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Abstract

Starting from a sample of four million hadronic Z decays collected with the ALEPH

detector at LEP, 404 charged and neutral B mesons are fully reconstructed and used

to look for resonant structure in the B� system. An excess of events is observed above

the expected background in the B� mass spectrum at a mass � 5:7 GeV/c2, consistent

with the production and decay to B
(�)
� of the B

�� states predicted by Heavy Quark

Symmetry (HQS). In the framework of HQS, it is found that the mass of the B�
2 state

is (5739+ 8
�11(stat)

+6
�4(syst))MeV/c2 and the relative production rate of the B�� system is

BR(b ! B
�� ! B

(�)
�)=BR(b ! Bu;d) = (31 � 9(stat)+6

�5(syst))%. In the same sample

of B mesons, signi�cant B�� charge-
avour correlations are observed, which may prove

important for tagging the initial B state in future CP violation studies.
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1 Introduction

The ability to tag the 
avour of neutral B mesons at production by the charge of a near-by

pion [1] has important implications for the study of CP violation and mixing in the B0 system.

This 
avour tagging ability is enhanced by the existence of resonant structure in the B(�)�

system. The �rst such resonances expected to be observed are the ` = 1 orbitally excited B

states, generically called B��. The masses, widths, and decay branching ratios of these states

have been the subject of theoretical predictions, based on Heavy Quark Symmetry (HQS) and

extrapolation from the measured properties of the analogous D�� states [2].

For ` = 1, four states are expected. According to HQS, these are grouped into two doublets

which are characterised by the total angular momentum of the light quark ~jq = ~̀+ ~sq. The

jq = 1=2 doublet consists of the states B0 and B
�

1 , with spins 0 and 1 respectively. The states

B1 and B
�

2 , with respective spins 1 and 2, comprise the jq = 3=2 doublet. The mass splitting

between the states in each doublet is expected to be small (� 10MeV/c2), while the two

doublets are expected to have a mass di�erence of the order of 100MeV/c2. Due to parity and

angular momentum conservation, the states with jq = 3=2 can decay to B(�)� only via a D-wave

and therefore are expected to be narrow (� � 20MeV/c2), whereas the decays to B(�)� of the

jq = 1=2 states can proceed via S-waves giving rise to large decay widths (� � 150MeV/c2).

The �rst experimental results on excited B states came from experiments at LEP, where

the B mesons are produced in the decays Z ! b�b. Evidence for B� charge correlations [3] and

B� resonant structure [3, 4, 5] have been observed. However, all these studies are based on the

inclusive reconstruction of B mesons. The resulting B� mass resolution is poor (of the order

of 40MeV/c2), and the assignment of tracks to the B is not unambiguous.

In this paper a di�erent, complementary approach is presented. Charged and neutral B

mesons, fully reconstructed in the ALEPH experiment at LEP, are used to study B� resonant

structure and charge-
avour correlations. The advantage of this approach for the study of the

B�� states is that the mass resolution is improved by about one order of magnitude compared

to the previous studies, allowing the observation of narrower structure. The advantage for the

study of 
avour tagging and mixing is that this method corresponds much more closely to the

techniques that have been proposed for future experiments on CP violation, which depend on

the full reconstruction of neutral B mesons. Moreover, the identity and decay proper time of

the B meson are accurately known, and there is a clean separation between tracks from the B

decay and tracks from fragmentation.

The disadvantage of this approach with the present data sample is the limited number of

fully reconstructed B mesons. The results presented here are based on about four million

hadronic Z decays, collected by the ALEPH detector from 1991 to 1995. This data sample

yields 404 fully reconstructed B meson candidates in a variety of hadronic decay modes.

The outline of this paper is as follows: after a brief description of the detector in section 2 and

the reconstruction of B candidates in section 3, the B� mass spectrum is studied in section 4;

an excess of events, observed at a mass of � 5:7GeV/c2, is �rst �tted with a single Gaussian

and later with a spectrum of B�� states in the context of HQS. The B 
avour tagging is detailed
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in section 5 and section 6 gives the conclusions.

2 The ALEPH Detector

The ALEPH detector and its performance are described in detail elsewhere [6, 7]. Only a

brief description of the parts of the apparatus most important for this analysis is given in this

section. The most critical elements are the charged particle tracking, especially the silicon

vertex detector, and the particle identi�cation with dE=dx.

Charged particles are tracked with three concentric devices which reside inside a

superconducting solenoidal magnet. The vertex detector (VDET) [8] consists of double-sided

silicon microstrip detectors with strip readout in two orthogonal directions. The strip detectors

are arranged in two cylindrical layers at average radii of 6.3 and 10.8 cm, with solid angle

coverage of j cos �j < 0:85 for the inner layer and j cos �j < 0:69 for both layers. The spatial

resolution is 12�m in the r� coordinate, and varies from 12�m to 22�m in the rz coordinate

depending on the track polar angle. Surrounding the VDET is the inner tracking chamber

(ITC), a cylindrical drift chamber with up to eight measurements in the r� dimension from

radii of 16 to 26 cm. Outside the ITC, the time projection chamber (TPC) provides up to 21

three-dimensional coordinates per track for radii between 40 and 171 cm.

With the axial magnetic �eld of 1.5 T the transverse momentum resolution of the tracking

system is given by �(pT )=pT = 6 � 10�4pT � 0:005 (pT in GeV=c). The impact parameter

resolution, for tracks with VDET hits in both layers, can be parametrized as a function of

momentum as �(�) = (25 + 95=p) �m in both the r� and rz views, with p in GeV/c.

In addition to tracking, the TPC is used for particle identi�cation by measurement of the

speci�c ionization energy loss dE=dx associated with each charged track; it provides up to

338 dE=dx measurements. For particles produced in hadronic Z decays, in the relativistic

rise region with at least 50 dE=dx measurements, the separation between pions and kaons is

approximately two standard deviations.

3 B Candidate Reconstruction

Charged and neutral B mesons are fully reconstructed in a variety of hadronic decay channels.

Eighty percent are in the mode1 B ! D(�)X, where X is a charged �, � or a1, and 20% are

of the form B ! J= ( 0)X, where X is a charged K or a neutral K�. The reconstruction

follows the analysis described in reference [9] with the addition of lifetime related cuts, and the

modi�cation of other cuts intended to increase the event yield. The resulting B mass spectrum

is shown in Fig. 1.

In addition, charged B candidates are reconstructed in the channels B� ! D�0�� and

1Throughout this paper, charge conjugate decay modes are always implied.

2



D�0a�1 , with a missing soft 
 or �0 from the D�0 ! D0
 or D0�0 decays. These candidates

form the broad structure, visible in Fig. 1, about 200MeV/c2 below the nominal B mass. The

loss of the soft neutral particle is accounted for by scaling the mass and momentum of the D0

candidate to the mass and average momentum of the D�0. These candidates give a B� mass

resolution comparable to that achieved with the fully reconstructed B candidates.

In total, 238 charged and 166 neutral B candidates are collected. The purities, (84� 3%)

and (86 � 3%) respectively, are measured by �tting exponential backgrounds and Gaussian

signals to the mass spectra, as seen in Fig. 1. These candidates have very good momentum and

proper time resolution (�p=p � 1%, �t � 0:1 ps [9]), which are relevant for the study of B�

spectroscopy and B 
avour tagging.
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Figure 1: The B mass spectrum including all decay channels. Also shown is the �t to the signal plus

background.

4 B
�� Spectroscopy

4.1 B
��
! B

(�)
�
�
Candidate Selection

B�� resonant states are searched for in the decay mode B�� ! B(�)��. Charged tracks which

are not used in the reconstruction of the B meson are potential candidates for the associated

charged � (which will be referred to as the ���). The ��� candidate track must have a momentum

> 0:2GeV/c, originate from the primary vertex (with a probability � 0:5%), and have an

ionization energy loss consistent with a pion within 3 standard deviations (provided there are

� 50 dE=dx measurements).
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Tracks passing the above selection are then classi�ed as `right-sign' or `wrong-sign', according

to their charge. For a speci�c B hadron type, only right-sign tracks can originate from the

decay of a B�� resonance into B�. Positive tracks are right-sign for B� and B0 candidates,

while negative tracks are right-sign for B+'s and �B0's. The distinction between right-sign and

wrong-sign tracks reduces the background combinations by almost a factor of two, with only a

small reduction in the signal e�ciency due to B0 � �B0 mixing. Furthermore, the wrong-sign

combinations serve as a check on the estimate of the background and the reliability of the

simulation.

The majority of the remaining tracks come from fragmentation. The signal pions are

expected to be more `forward' and energetic than fragmentation tracks. Therefore, the ���
candidate in each event is chosen to be the right-sign track with the highest component of

momentum along the direction of the B and, in addition, gives an invariant mass in combination

with the B of less than 7.3GeV/c2 (the Pmax
L track). The requirement ofM(B�) < 7:3GeV/c2

increases the probability to select the signal ��� as opposed to hard tracks from nearby gluon

jets in events with more than two jets. The overall e�ciency for the signal (after applying

the Pmax
L algorithm) is estimated from simulation to be (63� 4)%. Choosing the wrong-sign

Pmax
L track instead provides a useful control sample. Constraining the B mass to its nominal

value [10], the B� invariant mass resolution varies from 2 to 5MeV/c2 in the B� mass range

from 5.5 to 5:8GeV/c2.

4.2 B�
�
Mass Distribution

The B� mass distributions for right-sign and wrong-sign combinations in the data, based on

the Pmax
L algorithm, are shown in Fig. 2. The expected mass distribution of the background

is also indicated. The shape of the background from true B's combined with fragmentation

tracks is estimated using simulated events. The shape of the background coming from fake

B candidates (which make up the (15 � 3)% impurity of the B sample) is determined from

the data, using a sample of fake B candidates collected from the high mass sideband of the

B mass spectrum. These two shapes are added together, weighted by their estimated relative

contributions, to give the overall background shape. The normalization of the background

in the right-sign distribution is based on the number of events in the high mass region, above

6GeV/c2, where no signi�cant contribution fromB�� resonances is expected. The normalization

for the wrong-sign distribution is based on the total number of events in the histogram.

It can be seen in Fig. 2b that there is good agreement in shape for the wrong-sign

distribution, where only a small fraction of B�� is expected due to mixing. In the right-

sign distribution, however, there is a signi�cant excess of events around 5.7GeV/c2 above the

expected background.

A structure in theB� invariant mass in the region between 5.6 and 5.8GeV/c2 has previously

been observed in inclusive B plus pion studies at LEP [3, 4, 5]. This mass range is chosen to

estimate the statistical signi�cance of the excess: 106 events are observed, while 65� 6 events

are expected from background (with the error calculated from the statistical error on the

4
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Figure 2: The B� mass distributions in the data with the expected background shapes: (a) right-sign

mass distribution and (b) wrong-sign mass distribution.

normalization). The probability for the expected background to 
uctuate up to at least the

observed number of events is 2� 10�5.

An unbinned likelihood �t is used to extract the characteristics of the observed excess at

� 5:7GeV/c2 in the right-sign distribution. Below 6GeV/c2, the �tting function includes

a Poisson probability factor for the observed number of events, the background shape (as

described above), plus a single Gaussian (to permit comparison with earlier results [3, 4, 5]).

Above 6GeV/c2, a normalizing Poisson probability factor for the total number of events

between 6.0 and 7.3GeV/c2 is employed. The results of the �t, shown in Fig. 3, are: mass

= (5695+17
�19)MeV/c2, width � = (53+26

�19)MeV/c2 and total area of the Gaussian = 43+17
�14 events.

Systematic errors are estimated to be small relative to the quoted statistical errors.

Attributing the observed signal, as represented by the total area of the Gaussian, to the

production of B(�)� resonant states, and including the e�ciency of the Pmax
L algorithm and

the purity of the B sample, the relative production rate for these states is calculated to be:

BR(b! B(�)� resonant)

BR(b! Bu;d)
= (30+12

�10(stat)� 3(syst))%:

The calculation also includes an isospin factor of 2/3 to take account of the unobserved

B(�)�0 decays. The systematic error is dominated by the uncertainties on the e�ciency of

the Pmax
L algorithm and on the purity of the B sample. It also includes uncertainties in

the background shape which were studied by varying relevant fragmentation parameters in

the simulation. These results on mass, width and production rate are in agreement with the

previous observations [3, 4, 5].
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Figure 3: The right-sign B� mass distribution from data with the results of a �t based on the expected

background and a single Gaussian distribution.

4.3 B� Mass Distribution and HQS Predictions

In the framework of HQS, the contribution of the B�� states to the B� mass spectrum is

expected to be considerably more complex than a single Gaussian as was assumed in section 4.2.

As mentioned in the introduction, four ` = 1 orbitally excited B states are expected. The

limited statistics of the present data sample and the large number of states do not permit

detailed measurements of all possible parameters. Nevertheless, it is found that the mass of the

narrow doublet (here parametrized by the B�

2 mass) and the overall production rate of the four

B�� states can be determined from the data, under reasonable assumptions provided by HQS.

The mass M(B�

2) and the total number of signal events are taken as free parameters to be

determined from a �t to the B� mass spectrum. All other parameters used for the B�� states

are guided by theory [1, 2] and are detailed in table 1. The B�

2 , B1 mass di�erence (12MeV/c2)

and widths, and the equality of the B�

2 branching ratios to B
�� and B�, are as calculated in [2].

The masses and widths of the two wide states correspond to rough theoretical expectations [1];

these are not very precise due to the absence of experimental information on the wide states

in the D�� system. The relative production rates of the four states are set according to the

spin counting factor of 2J + 1, where J is the total spin. The absence of the decays B1 ! B�,

B�

1 ! B� and B0 ! B�� follows from angular momentum and parity conservation.

The �t follows the procedure outlined in section 4.2, with the signal represented by a sum of

�ve Breit-Wigners corresponding to the decays B�

2 ! B�, B�

2 ! B��, B1 ! B��, B�

1 ! B��

and B0 ! B�. The Breit-Wigner functions for the broad states include a mass-dependent width
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Mass Full Width � relative

State JPjq (MeV/c2) (MeV/c2) production rate BR(B�) BR(B��)

B�

2 2+3=2 M(B�

2) 25 5/12 0.5 0.5

B1 1+
3=2 M(B�

2)� 12 21 3/12 0.0 1.0

B�

1 1+
1=2 M(B�

2)� 100 150 3/12 0.0 1.0

B0 0+1=2 M(B�

1)� 12 150 1/12 1.0 0.0

Table 1: Properties, relative production rates and branching ratios of the four B�� states used in the

�t.

to suppress decays at their kinematic threshold. The B� mass spectra for the B�� ! B�� decays

are displaced downward by 46MeV/c2 due to the missing soft photon from the B� ! B
 decay.

The B�

2 massM(B�

2) and the total area ABW of the �ve Breit-Wigners are determined to be:

M(B�

2) = (5739+ 8
�11)MeV/c2 and ABW = 45� 13 events. In Fig. 4a, the B� mass distribution

in the data is superimposed on the corresponding distribution from the �t which includes the

four B�� states plus the expected background. It can be seen from Fig. 4a that the data are

compatible with the HQS model of the ` = 1 orbitally excited B�� system. An expanded view

of the signal region, showing the contributions from each of the �ve decay channels, is displayed
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Figure 4: (a) The B� mass spectrum from data (points with error bars) and �t (histogram). The �t

includes the expected background plus contributions from the narrow and wide B�� states as described

in the text. (b) An expanded view of the signal region, showing the contributions to the B� mass

spectrum from the �ve B�� decay channels.
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in Fig. 4b.

Under the assumption that the observed signal, as measured by the total area of the �ve

Breit-Wigner functions, is due to B�� production and subsequent decay to B(�)�, the relative

production rate is determined to be fB�� = (31� 9)%. As with the Gaussian �t in section 4.2,

the calculation of fB�� takes account of the e�ciency of the P
max
L algorithm, the B purity, and

an isospin factor of 2/3. A small correction for the presence of B��

s ! BK� decays [3] is also

included.

Systematic uncertainties on M(B�

2) and fB�� are tabulated in table 2. The assumed

parameters of the B�� system, and the mass cut used for normalization, are varied as indicated.

The e�ect of changing from spin to state counting (equal production rates for the four B��

states), and varying the e�ciency of the Pmax
L algorithm, the B purity and the B��

s production

rate within their errors are also listed, as well as the background shape uncertainty. The �nal

values are:

M(B�

2) = (5739+ 8
�11(stat)

+6

�4
(syst))MeV=c

2

fB�� �
BR(b! B�� ! B(�)�)

BR(b! Bu;d)
= (31� 9(stat)

+6

�5
(syst))%:

The result for the mass of the B�

2 state is somewhat low compared to the predicted value of

5771MeV/c2 given in reference [2]. Similar observations were also reported by the inclusive

analyses [3, 4, 5].

Source of uncertainty �(fB��) (%) �M(B�

2) (MeV/c2)

� of wide states: 100! 400MeV/c2 �1 �1
� of narrow states: �10MeV/c2 �3 �1
M(B�

2)�M(B�

1): 50! 150MeV/c2 �1 �1
M(B�

2)�M(B1): 6! 18MeV/c2 �1 +1
�4

Spin ! state counting +3 +6

BR(B�

2 ! B�): 0.3!0.7 �1 �1
E�ciency of the Pmax

L algorithm �2 -

Background shape �2 -

Purity of the B sample �1 -

Normalisation mass cut: 5:9! 6:2GeV/c2 �1 -

B��

s production �1 -

Total systematic uncertainty +6
�5

+6
�4

Table 2: Systematic uncertainties and their e�ect on the relative production rate of the B�� states

and the mass of B�
2 .
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5 B Flavour Tagging

Flavour tagging is expected to play an important role in future CP violation experiments in

the b-quark sector [11]. In one class of these experiments, neutral B mesons, decaying into a

CP eigenstate such as J= K0
s , must be tagged at production as a B0 or �B0. CP violation will

lead to an asymmetry in the B0, �B0 decay rates which is a sinusoidal function of proper time.

In this section, the use of the Pmax
L track, chosen from the tracks which pass the general

selection of section 4.1, is examined as a 
avour tag. The charge-
avour correlations that make

this tag e�ective have contributions both from string fragmentation, and from the B�� ! B��

decays described in section 4. The e�ciency and purity of the Pmax
L tag are determined in

the data for both neutral and charged B's, and then compared to the corresponding results

from simulation. The same tag may be of use in the future CP violation experiments, but the

detailed results will di�er, due to the di�erent B production dynamics and backgrounds.

The sign of the tag is measured by correlating the 
avour of the B at decay (determined

from its decay products) with the charge of the Pmax
L pion: a �+ right-sign tags a B0, etc.,

according to the prescription given in section 4.1. In the case of neutral B decays, B0 � �B0

mixing induces an asymmetry between right-sign and wrong-sign tags which is a sinusoidal

function of the B decay proper time.

5.1 Tagging Neutral B Mesons

In the sample of 166 neutral B candidates, 147 have a tagging track, leading to a tagging

e�ciency:

�Ntag = (89� 3(stat)� 2(syst))% ;

where the systematic error comes from the uncertainty due to the fake B's in the sample.

The asymmetry AN between the number of right-sign and wrong-sign tags, AN = (Nrs �
Nws)=(Nrs + Nws), is shown as a function of the B decay proper time, t, in Fig. 5a. The

sinusoidal mixing of B0 into �B0 gives rise to the excess of wrong-sign tags (negative value of

AN) at high proper times.

The physical quantities of interest are !Ntag, the mistag rate for neutralB's, which is measured

from the oscillation amplitude, and �md, the mass di�erence of the CP eigenstates, which

sets the oscillation frequency. The value of !Ntag is extracted from the data of Fig. 5a with an

unbinned likelihood �t. The value of �md is �xed to the world average of 0:474�0:031 ps
�1 [10]

during the �t.

The likelihood function is constructed by multiplying together the individual event

probabilities Pi that event i has a measured tag �i at proper decay time ti, with �i = +1

for a right-sign tag and �1 for a wrong-sign tag. Taking account of the fake B's with their own
lifetime component, this probability can be expressed as:
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Pi = [(1� !Ntag)
1

�B
e�ti=�B

1 + �i cos(�mdti)

2
+ !Ntag

1

�B
e�ti=�B

1� �i cos(�mdti)

2
]fB +

1

�f
e�ti=�f

1 + �iAf

2
ff ; (1)

where �B = 1:56� 0:06 ps [10] is the B0 lifetime, ff = 1� fB = 0:14� 0:03 is the impurity of

the sample, �f = 1:0 � 0:5 ps is the lifetime of the fake B's [9], and Af = �0:08 � 0:05 is the

asymmetry of the fake B's (estimated from the sample of fake B's in the data). The �t gives:

!Ntag = (34:4� 5:5(stat)� 1:0(syst))% :

The systematic uncertainty was estimated by varying all other parameters within their errors.

Table 3 summarises the individual contributions. The probability that a random tag (!Ntag =

50%) would give the measured value (or less) is 4 � 10�3. This indicates that a tag based on

the charge of the near-by pion can successfully tag the 
avour of neutral B mesons.

In terms of the measured and �tted quantities, the asymmetry AN can be written as:

AN(t) =
Afff

e
�t=�f

�f
+ (1� 2!Ntag)fB

e�t=�B

�B
cos(�mdt)

ff
e
�t=�f

�f
+ fB

e�t=�B

�B

: (2)

The corresponding curve from the �t is overlaid on the data in Fig. 5a.

Source of uncertainty �!Ntag (%) �!Ctag (%)

Purity of the B sample (fB) 0.7 0.3

Asymmetry from fake B's (Af) 0.5 0.5

lifetime of fake B's (�f ) 0.2 0.2

lifetime of B's (�B) 0.0 0.0

mass di�erence (�md) 0.5 -

Total systematic uncertainty 1.0 0.7

Table 3: Systematic uncertainties on the mistag rates !Ntag and !
C
tag.

5.2 Tagging Charged B Mesons

As a further check on the charge-
avour correlations associated with the Pmax
L pion tag, the

tagging of B� decays is studied. In the case of the 238 fully reconstructed charged B mesons,

212 have a tagging track. Thus the tagging e�ciency is

�Ctag = (89� 2(stat)� 1(syst))%:

Equations (1) and (2) also hold for charged B's with the obvious change that �md = 0 (and

N is replaced by C). The asymmetry AC(t) is plotted in Fig. 5b. Only a weak dependence on
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Figure 5: The right-sign/wrong-sign asymmetries in the data as a function of the proper decay

time. The dashed curves display the charge asymmetries (equation 2) determined from the unbinned

likelihood �ts. (a) Neutral B mesons; the dashed curve shows AN with !Ntag = 34:4% and �md equal

to the world average. (b) Charged B mesons; the dashed curve shows AC with !
C
tag = 26:0% and

�md = 0.

the B decay proper time is expected in this case, due to the di�erent lifetime of the fake B's.

The height of the curve above zero is a measure of (1-2!Ctag). With �B = 1:62 � 0:06 ps [10],

ff = 1� fB = 0:16� 0:03 and Af = 0:35� 0:05, an unbinned likelihood �t for !Ctag gives

!Ctag = (26:0� 3:6(stat)� 0:7(syst))%:

The corresponding �t to the data is displayed in Fig. 5b and the contributions to the systematic

error are shown in table 3.

5.3 Discussion of the tagging results

The above studies were also performed in a high statistics sample of simulated events, generated

with JETSET 7.4 [12], which included the production of B�� and B��

s at the 34% level, relative

to Bu;d. The results, �
N
tag = 89%, !Ntag = 36% for the neutral B's and �Ctag = 90%, !Ctag = 32%

for charged B's, are in agreement with the values measured in the data, suggesting that the

model of string fragmentation plus B�� production and decay reproduce reasonably well the

existing charge-
avour correlations. Switching o� the B�� production in the simulation degrades

slightly the above results, but signi�cant correlations still remain due to the fragmentation

process. This was also observed in the data by restricting the tagging pions to tracks with B��

invariant mass above 6GeV/c2.
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Finally, the di�erence in the mistag rates between charged and neutral B's clearly seen

in the simulation (the data show the same trend but the uncertainties are too large to allow

any de�nite conclusions to be drawn) was traced to strange quark production in fragmentation,

which spoils the isospin symmetry between the u and d quarks in favour of the charged B's [13].

In the simulation, rejecting tags from charged tracks misidenti�ed as pions (mostly K�), leads

the mistag rates for charged and neutral B's to converge. Therefore, in the absence of perfect

pion-kaon separation, the charged B's cannot be used to infer results for the neutral B's.

6 Conclusions

A sample consisting of 404 fully reconstructed B mesons originating from hadronic Z decays

was used to search for resonant production in the B�� system. Combining the B meson with

the right-sign Pmax
L charged pion, a structure is observed above the expected background

in the B� mass spectrum. A mass of (5695+17
�19)MeV/c2, a width of (53+26

�19)MeV/c2 and a

relative production rate of (30+12
�10(stat) � 3(syst))% are determined from a single Gaussian

�t. These results are consistent with previous observations [3, 4, 5] and with Heavy Quark

Symmetry (HQS) expectations for the production of B�� states decaying into B(�)�� [2].

In the framework of HQS, the total production rate of the B�� states is determined to be

BR(b! B�� ! B(�)�)=BR(b! Bu;d) = (31� 9(stat)+6
�5(syst))% and the mass of the B�

2 state

M(B�

2) = (5739+ 8
�11(stat)

+6

�4
(syst))MeV=c

2
.

Using the same sample of reconstructed B's, the e�ciency and purity of a 
avour-tag with a

near-by pion are determined. This technique may well play an important role in future studies

of B � �B mixing and CP violation in the B system, as �rst suggested in [1]. The speci�c tag

that is used is based on the charge of the pion with the highest longitudinal momentum, relative

to the B direction. It is found that it is possible to 
avour-tag both charged and neutral B's

in this way with high e�ciency and a reasonable mistag rate. This Pmax
L tag, which is based

on tracks in the same jet as the B, can be used as a tag which is independent of tags based

on track(s), such as a high pt lepton, in the opposite jet. It can thus be used to increase the

overall tagging ability and cross-check the performance of the other tags.

Acknowledgements

We wish to thank our colleagues in the CERN accelerator divisions for the successful operation

of LEP. We are indebted to the engineers and technicians in all our institutions for their

contributions to the excellent performance of ALEPH. Those of us from non-member states

warmly thank CERN for its hospitality.

12



References

[1] M. Gronau, A. Nippe and J. Rosner, Phys. Rev. D 47 (1993) 1988;

M. Gronau and J. Rosner, Phys. Rev. D 49 (1994) 254;

M. Gronau and J. Rosner, Phys. Rev. Lett. 72 (1994) 195.

[2] E.J. Eichten, C.T. Hill and C. Quigg, Phys. Rev. Lett. 71 (1993) 4116 and an update

FERMILAB-CONF-94/118-T.

[3] OPAL Collaboration, Observations of � � B charge-
avor correlations and resonant B�

and BK production, Z. Phys. C 66 (1995) 19.

[4] DELPHI Collaboration, Observation of orbitally excited B mesons, Phys. Lett. B 345

(1995) 598.

[5] ALEPH Collaboration, Production of Excited Beauty States in Z Decays, Z. Phys. C 69

(1996) 393.

[6] ALEPH Collaboration, ALEPH: A detector for electron-positron annihilations at LEP,

Nucl. Instr. Meth. A 294 (1990) 121.

[7] ALEPH Collaboration, Performance of the ALEPH detector at LEP, Nucl. Instr. Meth.

A 360 (1995) 481.

[8] B. Mours et al. , Nucl. Instr. Meth. A 379 (1996) 101.

[9] ALEPH Collaboration, Improved Measurement of the �B0 and B� Meson Lifetimes,

Z. Phys. C 71 (1996) 31.

[10] Particle Data Group, Phys. Rev. D 54 (1996) 1.

[11] J. Boudreau, proceedings of the 28th International Conference on High Energy Physics,

Warsaw, Poland, 25{31 July, 1996. Eds. Z. Ajduk and A.K. Wr�oblewski, World Scienti�c

(1997), p. 1224;

P. Eerola, Nucl. Instr. Meth. A 384 (1996) 93;

A. Kharchilava, Nucl. Instr. Meth. A 384 (1996) 100;

I. Abt, Nucl. Instr. Meth. A 384 (1996) 113.

[12] T. Sjostrand and M. Bengtsson, Comput. Phys. Commun. 43 (1987) 367.

[13] I. Dunietz and J. L. Rosner, Phys. Rev. D 51 (1995) 2471.

13


