of the fitted secondary 
vertex, t:r and t 11 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 

; 

O"lsy = ( Bwto: 2 + Buty 2 + 2B;r:yio:ty)- 2
, 

The proper decay length and error are then 

l=-n=~ 
f37sin 8 

Ut=~ 
!3! sinO 

where 8 is the polar angle of the decaying particle with respect to the beam axis. 
To extract the proper decay length, 10 , we used a maximum likelihood fit where 

the single-event likelihood function is described by an exponential convoluted with 
a Gaussian resolution function, 

g(l) = ~ {oo e-Ulo e-11-02/ufd 
v 211"0'!lo lo e. 

In addition, the effect of background events in the sample was accounted for by 
adding a Gaussian, b(l), of width 0'! and mean background decay length, lb. This 
gi.ves the complete single-event likelihood function as 

1(1) ~ (1- f;)g(l) + J;b(l), 

where /b is the fraction of background contamination in the event sample. 
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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 la 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]. 

Table 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 lb to 4b for the four channels respectively. The 
systematic error on the decay length measurement for the no ---1 x-rr+ randidates 
was obtained by adding in quadrature the following contributions: ± 2f.lm from 
varying the background fraction within errors,± lJ.Lm by changing the background 

lifetime within errors,~! J.Lm from allowing the beam sizes to vary by ±100 J.Lm in 
x and ±50 J.Lm in y, ±0.6 J.Lm by allowing the beam positions to vary within errors, 
~~ 11-m from changing the quality cuts on the vertex x1 and u 1 within reasonable 
limits, and an additional ±4.5 J.Lm from uncertainties in the error matrix B. In 

the case of the n+ measurement, although the same sources were considered, the 
background uncertainty is the dominant component, contributing~!; JJ-m. For the 
Dt, the error matrix (±16 J.Lm) and beam width e!~ J.Lm) dominate. 

Combining the two available channels, the lifetime of the no meson is deter­

mined to be: 
Too = (4.8 ± 0.4 ± 0.3) X 10-13s 

The corresponding results for the D+ and nt mesons are: 

Tn• 

Tv_i 

(10.5 ± 0.8 ± 0.7) X 10- 13
5 

(5.6 ~;:; ± o.s) x 10- 13
5 

For the ratio of charged to neutral D lifetimes, we find To+ /Too = 2.2 ± 0.3 
± 0.2 which should be equal to the ratio of semileptonic branching fractions, 
Br(D+ ---1 e+ X)/ Br(n° ---1 e+ X). This ratio has been measured by the MARK III 
collaboration to be 2.3~~:: ± 0.1 (10]. From the Dt and D 0 measurements we 
calculate Tv-; /Tvo = 1.2 ± 0.3 ± 0.2. These results represent the most precise 

charmed meson lifetime measurements from e+ e- annihilation data, are in good 
agreement with recent results from other experiments [11]. 

Acknowledgements 
It is a pleasure to thank U.Djuanda, E.Konrad, E.Michel, and -w·.Reinsch for their 

competent technical help in running the experiment and processing the data. We 
thank Dr.H.Nesemann, B.Sarau 1 and the DORIS group for the excellent operation 

4 



of the storage ring. The visiting groups wish to thank the DESY directorate for 

the support and kind hospitality extended to them. 

5 

References 

[1] N. Ushida eta!. (E531), Phys. Rev. Lett. 45 {1980), 1049; 

N. Ushida et al. (E531), Phys. Rev. Lett. 45 (1980), 1053. 

[2] W. Bacino eta!. (DELCO), Phys. Rev. Lett. 45 (1980), 329; 

R.H. Schindler et al. (MARK II), Phys. Rev. D24 (1981), 78. 

[3] For a discussion of these mechanisms, see for example: R. RU.ckl, Habilita­

tionsschrift, Universitiit MU.nchen (1984) 1 also CERN-TH 4013/84 {1984). 

[4] M. DanHov et al., N.l.M. 217 (1983), 153; 

R. Heller et al., Nucl.Instr.Meth. A235 (1985L 26; 
A. Drescher et al., Nucl.lnstr.Meth. 205 (1983), 125; 216 (1983), 35; A237 

(1985), 464; 
A. Areflev et al., The ARGUS Muon Chambers, DESY 83-025 (1983). 

[5] K.,i\'. Edwards et al., Nucl.lnstr.Meth. A252 (1986) 384. 

[6] H. Albcecht et al. (ARGUS), Phyo. Lett. !SOB (1985) 235. 

[7] L.D. Gladney, Measurement. of the Lifetime of the Neutral and Charged D 

mesons, Ph.D. thesis, Stanford University, 1985. 

[8] H. Gennow,''SIMARG: A Program to Simulate the ARGUS Detector", 

DESY internal report, DESY F15-85-02 (1985). 

[9] D.J. Gilkinson, Measurements of Charmed Meson Lifetimes, Ph.D. thesis, 

University of Toronto, 1987. 

[10] Baltrusaitis et al. (MARK III), Phys. Rev. Lett. 54 {1985) 1976. 

[11] For a review of recent results, induding results only presented at confer­

ences see for example: K.R. Schubert,· Proceedings of the International Eu­

r<;~phySics Conference on High Energy Physics, Uppsala, Sweden (1987); re-

sults si1lce then can be found in: · 

W. Braunschweig et al. (TASSO), Z. Phys. C33 (1987),359; 

·J.R. Raab .et al. (E691}, Fermilab Pub-87/144-E. 

6 



Table 1. Summary of no data._ selection criteria.. Momenta. are in units o! GeV fe, 
masses in GeV I e2 • D.M refers to the n·+ - no invariant ma.ss difference. 

f v•T :::;ww-.~~~- I 
D 0 -t K-1r+ I D 0 -t K 1f+1f+1r-

u,:=;.1cm. 
Px ... > 2.5 

UJ::; 0.07 em 

Px3" > 2.5 
1.818 < Mx ... < 1.898 

0.1435 <'AM < 0.1475 
1.830 < Mx 3" < 1.886 

0.1435 < tJ.M < 0.1475 

IM..--+,..-- Mx!l > 0.03 

Table 2. Summary o! D+ and nt data selection criteria. e;Ds is the angle between 
the ¢ and the nt boost direction in the rest frame of the ¢1r system. ex,.. is the 
helicity angle between the K- and the 1r+ in the rest frame of the ¢ system. 

I 
v+ ~ K-w+w+ I Dt ~ ,p,+ I 

¢ -.....J K+K-

u1 :; 0.08 em 

Px...,.. > 3.5 
1.835 < M1;"" < 1.895 

Px > 0.4, P" > 0.4 

u1 :; 0.1 em 
Pxx,.. > 2.4 

1.930 < Mxx" < 1.995 
1.0115 < Mxx < 1.0275 

eos9~D~ < 0.9, I cos OK,!> 0.5 

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

Decay N t.(%) l.(J.'m) lo (I'm) 
no -t K 1r+ 431 8±2 19 ± 17 146 ~~5 ~f 
no-t K-1f+11"+1f- 452 16 ± 2 34 ± 10 142 ~:~ ~~ 
n+ -t K-1r+1r-+ 825 56± 4 25 ± 5 315 ~~~ ~!~ 
nt -t ¢1f .... 1~8 ~2-* 4 2 ± 37 ~67 ~~~ ~~~ --- ------

Figure captions 

Figure 1 a.)K-1r+ invariant mass distribution. The region between 1.5 and 1.7 
GeV /c2 , containing no decays into K-1f-+ 1r0 where the 1r0 is missed, is 
excluded from the fit. 
b) Proper decay length distribution for D0 

-.....J K-1r+ candidates. The 
hatched distribution shows the sideband decay lengths in relation to 
the no sample. 

Figure 2 a) K-7r+7r+1f- invariant mass distribution. 
b) D 0 

-t K-1r+1r+1r- proper decay length distribution. 

Figure 3 a) K-1r+1r+ invariant mass distribution. 
b) n+ -t K-1r+1r+ proper decay length distribution. 

Figure 4 a) ¢1r+ invariant ma.ss distribution. The peak at a mass of 1.869 
MeV /c 1 is !rom the decay n+ -.....J tjnr+. 
b) nt -.....J ¢1r+ proper decay length distribution. 
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