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Abstract

The main new results in B physics for this conference are in the field of B hadrons lifetimes
and oscillations. The individual B hadron lifetimes are now measured with a precision of about 5
%. The BY oscillation frequency is know with a 4 % accuracy. The B oscillation frequency is still
unmeasured and the 95 % CL limit is now Am, > 6.6 ps~!. In addition, new results competitive with
the CLEO results have been obtained for charmless hadronic B decays and are presented. The Ay
mass is extracted from the reconstruction of exclusive decay modes : My, = 5646 + 14 MeV /c2.
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1 Introduction

B physics at LEP is a broad subject, therefore I had to select some particular topics I will therefore
present some new results about charinless B decays, A, mass measurement, B hadron lifetimes as
well as B and B? oscillations. All the data accumulated between 1990 and 1995 by the four LEP
collaborations is now available for B physics : about three million of hadronic Z decays per experiment.

2 Charmless B decays

The first observation for charmless B decays has been reported in 1993 by the CLEO experiment
[1]. These decays are due to Vj, transitions or penguins diagrams. Using nearly their full statistics,
ALEPH (2] and DELPHI (3] have measured the branching ratio of B hadrons decaying into hadronic
charmless final state.

The main features of the analysis consist in selecting two energetic charged tracks displaced from
the primary vertex. These two tracks are combined to form the B vertex. The resulting B should have
a momentum greater than 20 to 30 GeV/c and its decay vertex should be well separated from the
primary vertex. Using all the data accumulated between 1991 and 1995 the ALEPH analysis selects
4 events with an invariant mass greater than 5 GeV/c? for an expected background of about 0.05
event. This leads to a branching ratio of BR(b —+ h*h~) = (24 1) 1075, DELPHI has analysed the
data registered from 1991 to 1994 and has found 5 events compatible with a B hadron mass for an
expected background of 0.15+0.05 event allowing to extract BR(BY —» ==, Kx) = (2.811:5+0.2) 1075,
Taking into account their mass measurement, d£/dz and RICH information, they conclude that the
contributions of the Vi, and of the penguin diagrams are roughly equal.

3 A mass and exclusive branching ratio measurements

The Ay is reconstructed using the following decay modes : Ap —» Acx, Ap — Aca; and a; — xxx. The
Ac itself is reconstructed using the decay modes pK, pK? or Axrx. The decay mode Ay, — J/¥A is
also searched for, as it has a very low background level, and would allow a precise mass reconstruction.
The various results are summarised in Table 1. Using the two decay modes involving a A., DELPHI
has measured : M, = 5668 + 16 + 8MeV/c? [4]. However the average decay time of these events is
low (.22 ps) which happens with a 2.5 % probability for signal events. The ALEPH experiment using
the 4 events recorded in the channel A, — A7 has measured My, = 56144 21+ 4 MeV /c? [5]. These
two measurements can be averaged : My, = 5646 + 14 MeV/c? 1.

Ap — Acw | Ay — Acay | (b — Ap)(Ap — J/9PA)
ALEPH (91-95) 4 events = =

DELPHI (91-94) || 3 events 1 event <7 10~*
OPAL (90-93) | <2 1073 - <3.4 10°%

Table 1: Summary of the various results obtained by the LEP collaborations for exclusive
Ay reconstruction. For the decay modes where a number of events is reported, a mass
measurement has been performed. All the upper limits for the branching ratios are given
at 90 % CL.

!The CDF collaboration has measured M, = 5623 =+ 5 & 4 MeV/c? using the decay mode Ay — J/¥A [6]
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4 B hadrons lifetimes

The spectator model which predicts equal lifetimes for all B hadrons has been shown to be incorrect
in the charm sector. Using the OPE formalism, the corrections to the spectator model for B hadrons
are expected to be small : of the order of 1/M{ [7]. Explicitly it is expected that T(Bt)/7(BY) ~
1.4 .05 x f2/(200 MeV)2, 7(B?) ~ 7(BY) and 7(Ap)/7(BY) ~ .9. It has been recently pointed out [8]
that the situation may be not so clear. This theoretical activity clearly indicates that high precision
measurements are welcome.

In most of the analyses, the lifetime measurement is performed using the decay time of the B
hadron which is computed using the decay length of the B and its momentum. The decay length
is reconstructed in two steps. The charm vertex is found and the tracks attached to this vertex are
used to inferred the charm track which is vertexed with the lepton or the hadron produced by the W.
Depending on the analysis, the B momentum is estimated from the simulation or is measured using
the energy information of the event.

4.1 B~ and B lifetimes

The high number of analyses developed to measure 7(B3) and 7(B*) can be divided into 3 types :
B — D™wX , B — D®h and fully reconstructed B. The results [9] [10] [11] are summarised
in Figure 1 . A new analysis has been presented to this conference by the DELPHI collaboration
citebdelphi for the B lifetime measurement. The BY is reconstructed in the B} — D*~¢*v X channel,
with D*~ — DPx_.. Due to the smal mass difference between the D* and the D?, the soft pion has
a quite low momentum and is the only explicitly identified particle (with the lepton). This technique
yields a large sample of events with a reasonable background level allowing an accurate measurement of
the lifetime (Figure 1). Furthermore, the systematic error being dominated by statistical uncertainties,
improvements could be foreseen if the other experiments apply the same method. Averaging all the
results following the LEP procedure [12] leads to 7(BJ) = 1.53 + 0.04 ps and 7(B*) = 1.63+ 0.06 ps.
The average for the ratio of these two lifetimes is 1.08 £ 0.05.

4.2 B? lifetime

The measurement of the B? lifetime is performed using two main decay modes: B? — D;¢tvX
and B? — D{h . In order to increase as much as possible the number of events, the D;” can be
reconstructed in up to seven modes ¢, K*°K™, K°K~, ¢xtx—x~, K*°K*~, ¢e v and ¢pu v.
The most recent results from ALEPH [13], DELPHI [14] and OPAL [15] are summarised in Figure 2.
Averaging all the results leads to a 6 % precision measurement : 7(B?) = 1.60 + 0.10 ps.

4.3 Ay lifetime

The analysis for the Ay, lifetime is performed using the clean but statistically limited channel A}, —
A}2 v X or the more inclusive channel Ay, — A2 vX for which additional contributions from other
b-baryons are also present. All the results from ALEPH [16], DELPHI [17} and OPAL (18] are
schematically shown in Figure 3. The combined value for the Ay, lifetime is 7(Ap) = 1.21 £ 0.06 ps
which is a 5 % precision measurement.

4.4 %, lifetime

The strange b baryon Zj, is expected to be produced at LEP in b quark hadronization. Its decay, via
weak interaction, gives rise to a =, and a lepton. The experimental signature for this observation is
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the same sign correlation of a Z and a lepton, the = being reconstructed in the decay mode Ax. The
product of branching ratio (b — Zp )(Zp — E=*¢*v X) and the E}, lifetime have been measured by
ALEPH [19] and DELPHI [20}. The results are summarised in Table 2. The average for the lifetime
7(Zyp ) = 1.39 £ 0.35 ps is statistically limited but nevertheless in good agreement with the A, baryon
lifetime.

[ (b—Eb )(Ep — EXEVX) 7(Eb )
ALEPH (91-95) (5.1+£1.1+0.6) 104 1.357 3 % .17 ps
DELPHI (91-93) (6.6+1.7+1.0) 10~* 1577+ 3ps

Table 2: Summary of the results obtained by ALEPH and DELPHI for the =}, production
rate and lifetime. The DELPH] result for the production rate has been obtained using
data from 1991 to 1994 contrary to the lifetime.

4.5 Lifetime results summary

All the individual B hadrons lifetimes are measured with a precision of the order of 5 to 6 % (except
the Sy, lifetime : ~ 25%). The vast majority of these measnrements is dominated by statistical uncer-
tainties but future improvements should now come from new ideas more than from additional millions
of Z. Nevertheless precise comparisons with the theoretical predictions for the ratios of individual
lifetimes can be performed (Table 3). There is a general agreement between data and theory, the
difference for the ratio 7(A})/7(BY) being presently of the order of 2 standard deviations.

LEP measurements Predictions (7]
(BY)/7(BY) 1.08 £ 0.05 ~1.+.05 x f2/(200 MeV)? |
(B?)/(BY) 1.04 + 0.06 ~1.
7(Av)/7(BY) 0.79 £ 0.05 ~.9

Table 3: Comparison of the results obtained by the LEP collaborations for the ratio of
individual B hadron lifetimes with the theoretical predictions.

5 BB oscillations

5.1 B°B° formalism within the Standard Model

The observed B} and B states are linear combinations of the two mass eigenstates. The same holds
for B? and B? mesons. For an initially pure B® state, the probability density of observing the decay
of a B® (B% ) at time ¢ is
Pty = % ot 1 (+)(;os(Amt),

the m (u) index standing for “mixed” (“unmixed”); 7 is the neutral B meson lifetime, t is the proper
time and Am is the mass difference of the two mass eigenstates. These expressions are obtained
assuming equal lifetimes for the two states and neglecting CP violation. Within the Standard Model,
the mass differences for the BB? and the B3BY systems occur due to the presence of box diagrams
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for which top quark exchange dominates. The mass differences depend on the Cabibbo-Kobayashi—
Maskawa (CKM) matrix elements, on the top quark mass and on QCD correction factors, both
perturbative and non-perturbative. These QCD factors are not precisely computed but their ratios
for the B} and B? have less uncertainty allowing the ratio Am,/Amq and the CKM matrix elements
to be linked with higher accuracy;

Amg _ mpo

Via

2 -
27
—. 1
Md )

Amd mBg

The 75 and 7jq correction factors for the B? and the BY are identical [22). The ratio of the hadronic
matrix elements for the B and the B? is estimated to be £ = 1.16+0.10 [23]. Therefore, measurements
of Amg and Amgy will constrain the ratio of the CKM matrix elements Vi, and V4.

5.2 B°B° analyses overview

In order to measure the B°B° oscillation frequency several informations are needed : the decay time
of the B meson, its decay state (B® or B® ) and its production state. In most of the analyses the decay
time is measured in a way similar to the lifetime analyses. The proper time resolution o; depends on
the proper time itself: o2 = (M)z + 12 (52) : where o, is the uncertainty on the B momentum and
oy, is the uncertainty on the reconstricted decay length. Therefore, for large decay time, the boost
resolution dominates the proper time resolution. As a consequence for analyses aiming at measuring
fast oscillations, not only the decay length measurement is important but also the precision with which
the B meson momentum is reconstructed. The final state tagging is performed using the charge of
the particle which signs the presence of the B (eg. the charge of a high pr lepton). The initial
state tagging is slightly more delicate. Several methods have been developed : the majority uses
the fact that Z — bb and identify the charge of the b quark in the hemisphere opposite to the B
meson. Other approaches consist in measuring the b charge in the B hemisphere at the production
time using jet charge information and taking advantage of the fragmentation tracks. The dilution of
the frequency measurement is proportional to (1 — 27)? where the mistag fraction 7 is &’ﬁ—:l—‘—:f"‘;"
. The wrongly tagged events are due to detector effects and physics processes (selection of ::‘nscade
lepton from b — ¢ — ¢ instead of direct leptons from b, or mixing in the B opposite hemisphere).
The effects of both time reconstruction and mistagging are sketched in Figure 4 for a slow (Am = .46
ps~') and for a fast (Am = 12 ps~!) oscillation frequency.

5.3 Time integrated measuremnents

Integrating over time, the probability that an oscillation occurs gives x = ;(753;1—)- where z = Amr~.
This expression for x being non linear it appears clearly that time dependent analyses are mandatory
to resolve high oscillations frequencies. At LEP, using high pr leptons, a weighted average of x, and
Xd is measured : ¥ = f,X, + faxa where fj and f, are the probabilities that a b quark produces a Bg
or a BY . This f, parameter is important for analyses relying, for example, on inclusive high pr lepton
samples. Using [21] x, = 1/2, fu + fa + fs + foaryons = 1 and fa = fu as well as the measurements of
foaryons = (12.8 £ 3.9)% ¥ = .115% .006 and xq = .170 £ .011, one deduces f, = (9.9 + 1.9)%. An
analysis based on the branching ratio measurement of f,BR(b — B?)BR(B? — D;£*vX) leads to
fo=1(11.0 + 2.8)% [13]. These two values can be combined to give f, = (10.2 + 1.6)%[21] .

5.4 BYBY oscillations

The analyses can be divided into three main types : dileptons, lepton—jet charge and D*(£)-jet charge.
The first two ones consist in selectiny events with high pr lepton (typically more than 1 GeV/c).
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These leptons are used to reconstruct the B vertex, to measure its decay time and to tagthe B} decay
state. The B initial state is either tagged by an opposite hemisphere high pr lepton or by the jet
charge. The jet charge can be calculated in the hemisphere opposite to the B or in the B hemisphere.
In some of these analyses the two jet charges are combined linearly to take advantage of the Z — bb
decay. Due to the B semileptonic branching ratio the efficiency of the initial state tagging with high
pr lepton is at maximum of the order of 20 % whereas for jet charge tagging it can reach 100 % as the
jet charge can be computed for each event. The mistag fraction is of the order of 20 % for dileptons
analyses and of 30 to 35 % for lepton—jet charges analyses. These two inclusive samples contain not
only BY but all species of B hadrons and are also used for Am, analyses (see next section). Their
exact content in Bg depends on fg4 and is of the order of 40 %.

The third type of analysis is a more exclusive one ; the BJ is reconstructed using B3 — D*~X’
or B — D*~¢+y, D*~ — D, and the DO itself using Kx, K37 or Kxx® (as for the BY lifetime
measurements). The charge of the D*~ tags the BY final state whereas the B initial state is usually
tagged by jet charge techniques in order to keep a reasonably high number of signal events. For most
of the analyses the decay length resolution is of 200 to 300 um and the boost resolution of10 to 15 %.

The results from ALEPH [24}, DELPHI (25}, L3 [26] and OPAL [27] are summarised in Figure 5.
The L3 results are new and make first. use of their silicon vertex detector which has been installed in
1993. Anillustration of the fraction of mixed events (which should behave as 1 — cosAmt in absence of
background and with perfect detector resolution) is given in Figure 6 for the DELPHI analysis using
£ to select BY events and jet charge to tag the initial state.

5.5 BB? oscillations

Historically the first B’B? oscillations analyses have been performed using inclusive samples : dileptons
or lepton-jet charge as for the Amqg measurements. These methods have the advantage of large events
samples (typically 40,000 to 60,000 events) but only about 10 % of these events are B? and the results
depend on f, which is not precisely known. Later on, other analyses have been developed in an
orthogonal direction : they make use of a small sample of events but highly enriched in B? meson
(about 65 %, due to a more exclusive final state ) with a more precise time reconstruction.

No measurement of Amg has been obtained so far and only lower 95% CL limit have been set. The
results of ALEPH (28], DELPHI [29] and OPAL [30] are shown in Figure 7. ALEPH presents here
a new analysis using D] ¢* combinations and a global tagging technique which obtains competitive
results with only 300 events : Am, > 6.6 ps™* at 95 % CL. The DELPHI results have been combined
leading to the global preliminary 95 % CL limit of 4.6 ps—!. This is also the case for the OPAL analyses
for which the combined limit is also Am, > 4.6 ps~! at 95 % CL. An example of the likelihood curve
and of the 95 % CL limit setting is shown in Figure 8.

5.6 Implications on the Standard Model

Using Eq. 1, Mgo = 5370 + 2 MeV/c?, MBg =5279.9 4+ 1.6 MeV/c?, Amq = .464 + .018 ps~!, as no
combination can be simply performed. the highest Am, lower limit Am, > 6.6 ps~* at 95 % CL and
performing finally an ad-hoc fluctuation of -1¢ on all measured values one obtains :

Vt!

2.9 at
Vea > 2.9 at 95%CL

This result is just at the border of the Standard Model allowed range and thus clearly indicates that
all these results should be combined i order to be constraining.
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Summary of all the measurements for the B~ and B lifetimes. The ratio of
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Figure 2: Summary of the various values obtained for the BY lifetime. The uncertainty
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