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Abstract

The decay chain b — B — D**/~pX, D* — D*t7x~, D*t — D'zF DY — (KmorK3n) is
identified in a sample of 3.9 million hadronic Z decays collected with the OPAL detector at LEP.
The branching ratio BR (b — B) x BR (B — Dy ¢ 0X) x BR (D} — D*"n~) is measured to
be (2.64 £ 0.79 (stat) & 0.39 (syst)) x 1073 for the J = 1t (DY) state. For decays into the
JP =292t (D;O) state, an upper limit of 1.4 x 1073 is placed on the branching ratio at the 95%
confidence level.
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1 Introduction

Semileptonic B decays to orbitally-excited P-wave charm mesons (D**) are of interest for several
reasons. Firstly, they constitute a significant fraction of B semileptonic decays, thereby account-
ing for some of the difference between the inclusive measurements and the sum of the exclusive B
decay modes to D*¢v and D¢v [3[1L2]. They also contribute the major source of systematic error
in the |V¢,| measurement at LEP, as a background to the direct decay B — D**¢~». Finally,
the measured decay properties can be compared with theoretical HQET predictions [4L[].

The D** mesons (sometimes denoted D ;) are composed of a charm quark and a light quark
in a state of orbital angular momentum L = 1. In the infinite heavy-quark (charm) mass
limit the D** system is equivalent to a fixed force center one-body problem. Hence the total
(spin+orbital) angular momentum of the light quark degrees of freedom (labelled by J, = % or
%) and the spin of the heavy quark are taken as separately conserved [ILBG]. The Jq:% states
combine with the heavy quark spin to form two states with J© = 1% (D;) and J¥ = 2% (D). In
the infinite charm mass limit, they can only undergo D-wave decay, and therefore have narrow
widths [5]. For J,=1 we have two states with J = 07 and J¥ = 1*. The J,=3 states can
decay via S-wave and are expected to be broad, but their experimental observation is still not
established [3]. So in total, for P-wave mesons, four charged and four neutral D** states are
predicted. Table [l summarises the properties of the neutral states.

In this paper we present a new measurement of semileptonic B decays into the narrow neutral
DY and D30 states. We reconstruct events compatible with the decay chain

b - B— D"/ pX, D* = D*"r~, D* — D7t DY — (Kmor K 37). (1)

Here, and throughout this paper, B refers to the B and B~ mesons, and charge conjugate modes
and reactions are always implied. Also, £ refers to both electrons and muons, and the terms
“kaon” and “pion” denote the charged particles.

These results update a previous OPAL analysis [{]. Similar measurements have been per-
formed also by ALEPH [2], DELPHI [§], CLEO [9] and ARGUS [10)]. We note the complemen-
tarity between the LEP and Y (4S) analyses, as in the latter, theoretical uncertainties in the B
semileptonic decay form factors contribute significantly to the overall systematic error. This is
less important at LEP, due to the high boost of the B hadron and its decay products.

2 Detector and Monte Carlo Samples

The OPAL detector is fully described elsewhere [T1]. A brief description of the main components
relevant for this analysis follows. Tracking of charged particles is performed by a central detector,
consisting of a silicon microvertex detector, a vertex chamber, a jet chamber and z-chambers '
The central detector is inside a solenoid, which provides a uniform axial magnetic field of 0.435 T.
The silicon microvertex detector consists of two layers of silicon strip detectors; for most of the
data used in this paper, the inner layer covered a polar angle range of |cosf| < 0.83 and the
outer layer covered |cosf| < 0.77, with an extended coverage for the data taken after 1996.
This detector provided only ¢-coordinate information for data taken in 1991-1992, and also
z-coordinate information thereafter. The vertex chamber is a precision drift chamber which
covers the range |cosf| < 0.95. The jet chamber is a large-volume drift chamber, 4.0 m long

LA right handed coordinate system is used, with positive z along the e~ beam direction and x pointing towards
the center of the LEP ring. The polar and azimuthal angles are denoted by 6 and ¢, and the origin is taken to
be the center of the detector.



and 3.7 m in diameter, providing both tracking and ionisation energy loss (dF/dz) information.
The z-chambers measure the z-coordinate of tracks as they leave the jet chamber in the range
|cos @] < 0.72. Immediately outside the tracking volume is the solenoid and a time-of-flight
counter array followed by an electromagnetic shower presampler and a lead-glass electromagnetic
calorimeter. The return yoke of the magnet lies outside the electromagnetic calorimeter and is
instrumented with limited streamer chambers and thin gap chambers. It is used as a hadron
calorimeter and assists in the reconstruction of muons. The outermost part of the detector is
made up by layers of muon chambers.

A Monte Carlo simulation of hadronic Z decays of about five times the size of the recorded
data sample for b flavoured events, and about the same size as the recorded data for the other
flavours, is used in the analysis. In addition, signal Monte Carlo samples were generated with
approximately one thousand times the expected number of signal events in the data. The
simulated events were generated using JETSET 7.4 [I2] with the b and ¢ quark fragmentation
modelled according to the parameterisation of Peterson et al. [I3]. A global fit to OPAL data
has been performed to optimise the JETSET parameters [14]. These events were processed using
the full OPAL detector simulation [I5] and analysed in the same manner as the data.

3 Event Selection

This analysis identifies decays compatible with the decay chain of Eq. [l illustrated in Fig.[Il We
attempt to identify the 5 relevant tracks in the case of the D® — Kx mode, or 7 tracks for the
DY — K 37 mode, that match the correct event topology. To distinguish between the different
charged pions involved, we denote as 7** the one coming from the D**0 decay. Similarly, mgow
comes from the D** meson, its name arising from the small mass difference (Am*) between the
D** and the DY, leading to a very low pion momentum in the D** rest frame. Event selection
criteria are applied to the data and Monte Carlo samples in five stages, namely hadronic Z
preselection, reconstruction of D*T¢~candidates, identification of the best 7**, selection of the
best overall candidate, and final background suppression cuts specific to the D? — Kz and
DY — K 37 modes.

3.1 Hadronic Z Decay Preselection

Hadronic Z decays collected with the OPAL detector at ete™ centre-of-mass energies near the Z
resonance are selected using a standard OPAL hadronic event selection [16], with an additional
requirement of at least 7 tracks per event. All the tracks must pass a set of standard quality
cuts [I7]. The selection efficiency for hadronic Z decays is (98.1 +0.5)% [17] with a background
of (0.11+0.03)%. Only data that were taken with the silicon microvertex detector in operation
are used in this analysis. After this preselection, the resulting data sample collected in the years
1991-2000 consists of 3904417 events selected from a total integrated luminosity of 180.8 pb~!
collected at the Z resonance. About 11% of the data used were recorded in the years 1996-2000.

3.2 Reconstruction of D*/~ Candidates

Candidate events must have two or more jets, defined using a cone algorithm [I8], with radius
of 0.7 radians and 10 GeV minimum energy. The primary vertex of the event is reconstructed
using a beam spot constraint [I9]. We then identify muon or electron candidates with momentum
greater than 3 or 2 GeV, respectively. The muon cut is more stringent to reduce the background



from pions misidentified as muons. An artificial neural network is used to identify electrons [20],
and photon conversions are rejected as described in [21]. Muons are selected as described in [I7].

Next, we look for tracks consistent with the D*T hypothesis and within the same jet as
the lepton. Firstly, a kaon candidate with the same charge sign as the lepton, and momentum
greater than 1.0 GeV, is required to have a dE/dx probability greater than 1% for the kaon
hypothesis. This requirement is increased to 10% if the D** energy is smaller than half the
beam energy, where K/m separation is more powerful. Also, the measured dE/dx of the kaon
candidate is required to be smaller than the expected dE/dx for the pion hypothesis.

A pion of opposite charge is then sought in order to form a D® — K candidate; for DY — K 3,
two additional (pion) tracks of opposite charge are identified. The reconstructed D° mass peak
has a resolution of about 25 MeV; a loose cut of 1.79 < M (DO) < 1.94 GeV is applied. A 7gow
track candidate of opposite charge to the kaon is combined with the D to form a D*T. The
mass difference Am* = M(D*T) — M(D?) forms a sharp peak of about 1 MeV resolution, and
we require 140.5 < Am* < 149.5 MeV at this stage. The energy of the D* is required to be
greater than 15% of the beam energy. A D vertex is required to be successfully reconstructed
using the 2 (or 4) candidate tracks. A kinematic fit performed on the D*' tracks using the
known D*t and D° masses as constraints is required to converge. We note that at this point,
several different D**¢~ candidates per event can exist.

3.3 Selection of Best Overall Candidate

We now proceed to select the best 7** candidate for a given D*T¢~ assignment, where 7**
candidates are required at this stage to have an energy greater than 0.6 GeV and the same
charge as the lepton. A B vertex is constructed using the tracks of the 7**, 7gow, lepton, and
reconstructed DY. The primary vertex is then recomputed, excluding all of the above 5 (or 7)
tracks. The new x? of the primary vertex is obtained, and for each D**¢~ combination the 7**
candidate that gives the smallest combined x? of the primary and B vertices is chosen. The B
and D decay lengths are recomputed with the new vertex positions. In order to select only well
reconstructed B vertices, we require an estimated uncertainty of less than 1 mm on the B decay
length.

Having selected the best 7** candidate for the given D*T/~ assignment, we reconstruct the
mass difference Am** = M(D**?) — M(D**), and restrict it to the range 0.14-1.10 GeV. We
then select for further analysis only one D*T/~ candidate per event, namely the one with highest
D** kinematic fit probability. This cut greatly reduces the combinatorial background arising
from fake combinations when forming the D**¢~.

3.4 Final Cuts

The main backgrounds at this point arise from fragmentation, where a pion from the b quark
fragmentation fakes a 7** from a D**0 and combinatorial backgrounds; we include in the
fragmentation category pions from B* — BwX. The cuts for reducing these backgrounds
differ somewhat for the two D° decay modes, the D? — K 37 mode having larger backgrounds,
and correspondingly stronger cuts.

To reduce the fragmentation background, we make the following requirements:

e The 7** energy must be greater than 1 GeV.



e The output of a neural network applied to the 7** track is required to be greater than 0.6
for the D — K 37 mode, and greater than 0.3 for the D — K7 mode. This neural network
uses momentum, transverse momentum to the jet, and impact parameter significance with
respect to the primary vertex; it is used to distinguish between tracks from the primary
vertex and genuine B decay tracks [22].

e The B decay length significance /oy, is required to be greater than 1.5, where [p is the
signed B decay length and o0y, its error. It is signed positive if the B vertex is displaced from
the primary vertex in the same direction as the jet momentum, and negative otherwise.

e Similarly, Ig_p/oy,_, > —2.0 for the signed decay length significance between the B and
D vertices. It is signed positive if the D vertex is displaced from the B vertex in the same
direction as the jet momentum, and negative otherwise.

The combinatorial background is suppressed using the following cuts:

o 143 < Am* < 148 MeV for D — K 3, 142 < Am* < 149 MeV for D? — K.

e 1.815 < M(D%) < 1.915 GeV for D? — K 3.

e cosf* > —0.9, where 6* is the angle between the kaon and the D° boost direction, calculated
in the D° rest frame. This uses the fact that the D° is a pseudoscalar, whereas the
background, particularly that resulting from particle misidentification, tends to peak at
large negative values of cos 8*.

e For the D° — K 37 mode, the product of the neural network applied to the 4 tracks from
the D decay, is required to be greater than 0.2.

Fake leptons and non-B semileptonic decays appear at a smaller rate than the previous
backgrounds, but their invariant mass distributions can peak in the expected signal region. The
non-B semileptonic background arises primarily from charm, tau and b-baryon decays, and pion
misidentification. Therefore we impose the following additional cuts:

e The D*"/~ invariant mass is restricted to the range 2.8-5.0 GeV.

e The lepton momentum transverse to the jet: pr, > 0.9 GeV for DY — K 3x, and > 0.6 GeV
for DY — K. This cut is effective in reducing misidentified lepton backgrounds and does
not reduce the signal significance.

These selection criteria were designed to maximise the efficiencyx purity using only quantities
well modelled by the Monte Carlo simulation. As an example, Fig. P presents the data versus
Monte Carlo distributions after all cuts for four of the most relevant quantities used in the
analysis. Since the final analysis consists of searches for peaks in the distribution of Am™**, the
cuts were also tuned so that the simulated background Am*™* distribution shows no peak in the
signal region, 0.35 < Am** < 0.55 GeV.

4 Backgrounds and Wrong Sign Sample

Applying the previous selection to our combined D — (K7 or K 37) Monte Carlo samples, the
major background process is B® — D*t¢~ 7, where the D*T is combined with an additional pion
of the right sign. This comprises 65% of the total background. The decays B — D**0/~pX
and B — D***/~ X, where some of the tracks are incorrectly matched, amount to 16% (using
the branching fractions measured in this paper). These three distinct physical processes have in
common that the 7** track is incorrectly identified, and therefore they constitute the major part



of the above mentioned fragmentation background. The kinematics of this dominant background
should be equivalent to the one obtained by requiring a 7** of the opposite charge from that
expected for D**0 decay. The Monte Carlo Am** distributions for background right sign and
wrong sign 7** are shown in Fig. Ba,b. They are fitted to a functional form z7e % where
x = Am™ — my; the fitted values of the v and 3 parameters for the two samples are consistent.
Fig. Be shows the OPAL data wrong sign Am™* distribution; the fitted v and 3 parameters agree
with those obtained in Monte Carlo.

Fake leptons, By, and non-B semileptonic decays constitute less severe backgrounds amount-
ing to 3%, 5% and 11% of the total background, respectively. We find the contribution from Z
decays into charm and lighter quarks to be negligible.

5 Signal Fitting Procedure

An unbinned maximum likelihood fit is performed simultaneously on the Am** right sign and
wrong sign distributions. For the right sign fit, the function is given by the sum of two Breit-
Wigner distributions, each convolved with a Gaussian resolution function, plus the background
function zYeA* described previously; for the wrong sign fit, only the background function is
used. There are six fitted parameters: the number of DY and D3, the normalisation of the right
sign and wrong sign backgrounds, and the background shape parameters v and 3. Thus, the
background shape and normalisation are obtained directly from data. We fix the narrow states
masses and widths to the world averages [B], shown in Table [l The detector resolution on the
reconstructed Am™* is fixed at 0=8 MeV, as obtained from Monte Carlo.

To check for biases and to assess the systematic uncertainties, the fitting procedure was
tested by comparing the results of five simulated experiments, each one with the same statistics
as the data (so-called “ensemble tests”). The pull distributions for the fitted number of D(l), D30,
and background events were found to be consistent with zero mean and unit variance for both
the D decay modes taken separately as well as when fitting to the two modes combined. The
uncertainty is taken to be the error on the mean of the pull distributions. We note that the two
narrow peaks are resolvable and we are able to correctly fit the number of DY and D3 signal
events in the Monte Carlo simulations for various input signal branching ratios.

6 Results

The final Am** distributions for the D — K and DY — K 37 modes are shown in Fig. B
The numerical results of the fit are also shown, including the 1o uncertainties on the fitted
parameters. A signal for the expected narrow D? peak is present in each mode separately, with
a weaker significance for the D” — K7 mode (8.045.0 fitted DY events) than for D® — K 37
(21.447.2 fitted DY events). No evidence of a D3 signal is present.

The efficiencies estimated for the DY state using dedicated signal simulations are found to
be 7.7+ 0.4% and 2.3 £+ 0.1% for the D° — K7 and D° — K 37 modes, respectively, where the
errors are statistical only. For the D30 state these are 9.2 + 0.8% and 2.1 + 0.2%. The product
branching ratio can then be obtained as:

BR (b — B) x BR (B — D*?¢ vX) xBR (D"’ —»D*tn") =

(Nz/ez) x Ry, x 2 x 2 x BR(D*+ — DO+) x BR (D° — Kr, K 3n)




The two factors of 2 arise from the two b hadrons in the event, and the two flavors of tagged
lepton. The fraction, R}, of Z — bb events in Z hadronic decays, and the branching ratios for
D*t — Dt and D° — Kr are taken from [3]; Nz = 3904417 and ez = (98.1 + 0.5)%, as
mentioned in section Bl

For decays into the D? state, we obtain for the D — Kz mode:
BR (b — B) x BR(B—D{¢ 7X) xBR(D{ = D*fn~) = (1.17+£0.73 £ 0.27) x 10~?
and for D? — K 3r:
BR(b—B) xBR(B— D¢ 7X) xBR (D} - D*"n~) = (5.30 £ 1.79 £ 0.95) x 1073

where the first error is statistical and the second systematic. The evaluation of the systematic
uncertainty is discussed in section [ The two product branching ratios measured for the
DY — K and D? — K 37 decay modes agree at the level of 1.9¢.

The two modes were combined by merging the two data samples and performing a single
fit, which has the advantage of reducing the systematic error on the background. The resulting
distribution is shown in Fig B The combined efficiency, multiplied by the respective D° decay
branching ratios, is 0.47% (7.7% x 3.80% + 2.3% x 7.46%). There are 28.7 & 8.6 events in the
D(l) peak, from which the product branching ratio follows:

BR (b — B) x BR(B— D} ¢ 7X) xBR (D} — D*fn~) = (2.64 £ 0.79 £ 0.39) x 107>

The combined-sample fit yields 3.1 4= 6.9 events for the D;O. The measured branching ratio
is then consistent with zero:

BR (b — B) x BR (B —D3"¢ 7X) xBR (D3’ — D*"77) = (0.26 £ 0.59 £ 0.35) x 10~°.

Using the method of Feldman and Cousins [23,3], this can be converted into a 95% confidence
level upper limit:

BR (b — B) x BR (B —D3" ¢ vX) xBR(D3’ —D*"r7) <1.39 x 107°.

These results were checked in several ways. Firstly, if instead of fixing the D(f mass we include
it as an extra parameter to be fitted we obtain:

BR (b — B) x BR (B — D}¢ 7X) xBR (D} — D*t7n~) = (2.66 + 0.80 £ 0.39) x 107,

in agreement with the previous result of (2.644-0.7940.39) x 10~3. The fitted DY mass is (2418.84+
5.0) MeV, consistent with the world average of (2422.2 + 1.9) MeV [3]. The cuts described in
section Bl were varied by significant amounts (10%-100%), and the resulting variations in the
measured branching ratios were found to be compatible with the expected statistical variations.
To check the procedure for combining the results of the two DY decay modes, we calculated a
simple weighted average of the two results. This average is consistent with the combined result.

We also considered the angular decay distribution of the narrow states. In the heavy-quark
limit, the pure D-wave decay of the J¥ = 2% D30 state should be distributed according to
%sin2 @, whereas for the J© = 17 D{ we expect i(l + 3cos?a) [F]. This has been observed
experimentally by CLEO [24]. Here « is the angle between the 7** and the 7oy from the
D** decay, evaluated in the rest frame of the D**. For D{ events we expect more events at
larger values of | cos af, and this is evident in Fig. Bh which shows this angle for data and Monte

Carlo in the signal mass region 0.35 < Am** < 0.55 GeV. The shape of the data distribution



is observed to agree with that expected from simulated events, where the signal rate is fixed to
the one measured here. Fig. Bb shows that background events, selected from right sign data in
the sidebands 0.14 < Am** < 0.3 or 0.6 < Am™ < 1.1 GeV, exhibit a flat cosa distribution.
An enhancement of the D(f resonance peak is expected for higher values of | cos al, and this is
confirmed in Fig. Bc as the Am** DY peak is enhanced with a selection |cosa| > 0.5. Note
how the overall level of the background drops relative to Fig. Bl Conversely, for |cosa| < 0.5
(Fig. Bd), the DY peak greatly diminishes in significance.

For a D;O enhancement selection, namely |cos o] < 0.2, we find no distinct sharp peak at the
expected D;O position. This provides additional evidence for the presence of the D(l) state and
absence of the D;O.

7 Systematic Uncertainties

The systematic uncertainties in the product branching ratios are shown in Table Bl The
dominant contributions arise from uncertainties in the background function and the D? and
D3? fit parameters. The components of systematic uncertainty shown in the table are:

e Background function: The dominant uncertainty on the background arises from the pos-
sibility that some background has a peak in the signal region, therefore biasing the fitted
number of DY and D3" signal events. This uncertainty is estimated from the average
number of (expected-fitted) signal events, as obtained in the Monte Carlo ensemble tests
described in Section Bl There is also a much smaller background uncertainty on the overall
background shape. This component of the uncertainty is estimated by comparing the ~, 3
parameters obtained from Monte Carlo with those obtained from the wrong sign 7** data
sample.

e D*0 fit parameters: We vary the DY and D3’ masses and widths within the current
uncertainties [3], and refit the Am™* distribution. We also vary the Gaussian resolution
by +1 MeV and redo the fit. The resulting variations are added in quadrature.

All the remaining sources of systematic uncertainty affect only the signal efficiency, as the
background shape and normalisation are obtained directly from the data.

e The limited Monte Carlo statistics in the signal samples give rise to a systematic uncer-
tainty on the estimation of efficiencies.

e The lepton identification efficiency has an uncertainty of 3% for muons and 4% for electrons
[25].

e The mean and sigma of the normalised Monte Carlo dE/dz distributions were varied by
+10% [26].

e Tracking resolution: The systematic uncertainty was assessed in Monte Carlo by applying
a global 10% degradation to the resolution of all measured track parameters.

e The lifetime of the B mesons was varied within their measured uncertainty [3].

e Theoretical uncertainty in the B — D**/~5X form factors: Different theoretical models
predict different form factors for the B semileptonic decay, and therefore different 7**
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energy spectra. This source of systematic uncertainty is dominant at the Y(4S) experi-
ments [9]. Due to the high boost provided in Z — bb decays, this uncertainty is expected
to be significantly smaller in the analyses at LEP. This was confirmed by reweighting our
JETSET [12] Monte Carlo samples to the forms factors described in [27]. The range of
parameters describing the form factor calculation was varied within the values constrained
as in [28], and also the values needed to approximately reproduce the form factors predicted
by [29]. The maximum variations in the signal efficiency were taken.

e B fragmentation: The Peterson fragmentation model [I3] is used in JETSET [12] to model
the momentum distribution of the B hadrons. Our Monte Carlo samples were reweighted
event by event to reproduce the experimental uncertainty on the mean energy of the B
hadrons. The Peterson parameter e, was varied within the range obtained in [30]. The
variations are in agreement with those obtained using two other fragmentation models [31]
32,B33], again with parameter ranges as determined in [30].

e The relevant branching ratios and R}, were varied within the published uncertainties [3].

e The hadronic Z preselection efficiency was varied by its uncertainty of +£0.5% [I7].

8 Conclusions

We have analysed semileptonic B decays into the narrow D(l) and D;O states in events compatible
with the decay chain b — B — D*/=pX, D*V — D**7— D** — D%+ DY — (K7 or K 37).
The product branching ratio for decays into the D(l) state is measured to be:

BR (b — B) x BR (B — D} ¢ 7X) xBR (D} — D*tn™) = (2.64 £ 0.79 £ 0.39) x 1077,

where the first error is statistical and the second systematic. We find no evidence for decays
into the J¥ = 2% state, and set a limit on the product branching ratio:

BR (b — B) x BR (B — D3"/"vX) xBR (D5’ —D*"r7) < 1.4 x107%,

at the 95% confidence level. These results update a previous OPAL analysis [7], and agree with
similar measurements performed at LEP 28], CLEO [9], and ARGUS [I0].
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Mass Width ~ Decay Modes

JE I, (MeV) (MeV)
DY 1+t 1/2 ~2470 >250 D'r
Dy’ 0t 1/2 ~2400 >170 Dn

DY(2420) 1T 3/2 24222 + 1.8 18.973% D*r
D30(2460) 2T 3/2 24589 £2.0 23+5 Drm, D'n

Table 1: Properties of neutral orbitally-excited charm mesons. The quantum number J, is
the total angular momentum of the light constituents of the meson. Masses and widths of the
narrow J, = 3/2 states are experimentally determined [3]. For the light J, = 1/2 states, we
quote theoretical estimates of the masses and widths [6].

Systematic Uncertainty (x1073)
Source Km mode K 3m mode Combined
Background function + 0.23 + 0.54 + 0.17
Dy, D; fit parameters fg:gg fg:ié‘ fg%
Signal simulation statistics + 0.06 + 0.20 + 0.12
Lepton ID + 0.04 + 0.18 + 0.09
dE/dx £ 0.05 + 0.26 + 0.11
Tracking resolution + 0.04 + 0.27 + 0.10
B lifetime £ 0.01 £ 0.05 =+ 0.03
Theoretical uncertainty + 0.03 + 0.16 + 0.08
B fragmentation + 0.04 + 0.26 + 0.10
Ry, £ 0.004 + 0.02 =+ 0.009
BR(D*t — D) + 0.008 + 0.04 + 0.02
BR(D? — Kr) + 0.03 + 0.02
BR(D® — K 37) + 0.22 +0.13
Hadronic Z preselection 4 0.006 + 0.03 + 0.01
Tota A R

Table 2: Systematic uncertainties on the product branching ratios. The combined column is
for the combination resulting from merging the two data samples and performing a single fit.

14



Figure 1: Event topology for a semileptonic B decay into a D**0¢~p, D*0 — D*tp—,
D*t — DO *, D% — K 3, with the 3 reconstructed vertices shown.
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Figure 2: Distributions of data, simulated signal, and backgrounds after all cuts for: a)
probability of kinematic fit, b) lepton momentum, c¢) 7** energy, d) 7** neural network output.
Both DY decay modes were combined, and the signal rate is the one measured in this paper.
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