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Abstract. A sample of 3.6 million hadronic Z decays re-
corded between 1991 and 1995 with the ALEPH detector aBr(B — Dn¢~v) + Br(B — D*n{"v)
LEP is used to investigate semileptonic decays of B mesons — (2.26 + 0.29(stat)+ 0.33(syst))%

into final states involving orbitally excited charm MesonS. | w1 accounts for a significant fraction of the deficit be-

Topological vertex criteria are used to search for decays in: ! . .
polog N . YS INtween inclusive measurements and the sum of exclusive
volving narrow D™ states as well as wide*D resonances

and non-resonant O final states. The sum of the branch- semileptonic B decay modes.
ing ratios for these processes is measured to be

1 Now at CERN, 1211 Geneva 23, Switzerland. ]
2 Supported by Direcéin General de Investigam Cientfica y Técnica,

Spain. 1 Introduction

% Now at Dipartimento di Fisica, Universitdi Lecce, 73100 Lecce, Italy. . ) ) ) )

4 Also Istituto di Fisica Generale, Univeraitdi Torino, Torino, Italy. A sizeable fraction of semileptonic B decays is not accounted
5 Also Istituto di Cosmo-Geofisica del C.N.R., Torino, ltaly. for by the measured branching ratios fBr—D¢~ v and

6 Supported by the Commission of the European Communities, contracg —D*¢~ v, contrary to initial theoretical expectations [1]. It
EZE;’;‘?&TS;‘%%%T Spain is therefore interesting to search for other exclusive semilep-
y . H H _ (%) —

8 Supported by the National Science Foundation of China. tonic dec?XS_SUCh as dlreft four-body decﬁ/s’_’_D ml v

9 Supported by the Danish Natural Science Research Council. or B —D**(~v, where D* represents an orbitally excited

10 supported by the UK Particle Physics and Astronomy Research Council(P-wave) charm meson.

E Supported by the US Department of Energy, grant DE-FG0295-ER40896.  Heavy Quark Effective Theory (HQET) predicts the ex-
Now at Dragon Systems, Newton, MA 02160, USA istence and properties of four neutral and four chargéd D

13 Supported by the US Department of Energy, contract DE-FGOS-mesons [2] In the limit of infinite heavy—quark mass, the

a0z total angul tumgJof the light quark d f
14 Supported by the US Department of Energy, contract DE-FCO5- ota ang_u ar momeniumqJo e light quark aegrees o
85ER250000. freedom is a good quantum number and can be used to clas-

15 permanent address: Universitat de Barcelona, 08208 Barcelona, SpainSify the physical states into two doublets of; 3 1/2 and

16 Supported by the Bundesministeriuriar fForschung und Technologie, 3/2. The & = 1/2 states are expected to be wide, since they

Fed. Rep. of Germany. _ , undergo S-wave decays, while thg 3 3/2 are expected to
Supported by the Direction des Sciences de la 8aliC.E.A. be narrow since only D-wave decays are allowed. Evidence

18 supported by Fonds zurdFderung der wissenschaftlichen Forschung, has been established for both the neutral [3] and charged

Austria. .

19 permanent address: Kangnung National University, Kangnung, Korea. [4] states of the narr_OWIqu 3/2 states through the” two-

20 Now at DESY, Hamburg, Germany. body decays. The widgqJ= 1/2 states are experimentally
2L Also at CERN, 1211 Geneva 23, Switzerland. unobserved and are difficult to separate from four-body de-

22 Supported by the US Department of En_ergy, grant DE—FGO3—92ER40689cayS with the present ALEPH data sample. Table 1 gives the
Now at Wayne State University, Detroit, Ml 48202, USA. properties of the F¥ states.

24 Now at Max-Plank-Instiit fiir Kernphysik, Heidelberg, Germany. Thi t t of d d .
25 Also at Istituto di Matematica e Fisica, Univessitli Sassari, Sassari, IS paper presents a measurement or decay modes In-

Italy. volving the narrow B and B, states B —D:/~vX and
26 permanent address: Sung Kyun Kwon University, Suwon, Korea. B —>D§€*yX)1_ In the following sections, this will be re-

27 Now at The Johns Hopkins University, Baltimore, MD 21218, USA.  ferred to as thearrow—resonancenalysis. A measurement
28 Now at Harvard University, Cambridge, MA 02138, USA.

29 Now at Rutgers University, Piscataway, NJ 08855-0849, USA. 1 In this paper, charge conjugate reactions are always implied
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Table 1. The quantum numbers, masses, widths, and allowed strong decaysniraadD" ©

of charm mesons with orbital excitations, in the infinite heavy—quark mass limit. Masses and
widths of the narrowd = 3/2 states are experimentally determined [5]; the values for the wide
Jq = 1/2 states are theoretical estimates [6]

Neutral states Charged states Decay Modes
Mass Width Mass Width
FJq  (MeV/c?) (MeV/c?) (MeV/c?) (MeV/c?)
D] 1" 1/2 ~ 2420 2250 ~ 2420 2250 D*m
D 0 12 ~ 2360 2170 ~ 2360 2170 Dr
D1 1" 3/2 2422t2 19+4 24275 2848 D*m
D3 2*  3/2  2459£2 235 2459+4 25+8 D, D*m

Table 2. Mass resolutions and fitted number of signal and combinatorial background events within a
+20 window around the fitted £ mass for the 8¢—, D**¢—, and D'/~ samples. The combinatorial
background is fit to a first-order Chebyshev polynomial

mass resolution D~ Combinatorial D¢~ Combinatorial
Channel (MeVc?) signal background signal background
DO,D**¢~ samples
DY— K= 7+ 10 84H37 27Gt14 38620 8+2
DO— K—7n*tn—nt 7 517429 1698 520426  86+7
DY%— Kg7r+7r* 8 222417 405 107412 82
DO— K= 7*n0 26 453k22  106+10 29621  48+5
D*¢— sample
DY — K—w*n* 9 268+19 48t4

of the sum of resonant (narrow and wide) and four—bodydetectors surround the beam pipe and are arranged in two
decay rates is also performed relying only on the topologi-cylindrical layers at average radii of 6.5 and 11.3 cm. The
cal properties of signal events; this will be referred to as thesolid angle coverage is 85% for the inner layer and 69%
topological analysis. The experimental method is based onfor the outer layer. The point resolution for tracks at nor-
the detached vertex topology of B decays at the Z resonancenal incidence is 12:m in both ther¢ and z projections.
and, for the narrow—resonance analysis, on the presence #éf cylindrical drift chamber (ITC) with up to eight measure-
narrow resonant structures in invariant mass distributionsments in the ¢ projection surrounds the VDET. Outside the
Both analyses rely heavily on the excellent momentum andTC, the time projection chamber (TPC) provides up to 21
position resolution of the ALEPH tracking system. Three space points fofcosf| < 0.79, and a decreasing number of
different final state samples are used#l¥—, D**7— ¢~ points for smaller angles, with four &tosf| = 0.96. The
and D' (. transverse momentum resolution for the combined tracking
The results obtained in this paper for narrow statessystem isAp;/p; = 0.0006 x p; ¢ 0.005 (p; in GeV/c).
and topological decays via*Dr~ ¢~ supersede a published The impact parameter resolution of a track of momengym
ALEPH analysis [7]. Evidence for narrow *D states in  with hits in both VDET layers, is 2&m + 95 um/p (p in
semileptonic B decays has been previously reported by ARGeV/c).
GUS [8], OPAL [9], and CLEO [10]. DELPHI has reported The TPC is also used for particle identification by mea-
evidence for topological decays viagr—¢~ [11]. surement of the ionization energy loss associated with each
The layout of this paper is as follows. The relevant as-charged track. Up to 338 dlix measurements per track can
pects of the ALEPH detector and its performance are disbe provided, with a measured resolution of 4.5% for Bhabha
cussed in Sect. 2. Event selection criteria are described ielectrons with at least 330 ionization samples. For charged
Sect. 3. Results for the study of decays via narrci flates  particles with momenta above 2 GgY the mean dFdx
and topological &7 final states are presented in Sects. 4gives~ 2o separation between kaons and pions.
and 5. The results are summarized and discussed in Sect. 6. In the following sections, particle identification using en-
Conclusions are presented in Sect. 7. ergy loss is specified in terms of the M estimator defined
as R, = (Imeas— I:)/0., Where Ineasis the measured en-
ergy loss,I,, the expected energy loss under the hypothesis
2 The ALEPH detector that the candidate is a« or a K ando, is the expected
resolution onl,. Studies on simulated events have shown
The ALEPH detector and its performance are described irthat the criterionRx + R, < 1 is more effective in selecting
detail elsewhere [12, 13]. This section presents only a briekaons and rejecting pions than a simple one—dimensional re-
description of the parts of the apparatus most relevant to thi§uirement onix or R.. The dE/dx is considered available
analysis. if more than 50 samples are present. This occurs for 82%
Charged particles are reconstructed by means of threef the tracks in hadronic decays and is well reproduced in
concentric tracking devices surrounded by a superconductMonte Carlo simulations.
ing coil which provides an axial magnetic field of 1.5 T. The A lead/proportional chamber sampling electromagnetic
vertex detector (VDET) [14] consists of silicon microstrip calorimeter (ECAL) surrounds the TPC and provides an en-
detectors with strip readout in two orthogonal directions. Theergy resolution oAE/E = 0.165/+/E + 0.003  in GeV).
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The ECAL is arranged in 15 mrag 15 mrad projective
towers and is read out in three sections in depth.

Outside the call, the iron return yoke is instrumented
with streamer tubes to form the hadron calorimeter (HCAL)
of over 7 interaction lengths thickness. The HCAL is sur-
rounded by two additional layers of streamer tubes used for
muon identification.

Lepton identification in ALEPH is described in detail in
reference [15]. Electrons are identified by comparing the en-
ergy deposit in the ECAL with the momentum measured in
the tracking system, the shape and depth of the ECAL energy
deposit and the specific ionization measurement. Muon can-
didates are required to have a hit pattern characteristic of a

penetrating particle in the HCAL and at least two associate
hits in the muon chambers.

The results presented in this paper are based onx3.6
10° hadronic Z decays collected with the ALEPH detector
at LEP from 1991 to 1995.

3 Event selection

Fig. 1. Vertex topology for a semileptonic B decay in*T, which decays
into DO, , as described in the text

3.1 Charm-lepton selection

Selection criteria for obtaining inclusive®®-, D**¢~, and
D*¢~ samples are summarized below. Most of the require-
ments are common to the analysis of narrow-resonance and

This analysis searches for semileptonic B decays with gopological decays. Hadronic events containing a high mo-
D™ pair in the final state. These include non-resonant deMmentum lepton and a © D**, or D* meson, fully recon-

caysB —D™r/~v as well as the following decays through
charged or neutral D states.

B— D**/ vX
L DO 7f,
L D0 7t
L —DO70/~

B— D*0/—pX
L -D*r,
D"
L DO
L —D*7%

Here m.. denotes the charged pion from*Ddecay. The
symbol 7., is used throughout this paper also to denote
pions in non-resonant @~ final states since the relevant
topologies and selection criteria are similar. The photon o
neutral pion from D° or D** decays is not reconstructed.
Signal processes for both narrow-resonance and top
logical cases have the same vertex topology. For exampl
Fig. 1 illustrates the topology for semileptonic B decay into
a D*** which decays into Br?,. A semileptonic B decay to
a four-body D¢~ v state would have the same topology.
Starting from inclusive &—, D**¢~, and D'/~ samples,
D™ candidates are paired with,, candidates. The main
background to the signal processes is due to semileptonic
decays into a B, D**, or D* where ther.,, is actually a frag-

Zﬁwode are identified by fitting pairs of ECAL energy deposits

structed in a cone of 45around the lepton, are selected.
Electron candidates are required to have a momentum greater
than 2 GeVc; muon candidates are required to have a mo-
mentum greater than 3 G¢W.

D%~ selection:The ¥ is reconstructed in four decay chan-
nels:
DK~ 7t D°—K—7*n— 7", DOHK(S’WJ'?r*, and D—K~—
a0,

The momentum of the ®is required to be greater than
5 GeV/c for the K- 7* and K- 7*7~7* decays, 10 GeXt
for the K-7*7° decay, and 7 Ge)t for the K 7*7~ de-
cay. For the K7*n—7* and K 7*7° modes, the specific
ionization measurement of the K candidate, when available,
must satisfyRx + R, < 1, with R, defined in Sect. 2; the
combination is rejected if the kaon candidate has a momen-
tum lower than 1.5 Ge)t. The combinatorial background
is further reduced in the -~ K—7*7~7* decay by means
of the track probability to originate from the primary ver-
tex. This quantity, defined and described in detail in [16],

js required to be less than 5% for at least three of the D

decay tracks; moreover, such tracks must be downstream of
the primary vertex. Neutral pions in th@ B-K—7*7° decay

Using the constraint that the mass of the pair is consistent
with the 7° mass. The B decays into K 7*7° mode are re-
constructed selectingm and Kr combinations with masses
within +2 half-widths of thep, K*~ or K*° resonances. In
D°—KZ7*7~, the same technique is applied to the K
pesonance. Kcandidates are rejected if the measured mass
is more than 2 (+10 MeV/c?) from the nominal K mass.

mentation track mistakenly associated to the B vertex. ThisPions from the B decay are required to be inconsistent with

is referred to agragmentation backgroundinother source

of background is due to fake combinations when reconstruct-

ing the ¥, D**, or D*, which is referred to asombinatorial
background

tracks originating from the interaction point.

The mass of the Bcandidates must lie withif: 2o of the
nominal @ mass, where is the standard deviation of the
fit to the P mass distribution. To eliminate contamination
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from D** decays, other charged tracks (denoted-d$ are
paired with the reconstructed®Dthe event is rejected if
any combination has a mass differenee(D% 7”) —m/(D%)|
less than 5 MeYc? (the resolution on this quantity is ~
0.7 MeV/c?) from the nominal value of 145.5 Me\¢?.
Reconstructed ® mesons and leptons are fitted to a
common vertex referred to as the B vertex. Both tHeabd
B vertices are required to have a versgkprobability greater
than 1%. Defining the B (D) vertesignificance“s(p) as the
ratio of the distance of the B (D) vertex from the primary
(B) vertex over its uncertainty p(p), D%~ combinations
are rejected if%5 < 3 or og > 500 um. The B vertex is
required to be upstream of the’ Dvertex (¥ > 0). The
invariant mass of the $— system is required to be between
2.7 and 5 GeYc? for the narrow—-resonance analysis and
between 3.0 and 5 Ge\¢? for the topological analysis.

D**¢~ selection: The D** is reconstructed in the channel
D** —D%™". The ¥ is reconstructed in the same four de-
cay modes used in the®® selection. However, the pres-

w L ¢ (a) Truer,
= o *
c "¢ -
S [ e
=T +++‘+'*
L o0
£ P T et petee,
= . -
8 - . (b) Fragmentatiort
»n L
QL e o
= |®
=]
c L ‘.
w . ®®eg00anaaasaa la a

15

Sev

Fig. 2a,b.Impact parameter significance with respect to the primary vertex
for true 7. a and fragmentation tracks in the Dz, mode from Monte
Carlo simulations

[] Fragmentation background

_+_ Signal

(arbitrary units)

S

ence of a narrow D' resonance permits a strong suppression.
of the combinatorial background. Therefore some kinematice
and topological cuts for this sample can be loosened with

—

L * & ——

respect to the B¥— sample. Namely, the Pmomentum cut
is lowered to 5GeYc and 8 GeVc for the K&#*7~ and
K—7*7% modes respectively; for the K7~ 7% mode, at
least two tracks must have momentum greater than 1/GeV
The mass differencen(D%r*) — m(D°) is required to be
within two standard deviations of 145.5 M¢%? and the B
vertex must have a significancg; > 2. The invariant mass

| [ I T 4 | L Il
01 02 03 04 05 06 07 08 09
Probability

0 1

Fig. 3. Distributions of the probability»’ for simulated signaldoty and
fragmentation backgrounchistogram events in the Br?, mode from
Monte Carlo simulations. Both contributions have been normalized to the
same area

of the ?77 system is required to be between 2.7 and 4.5their momentum is less than 1 Gy This momentum cut
GeV/c” for the narrow-resonance analysis and between 3.Qso reduces uncertainties due to multiple scattering.

and 4.5 GeVc? for the topological analysis.

D*¢~ selectionThe D' is reconstructed in the decay channel
D*—K~w*n*. The momentum of the K is required to be
greater than 2 GeXt. The same ionization measurement
criteria as above are required for the Kcandidate. The
momentum of eaclh* from the D' is required to be greater
than 1.5 GeYc. A cut is also made on the track probability

A 7., candidate is required to be associated unambigu-
ously with the B vertex. Hence, the candidate must clearly
not originate from the primary vertex. Defining timapact
parameter significanceé/y as the ratio of the impact pa-
rameter of ther,, with respect to the primary vertex over
its uncertaintyo py/, only candidates with#sy, > 1 for the
neutral D*r_, and D'r, modes and%y > 2 for the

EES

to originate from the interaction point, as described abovecharged B}, mode are retained in the narrow-resonance
in order to reject combinatorial background; the probabilitiesanalysis. For the topological analysis, these cuts are tight-
for the three D decay tracks are required to be below 5% ened to 2.5 and 3 respectively. As an illustration, Fig. 2

and all the tracks have to be downstream of the primaryshows the% distribution for truer.. and fragmentation

vertex. The mass of the*Dcandidate must lie within:20

of the nominal D mass, where is the standard deviation of
the fit to the D mass distribution. Reconstructed hesons
and leptons are fitted to a common vertex; bothdnd the

B vertices must have g? probability greater than 1%, decay
length significancess > 2,.%5 > 0 andop < 500um. The
invariant mass of the ¥~ system is required to be between
2.7 and 4.5 GeYc? for the narrow-resonance analysis and
between 3.0 and 4.5 for the topological analysis.

The mass resolution and the signal and combinatoria

background rates for the thred*l¥— samples are summa-
rized in Table 2.

3.2 1., Selection

tracks from Monte Carlo simulations of the®f, mode.

The distribution of the impact parameter significance
Y%y with respect to the secondary B vertex, defined in a
similar way, is used to construct a cumulative probability
function which gives the probability” that ther,., origi-
nates from the B vertex. This procedure is described in detalil
in [7]. Only .. candidates witlrg, < 250um are accepted
for the narrow—resonance analysis; this cut is tightened to
osy < 150um for the topological analysis. Figure 3 shows
the -z distribution for simulated signal events and fragmen-
tation background events in thé®f, mode. The~” distri-
bution for the signal is expected to be flat by construction,
while it peaks at zero for the background. For the narrow—
resonance analysis the.. candidates are accepted if they
have =~ > 0.1, which eliminates 80% of the fragmentation
background. This cut is tightened & > 0.2 for the topo-

True .. have a harder momentum spectrum than fragmenlogical analysis. If more than one/b,. combination per

tation tracks. For this reason,, candidates are rejected if

event is found, ther,, with the greatest probability” is



Table 3. Efficiencies for the narrow—resonanBe—D**¢~ v analysis. The
last row reports the overall efficiencies, includingd Bnd D branching

fractions, for the various samples. The uncertainties are due to Monte Carlo

statistics
Signal Efficiency
Channel Bri 0~ (%) D*mfl~ (%) D'mil— (%)
DO— K—x* 7.60+£0.23 8.53t0.46
DO— K~ n*tn— 7wt 2.44+0.12 5.620.38
DO— Kerx*r—  1.52:0.12  1.45:0.22
DO— K—z*z0 0.53£0.07 1.52-0.21
D*— K—7w*n?t 3.10+0.20
Overall Efficiency 0.604+0.02 1.04:0.06 0.28:0.03

Table 4. Efficiencies for the topological analysis. The last row reports the
overall efficiencies, including ®and D' branching fractions, for the various
samples. The uncertainties are due to Monte Carlo statistics

Signal Efficiency

Channel Brt. 0~ (%) D**mil~ (%) D' L~ (%)
DO— K~ 7t 5.00+£0.19 4.770.27

D°— K—7w*tr— 7" 1.76+0.11 3.19:0.22

DO— K27x*7r—  1.13£0.10  0.7G:0.10

DO— K~ 7*n0 0.414-0.07 0.76:0.12

D*— K—n*rn* 2.35+0.20
Overall Efficiency 0.42+0.02 0.570.03 0.21-0.02
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Fig. 4a—c. Am™** distributions in the narrow-resonance analysis for the
DO7.s (@), D**mus (b) and Dfm.i ¢ samples.Points and dashed lines
represent the right-sign and wrong-sigh*l& combinations, respectively.
The superimposed lineesult from the fits to the distributions with masses
and widths of the D* states fixed to their world average. The arrows
indicate the position of the Dpeak, and the D signal and satellite peaks

chosen in the narrow—-resonance analysis; for the topological
case, ther.. with the highest momentum is selected. There4 1 Results
are multiple combinations for only 3%-5% of the events, de-

pending on the channel. The reconstruction efficiencies fo
signal processes for the narrow-resonance analysis in th

DO ¢—, D**n_ ¢~ and D'r_, ¢~ samples are summarized
in Table 3. The overall efficiencies, including*Dbranching

fractions, are given in the last row. Branching ratios for the

D% D** and D' decays are taken from [5]. Table 4 gives
the corresponding efficiencies for the topological analysis.

4 Narrow-resonance analysis

The production of narrow I states in the Br.,.. samples is
tagged via Bz}, for charged D* states and via Dr, and

Results for Br!,: For the Dr}, sample, the right-sign
R+ distribution is fitted to a background function and
three Breit-Wigner functions convolved with Gaussian res-
olution functions. Two Breit-Wigner functions represent the
production of 3}(2460) decaying either directly to &},
(signal peak) or via D°rf, with D*© —D°%%~ (satel-

lite peak). The third Breit-Wigner function accounts for the
D,(2420Y decay via D%}, . Since the pion or photon from
the D'° decay is not reconstructed, the latter two distribu-
tions appear shifted (and slightly broader). Two constraints
are imposed in the fit. The mean of (2460) satellite peak
has to be displaced from the;[2460) signal peak by the
amount expected due to the unmeasured particle. In addition,
the amplitude of the [2460) satellite peak is constrained
by the amplitude of the {2460) signal peak according to

D*r,, for neutral D™ states. In the following, the parame- the previously measured ratio [17]:
ter Am** is defined as the difference between the measured

masses of the ®r,, system and the ®. The resolution
on this quantity is about 4 MeX¢?, which is less than the
natural widths of the Pand D; resonances (cf. Table 1). For
the various samples, th@m** distribution is examined for
resonant structures. Thdm** distributions obtained from
data are shown in Fig. 4. For each sample, a right-sign an

a wrong-sign distribution are shown. The wrong-sign sam-

ples are obtained by requiring the, to have the opposite
charge from that expected for‘Ddecay. An unbinned like-
lihood fit is performed on the right-sigdm** distributions;
the fitted function is the sum of two or three Breit-Wigner

Br(D; — D)

=23+08.
Br(D; — D*m) _ 2o 08

@
When the means and widths of the Breit-Wigner func-
tions are fixed to world average values [5] in the fit, there
re 402 *198 events in the B(2420) peak. From this num-
er of events and the reconstruction efficiency, the following
product branching ratio is obtained:

Br(b — B) x Br(B — Dj/~vX) x Br(D; — D*0z*)
= (2.06*9-25(stat)*3-23(syst)) x 1072,

functions, depending on the sample, convolved with a GausThe evaluation of systematic uncertainties is discussed in

sian resolution function, plus a background function of the
form /Am** — m, exp[—B(Am** —m,)]. The functions

Sect. 4.2.
In the two D;(2460) peaks, 8*&9 events are found.

resulting from the unbinned fits are superimposed on thdJsing Eq. 1, the number of events under the signal peak is

histograms of the right-sign distributions in Fig. 4.

6.1*%8. An upper limit on the production of the J{2460)
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can be set in the following way. Two windows df2 half-  two D;(2460f peaks (3.322 in the signal peak, accord-
widths around the EX2460) peaks are defined. The right- ing to eq. 1). A product branching ratio for the production
sign Am** distribution is refitted excluding events within of D;(2420) in this mode is obtained:

the windows and dropping the terms for thg(R460) res- 0/ 0 +

onance. The integral of the resulting curve under the sig- Br(b HEL: Br(B — Dyt v X) x Brng — D7)
nal peak defines the background level, which consists of = (3.6277 s5(stat)+ 0.77(syst))x 10~°.

15.8 events. In the data, 20 events are found. Using PoiSsON 114 9504 confidence level er limit for product branch-
statistics, the B2460) signal is thus 13.6 events or less at ing ratio foroDz*(ZAI,GOj’ proc\J/uctliJgr? is m procu

the 95% confidence level. Since only 70.5% of the area 01J

a Breit-Wigner function is inside the window, the previous Br(b — B) x Br(B — D3%¢~vX) x Br(D3° — D*7 ™)
number must be rescaled. The upper limit on the product _ 4 55, 10-3.

branching ratio at 95% confidence level is
o+ ot 0.+ When the means of the Breit-Wigner functions are al-
Br(b — B) x Br(BD5"¢"vX) x Br(D;" — D°7™) lowed to vary freely in the fit, there are 103} events

<1.00x 1072, in the Dy(2420% peak and 7.432 events in the B(2460)

When the fit is performed allowing the means of the Peaks. The fitted mass for the,(2420f peak is to 2423.0
Breit_Wigner functions to vary free|y’ there are 31;‘51 +5.0 MeV/02 which is consistent with the world average of

2
D5(2460) events and 38 *130 D(2420) eventd. The 242204 2.1Mev/c”.
fitted mass for the B2420) peak is 2428 *2{MeV/c?
which agrees with the world average of 2425 MeV/c?. 4.2 Systematic uncertainties

Results for D*r_,: For the D*r,, sample the right-sign

Am** distribution is fitted to a background function and TN Systematic uncertainty due to the limited knowledge
two Breit-Wigner functions convolved with a Gaussian res-Of the D™ masses and widths is computed by refitting the
olution function. The two Breit-Wigner functions represent 4" distribution, varying the masses and widths of the
respectively the decays of ;{24200 and D3(2460f via resonances within their pu_bllshed values [5]. For tH’an_
D r— and D'r, fits, the uncertainty due to the error on the fixed
When the fit is performed fixing the means and widths ofatio of the amplitudes of the Psignal and satellite peaks
the two Breit-Wigner functions to the world average values!S computed by refitting thelm™ distribution and varying
[5], there are 3833 events in the B(2420f peak and this quantity within its error.

+7.0 . . In order to estimate the uncertainty due to the knowl-
11'.7—641 events in th? B(24607 peak_. A prqduct branching edge of the background shape, several different parameter-
ratio for the production of 2420) is obtained:

izations are used to model the background in the fitting

Br(b — B) x Br(B — DY¢~vX) x Br(D} — D**7 ") prO;:edurt[%- AEI( Xf them art)e] of thﬁ generlal forrﬁerg** -

_ +0.40 +0.28 3 my)Y exp[—B((Am** — m,)]. In the analysis, theAm™**

= (16870 36(Stat) "o 20(Syst)) < 107~ disiribution s ftted usingy=0.5. The distribution is. refit
Using the method discussed above, an upper limit prodsettingy=0 (purely exponential background shape) and it

uct branching ratio for B(2460) production is obtained at is also refit allowingy to float freely, giving a background

95% confidence level: shape with an additional degree of freedom. The maximum

«0 ) 0 et deviation in the number of events observed in the signal
Br(b — B) x Br(B — Dy¢"vX) x Br(D;" — D7) peaks is taken as the systematic error.

<1.29x 1073 The x? probability requirement on the B and D vertices

has been studied in inclusive®®~ and D* events. The

efficiency is well described by the Monte Carlo simulation

and the systematic uncertainty is taken from the statistical

When the fit is performed allowing the mean of the
D,(2420% Breit-Wigner function to vary freely, but keep-
ing the D3;(2460P mean fixed, there are 40°93 events in . .

- precision of the comparison.

the Dl(2420_)) peak and 1213% events in th? @(2460? The lepton identification efficiency has been studied else-
peak. The fitted mass for the;(2420f peak is 2416+ \yhere and has an overall uncertainty of less than 2% [15].
3.8 MeV/c? which is consistent with the world average of The momentum distribution of the B hadrons is simu-
24220+ 2.1 MeV/c?, lated with a fragmentation model which has been tuned to
Results for Dr_,: For the D'r, sample the right-sign describe the observed distributions. The uncertainty is esti-
Am** distribution is fitted to a background function and Mated by varying the measured parameters describing the
three Breit-Wigner functions convolved with Gaussian res-fragmentation spectrum in the simulation by their uncertain-
olution functions. The mass difference fit is identical to thatties [18] and observing the effect on the reconstruction effi-
used for the Br}, sample. ciency. _ o
When the means and widths of the Breit-Wigner func- _ Systematic uncertainties from the dE/dx measurements
tions are fixed to the world average values, there arg*ff ~ arise dUF(—‘j to the _ava:cllab|l|ty of dE/cli(x IIjnfor_rlni:ljtlonda_md tt?e
: 3.1 L measured ionization for a given track. Detailed studies show
events in the [(2420f peak and 335 events in the that the overall effect on tr?e selection efficiency is less than
2 This procedure may result in a bias of the estimated number of event§)-4% and is dominated by the differences in the simulation
and is therefore not used in the calculation of the product branching ratio©f the ionization curves.
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Table 5. Systematic uncertainties on the triple product branching ratios for

0 skt p—
DO, 04—, D**x, £~ and D'z, £~ for the narrow—resonance analysis Bs D v X

|—>D(*)0K+,

Systematic uncertainty (1)
Source Brt 4~ D" 0~ DYm 4~ 0 ()0 + )
Am** Fit Parameters o1 17 +0.21 Bs — DWW KT vX,
Background Function +0.19 +0.16 +0.61
Probability Function +0.07  +0.05 +0.12 A —DMO%pr—v X,
Vertex Efficiency +0.06 +0.05 +0.18
Monte Carlo Statistics +0.06 +0.07 +0.23
D**, D, D* Branching Ratios+0.11  +0.09 +0.26 where the K or p is mistakenly selected asma. candi-
Lepton ID Efficiency +004  +0.03 +0.07 date. These backgrounds have identical topologies to signal
b Fragg;)e/”ta“"”h ) +£0.04  £0.03  £0.07 processes but affect only the measurement f6i°B* final
ggd;’ VI (Z—had) ig:gg 18:82 ig:gg states. Particle identification on the, candidates is used

B Meson Lifetime 1001 4001 1001 to separate the @07+ sample from the others, as will be
shown in Sect. 5.1. A branching ratio f& —D®°x*¢~y
is extracted.

The other class of physics background comes from

The systematic error associated with the B meson Iife_b—>ccs transitions resulting in hadronic final states with
time has been calculated by varying the lifetime within its charm mesons that may decay semileptonically.
published uncertainty [5]. The effect on the selection effi- B —D® D{)~X
ciency is negligible. An uncertainty due to the shape of the L X',
distribution of the impact parameter of the, with respect
to the B vertex is calculated by varying the parameters of p  pek- p®x
the fit to thls_dlstnbutlo_n _by their uncertainties. _ _ L X0y

Systematic uncertainties for the product branching ratios '
obtained from the Br? ¢—, D**z ¢~ and D'r_,¢~ sam-
ples are presented in Table 5. The dominant Contributionﬁvhere the K or a Charged track due t§ or X'’ is selected
are from the fit parameters and background function paramas ar,, candidate.
eterization. However, the leptons have a softer momentum spectrum

than those of signal events. These backgrounds are sup-

pressed by the cuts on lepton momentum and on the invari-
5 Topological analysis ant mass of the D¢~ system. Monte Carlo simulations of

B—D®D{" decays have been used in order to evaluate the
Signal processes for this study include those for the producresidual contamination. Assuming branching ratios as in [5],
tion of narrow D* states discussed in Sect. 3 as well asthe number of events that fall in the” > 0.2 signal region
the production of wide B* and non-resona®@ —D®r¢~  are 37+ 1.9 for D°r*, 1.7+ 0.9 for D**7~, and 19+ 1.0
decays. All processes have topologies similar to that illusfor D*7~. Recent theoretical studies [19] predict that the
trated in Fig. 1. Selection of these signal processes is addranching ratio for decays of the type BHEDD K X)) may
complished using purely topological criteria, as described inbe as large as-20%. The contribution of this process has
Sect. 3. Since no attempt is made to distinguish between redeen studied in a Monte Carlo simulation and is found to be
onant and non-resonant decays, they are denoted genericaggligible.
asB —DWrlw.

The probability variable”’ described in Sect. 3.2 is used
to estimate the number of signal events. Candidateare 5.1 Results
required to have”’ > 0.2. The contribution to the”’ distri- . . . .
bution from combinatorial background is taken froffPp- ~ Results for Br.: When particle identification for the,
combinations which have an invariant mass in the sideband§andidate is required, it is possible to obtain a pion-enriched
of the D mass distribution for the ®7, and the Dr_, sample and a kaon-enriched sample. qu the pion-enriched
samples. The sidebands of th&*D D® mass difference dis- SamPple, the sunk + R, (see Sect. 2) is required to be
tribution are used for the D, sample. The corresponding 9réater than zero. For the kaon-enriched sample, this cut
number of events with””? > 0.2 is subtracted after proper 'S reversed. Trgcks W|t_hout ionization measurements are as-
normalization. The contribution from fragmentation back- Signed to the pion—enriched sample.

ground to the= distribution is taken from the fraction of The overall B andOB signal process %ﬁiciencies are re-
fragmentation pions that fall in the signal regiow, > 0.2,  SPectively (0.32:0.02)% and (0.120.01)% for the pion-—
as estimated from simulated events. enriched sample, (0.0610.005)% and (0.2¥0.02)% for the

However, since it is not possible to use the discriminatingkéon—enriched zamrﬂe he riaht.si q . 0
power of the resonant structures in invariant mass distribu- _Figures 5 and 6 show the right-sign and wrong-sign prob-
tions, it is necessary to subtract specifiysics background ability distributions for the pion-enriched and kaon-enriched

processes which may mimic the topology of signal .eVentS'- 3 The kaon—enriched sample is assumed to include a contribution from
The first of these processes results from the semileptoni@rotons (e., from A9 decays). The relative contribution df with respect

decay of B or Ag: to B? decays is estimated to be €8)%, from Monte Carlo simulations

+0.29 +0.28
Total To0 2029 +0.77
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Fig. 5a,b. Probability distribution gointg for the pion-enriched sample for
the right-sign sampleaj and the wrong-sign samplb)( Contributions from
fragmentation and combinatorial background are also shown

Fig. 7a,b. Probability distribution for the right-sign sampla)(and the
wrong-sign sampleh)) for the D**=— topological analysis. Contributions
from fragmentation and combinatorial backgrounds are also shown
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Fig. 6a,b. Probability distribution for the kaon-enriched sample for the
right-sign sampled) and the wrong-sign sampld)( Contributions from
fragmentation and combinatorial backgrounds are also shown

Fig. 8a,b. Probability distribution for the right-sign sampla)(and the
wrong-sign sampleh) for the D7~ topological analysis. Contributions
from fragmentation and combinatorial backgrounds are also shown

samples. A clear excess over the background is seen in the_ 4
right-sign combination; no significant excess is present in the ~ (4.73+ 0.77(statq 0.55(syst))x 107

wrong-sign combination. The invariant mass distribution for Results for Dr7,: The probability distributions and invari-
the pion-enriched sample is shown in Fig. 9a, for right-signant mass distributions for right-sign and wrong-sign samples
and wrong-sign combinations. The number of signal eventgor D*r_, are shown in Fig. 8 and 9c. The number of signal
in the .»” > 0.2 region after background subtraction is re- events in the” > 0.2 region after background subtraction
spectively 659414.349.0 for the pion-enriched sample and js 205 + 5.1 + 1.4. The corresponding number of events
30.7+ 9.5+ 5.4 for the kaon-enriched sample. For compar- in the wrong-sign sample is.@+ 3.5+ 1.3. The branch-
ison, the corresponding number of events in the wrong signng ratio for the sum of the resonant“Dand non-resonant

sample is—11.8 + 10.7 & 7.5 for the pion-enriched sample contributions is
and 107 + 7.5 4+ 5.2 for the kaon-enriched sample. Com- .
bining the two results, it is possible to isolate the genuine Br(b — B) x [Br(B — D'n~ (" vX)
contribution from signal decays, leading to the result: +Br(B — D**7r ¢~ vX) x Br(D** — D*n%/4)]
Br(b — B) x [Br(B — D°r* /" vX) = (298 0.74(stat) g 55(sys) x 107°.
+Br(B — D*°7r* ¢/~ vX)]
= (4.65+ 1.33(stat)+ 1.00(syst))x 1073 _ o
. 5.2 Systematic uncertainties
The corresponding sum of the decay rates for processes

involving kaons and protons (presumably Bnd A9) is
(2.58+1.19+0.79)< 103,

Results for D*x_,: The probability distributions and invari-

ant mass distributions for right-sign and wrong-sign sample

Systematic uncertainties for the topological analysis are sim-
ilar to those discussed in Sect. 4.2. An additional uncertainty
arises from the unknown fraction of narrow, wide, and non-
esonant decays, which affects the momentum spectrum of
he .. The 7., momentum spectra for the wide and non-

for D**n_, are shown in Fig. 7 and 9b. o :

The number of signal events in the > 0.2 region after resonant cases are similar and are congderably harder th.an
background subtraction is 554 9.6 + 2.6. For comparison, for the harrow-resonance case. An estimate of this effect is
the corresponding number of events in the wrong-sign sam.(-)btame.d by varying the fractlonoof harrow-resonance decays
ple is—1.3+ 5.1+ 2.4. The branching ratio for the sum of in the simulation from 0 to 100%. The maximum difference
the resonant &' and non-resonant contributions is on the reconstruction efficiency is 10%, which is taken con-

servatively as the systematic uncertainty. The error due to
Br(b — B) x Br(B — D**'7 /v X)

the background subtraction procedure is also included. The
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ALEPH Table 7. Summary of the semileptonic B branching ratios measured in this
paper. The first quoted uncertainty is statistical, the second is systematic
Product Branching Ratio
Br(b — B)x (1073)
> Narrow-resonance analysis
> Br(B —D; ¢~ v X)xBr(D] —D*0n*) 2.06 1035 *0-28
E Br(B —D9¢~vX)xBr(Dy —»D**n~) 1.68*3:40 +0.28
& CF Br(B —D%¢~vX)xBr(Dy —»D**n~) 3.62*178+0.77
5 10f (via D*7—70/~)
= ; Br(B —D3*¢~vX)xBr(D3* —Dr*) < 1.00 (95% C.L.)
o ot Br(B —D3%¢~vX)xBr(D;° —D**n ™) < 1.29 (95% C.L.)
6 F Br(B —D3%¢~ v X)xBr(D;° —D*n ™) < 1.26 (95% C.L.)
4 F Topological analysis
o f Br(B —D%*¢~vX) +Br(B -D*0x*¢~vX)  4.654 1.334+1.00
ol 90 lon-i-9ll 40t o8 Br(B —D**7r— ¢~ vX) 4.73+0.77+ 0.55
0 0.2 0.4 0.6 0.8 1 1.2 Br(B —D*r— ¢~ vX)

- +Br(B —D**r— £~ vX)x Br(D** —D*n%y) 2984 0.74+0:56
Am” (GeV/E) 0.52

Fig. 9a—c. The Am.. distributions for the topological analysis for the

DO (&), D**mu (b), and D'm.. (c) samples. Points and dashed lines B)=(37.8£2.2)% [5] and assuming that no other particle is
represent the right-sign and wrong-sigfix combinations, respectively T .
produced in the B decay yields

Table 6. Systematic uncertainties on product branching ratios in the topo- Br(B — D/~ v
logical analysis for Brf, ¢—, D**x, .4~ and D'w,, ¢~ samples ( ! )

=(0.74+£0.16)% (2)
Systematic uncertainty (1)
Source Ori 0~ D**rn, 4~ Dra - Under the same assumptions as above, upper limits in the
Wide vs. non.res. effic.  *9:23 e 23 range 1.5-2.0<10~3 are set for theB —D3¢~ v branching
Background Subtraction +0.83 +0.24 +0.20 ratios.
Monte Carlo Statistics  +0.23 +0.22 +0.28
Vertex Efficiency +0.15 +0.14 +0.15 Br(b — B) x [Br(B — D' ¢ vX)
Lepton ID Efficiency +0.09 +0.09 40.06 e+
D™ Branching Ratios ~ +0.31 40.26 40.20 +Br(B — D*'7 (v X)]
b Fragmentation +0.06 +0.09 +0.06 — +0.85 —3
I(Z—bb)[(Z—had)  +0.04 +0.04 +0.03 = (6.20+ 0.91(stat) g g1(Sysy) x 107,
dE/dx +0.02 +0.02 +0.02 which is in agreement with its isospin conjugate
B Meson Lifetime +0.01 +0.01 +0.01 0+
Total +£1.00 4055 +0.56 Br(b — B) x [Br(B — D°r"("vX)

—0.52

+Br(B — D" v X)]

— —3
systematic uncertainties for the product branching ratios for — (4.65++ 1.33(stat)+ 1.00(syst))x 10~
the various samples are given in Table 6. If it is assumed that all Bx*, D*z*, D*7— and D*n~
come from D* resonances then combining the two above
results and assuming isospin invariance yields

Br(b — B) x [Br(B — D7l v) +Br(B — D*rl v)]

Table 7 summarizes the measurements of the semileptonic= (8.55+ 1.13(stat)'}13(syst))x 103,

B branching ratios presented in the previous sections.
The two measurements of the branching ratio for tfe D

from the D"z~ and D'r~ samples can be combined to Br(B — Dr/ v) +Br(B — D*r{ v)

6 Summary and interpretation of results

which corresponds to

yield = (2.26 + 0.29(stat)+ 0.33(syst))% ?)
0p)— 0 * —
Br(b — B) x Br(B — D¢~ vX) x Br(D] — D*"n") This branching ratio is (285)% of the inclusive rate and,
= (L7803 (stat)*$-25(syst)) x 1072, together with the previously measured branching ratios for

B —D¢~v andB —D*¢{~v, sums to (76:8)% of the in-
clusive rate for semileptonic B decays. Table 8 presents a
summary of the measured exclusive B semileptonic branch-

Using isospin invariance, the measurement for tHeniay
be averaged with the above measurements yielding

Br(b — B) x Br(B — D1/~ vX) x Br(D; — D*x) ing ratios and the corresponding fractions of the inclusive
- (1.87j8;§§(stat£'8j§§(syst))>< 10-3. rate for which they account. The values for previously mea-

sured exclusive modes are taken from [5]. The inclusive rate
Assuming that the Pdecays into Dr only, isospin sym-  is derived from [20], where a correction has been applied to
metry gives Br(Q —D*7*)=2/3. Using the value Bs(—  account for the production of Band 4.
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Table 8. Summary of the measured exclusive branching ratios for semilep—References

tonic B meson decay

Decay Branching Ratio (%) Fraction (%) 1.
B—D{~v 1.8+0.4 [5] 16+4

B—D*{~v 4.6+0.3 [5] 40+4

Sum 6.4+0.5 56+6

B—D*nl~v This

+B—Dnl~v 2.3£0.4 measurement b 2.
Total 8.7+0.7 76+8 3.
Inclusive rate  11.50.7 [20] -

However, it should be noted that these results hold un-
der specific assumptions. In particular, if the contribution of
three-body, rho and eta decays of th&* s sizeable [21], 4
the branching ratio (2) should be taken as a lower limit
and no conclusion can be drawn for the production ¢f D
Furthermore, contamination of the®®r samples by these
decays may contribute to the measured branching ratio (3). >

7 Conclusion 6.

A measurement of the semileptonic decay rates of B mesons
into D)7 final states has been performed with the EPH
detector afLEP. The method employed is sensitive to nar-
row and wide D* states, as well as to non-resonant decays. g
Under specific assumptions, the semileptonic branching ratio 9.
of B mesons into the Pis measured to be 10.

Br(B — D¢ v)

= (0.74+ 0.16)% 11.

Upper limits at the 95% confidence level are set in the 12.

range 1.5-2.0<10~3 for the production of [ mesons.
The branching ratio for the sum of all semileptonic de-
cays containing a @ in the final state is measured to be

Br(B — D¢~ v)+Br(B — D*nl v)
= (2.26 + 0.29(stat)+ 0.33(syst))%

The decays into harrow’D states explain &1)% of the
inclusive rate; the sum of the semileptonic decays producing
a D7 pair in the final state accounts for at least{%)%
and, together with the decays into D and,Dor at least
(76£8)% of the inclusive rate.
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