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Abstract

In a sample of 190,000 hadronic Z decays, three signals of charm production are observed:
two from the exclusive decays D° — K=zt and D*t — D%+ — K-#t7* and one in the
transverse-momentum distribution of soft hadrons relative to the nearest jet. The features
of these signals are in good agreement with expectations based on the Standard Model
and previous measurements of the branching fractions. The number of D** — KFrirt
per hadronic decay of the Z is measured to be (5.11 + 0.34) x 1073, and the branching
ratio B(D® — K~n*) is (3.62 4 0.34 4+ 0.44)%. Charm hadronization has been studied.
The average fraction of the beam energy carried by the D* meson is found to be (XE). =
0.504 ¥99;5 & 0.008, and implications of the measurements on the pseudoscalar-to-vector

production ratio of charmed mesons are discussed.
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1 Introduction

The study of D and D* mesons produced at the Large Electron-Positron collider (LEP) is of special
interest, as they provide a unique way of probing the ¢ quark production at the Z resonance and its
fragmentation at high energy. One expects two main sources of charmed mesons at LEP: the decay
Z — cc, where a ¢ quark hadronizes, and the decay Z — bb, where a .beauty hadron subsequently
decays into charm. These two sources are of comparable size. The D’s and D*’s from bb have a
softer energy distribution because, even though the beauty quark has a harder fragmentation than
the charm, on the average only about 1/3 of the beauty hadron momentum is transferred to the
decay charmed meson. The shape of the observed energy spectrum thus depends on the relative
size of the bb and ¢T contributions.

The very low Q value for the decay ' D*t — D% (mp+ — mpo — m, = 6 MeV/c?) or, corre-
spondingly, the very low momentum of the decay products in the D** rest frame (p* = 40 MeV/e),
places the signal in a low-background region [1]. The 7t has its transverse momentum pr relative to
the D* line of flight bounded by this value and takes a relatively low fraction [O(my/mp~ = 0.075)]
of the D* longitudinal momentum. This soft, low-pr pion (r,) provides an excellent signature for
charm production.

Three different signals are used in this analysis:

i) D= K xt,
(ii) D** — D% exclusive decay, with subsequent D? — K= 7+t )
(iii)  D** — (D°)rf identified only by the presence of the low — momentum

and low — transverse — momentum pion.

Comparison of (i) and (ii) allows an estimation of the relative production rate of vector and
pseudoscalar-charmed mesons; comparison of (ii) and (iii) provides a measurement of the branching
ratio D — K= 7% and the study of the X5 = Ep+/Fpeam spectrum leads to a measurement of the
charm fragmentation parameter. | o

2 ALEPH Detector and Data Selection

The ALEPH detector has been described elsewhere [2]. This analysis relies mainly on the Time
Projection Chamber (TPC) and the Inner Tracking Chamber (ITC) which are situated in a 1.5 T
magnetic field produced by a superconducting solenoid. A global fit to the ITC and TPC coordi-
nates allows the track momentum to be measured with an accuracy [3, 2] of |

op pT )2 )
= \/ (0.0008 Gev7e) + (00032

The data sample consists of 189,506 hadronic events selected by the requirement that they
contain at least five charged tracks of momentum above 0.2 GeV/c and polar angle § with the
beam axis satisfying |cos 8] < 0.95, which implies that they cross at least six rows of cathode pads
of the TPC. They must include at least 4 measured coordinates from the TPC, and their distance
of closest approach to the interaction vertex must be less than 10 cm along the beam axis and less
than 2 cm in the transverse plane. The sum of the momenta of all tracks meeting these conditions
must be greater than 10% of the centre-of-mass energy. This selects hadronic Z decays with an

'Here, and in the following, charge-conjugate modes are implied.



efficiency of 97.4+0.3%, leaving a contribution of 0.74+0.1% from 7 pairs and two-photon scattering
[4]. The efficiency is flavour-independent except for bb events (98.0%).

Most of the data were taken at the Z peak energy:; the remainder was at 1,2, 0or 3 GeV above
or below the peak. The use of reduced quantities (energies divided by the beam energy) allows all
the data to be combined. B : |

A Monte Carlo model including initial state radiation is used to estimate the selection efficiency,
to parametrize the heavy-quark fragmentation and to give guidance on the background composition
and shape. The jets are simulated according to the LUND parton shower evolution and fragmen-
~ tation [5]. The light-quark fragmentation and QCD parameters were chosen to fit ALEPH data.
For heavy quarks Q = b, ¢, the Peterson et al. fragmentation function [6] is used

et )

where 2 is the fraction of (E + P) of the meson relative to the parent quark and eg.is a parameter

giving the ‘hardness’ of the energy spectrum. The value of ¢, = (6 T3)x 1072 has been obtained from
a fit to the momentum spectrum of leptons in hadronic events [7]. The determination of ¢, is an
aim of this study. The heavy-quark decays were tuned to best reproduce the latest measurements.
A detailed simulation of the ALEPH detector was carried out on all the generated events.. They
were then subjected to the standard ALEPH reconstruction program.

3 Exclusive Decays of Charmed Mesons

A search is performed for candidates of the decays (i) with Xz(D°) > 0.25 and (ii) with Xg(D*) >
0.25. All pairs of oppositely charged tracks meeting the requirements of Section 2 are used to form
both a DY and a D° candidate by assigning the kaon mass to one of the particles and the pion
- mass to the other. A combination is retained if the angle 8} between the K and the line of flight
of the K system, evaluated in the Kr centre of mass, satisfies | cos 0% | <0.8. This cut is efficient
in removing the combinatorial background, which peaks at | cos(85 )| = 1, while it accepts 80% of
the signal, since the decay of the D° meson is isotropic. The Kr mass distribution is shown in Fig.
1, where a clear enhancement in the D° mass region is visible. The mass range from 1.835to 1.895
GeV/c? is used to define the D° sample. - | | )

Particle identification is not used for rejecting combinations. The fact that both mass assign-
ments "K*'ar“ and K= 77+ can satisfy all the criteria leads to a certain amount of double counting.
This is taken into account and was e'stimat_ed‘by the Monte Carlo simulation to increase the signal
by 20%. The background is found to contain both a ‘charm’ and a ‘combinatorial’ .contribution.
The ‘charm’ contribution is due to charmed mesons decaying — either in a resonant manner or not
— into two charged particles plus others, neutral or charged. The Monte Carlo, which includes
decays of the D°, D, and Dy mesons, is found to be in good agreement with the data in the low
side band of the effective mass distribution. A non-negligible part of this ‘charm’ background spills
over into the signal region owing to the widening of all these contributions by the presence of the
aforementioned wrong mass assignments. The ‘combinatorial” background includes all the random
- combinations leading to a smoothly falling mass distribution. It is fitted with a third-degxeepolyno—
mial, whose shape agrees well with the Monte Carlo prediction for light-quark contribution. These
‘two contributions are also shown in Fig. 1. Subtracting the background in the signal region and
correcting for double-counting leads to a signal of 1468 + 86(stat.) + 83(syst.) DY’s. The systematic
error comes from the background subtraction. It has been estimated by varying the fit range and
the shape of the combinatorial background.




For the D** search, one more track, the soft pion (r,), is added. Tts momentum must lie within
the kinematically allowed range for a D*+ — DOz} decay with 0.25 < Xg(D*) < 1,ie. 0.55 to
4.2 GeV/c. Here the mass assignment is unambiguous, as the charge of the K must be opposite to
that of the soft pion. All the cuts are the same as for process (i), except that here Xz refers to the
D* instead of the D°. The distribution of the mass difference AM — M(Knms) — M(Kn) shows
evidence for D* production (Fig. 2). The Kr invariant mass distribution for the combinations
which satisfy 0.1435 < AM < 0.1475 GeV/c?, shown in Fig. 3, exhibits a clear D° signal from D**
decays. The number of combinations selected by these two simultaneous mass cuts is 431.

Fits to these mass distributions have been performed using the shape of the signals as predicted
by the Monte Carlo and leaving the mass difference and the D° mass as free parameters. The best
fits are obtained for AM = 145.30 4 0.06 and mpo = 1863.5+ 0.9 MeV/c?, where the quoted errors
are statistical only. These are consistent with previous measurements [8, 9] and [10], respectively.
Fits with analytic functions have also been carried out using a simple form for the background
and the sum of two Gaussians for the signal (Fig. 2a). The half widths at half maximum are
respectively 0.8 MeV/c* for AM and 18 MeV/c? for the two-body mass, in good agreement with
the Monte Carlo simulation.

To estimate the background size and its X dependence, an event mixing technique is used. The
pions are taken from one event and the kaon is taken from another. The Jet containing the kaon is
then rotated so as to make its axis coincide with that of the jet of the pions. This procedure has
the advantage over the Monte Carlo of being practically not limited by statistics, as one event can
be mixed with many others. The number of background events within the cuts is estimated from
the mass-difference spectrum. The shape of the background is taken from the event mixing and
normalized to the data in the upper side band defined by AM > 0.152 GeV/c?. Its integral in the
peak region is then taken as the number of expected background combinations. This gives a value
of 77+3 background events. The same method has been applied to the K7 mass spectrum and gives
81+6 background events. The quoted uncertainty comes from the statistical fluctuations on the
background normalization. From the spread between the various fits, the systematic uncertainty
on the expected number of background events is estimated to be +5.

The shape of the background X g spectrum obtained from event mixing has been compared with
that obtained from the upper side bands of the two distributions of Figs. 2 and 3 and was found to
be in good agreement. It is also consistent with the result of the more direct — though statistically
more limited — method of subtracting the background in the AM distribution bin by bin in Xpg.
The background is much steeper than the signal, which justifies the cut at Xz=0.25.

The selection efficiency has been evaluated with the Monte Carlo, and cross-checked for each
cut with the data. It depends on Xg, ranging from 55% at X5=0.25 down to 40% at Xz—1. This
decrease is due to the widening of the two-body mass distribution with increasing D° momentum.
The detection and selection efficiency can be broken up into four main contributions: 90% for the
angular and momentum cuts on tracks and for losses at low angle, 80% for the |cos G| < 0.8
cut, 90% for the AM cut, and 80% for the two-body mass cut. The systematic error on track-
reconstruction efficiency has been estimated by scanning over 5000 tracks. The difference between
the real and Monte Carlo track-reconstruction efficiency has been found to be negligible within our
angular and momentum cuts. The uncertainty on the efficiency of the mass cuts has been evaluated
by using the parametrization fitted to the data and varying the width and average between two
extreme values compatible within +1o with the data. As a result, the global relative error on the
efficiency is de/e = £0.036, of which +0.025 comes from each of the two mass cuts.



4 Measurement of (D’ from D** )/(all D)

The ratio R, of the number of D°’s from D*+ decays to the total number of D°s can be used
to estimate the probability Py of producing a charmed vector meson rather than a pseudoscalar:
Py = V/(V + P) (notation of Ref. [11]). Indeed, a D° can either be directly produced or be the
decay product of a D** (with a branching fraction B, = 55 & 4% [10]) or of a D*® (100% branching
fraction). Assuming that, among the direct D and D™ mesons, the number of charged and neutrals
are equal, the ratio R, can be written as

_ PyB,
- PyB, +1 .4

Ry

The measurement of R, proceeds as follows. For the number of DO’s from D**, the same

analysis as for the D** search is performed, except that the Xp cut is applied to the D° rather
- than the parent D*. The resulting number of events, corrected for the AM cut, is 363+22. The
systematic uncertainty on the relative efficiency between the numerator and the deriominator is
limited to £2.5% from the AM cut, as the selection is the same in both cases. The result is
R, = 0.247 £+ 0.020 £ 0.013, which leads to Py B, = 0.329 + 0.040. Using the above value for B,,
we obtain Py = 0.60 £ 0.08 £ 0.05, where the first error is internal to this analysis and the second
comes from the branching ratio B,. - | |
Since this result is obtained from a mixture of bb and cc events, the interpretation of Py in terms
of charm hadronization is not straightforward. The hadronic environment is different for charm
quarks that are directly produced in Z decays as opposed to those produced in decays of beauty
hadrons. Therefore the same analysis has been repeated in two X g ranges: for the bb-dominated
~region, Xg < 0.5 (b purity = 65%), Py = 0.58 & 0.12 4 0.05 is found, and for the ce-dominated
region, Xg > 0.5 (c purity = 76%), Py = 0.65+0.1240.05. The latter result is consistent with the
- CLEO result {11] (0.80 £ 0.12 + 0.06), derived from their measurement of Py B, by the procedure
described here, with a nearly pure ¢¢ sample?. | | |
The competing production of higher mass states [13], hereafter called D**’s, can affect this
measurement. Assuming that a fraction H of the ¢ quarks hadronizes into D**, and letting B,, be
the average branching fraction B(D** — D**¥X), the above relation becomes |

where
Y = PyB. + H(2B,, — Py)B, .

It is assumed that equal numbers of charged and neutral mesons are produced. Taking H to be
around 15%, and allowing for the largest possible range (0 to 0.5) for B,., Py could differ by as
much as £20% from the above value. Larger statistics and additional observations, including the
D**, are needed to obtain a more conclusive measurement of the vector-to-pseudoscalar ratio from
the ratio R.. |

5 Charm Fragmentation and -D*i‘-ProdUCtion Rate

Fitting the Xg distribution allows a measurement of the fragmentation parameter £.. The ob-
served Xg distribution includes contributions from three sources: D*’s from ct, D*’s from bb, and

*Notice that if the new and preliminary CLEO2 measurement of B, = (67.843.24+1.5)% [12] is confirmed,
all the Py values given here will be lowered by 20%.




background from all flavours. There are five parameters: the size of each contribution, and the
shape parameters ¢, and €;. The ALEPH measurement of ey from semileptonic b-decay studies 7]
is already accurate enough that its variation within errors does not significantly affect the fit. The
shape and normalization of the background contribution are obtained from the study described in
Section 3. However, the relative contribution of bb and cc cannot be fitted with any reasonable
statistical accuracy. One additional piece of information is therefore needed to allow the fit to
converge. T'he choice which is retained in the following is to fix the ratio of the number of D** per
primary b quark to the number of D** per primary ¢ quark

Pb—>D*i
b/c) = .
(b/c) P o

Measurements of this ratio give results consistent with unity, but with large uncertainties, and
have been carried out at lower energies, where By and beauty baryons are not produced. We prefer
to use the value (b/c) = 0.95 calculated from our Monte Carlo model, which contains estimates
of the branching fractions from measurements, symmetry arguments, and simple modelling of the
unknown decays. This introduces a model dependence of the results, which will be quantified by
letting (b/c) vary between 0.85 and 1.05. |

A binned log-likelihood fit to the Xg(D*) distribution is performed with the function

dN

el Nhad X 2 X Popsx B. By €(Xg) fur(XE,ec) + foc(XE) .

Nhagq 1s the number of hadronic events corrected for v++— and vy backgrounds. B, and B, are
respectively the branching ratios B(D** — D) and B(D® — K~ %), and ¢(Xg) is the selection
efficiency as a function of Xgz. The background contribution fpg(Xg) is determined as described
in Section 3. The shape of the heavy-flavour contribution is given by

fur(Xa,ec) = 1(b/e) o XB) + 7o fol X5, £0) |

where 79 = I'(Z — QQ)/T'(Z — hadrons). The relation 29, + 37, = 1 is imposed in the fit, and
fo and f. are the expected Xg distributions from b and ¢ contributions respectively, as obtained
from the Monte Carlo, normalized to 1 for 0 < Xz < 1.

Firstly, a fit with three parameters gives the following results:

| ee = (3672 +£3)x1073,
P._pwt BiBy = (7.0£0.640.7) x 1073
ve = 0.141139% 4 0.010 .

The first errors are statistical and the second are obtained by varying the external parameters
within errors. The main contribution to this uncertainty comes from the range allowed for (b/¢).
In this fit €. and 7, are heavily correlated: the correlation coefficient is 70%.

Since 7. is found to be consistent with the Standard Model expectation oM = 0.1705, the fit is
repeated with 7, fixed to y2M, yielding, as a function of A = [(b/c) — 0.95],

ec = (471} (stat.) £ 2(syst.) — 50 x A) x 1073

which corresponds to



(Xe(D™))e = 0.504T551>(stat.) + 0.003(syst.) + A x 0.05

.aJnd

Pewpwt B« By = (6.740.4(stat.) £ 0.3(syst.) — 3.4 x A) x 1073 .

The two fitted parameters are uncorrelated. The systematic errors come mainly from the uncer-
tainty on the efficiency and on €p, and the last term is a parametrization of the ‘model-dependence’
of the (b/c) parameter. The latter measurement can be compared with CLEQ’s, performed at
v's = 10.55 GeV/c. They measured the cross-section for producing a D** decaying in the mode
studied here to be 17.0 + 1.5+ 1.4 pb [11]. Dividing by the cross-section for charm production
one obtains (7.0 £ 1.0) x 1072, in good agreement with the present value. In a similar way, HRS
published the value 1.99 4 0.35 for the ratio of the D** and D*° production cross-section to the
pointlike cross-section [14]. Translated in terms of the number of D** in the relevant decay channel
per c-quark, this corresponds to (6.6 £ 0.5) x 1073, also in good agreement with the result of the
study presented here. | |
In Fig. 4, the Xg distribution after background subtraction and correction for efficiency is shown
together with the result of the fit. The two contributions, from bb and cc, are shown separately.
The x* of the fit is 10.1 for 11 degrees of freedom, where the last three bins have been combined
to compute the x%. The integral of the solid curve over the whole Xg range gives a determination
of the number of D** mesons proauced per hadronic decay of the Z: | ‘A
[(Z — D**X)

>~ B. By = (5.114 0.34) x 103 .
I'(Z — hadrons) 0= £0.34) X

‘This measurement relies on the Peterson et al. fragmentation and the Lund parton shower model
~ for the extrapolation to Xg values below 0.25. The results presented here are in agreement with
the recent OPAL analysis [15]. ~ =~ S - -

The value of ¢, is obtained within the LUND model (parton shower) with Agop = 0.310 GeV.
The generated heavy-hadron energy spectra also depend on the amount of gluonic energy radiated
by the primary quark before the fragmentation; ¢, thus depends on the QCD parameter Aqep- It
changes by an additional *]5 x 1073 if the QCD scale is varied from 0.260 GeV to 0.400 GeV. The
value of the average Xz, however, is almost independent of this choice. |

6 Inclusive Analysis of the Decay D*t — (D%)nt
The search for decays of type (iii) follows the same method as in Refs. [14] and [16]. This requires
only the observation of the soft pion from the decay D*t — (D%}, with a momentum in the range
1 < p <4 GeV/ec. The cut in distance of closest approach in the transverse plane is tightened to
0.5 cm to further reject the background from decays-in-flight, and the polar angle cut is changed
to | cos 8| < 0.85 to keep only events where the jet axis can be accurately measured.

In order to estimate the D** direction for the computation of pt, charged tracks and showers
from neutral particles are clustered into jets, according to the scaled-invariant-mass algorithm [17]:
particles are merged together in an 1terative way if their invariant mass My, = [2F; FEy(1—cos 64 2)]1/ 2
1s less than a fixed value M,,. The cluster containing the soft pion must have at least three
charged tracks. Figure 5a shows the pA distribution for the soft tracks in six momentum bins of
width 0.5 GeV/c. For this plot My was 4.8 GeV/c?2. A clear excess of events can be seen at
low p4 when p < 3 GeV/c, as expected for D* decays.: The Monte Carlo simulation shows that
(p%) = (0.08 GeV/c)? and (0.11 GeV/c)? for the soft pion from the D* decay inZ — ccandZ — bb
events respectively, compared with the average p2 of around (0.3 GeV/c)? from hadronization.
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The fraction of D* coming from Z — bb events depends on the 7, momentum. According to the
simulation, it varies from 75% at p = 1 GeV/c to 9% at p = 3 GeV/c. For p5 < 0.01 (GeV/c)? a
signal-to-background ratio of about 1/9 is observed.

7 Measurement of B) = B(D0 — K7 77)

The number of D** — (D)7 decays of type (iii) has been evaluated by a fit to the observed pA
distributions with two contributions: .

* Background: It needs to be extrapolated into the signal region at low p%. The following
background parametrization has been found to provide an accurate description of the data
over the range 0 < p; < (0.3 GeV/c)?%:

a

L +0pt + ¢(ph)? + d(p})?

Faa(p3) =

The fact that this simple form fits the data well over a wide p% range (Fig. 5a)lends confidence
to the extrapolation to p4 = 0. The parameters a, b, ¢, and d depend on the momentum bin.

e D contributions from the ¢¢ and bb events: The approximation of the parent D* direction
by the jet axis to calculate p4 results in tails in the signal distribution. Therefore the p4
distributions of the D*’s from cc and bb events, called Fy(p%,e.) and Fy(p%,€), are taken
from the simulation for each momentum bin, rather than using an analytical shape.

A fit to the six p4 distributions of Fig. 5a is performed with the function

dN
2 = Nhad X 2 X Po_pex B €(p) [v(b/c)Fy + v.F.] + Faq ,
T
with the same notation as before. The efficiency e(p) for selecting the soft pions varies from 85%
at p=1GeV/c to 80% at p =3 GeV/c. Constraining ¢, to the value derived above, one obtains

Fepr+ By = 0.185 + 0.013(stat.) £ 0.019(syst.) + 0.003(mod. dep.)

with x* = 960 for 855 degrees of freedom. The result of the fit is also shown in Fig. 5a. The
agreement in the last two momentum bins (p > 3 GeV/c), where the expected signal is small,
demonstrates that the continuum shape is well reproduced. Figure 5b shows the p% shape of the
D* signal obtained after background subtraction for all tracks with momentum between 1 and
3 GeV/c. It is compared with the expected signal of D* from Z — bb and Z — c€ events.

The main uncertainties are now discussed:

a) The fragmentation products surrounding the D* smear the estimate of its direction as obtained
from the jet axis. The Monte Carlo is relied upon to simulate this effect. The good agreement
between data and Monte Carlo (Fig. 5b) illustrates the validity of this assumption. However, some
inadequacies may occur in the simulation of the particle flow in the D* jet, especially from the
neutrals. To obtain a conservative estimate of this effect, the jet algorithm mass cut M.y has
been varied from 4.8 to 17.7 GeV/c? and the clustering has also been restricted to the charged
tracks. The relative spread (r.m.s.) in the fitted values of P._ .+, found to be +10%, is taken as
a systematic error on this parameter.

b) The p% distribution of D* from bb events is less peaked at zero than from c¢ events. This
reduces the sensitivity of P,_,p«+ to the (b/c) ratio and ¢; to relative uncertainties of +2.5% and
+1.5 % respectively.
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Simultaneous measurements of the inclusive mode D*t — (D%)rf and the exclusive mode
D** — DO}, D — K7t allow a determination of the branchrng ratio of the decay DO — K rt:

By =B(D? — K~ nt) = (3.62 + 0. 34(sta,t )+ 0. 41(syst )£ 0.13(mod. dep ))% ,

in good agreement with the Particle Data Group fit [10] Bg = (3.71 + 0.25)% and the MARK III
measurement with double-tagged D%'s [18] (4.2 + 0.4 + 0.4)%.

The measurements of R, and P._ «+ B, can be used to determine the fraction of non-charm-
strange mesons produced by primary ¢ quarks, called fnogum. Indeed as charmed baryons and D,’s
cannot decay into D*+ the following relation holds: Pe_.p++ B, = 5 L fnosm Py B, = 5 L fNnosm 1Rj‘;{
The strict equality between the first and last expressions st111 holds in the presence of higher mass
states, provided that they decay into equal proportions of charged and neutral S-wave mesons.
Insertrng the value of P._,p«+ B, measured in the inclusive analysis, and of R, obtained from the
exclusive decays in the c€ dominated region Xz > 0.5, we determine fncsm = 1.0440.23, consistent

with the widely assumed value of 0.80.

8 Conclusions

Charmed meson production has been observed i in ALEPH, in three different channels. The stan-
dard picture for charm production provides a very satrsfactory framework to describe the data.
Correcting the observed number of D* candidates for background and efficiency leads us to the
measurement:

[(Z — D*%X)
I'(Z — hadrons)

x B(D*" - D7) x B(D® — K~ 7n+) = (5.11 £ 0.34) x 1073 .

The relative production rate of vector and pseudoscalar charmed mesons has also been measured.
For a mixture of equal proportions of D*’s from Z — c¢ and Z — bb decays ‘and if the presence of
higher mass states can be neglected, the V/(V + P) ratio is |

0.55
B(D*t+ — DOrgf) °

Py = (0.60 £ 0.08) x

From a fit to the D* energy spectrum the following two parameters have been deterrnrned

o the average fractional energy carried by the D* meson:
(XE). = 0.504 by 8%:—,3,(sta,t ) + 0.008(syst.)

¢ the probability for producing a D** subsequently decaying into Krr:
Pepex X B(D** — D7) x B(D0 — K7nT) = (6.7 % 0. 4(sta,t )£ 0. 7(syst )) x 1073

In all the results given in this section, the systematic error takes into account the dependence on
the choice of (b/c).

The simultaneous observation of the different signals leads to the measurements:
P._pet X B(D* — DOr) = 0.185 + 0.013(stat.) + 0.020(syst.)

and

B(D® — K~7+) = (3.62 + 0.34(stat.) £ 0.44(syst.))% .
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Figure captions

Fig. 1. Kr invariant mass distribution, for Xp(Kr) > 0.25. Data (points with error
bars) compared with the fit described in the text. | |

Fig. 2. Mass-difference distribution, for Xz(Kzn) > 0.25. The Kr mass is required to
be between 1.835 and 1.895 GeV/c?. a) The background, calculated by the event-mixing
technique, is shown. The curve is a fit to the data with a power law for the background and
the sum of two Gaussians for the signal. b) Comparison of the data with the Monte Carlo
(histogram).

Fig. 3. Kr invariant mass distribution, for D* candidates with Xz(Knr) > 0.25. The
mass difference AM is required to be between 0.1435 and 0.1475 GeV/c?. Data (points with

error bars) compared with the fit described in the text (the event-mixing technique is used
for the combinatorial background). The second peak around 1.6 GeV/c?isdueto D — KrX.

Fig. 4. Xg(D*) distribution, corrected for efficiency and backeground subtracted. The
data are represented by dots with error bars; the best fit is shown (solid line), together with
bb and ¢t contributions.

Fig. 5. a) pi of hadrons in six momentum bins, 0.5 GeV/c wide. The momentum,
between 1 and 4 GeV/e, increases from top to bottom. The D* signal, in the low-p and
low-p%, region, is clearly visible. b) Detail of the low-p%. region, background subtracted, for
1 <p <3 GeV/c. The fitted bb and c€ contributions are shown. The p% shape of the signal
1s well modelled by the simulation. N |
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