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Abstract. Lifetime and oscillations of BY mesons have been studied in events with a large transverse
momentum lepton and a Ds of opposite electric charge in the same hemisphere, selected from about 3.6
million hadronic Z° decays accumulated by DELPHI between 1992 and 1995.
The B? lifetime and the fractional width difference between the two physical B states have been found to
be:

Tpo = (1.4275-12 (stat.) + 0.03(syst.)) ps

AFBQ/FBQ < 0.46 at the 95% C.L.
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In the latter result it has been assumed that Tz0 = Thg-

Using the same sample, a limit on the mass difference between the physical BY states has been set:

Ampo > 7.4 ps~! at the 95% C.L.

with a corresponding sensitivity equal to 8.1 ps~!.

1 Introduction

In this paper, the average lifetime of the B? meson has
been measured and limits have been derived on the oscil-
lation frequency of the B2-B? system, Amgo, and on the
decay width difference, Al'go, between mass eigenstates
of this system.

Starting with a B(S) meson produced at time ¢t=0, the prob-
ability, P, to observe a B? or a B? decaying at the proper
time ¢ can be written, neglecting effects from CP violation:

Al'go
=t
)

+ cos(Ampot)] (1)

— . Ipo _
PBY — BY(BY)] = %36 50! [cosh (

where I'go = (Fé{, + Féq)/Q, Algo = Féq —Fé{, and
Ampy = mgg — még. L and H denote the light and heavy
physical states, respectively; AlI'go and Ampo are defined

to be positive [1] and the plus (minus) signs refer to BY

(B?) decays. The oscillation period gives a direct mea-
surement of the mass difference between the two physical
states. The Standard Model predicts that Al'go < Ampo,
for which the previous expression simplifies to : ’

Pl = P(BY — BY)

(2)

= I'goe” '22" cos? (AmBgt>
s 2

and similarly:

Ppi™ = P(BJ — BY) =

- Ampot
I'goe o0t gin? <Bg> (3)

2

The oscillation frequency, proportional to Amgpo, can be
obtained from the fit of the time distributions given in
relations (2) and (3), whereas expression (1), without dis-

tinguishing between the B? and the BY, can be used to

determine the average lifetime and the difference between
the lifetimes of the heavy and light mass eigenstates.
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B physics allows a precise determination of some of the
parameters of the Cabibbo Kobayashi Maskawa (CKM)
matrix. All the nine elements can be expressed in term of
four parameters that are, in Wolfenstein parametrization
[2], A\, A, p and 7. The values of p and 71 are the most
uncertain.

Several quantities which depend on p and 7 can be
measured and, if the Standard Model is correct, they must
define compatible values for the two parameters, inside
measurement errors and theoretical uncertainties.

These quantities are e¢x, the parameter introduced to
measure CP violation in the K system, |Vis|/|Ves|, the
ratio between the modulus of the CKM matrix elements
corresponding to b — u and b — ¢ transitions and the
mass difference AmBg .

In the Standard Model, B-BY (¢ = d,s) mixing is a
direct consequence of second order weak interactions. Hav-
ing kept only the dominant top quark contribution, Amgg1
can be expressed in terms of Standard Model parameters

[3]:
mi
m¥, )
(4)
In this expression Gp is the Fermi coupling constant;
2
F(l’t), with Ty = ::IQJ‘
w
second order weak “box” diagram responsible for the mix-
ing and has a smooth dependence on zy; ng is a QCD
correction factor obtained at next to leading order in per-
turbative QCD [4]. The dominant uncertainties in Equa-
tion (4) come from the evaluation of the B meson decay
constant fg, and of the “bag” parameter Bp, .
The mass differences AmBg and Ampo involve the

G2
By = G Vi Vi P 3, B o

, results from the evaluation of the

CKM elements V;4 and V;,. Neglecting terms of order A,
these are given by:

Vial = AN/ (1 Vis| = AN (5)

In the Wolfenstein parametrization, |Vis| is indepen-
dent of p and 7. A measurement of Amgpo is thus a way to
measure the value of the non perturbatwe QCD parame-
ters.

Direct information on V44 can be inferred by measuring
AmBg .

—pP

Several experiments have accurately measured AmBg ,
nevertheless this precision cannot be fully exploited to ex-
tract information on p and 7 because of the large un-
certainty which originates in the evaluation of the non-
perturbative QCD parameters.

An efficient constraint is the ratio between the Stan-
dard Model expectations for AmBg and Ampo, given by:

2
Ampo _ mBSfBgBBSUBﬁ [Vial? (6)
Ampo mpy f, 15232 2

A measurement of the ratio AmB?1 /Amgo gives the same
type of constraint, in the p— 7 plane, as a measurement of

The DELPHI Collaboration: Measurement of the BY lifetime and study of B?-BY oscillations using D¢/ events

Ampo, but because only ratio fgo / fBo and Bgo /Bpo are
involved, some of the theoretical uncertainties cancel [5].

Using existing measurements which constrain p and 7,
except those on Amgpo, the distribution for the expected
values of Ampo can be obtained. It has been shown, in
the context of Standard Model and QCD assumptions,
that Ampo has to lie, at 68% C.L., between 12 and 17.6

ps~! and is expected to be smaller than 20ps—' at 95%
C.L. [6].

The BY meson lifetime is expected to be equal to the
BY lifetime [1] within one percent. In the Standard Model,
the ratio between the mass difference and decay width in
the BY-BO system is of the order (my/m;)?, although large
QCD corrections are expected.

Explicit calculations to leading order in QCD correc-
tion, in the HQE (Heavy Quark Expansion) formalism [1],
predict:

ATy /T = 0.1610:55

where the quoted error is dominated by the uncertainty
related to hadronic matrix elements.

Recent calculations [7] at next-to-leading order predict
a lower value:

AT'go/Igo = 0.05470 035

An interesting approach consists in using the ratio be-
tween Al'ge and Ampo [7]:

Algo

A = (2.637050)1073

(7)

to constrain the upper part of the Ampo spectrum with
an upper limit on Al'go/Io. k

If, in future, the theoretical uncertainty can be re-
duced, this method can give an alternative approach in
determining Ampo via Al'go and, in conjunction with the
determination of AmBg, can provide an extra constraint
on the p and n parameters.

The results presented in the following have been ob-
tained from data accumulated by DELPHI experiment at
LEP between 1992 and 1995, corresponding to about 3.6
million hadronic Z° decays. The main features of these
analyses are:

— a precise measurement of the B decay proper time;

— a determination of the charge of the b quark at the
B-meson decay time (decay tag);

— adetermination of the sign of the b quark at production
time (production tag).

The first item is common to the three studies on Ampo,
o and Algo while the others are specific to the oscil-
lation analyses For these last, the principle of the mea-
surement is as follows. Each of the charged and neutral
particles measured in an event is assigned to one of the
two hemispheres defined by the plane transverse to the
sphericity axis. A “production tag” is used to estimate the
b/b sign of the initial quark at the production point. The
decay time of the B hadron is evaluated and a “decay tag”
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is defined, correlated with the b/b content of the decaying
hadron. The analysis is performed using events contain-
ing a lepton emitted at large transverse momentum, pr,
relative to its jet axis accompanied by an exclusively (or
partially) reconstructed Dy in the same hemisphere and
of opposite electric charge. The lepton charge defines the
“decay tag”. Different variables defined in the same and in
the opposite hemisphere, are used to determine the “pro-
duction tag”.

Similar analyses have been performed by the ALEPH,
CDF and OPAL Collaborations [8-10].

Section 2 describes the main features of the DELPHI de-
tector, the event selection and the event simulation. Sec-
tion 3 describes the selection of the Dgf sample. Section 4
presents the BY lifetime measurement. Section 5 presents
the result on the lifetime difference. Section 6 is devoted
to the study of BJ-B? oscillations with the Dg¢ sample:
the first part describes the “production tag”’ algorithm
while the second part presents the fitting procedure and
the result on Ampo.

2 The DELPHI detector

The events used in this analysis have been recorded with
the DELPHI detector at LEP operating at energies close
to the Z° peak. The DELPHI detector and its performance
have been described in detail elsewhere [11]. In this section
are summarized the most relevant characteristics for this
analysis.

2.1 Global event reconstruction
2.1.1 Charged particles reconstruction

The detector elements used for tracking are the Vertex De-
tector (VD), the Inner Detector (ID), the Time Projection
Chamber (TPC) and the Outer Detector (OD).

The VD provided the high precision needed near the
primary vertex. For the data taken from 1991 to 1993, the
VD consisted of three cylindrical layers of silicon detectors
(radii 6.3, 9.0 and 10.9 cm) measuring points in the plane
transverse to the beam direction (r¢ coordinate) in the
polar angle range 43° < 6 < 137°. In 1994, two layers
have been equipped with detector modules with double
sided readout, providing a single hit precision of 7.6 pm
in the r¢ coordinate, similar to that obtained previously,
and 9 pm in the coordinate parallel to the beam (z) [12].
For high momentum particles with associated hits in the
VD, the extrapolation precision close to the interaction
region is 20 pm in the r¢ plane and 34 pm in the rz
plane.

Charged particle tracks have been reconstructed with
95% efficiency and with a momentum resolution o,/p <
2.0 x 10~%p (p in GeV/c) in the polar angle region 25° <
6 < 155°.
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2.1.2 Energy reconstruction

The total energy in the event is determined by using all
information available from the tracking detectors and the
calorimeters. For charged particles, the momentum mea-
sured in the tracking detector is used. Photons are de-
tected and their energy measured in the electromagnetic
calorimeters, whereas the hadron calorimeter detects long
lived neutral hadrons such as neutrons and K?’s.

The electromagnetic calorimetry system of DELPHI is
composed of a barrel calorimeter, the HPC, covering the
polar angle region 46° < 6 < 134°, and a forward calorime-
ter, the FEMC, for polar angles 8° < 6 < 35° and 145° <
0 < 172°. The relative precision on the measured energy
E has been parametrized as og/E = 0.32/VE @ 0.043
(E in GeV) in the barrel, and ox/E = 0.12/vE @ 0.03
(E in GeV) in the forward region.

The hadronic calorimeter, HCAL, has been installed
in the return yoke of the DELPHI solenoid. In the barrel
region, the energy has been reconstructed with a precision
of op/E =1.12/VE ®0.21 (E in GeV).

2.1.3 Hadronic Z° selection

Hadronic events from Z° decays have been selected by re-
quiring a charged multiplicity greater than four and a total
energy of charged particles greater than 0.12+/s, where /s
is the centre-of-mass energy and all particles have been as-
sumed to be pions; charged particles have been required
to have a momentum greater than 0.4 GeV//c¢ and a po-
lar angle between 20° and 160°. The overall trigger and
selection efficiency is (95.0£0.1)% [13]. A total of about
3.6 million hadronic events has been obtained from the
1992-1995 data.

2.2 Particle identification
2.2.1 Lepton identification

Lepton identification in the DELPHI detector is based
on the barrel electromagnetic calorimeter and the muon
chambers. Only particles with momentum larger than
2 GeV/c have been considered as possible lepton candi-
dates.

Muon chambers consisted, in the barrel region, of three
layers covering the polar regions 53° < 6 < 88.5° and
91.5° < 0 < 127°. The first layer contained three planes
of chambers and was inside the return yoke of the magnet
after 90 cm of iron, while the other two, with two cham-
ber planes each, were mounted outside the yoke behind
a further 20 cm of iron. In the end-caps there were two
layers of muon chambers mounted one outside and one in-
side the return yoke of the magnet. Each consisted of two
planes of active chambers covering the polar angle regions
20° < 0 < 42° and 138° < 6 < 160° where the charged
particle tracking was efficient.

The probability of a particle being a muon has been
calculated from a global x2 of the match between the track
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extrapolation to the muon chambers and the hits observed
there. Four identification flags are given as output of the
muon identification in decreasing order of efficiency: very
loose, loose, standard and tight. In this analysis the loose
selection has been applied corresponding to an efficiency of
(94.8 £ 0.1)% with a hadron misidentification probability
of (1.5 £0.1)%.

Electron identification has been performed using two
independent and complementary measurements, the
dE /dx measurement of the TPC (described in Sect. 2.2.2)
and the energy deposition in the HPC. Probabilities from
calorimetric measurements and tracking are combined to
produce an overall probability for the electron hypothesis.
Three levels of identification are given: loose, standard and
tight.

The loose selection has been applied for this analysis
corresponding to an efficiency of 80 % with an hadron
misidentifation probability of ~ 1.6 %.

2.2.2 Hadron identification

Hadron identification relied on the RICH detector and
on the specific ionization measurement performed by the
TPC.

The RICH detector [14] used two radiators. A gas radi-
ator separated kaons from pions between 3 and 9 GeV/c,
where kaons gave no Cherenkov light whereas pions did,
and between 9 and 16 GeV/e, using the measured
Cherenkov angle. It also provided kaon/proton separation
from 8 to 20 GeV/c. A liquid radiator, which has been
fully operational for 1994 and 1995 data, provided p/K /7
separation in the momentum range 1.5-7 GeV/c.

The specific energy loss per unit length (dE/dx) is
measured in the TPC by using up to 192 sense wires. At
least 30 contributing measurements have been required
to compute the truncated mean. In the momentum range
3 < p <25 GeV/e, this is fulfilled for 55% of the tracks,
and the dF/dxz measurement has a precision of +7%.

The combination of the two measurements, dE/dz and
RICH angles, provides three levels of pion, kaon and pro-
ton tag (loose, standard, tight) corresponding to differ-
ent purities. A tag for “Heavy Particle” is also given in
order to separate pions from heavier hadrons with high
efficiency.

The Standard “Heavy Particle” flag has an efficiency
of about 70 % with a pion misidentification probability of
10 % for charged particle with momentum greater than
0.7 GeV/c.

2.2.3 A% and K reconstruction

The A° — pr~ and K° — 777~ decays have been recon-
structed if the distance in the r¢ plane between the V°
decay point and the primary vertex is less than 90 cm.
This condition meant that the decay products have track
segments at least 20 cm long in the TPC. The reconstruc-
tion of the V¥ vertex and selection cuts are described in
detail in reference [11].
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Only K° candidates passing the “tight” selection cri-
teria have been retained for this analysis.

2.2.4 70 reconstruction

The 7 — 77 decays are reconstructed by fitting all y7y
pairs whose invariant mass is within 20 MeV of the nom-
inal 7% mass, using the nominal 7° mass as a constraint.
The fit probability has to be larger than 1%.

2.3 Primary vertex reconstruction and event topology

The location of the eTe™ interaction has been reconstruct-
ed on an event-by-event basis using the beam spot position
as a constraint [11]. In 1994 and 1995 data, the position of
the primary vertex transverse to the beam has been deter-
mined with a precision of about 40 pym in the horizontal
direction, and about 10 pm in the vertical direction. For
1992 and 1993 data, the uncertainties are larger by about
50%.

Each selected event has been divided into two hemi-
spheres separated by the plane transverse to the spheric-
ity axis. A clustering analysis based on the JETSET al-
gorithm LUCLUS [15] with default parameters has been
used to define the jets, using both charged and neutral
particles. These jets have been used to measure the Pr of
each particle in the event, defined as its momentum trans-
verse to the axis of the rest of the jet it belonged to, after
removing the particle itself.

The different detector configurations, both for hadron
identification and vertex resolution, implies, in the rest of
the analysis, a separate treatment of the data taken before
and after 1994.

2.4 b-tagging

The b-tagging package developed by the DELPHI collab-
oration has been described in reference [16]. The impact
parameters of the charged particle tracks, with respect to
the primary vertex, have been used to build the probabil-
ity that all tracks come from this vertex. Due to the long
B-hadrons lifetime, the probability distribution is peaked
at zero for events which contained beauty whereas it is
flat for events containing light quarks.

The b-tagging algorithm has been used in this analysis
to select control samples with low b purity.

2.5 Event simulation

Simulated events have been generated using the JETSET
7.3 program [15] with parameters tuned as in [17] and us-
ing an updated description of B decays. B hadron semilep-
tonic decays have been simulated using the ISGW model
[18]. Generated events have been followed through the
full simulation of the DELPHI detector (DELSIM) [11],
and the resulting simulated raw data have been processed
through the same reconstruction and analysis programs
as the real data.
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3 The DX £T sample selection

Big semileptonic decays' have been selected requiring the
presence of a DI meson correlated with a high pr lepton
of opposite electric charge in the same hemisphere:

BY — DI 7 X.

The Dg mesons have been reconstructed in six non-leptonic
and two semileptonic decay channels:

DF — ¢n™ ¢ — KTK—;
Df — Kkt K’ oK
Df - K2KT K% — ntr—;

Df = gntrnt ¢ - KTK—;
Df = ¢rtr® ¢ — KTK™;
Df » KK K=K 7, K* — Kot

Df — getv, ¢ - KTK™;
Df = ¢ptv, ¢ — KTK™.

In addition, partially reconstructed DI have been selected
requiring the presence of a ¢ meson (reconstructed in the
K*K™ decay channel) accompanied by an hadron h't in
the same hemisphere.

D} — ¢hTX

In the following the first eight decay modes will be referred
as the D¢/ sample and the last one as the ¢/h sample.

3.1 Selection of the ¢n+, K™K+, KIK+
and ¢¢Tv decay modes

Each Dy decay mode has been reconstructed by making all
possible combinations of particles in the same hemisphere.
In D semileptonic decays, the ambiguity between the two
leptons has been removed by assigning the lepton to the
D (BY) if the mass of the ¢¢ system, M(¢f), is below
(above) the nominal D} mass. If the two leptons both
gave a M (¢f) above or below the Dy mass, the event was
rejected.

The measured position of the DI decay vertex and
momentum together with their measurement errors, have
been used to form a new track (called pseudo-track) that
contains the measured parameters of the D particle.

A candidate BY decay vertex has been obtained by in-
tercepting the D pseudo-track with the one of a lepton.
To guarantee a precise determination of the position of
this secondary vertex, at least one VD hit has been re-
quired to be associated to the lepton and to at least two
tracks from the DF decay products. The x? of the re-

constructed D} and B? vertices have been required to be
smaller than 40 and 20 respectively.

1 Charge conjugation is always implied.
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Table 1. Selection criteria applied to the lepton and Ds can-
didates

onT YA Others
pr(£)(GeV/c) >1 >1 > 1.2
M(Ds£)(GeV/c*)  €[3,5.5] €[2.5,5.5] € [3,5.5]
P(Dsf)(GeV/c) > 14 > 12 > 14

In order to suppress fake leptons and B hadron cascade
decays (b — ¢ — (1), additional selection criteria have
been applied to the Dgf pairs, which are summarized in
Table 1.

For the channel D — ¢¢*v requirements on the ¢¢¢
mass and momentum have been reduced as compared to
the other channels to account for the additional escaping
neutrino.

Due to the smaller combinatorial background under
the Dy signal, in the Dy — ¢7T and Dy — ¢fTv decay
channels, the pr cut has been lowered to 1 GeV/c.

A tighter selection was then applied, separately for
each decay mode, using a discriminant variable built with
the variables listed in Table 2.

These variables are:

— the momenta, P, and masses, M, of the decay prod-
ucts;

— the cosine of the helicity angle, v, for the ¢n™ and
KKt decay modes;

— Hjp, defining whether the hadron identification from
Sect. 2.2.2 favours the m, K or proton hypothesis;

— L;p, defining whether the lepton identification from
Sect. 2.2.1 identifies a particle from the DI semilep-
tonic decay as an electron or a muon (used only for
leptons coming from the DF semileptonic decays).

For each quantity the probability densities for the signal
(S) (Dg? from BY semileptonic decays) and for the combi-
natorial background (B) (fake Dy/ candidates in ¢g events)
have been parametrized using the simulation; the discrim-
inant variable Xp_ is then defined as

R:HRi:HBi((zi)) Xo. =7

i

where ¢ runs over the number of variables (which actual
values are ;). The combinatorial background is concen-
trated close to Xp, = 0 while the Dg signal accumulates
close to Xp, = 1. The definition of Xp_ provides an opti-
mal separation between the signal and the combinatorial
background if the individual discriminant variables x; are
independent; in case of correlations the separation power
decreases but no bias is introduced.

The distributions of this variable obtained in data and
in the simulation are shown in Fig. 1 for the ¢7+ decay
channel.

The optimal value of the cut on the discriminant vari-
able has been studied on simulated events, separately for
each channel and for each detector configuration, in or-
der to keep high efficiency (Table 3). A very loose cut



562

Table 2. List of the quantities which are used, in the different
decay channels, to construct a discriminant variable between
B? semileptonic decays and background events

om KoK KIK YA
P(Dy) P(Ds) P(Ds) P(¢)
P(¢)/P(Ds) P(K*°)/P(Ds) P(Kg)/P(Ds)

Hrp Ky Hrip Ky Hip K Hrip Ky
Hip Ko Hip Ko Hip K>
Hipw Hipw Lip E(Db)
cos () cos()

M(¢) M(K*?)

Table 3. Values of the cuts applied on the discriminant vari-
able Xp, to select BY semileptonic decay candidates

ort KK KZK YAl
92-93 >0.05 >0.75 >0.80 >0.75
94-95 >0.03 >0.85 >090 > 0.90

has been applied on the ¢r+ channel because of its small
combinatorial background.

The individual event purity has been evaluated, in the
following, from the distribution of the discriminant vari-
able for signal and combinatorial background.

In addition, for the two channels (K*9K and KZ2K),
which receive contributions from kinematic reflections of
non strange B decays, the bachelor kaon has been required
to be incompatible with the pion hypothesis.

Further background suppression has been obtained by
placing a requirement on the Dy flight distance L(Dyg). The
small effect induced on the decay time acceptance has been
taken into account in the following. This requirement has
been applied, depending on the resolution on the decay
distance observed in the different Dy decay channels and
on the level of the combinatorial background: L(Dg) > 0
for ¢m and K*0K*+, L(Ds)/o(L(Ds)) > —3 for KSKT and
L(Dy)/o(L(Dg)) > —1 for ¢pL*.

Finally, for the semileptonic decay modes (with two
neutrinos in the final state) an algorithm has been devel-
oped to estimate the missing energy, F,,;ss, defined as:

Emiss = Etot - Em's

where the visible energy (E,;s) is the sum of the energies
of charged particles and photons in the same hemisphere
as the D¢/ candidate. Using four-momentum conservation,
the total energy (Fi.:) in that hemisphere is:

— M2

2
M opp

same

Eiot = E +

tot beam 4Ebeam

where Mgqme and Moy, are the hemisphere invariant

masses of the same and opposite hemispheres respectively.
A positive missing energy F,,;ss has been required.
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Fig. 1. The plot on the top shows the distribution of the
Xp, discriminant variable for the ¢m channel in 94-95 data.
The points with error bars represent the data, the white his-
togram shows the contribution from the simulated signal and
the shaded histogram shows the contribution coming from sim-
ulated background events. It could be seen that the Xp, is able
to discriminate the signal (Ds) from the combinatorial back-
ground.

The four figures on the bottom show the effect, on the o7
signal in the 94-95 data, of a cut on the discriminant variable
(white histograms represent “right-sign” events while shaded
histogram show “wrong-sign” events)

3.2 Selection of the pntntn—, ¢t w0
and K K*+ decay modes

These three decay modes have been searched for in the 94
and 95 data only.

Dy¢ pairs have been selected by requiring M (Dgl) >
3.0 GeV/c2, pr(f) > 1.2 GeV/c and x? (Dgf vertex)< 20
(except for the ¢rtn 7~ decay mode in which no x? cut
has been applied).

In each event only one candidate is kept. The proce-
dure is the following: if more than one candidate passed all
the selection criteria only the one with the highest lepton
transverse momentum and, if the same lepton candidate
is attached to several D candidates the highest DI mo-
mentum, is kept.
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Fig. 2. Invariant mass distributions for Ds candidates in
six non-leptonic decay modes (¢, K*OK+, K°K™, E*OKH',
¢rTn~nt and ¢ %), The last three decay modes have been
reconstructed using only the 94-95 statistics. The correspond-
ing distribution for wrong-sign combinations are given by the
shaded histograms

It has been verified that this requirement keeps the signal
with high efficiency and removes some of the combinatorial
background.

321 DF - KK

DZ candidates have been selected by reconstructing K>
K-7t and K** — K%t decays. K candidates have
been reconstructed in the mode KY — 7+7~ by combin-
ing all pairs of oppositely charged particles and applying
the “tight” selection criteria described in [11]. The K¢ has
been then combined with two charged particles of the same
sign, and a third with opposite charge. If more than one
Dt candidate could be reconstructed by the same four
particles (by swapping the two pion candidates for exam-

ple) the D} candidate minimizing the squared mass differ-
—x*0

ence (M(K-nT)—M(K ))?>+(MK27+)—M(K*+))? has
been chosen, where M (K*O) and M (K**) are the nominal
K* masses [19]. The three charged particle tracks have
been fitted to a common vertex and the x? of this ver-
tex has been required to be smaller than 30. To improve
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the resolution on the vertex position, all three tracks have
been required to have at least one VD hit.

K7t and K%7" mass combinations have been se-
lected if their effective masses are within +75 and £95
MeV/c? of the nominal neutral and charged K* mass re-
spectively.

The charged pion and kaon from K* decays must have
a momentum larger than 1 and 1.5 GeV/c respectively.
The charged and neutral K* mesons must have a momen-
tum larger than 4 and 3.5 GeV/c respectively and DF
mesons have a momentum larger than 11 GeV/c.

322 Df — ¢rmm

The ¢ is reconstructed in the decay channel ¢ — KTK~
by taking all possible pairs of oppositely charged parti-
cle tracks that have an invariant mass within 13 MeV/c?
of the nominal ¢ meson mass [19]. Neither kaon candidate
should be tagged by the combined RICH and dE/dX mea-
surements as pions (“tight” selection). Three tracks, each
compatible with the pion hypothesis as given by the com-
bined RICH and dE/dX measurements, have been then
added to the ¢ candidate to make a DJ. The five tracks
have been required to be compatible with a single vertex,
but no requirement has been applied on the x? of the ver-
tex fit. Three of the five tracks have been required to have
at least one VD hit and two of the three pion candidates
have been required to have a momentum above 1.2 GeV/c.

In addition, kaons from the ¢ decays must have a mo-
mentum larger than 1.8 GeV/c. Individual pion momenta
must be larger than 700 MeV/c and the Dy candidate
momentum must be larger than 9 GeV/c.

3.2.3 D} — ¢nn®

The ¢ is reconstructed using the same selection criteria as
for the previous channel. A third track, which has been re-
quired not to be tagged as a kaon by the combined RICH
and dE/dz, and a reconstructed 7° (Sect. . 2.2.4) have
been added to the ¢ candidate. The three charged tracks
have been fitted to a common vertex. To improve the res-
olution on the vertex position, each of the three tracks has
been required to be associated to at least one VD hit each.

In addition, kaons from the ¢ decay must have a mo-
mentum larger than 2.5 GeV/c. The momentum of the
charged pion and of the Dy must be larger than 1 and 10
GeV/c respectively.

3.3 Summary for the D2 selected events
3.3.1 Non leptonic Dy modes

In the DI mass region, an excess of “right-sign” (DF¢T)
over “wrong-sign” (DZ¢*) combinations is observed in
each channel (Fig. 2). The estimated number of signal
events and the yields for the combinatorial background
in all the studied modes are summarized in Table 4. The
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Table 4. Numbers of Dy signal events and fractions of combinatorial back-
ground events measured in the different Ds decay channels. The level of the
combinatorial background has been evaluated inside a mass interval of +2¢
(£1.5I") centred on the measured Ds (¢) mass
Ds decay modes  Estimated signal ~Combinatorial background / Total
Ds — ¢t 83+11 0.38 £ 0.06
D, —» KK+ 60 + 11 0.45 + 0.06
D, — K4K™ 2247 0.48 +0.10
D, - KK** 21+ 5 0.31 +0.07
Dy — ¢ ntw 10+ 4 0.39 £ 0.10
Dy — ¢nta® 18+6 0.39£0.10
Dy — ¢ty 80 £ 16 0.38 £ 0.06
N/S 160 ¢ ) mass distribution for non-leptonic decays has been fitted
= [ a with two Gaussian distributions of equal widths to ac-
% 140 3 | DELPHI count for the DI and DT signals and a polynomial func-
S 120 F tion for the combinatorial background. The D¥ mass has
0 been fixed at the nominal value of 1.869 GeV /c?[19]. The
= 100 | overall mass distribution for non-leptonic decays is shown
§2i C in (Fig. 3a). The fit yields a signal of (206 + 21) Dy de-
8 80 a cays in “right-sign” combinations, centred at a mass of
Lﬁ 60 L (1.968040.0016) GeV /c? with a width of (144-1) MeV /c?.
re-
40 Lo
[ 3.3.2 Semileptonic Dy modes
20
E Selected events show an excess of “right-sign” with respect
0 ‘118‘ : ‘119‘ — é — ‘211‘ : ‘2 2 to “wrong-sign” combinations (Fig. 3b). The K*K~ in-
) ) ) N variant mass distribution for “right sign” events has been
M (Ds) (GeV/c) fitted with a Breit-Wigner distribution to account for the
. 30 signal and a polynomial function to describe the combi-
S) i natorial background. The fit gives (80 4 16) events (see
S i Table 4) centred at a mass of (1.020+0.001) GeV /c? with
® 2f a total width (I') of (54 1) MeV/c2.
= :
o 20
§2i r 3.4 Selection of the ¢£h inclusive channel
§ 15 r Inclusive B? semileptonic decays are reconstructed by re-
L r quiring, in the same hemisphere, a high pr lepton and
10 a reconstructed ¢ — KTK~. This analysis is expected to
C - be more efficient than analyses based on completely recon-
5F " o structed D, at the cost of a higher background. The extra
L L ERECT | o contamination comes mainly from combinatorial K™K~
Pt L e T pairs and from non-strange B-decays.
%_99 1 1.01 1.02 1.03 1.04 1. 05 1 06 In order to avoid a statistical overlap with the Dg/
M (K K)(GGV /C ) sample considered previously, all K™K~/ triplets selected

Fig. 3. a Invariant mass distributions for Dy candidates
in non-leptonic decay modes (¢, K*OK+, K°K™, K*DK*+,
¢t T and ¢nta®). b KTK™ invariant mass distribution
for Dy candidates selected in the two semileptonic decay modes.
The corresponding distribution for wrong-sign combinations
are given by the shaded histograms. The curves show the re-
sult of fits described in the text

in the Dgf channels containing a ¢ in the final state have
been excluded from the present sample.

The analysis of the ¢fh channel has been performed
using 94-95 data only.

Leptons are required to have a momentum and a trans-
verse momentum larger than 3.0 GeV/c and 1.0 GeV/c
respectively. A pair of oppositely charged identified kaons
is considered as a ¢ candidate provided their combined
momentum is above 3.0 GeV/c. Considering the remain-
ing particles of charge opposite to the lepton, the hadron
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Fig. 4. K™K~ invariant mass distribution of the ¢¢h candi-
dates. The curves show the result of the fit described in the text
(the signal and the combinatorial background components are
represented by the white and shaded histograms respectively)

h with the highest momentum projected along the ¢ direc-
tion is associated to the D decay vertex. The KtK~h*
vertex is fitted, and the DI pseudo-track is reconstructed
and fitted with the lepton track to estimate the B decay
vertex. The mass distribution of the KT K~ pairs has been
fitted with a Breit-Wigner function to account for true ¢
mesons and a polynomial function for the combinatorial
background (Fig. 4).

Accepting events within £1I" of the fitted ¢ mass,
where I" corresponds to the fitted width of the signal, 441
events are retained, including a combinatorial background
of (45.2 +4.5)%.

3.5 Sample composition

The lifetime and the oscillations of BY mesons have been
studied selecting, in the D¢/ sample, right-sign events lying
in a mass interval of £20 (£1.5I") centered on the mea-
sured Dy (¢) mass and, in the ¢¢h sample, events with the
candidate ¢ meson in a mass interval of 11" centered on
the measured ¢ mass.

The following components, entering into the selected sam-
ple, have to be considered:

— fokg: fraction of candidates from the combinatorial
background: it has been evaluated from the fit of the
mass distributions on D¢/ and ¢¢h events;

— fre: fraction of candidates coming from events having
a fake lepton and a real Dy or ¢ meson (in the ¢lh
analysis this category includes also events containing
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Table 5. Ratio between DD and signal yields in the three Dy¢
classes

o 034 Others
0
fbcl/fsS 0.151 +0.018 0.148£0.025 0.114 + 0.020

true leptons and ¢ mesons coming from charm decays
or light quark hadronization);

— fpee: fraction of candidates in which the high pr lepton
originates from a “cascade” decay (b — ¢ — £);

— fB: fraction of semileptonic decays of non-strange B
mesons

0
— fﬁsz fraction of semileptonic decays of the B meson.

Only the last four components (i.e. background and signal
coming from physical processes) will be detailed in the
following: the estimation of the combinatorial background
has been already reported in previous sections.

3.5.1 Composition of the Dy¢ sample

In the D¢/ sample the Dg signal of the “right” sign correla-
tion is dominated by BY semileptonic decays; other minor
sources of Dg# candidates are:

= [fre
afpossible contribution from this source (DF-fake £)
would give the same contribution in right and wrong
sign candidates. Since no excess has been observed in
wrong sign candidates this component has been ne-
glected.

- fbcﬁ:

it is the expected fraction of “cascade” decays (B —

5(*)DS(*)+X) followed by the semileptonic decay D —
(~7X yielding right-sign DI ¢T pairs (referred also as
fp,p). This background corresponds approximately to
the same number of events as the signal [20], but the se-
lection efficiency is lower because of the requirement of

a high pr lepton and of a high mass of the(Dg/) system.

These selection criteria reduce the DD background

fractions to the values reported in Table 5. Quoted er-

rors on these fractions result from the uncertainties on
the branching fractions of the contributing processes
and from the errors on the respective experimental se-
lection efficiencies.

— flgz
two contributions to this fraction have been consid-
ered:

— frepi: the fraction of events from Dt — K- 7zt
and DT — K7+ decays in which a 7+ has been
misidentified as a Kt which give candidates in the
D, mass region. If the D7 is accompanied by an op-
positely charged lepton in the decay Bya

— DY UX, it looks like a B semileptonic de-
cay. The fractions frcsi/fs, = 0.054 & 0.015 and
fresi/ fB, = 0.069 £ 0.025 have been estimated for

the K*"K+ and K%K™ decay channels, respectively.
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— A DX/F pair from a non-strange B meson decay,
with the lepton emitted from a direct B semilep-
tonic decay, may come from the decay B
— DyKX/~w. The production of Dy in B decays
not originating from W™ — ¢35, has been measured
by CLEO [21], but no measurement of this produc-
tion in semileptonic decays exists yet. This process
implies the production of a D** followed by its de-
cay into DgK. This decay is suppressed by phase
space (the Dy K system has a large mass) and by
the required additional ss pair. A detailed calcula-
tion shows that the contribution of this process is
[22]:

Br(b — B — DKX/(7)
Br(b — B — D/~ 1)
Assuming a selection efficiency similar to the one
for the D,D component the contribution of this de-
cay channel is below 2% and, for this reason, has
been neglected in the following.

< 10%.

Taking into account the above components, the estimated
number of B? semileptonic decays in the sample of 436
candidates is 230 + 18.

The signal composition for each Dy decay mode is given
in Table 6.

In order to increase the effective B? purity of the se-
lected sample, signal and background fractions have been
calculated on an event by event basis using the probability
density functions of pr(l) and Xp_ (defined in Sect. 3.1):

71 = fonFo,(Xp,)Fay (pr) /Tt

;;fD = fp.pFp.(Xp,)Fp,0(P1)/Tot
F = frepFo,(Xp.) Feo(pr)/Tot

refl

where Fp_, Fcomb, Fp.D, Fpo are the probability densities
for the Dg mesons, the combinatorial background, the DgD
background and the BY signal events, respectively.

In these expressions, Tot is a normalisation factor such
that:

Tl + I+ IEL + S =

The distributions of the values of the Xp_ and pr variables

are shown in Fig. 5. The use of this procedure is equivalent
to increasing the statistics by a factor 1.2.

3.5.2 Composition of the ¢pfh sample

The different contributions to ¢¢h candidates contained in
the selected K™K~ mass interval of £6.6 MeV/c? around
the ¢ nominal mass and corresponding to a real ¢ meson
are shown in Table 7 and have been estimated using sim-
ulated events and measured branching fractions. Quoted
uncertainties originate from the finite Monte Carlo statis-
tics, except for one attached to the signal fraction which
is dominated by fgo x Br(BY — D¢~ ,X) = (0.86 +
0.097039)% [23].

The number of B? semileptonic decays contained in
this sample has been evaluated to be 41717
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Fig. 5a—f. The plots illustrate the agreement between data
and simulation for the variables used in the estimate of the
B? purity on an event by event basis. a, b, ¢ and d show the
Xp, distributions for the channels ¢, KO*K, KSK and ¢¢* re-
spectively. White histograms and shaded histograms represent
the signal and the background respectively. e and f show the
pr distributions for the samples selected with pr > 1 GeV/c
(¢7" and ¢€Tv) and pr > 1.2 GeV/c (all the others) respec-
tively. For the pr distribution the D.D and the combinatorial
background are considered separately

3.6 Measurement of the B meson decay time

For each event, the B? decay time is obtained from the
measured decay length (Lpo) and the estimate of the B?
momentum (pgo). The BY momentum is estimated using
the measured energies:

ppo” = (E(Dgl) + E,)* — mpo”.

The neutrino energy FE, is obtained from the measured
value of E,;ss (see Sect. 3.1).

The agreement between data and simulation on F,,;ss
has been verified using the side bands of the D¢/ sample.
In order to have enough statistics to perform this test, cuts
not correlated with the missing energy have been relaxed.
In addition, to verify the resolution on the energy esti-
mate, the studied sample has been enriched in light quark
events by applying an anti-b-tagging cut (Sect. 2.4). A
relative shift of A(MC — Data) = 500 MeV has been
measured and the simulation has been corrected. Figure 6
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Table 6. Estimated composition of the Dg signal in the D¢ sample

o o4 KIK™ K*0K* Others
fBQ 0.869 +£0.014 0.871+£0.019 0.845+£0.023 0.856 +0.018 0.898 £ 0.016
stﬁ 0.131 £0.016 0.129+0.022 0.096 £0.021 0.098 £ 0.020 0.102 £ 0.018
freft. - - 0.059 £0.022 0.046 £ 0.014 -
Table 7. Estimated composition of the ¢ signal in the ¢¢h Z‘ r N
sample %0-15 r §‘L - Datauds enrich.
Source (%) e r Tf"i, % ~ - MC udsenrich.
Fre 225+ 24 2 | ., MC bsemilept
B 49.4+2.1 g 0lr T
Soct 11.3+£1.2 2 » *‘ 1
B! . r 1 |
ety £ | R
0.05 - i ‘;,P
I P L
shows the agreement between data and simulation after ﬁ"’ L
having applied this correction. STt g e
rFhe neutrino E, resol-ution has been impr2oved by cor- 0 &= r—iO : (‘) : : 1‘0‘ : Z‘d '7“"*"“*3‘0‘
recting E,,;ss by a function of (Dgf) energy® and which L
has been determined from simulated signal events: Missing Energy (GeV)
-~
EV = Emiss + F(E(Dsg)) § [
60
The data-simulation agreement on ppo has been verified 8 * Databkg. subtracted . | |
on the selected signal events after subtraction of the com- N 3 - B MC ‘ w
binatorial background (estimated from events selected in = r **ﬁ‘i
side-bands of Dy and ¢ signals) (Fig. 6). § 40 - l 3
i I | | il
3.7 Proper time resolution and acceptance 20 B T'—: ,,,,,,,
The predicted decay time distributions have been obtained
by convoluting the theoretical distributions with resolu- H A ‘
tion functions evaluated from simulated events. Due to (o)) e — l— A R R B BN i
different resolutions on the decay length, different para- 10 15 20 25 30 35 40 45 50

metrizations of the proper time resolution have been used
for three different classes in the Dg¢ sample: KSKT de-
cays, other non-leptonic decays and semileptonic Dy de-
cays. Different parametrizations have been also used for
the two Vertex Detector configurations installed in 91-93
and in 94-95. The proper time resolution is obtained from
the distribution of the difference between the generated
(t) and the reconstructed (¢;) time. The following distri-
butions have been considered:

— Ry (t—t;) is the resolution function for direct semilep-
tonic B decays.
Ry is parametrized, for the Dgf sample, as the sum of
three Gaussian distributions. The width of the third
Gaussian is taken to be proportional to the width of
the second Gaussian.

Rue(t —t;) = (1 — fo — f3)G(t — t;,01)
+foG(t —t;,02)

2 here Dy means “observed decay products of Dy”, includ-
ing also the decays where the Dg is not fully reconstructed:
specifically Dyt — ¢ty and DT — ¢oht X

P(B.)(GeV/c)

Fig. 6. The plot on the top shows the comparison between
data and the simulation for the missing energy distribution
after correction (see Sect. 3.6). The data (dots with error bars)
and the simulation (dashed histogram) are enriched in light
quark events. The dotted histogram shows the missing energy
distribution in simulated b semileptonic decays. The plot on
the bottom shows the comparison between the B momentum
distribution for simulated events and the one estimated from
data in the signal region by subtracting the B momentum
distribution of events in the Dg side bands from that of the
events in the signal region

+f3G(t —ti, 03)

with o1 = /0%, + 05,12
02 =/ ‘7%2 + ‘71232t2

03 = 5302
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Fig. 7. The six plots on the top show the proper time res-
olution, defined as the difference between the generated time
(tsim) and the reconstructed time (¢rec), in bins of generated
time on a sample of ¢7 events simulated with the 94-95 Vertex
Detector configuration. The plot on the bottom shows the dis-
tribution of the reconstructed time with the fit superimposed

In the ¢fh analysis a fourth Gaussian distribution has
been added.
The parameters related to the decay length and proper
time resolutions, oy, and op, respectively, and the
relative fractions f; are listed in Table 8. A typical
parametrization of the resolution, for the D¢/ sample,
is shown in Fig. 7 for the ¢n+ decay mode obtained
with the 94-95 Vertex-Detector configuration.

— Rpe is the resolution function applied to “cascade*
events.
Since the charm decay products have been only par-
tially reconstructed in these events, the momentum of
the BY candidate is underestimated giving a long pos-
itive tail in the proper time resolution function.

Measurement of the B? lifetime and study of B?-BY oscillations using D¢/ events

The function, Ry (t —t;), is well described by a Gaus-
sian distribution convoluted with an exponential distri-
bution. The variation of the shape of this distribution
with the generated proper time has been neglected.

Distortions on the reconstructed proper time can be
due to a non-uniform reconstruction efficiency as a func-
tion of the true proper time (acceptance).

Non-uniform efficiencies have been observed, on sim-
ulated events, in the Dy decay modes ¢, K*°K and ¢fv
because of the selection criteria on L/o(L).

This effect has been taken into account by inserting
in the fitting function, for those channels, an acceptance
function (A(t)) parametrized on simulated events.

4 Measurement of the B? lifetime

The BY meson lifetime has been studied using the sig-
nal sample (Sect. 3.5) and a background sample contain-
ing events selected in the sidebands of Dy (¢) candidates.
Sidebands events are “right” sign events lying in the Dg
mass interval [1.91 — 1.93] U [2.01 — 2.15] GeV/c? for the
D¢ hadronic decays and “right” sign events lying in the ¢
mass interval [0.990, 1.005] U [1.035,1.060] GeV/c? for the
Ds semileptonic decays.

In the Dy/ analysis “wrong” sign candidates have been
also included in the background sample. This background
sample is assumed to have the same proper time distribu-
tion as the combinatorial background in the signal sample.
This assumption has been verified using the simulation.
The probability density function used for events in the
signal region is given by:

B? Bg
P(ti):fb[ ( ')“’fz?epb]%( )
+fbcePbce( i) + frePre(t:)
+ fokg Pokg (ti)-
where t; and t are the measured and true proper times
respectively.
The different probability densities are expressed as con-

volutions of the physical probability densities with the ap-
propriate resolution (R) and acceptance (A) functions:

— for the signal:

BO
Py (ti) =

1
" exp(—t/mpo)A(t) @ Rpe(t — t;)

s

— for the background coming from non strange B mesons:

Pyt Zfbe gexp( t/78,)A(t) @ Ree(t — ;)

qFs

where ¢ runs over the various B-hadrons species con-
tributing to this background,
— for the “cascade” background:

Zfbcﬁ

Poce(ti exp(

q

—t/mB,)A(t) ® Ryce(t —t;)
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Table 8. Fitted values of the parameters of the resolution function R (t — t;) obtained, on
simulated events, for the Dsf and ¢fh samples

Dsl sample
D, decay mode ori(ps) op1 or2(ps) op2  s3  fo f3
KSK T (92-93) 0.16 0.08 1.04 016 - 050 0
K KT (94-95) 0.16 0.08  0.98 016 - 028 0
other non-leptonic (92-93) 0.11 0.07  0.39 0.16 5 0.26 0.07
other non-leptonic (94-95) 0.11 0.07  0.37 0.16 3 0.16 0.02
oty (92-93) 0.14 0.075 0.31 0.15 6 0.29 0.09
oty (94-95) 0.14 0.075 0.31 0.15 6 0.21  0.07
¢lh sample
or1(ps) op1 or2(ps) op2  or3(ps) ops  ora(ps) opa fi fa fa
0.13 0.08 0.28 0.09 0.32 0.19 1.06 042 0.31 041 0.10

— for “fake lepton” candidates the function Py,(t;) has
been parametrized using simulated events;

— for the combinatorial background two different para-
metrizations have been used:
— Dyl sample.

ijkg(ti) = f_%efp(—t/T_) ® G(t — 1, O’j)

—|—f+7_i+exp(—t/7+) ® G(t —t;,05)
+(1 = f7 = TGt — ti,05)

Three distributions have been used for each of the
three classes of decay time resolution o; (j = 1,3)
(see Sect. 3.7). A negative exponential for poorly
measured events (with negative lifetime 77), an
exponential distribution for the flying background
(with lifetime 7%) and a central Gaussian for the
non-flying one. The seven parameters (f~, f¥, 7T,
77 and o; (j = 1,3)) have been fitted indepen-
dently for the 92-93 and 94-95 data samples. The
parameter o; (j = 1,3) are taken to be different
for the three classes of decay time resolution.
— ¢lh sample.

The combinatorial background shape has been de-
scribed with a sum of four smeared exponentials
(exp(t;, 7) @ G(t — t;,0)).

BY lifetime fit has been performed simultaneously on the
signal and background samples. All parameters describing
the shape of the background time distributions in the Dg/¢
and ¢fh samples are left as free parameters. Results of
the fit are shown in Fig. 8 (D sample) and in Fig. 9
(¢Lh sample). Table 9 summarizes the different lifetimes
measurements with their statistical errors.

4.1 Systematic errors on the B? lifetime

Systematic uncertainties attached to the BY lifetime de-
termination are summarized in Table 10.

Decay mode Data set Tgo (ps)
Dyf; Ds — ¢ (92-95) 1.447%02¢
D.4; D, — KK+t (92-95) 1311930
Dof; Ds — KYK* (92-95) 143705
D.f;De —» KK (94-95) 100792
Dyl; Dy — ¢rtr® (94-95) 1.4670%3
— 1.16
Dol;Ds — ¢rtatr™  (94-95) 1.967 565
Dof; Ds — pltw (92-95) 1.4970-32
$lh (94-95)  1.41 +0.68

Systematics Tgo Vvariation in ps
Jokg. 00130
Joet o110
fir 100020
Xp, discrim. var. +0.008
pr discrim. var. +0.004
7+ (1.65 £ 0.04 ps) 0:0010
7130 (1.56 & 0.04 ps) 00015
t resolution 40.008
t acceptance +0.010
Simulated evts. statistics +0.020
Total Syst. +0.03
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Table 9. B? lifetime determinations using the Dgf and ¢¢h
events samples

Table 10. Different contributions to the systematic uncer-
tainty attached to the B? lifetime measurement

The main contributions to the systematic uncertainties

come from:

— Systematics from the evaluation of the BY purity.

— Dy/ sample:

The different fractions for signal and background
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Fig. 8. Ds¢ sample. a Likelihood fit for events in the signal
mass region. The points show the data and the curves cor-
respond to the different contributions to the selected events.
b The same as a but for “wrong-sign” events and for events
situated in the side band region. The labels of the signal com-
ponents refers to Sect. 3.5.1

events have been calculated on an event by event
basis. The expressions defining the effective puri-
ties are given in Sect. 3.5.1. The value of fyr,. has
been varied according to the statistical uncertain-
ties of the fitted combinatorial background frac-
tions present in the different, Dy or KTK™, mass
distributions. The value of fy.¢ has been varied ac-
cording to the errors given in Table 7 and in Ta-
ble 6, which takes into account both the statistical
error from the simulation and the errors on mea-
sured branching ratios.

The evaluation of the systematics due to the proce-
dure used to evaluate the BY purity on a event by
event basis has been evaluated in two steps. The
distributions of the variable Xp_ (Fig. 5) for sig-
nal and background events have been re-weighted
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Fig. 9. ¢¢h sample. Likelihood fit for events in the signal mass
region. The points show the data and the curves correspond to
the different contributions to the selected events. The labels of
the signal components refers to Sect. 3.5.2

with as linear function in order to maximize the
Data-simulation agreement:

S(Xp,) S(Xp,)

= 2 a+ bXDs
B(XDs)old( )

s/ new

The linear behaviour of the correction has been
chosen because of the limited statistics in the data:
it has been verified that a quadratic correction does
not change the result significantly.
The fit has been redone with this new probability
distribution and the variation of the fitted lifetime
value (40.008 ps) has been taken as the systematic
error.
Because of the agreement between data and sim-
ulation (Fig. 5e and 5f) for the pr distribution,
the systematic error associated to this variable has
been evaluated varying its distributions by the un-
certainties of the parametrization obtained from
simulated events.

— ¢fh sample:
In this analysis the fractions of signal and back-
ground events have not been calculated on an event
by event basis. The systematic uncertainty due to
the variation of the fps, fﬁ and fyrq fractions have
been obtained by varying these parameters by the
errors reported in Table 7 and in Table 4. The sys-
tematic uncertainty attached to the fy, fraction,
affecting only the ¢f sample, has a negligible effect
on the global result.
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— Validation of the fitting procedure using simulated

events. The fitting method has been verified on pure BY
simulated events: the measured value on this sample
has been 7o (DF(F)MC = (1.605 + 0.020)ps in agree-
ment with the generated value (70 = 1.6 ps). The
statistical error of this verification has been included
in the systematic uncertainties.
A similar check has been performed on the ¢pfh sample
giving 7o (¢¢h)MC = (1.65 & 0.04)ps. Since the statis-
tical weight of the ¢¢h channel is small compared to
the full sample, the error on the fitting procedure is
dominated by the statistics of D¢/ simulated events.

— Systematic from the proper time resolution.
Uncertainties on the determination of the resolution
on the proper time receive two contributions: one from
errors on the decay distance evaluation and the other
from errors on the measurement of the B momentum.
The agreement between real and simulated events on
the evaluation of the errors on the decay distance has
been verified by comparing the widths of the nega-
tive part of the flight distance distributions, for events
which are depleted in B-hadrons. The difference be-
tween the two widths has been found to be of the order
of 10%.

The systematic on B momentum has been evaluated
by comparing the momentum distribution on simu-
lated events with the distribution, background sub-
tracted, obtained from the data sample (see
Sect. 3.5.1). Effects from shift and width differences
between the two distributions have been considered
by changing the shape of the distribution of simulated
events; it has been found that the main systematics
comes from difference in width: the width on data has
been estimated to be larger by a factor 1.07 4 0.04.
Taking into account these two effects the uncertainty
on the time resolution has been, conservatively, eval-
uated by varying the parameters oy, and op, of the
resolution functions (see Table 8) by +10%.
Uncertainties on the acceptance determination have
been also considered: the parameters entering in the
definition of the acceptance function have been varied
according to the errors given by the fit on simulated
events.

The final result is:
TRo = 1.42%0-13(stat.) & 0.03(syst.) ps. (8)

5 Lifetime difference
between B? mass eigenstates

The B? (or BY) mesons are superpositions of the two mass
eigenstates:

1 1
V2 V2

The probability density for N semileptonic BY decays is
proportional to:

dN
— (Br(BY — £X)Iye1nt

BY) = —=(1BY;) +[BY) 5 [B.) (IB%) — IBL))-
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+Br(BY — ¢X)Ie L) (9)

where Br(B%(L) — IX)= F(B%(L) — 4X) /Ty

The semileptonic partial widths for BY and B are
assumed to be equal since only CP-eigenstates could gen-
erate a difference (semileptonic decays are not CP-eigen-
states).

It follows that the two exponentials are multiplied by
the same factor and the probability density for the decay
of a BY or B? at time ¢ is given, after normalization, by:

 Iuln
C Iy+1I

where FL:FBQ+AFBQ/2a FH:FBQ_AFBS/Q-

P(t) O (10)

Two independent variables are then considered: ™ =
1/[‘]3(5)3 and § = AFBS/FBS

As the statistics in the sample is not sufficient to fit
simultaneously 7 and J, the method used to evaluate §
consists in calculating the log-likelihood for the time dis-
tribution measured with the Dg¢ and ¢fh samples and de-
riving the probability density function for § by constrain-
ing 7 to be equal to 1/I'g0 = 75, = (1.56 4 0.04) ps [19]*
(Is,/IB, —1| < 0.01is predicted in [1]).

The log-likelihoods function described in Sect. 4 have
been modified by replacing the physical function
BY (exp(—t/7p0)) by Equation (10) and they have been
added.

The log-likelihood sum has been minimized in the (7, §)
plane and the difference with respect to its minimum (AL)
has been calculated (Fig. 10a):

AL = —log LD (76)
+ log ‘C?Ostl—&-(ﬁéh((,r)min’ (§)min) .

The probability density function for the variables 7 and §
is then proportional to:

P(7,0) o e” 2~

The 0 probability distribution is obtained by convoluting
P(r,6) with the probability density function f(;=, ,)(7),

expressing the constraint 7 = TR and normalizing the

result:
5 JP(r, 5)f(T:TBg)(T)dT
[ P(r, 5)f(T:TBg)(T)de5
where
Fir=rap)(T) = 1/(\/%07133)6@(—(7 - TBg)Q/QUEBg)

The upper limit on Al'go/I'go, calculated from P(0), is:

Alpo/To < 0.45 at the 95% C.L.

? 7 does not coincide with the measured BY lifetime if Algo
is different from zero
4 Tt has been assumed that Az, = 0.
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This limit takes into account both statistical uncertainties
and the systematic coming from the uncertainty on the Bg
lifetime.

The systematic uncertainty originating from other
sources has been evaluated by convoluting P(7,d) with
the probability density functions of the corresponding pa-
rameters:

where z;, . are the n parameters considered in the system-

atic uncertainty and f(z%,,) are the corresponding prob-
ability densities.

Since the method implies heavy numerical integrations
over a n-dimensional grid only two systematics have been
considered here: the purity in BY meson of the selected
sample and the acceptance. This approximation is justified
since systematic uncertainties are expected to be small (as
they are in the lifetime measurement) and dominated by
these two parameters.

72 The DELPHI Collaboration: Measurement of the BS lifetime and study of BS—Big oscillations using Dgf events

The Al'go/I'go probability distribution, obtained with
the inclusion of the systematics, is shown in Fig. 10c, the
most probable value for Al'go/I'go is 0 and the upper limit
at 95% confidence level is:

Al'go/I'go < 0.46 at the 95% C.L.

It should be noted that the world average of the BY life-
time cannot be used as constraint in such analysis, since it
depends on Al'go and on I'go. Moreover, this dependence
is also different for different decay channels. In the Dg/
case the expression of the average BY lifetime is given by:

1+ (L AT /Tp)°

o (Dsl) =
B Ty (1= (34T /To)”)

(11)

6 Study of B?-B? oscillations

The study of BY%-B? oscillations requires the tagging of
the sign of the b quark in the BY meson at the decay and
production times. 7

The algorithm used for the b(b) tagging at production
time has been tuned in order to have the best perfor-
mances on the D¢/ sample, where all the charged particles
from the BY decays have been reconstructed.

6.1 b(b) tagging at production time

The signature of the initial production of a b(b) quark
in the jet containing the B? or B candidate is deter-
mined using a combination of different variables which
are sensitive to the initial quark state following the same
technique as in Sect. 3.1. For each individual variable X;,
the probability density functions f,(X;) (f3(X;)) for b (b)
quarks are obtained from the simulation and the ratio
R; = f7(X;)/ fo(X;) is computed. The combined tagging
variable is defined as:

1-R

Tpag = TR where R = HRi'

(12)
The variable x4, varies between -1 and 1. High values of
Ztqg correspond to a high probability that a given hemi-
sphere contains a b quark in the initial state. If some of
the variables X; are not defined in a given event, the cor-
responding ratios R; are set to 1, corresponding to equal
probabilities for the initial state to be b or b.

An event is split into two hemispheres by the plane
passing through the beam interaction point and perpen-
dicular to the direction of the B? candidate; then nine
discriminant variables have been selected for this analy-
sis. Five variables are defined in the hemisphere opposite
to the B? meson, in which reconstructed charged particles
have been used:

— the mean hemisphere charge which is defined as :

> i1 aillpi - &))"

i (pi- &)

Qhem = (13)
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In this expression n is total number of charged parti-
cles in the hemisphere, ¢; and p; are, respectively, the
charge and the momentum of particle i e is the unit
vector along the thrust axis and k=0.6;

— the weighted sum of the charges of particles with tracks
identified as kaon candidates:

Qr = > ai(|pi - &))"

— the sum of the charges of tracks having significant im-
pact parameters with respect to the event primary ver-
tex;

— the sum of the charges of the particles whose tracks
are compatible with the event primary vertex;

— the momentum transverse to the jet axis multiplied by

the charge of the identified lepton candidate with the
highest momentum.

These variables have been combined to form the dis-
criminant variable xfag.

Another set of three variables are evaluated in the
hemisphere which contains the BY meson candidate and
only tracks not included in the B? candidate decay prod-
ucts have been used in their determination ®. They are:

— the mean hemisphere charge, computed using (13) with
€, directed along the reconstructed momentum of the
BY candidate;

— the rapidity with respect to the direction of the thrust
axis multiplied by the charge of the identified kaon
candidate with the highest momentum having a tra-
jectory compatible with the primary vertex (this algo-
rithm aims at reconstructing the fragmentation kaon
produced with the B?, this kaon has a sign opposite to
the b quark contained in the meson);

— the momentum of any reconstructed A° candidate mul-
tiplied by the charge of the proton from its decay (same
principle as in the previous item when a baryon instead
of meson is produced).

These variables have been combined to form the discrimi-
nant variable z7, . In addition the distribution of the po-
lar angle of the direction of the thrust axis, common to
both hemispheres, is also used to benefit from the forward-
backward asymmetry of the b quark production relative to
the electron beam axis.

6.2 Measurement of the tagging purity in events
with an exclusively reconstructed D*

The high statistics sample of exclusively reconstructed D*,
accumulated in 1994-95, has been used to check the tag-
ging procedure. The purity of the tagging at production
time, €;q4, has been measured on those events using the
analysis of the BY — BY mixing.

The D** candidates have been selected by reconstruct-
ing the decay chain D** — DOzt followed by D — K~ 7+

5 In the D4/ analysis all the B? decay products are identified
and removed, for more inclusive analyses this is only partially
possible
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Table 11. Values of €44 obtained from the analysis of exclu-
sively reconstructed D** for different cuts on the value of the
tagging variable x7,,. Also reported is the fraction of events
remaining after the cut. Expectations from the simulation are
also given

Data Simulation

€tag fevents €tag fevents
200, > 00 068+£002 10 069 10
|rge4] > 0.1  0.69 & 0.02 0.88 0.71 0.89
‘J/’?ag| > 0.2 0.714+0.02 0.77 0.74 0.78

or D? — K~ 77" The selection criteria rely mainly on
the small mass difference between D*T and DY mesons
[24]. The measurement of the B} —BY mixing is performed
by correlating a) the sign of the D** charge, which tags
the B flavour at decay time (since D*” in these events

are mainly produced from B} and D*T from BY), with b)
the global tagging variable, z7, , evaluated in the hemi-

sphere opposite to the D** and obtained by combining the
five first quantities defined in the previous section. If the
BY meson, decaying into a D**, has oscillated, the D**
charge and the value of the variable zf,, are expected to
be of unlike sign. The mass difference, AmBg, between

the two physical states of the Bg — BY system is obtained
from the study of the D® decay distance distribution for
unlike and like sign events. Details of the analysis can be
found in [24]. The amplitude of the time dependent oscil-
lation is sensitive to the probability of correctly tagging
events as unmixed and mixed BY candidates. A fit has
been performed, fixing the mass difference AmBg to the

world average [23], and leaving €;,, as a free parameter.
The fit has been repeated for different minimum values of
the global tagging variable zf,,. Results are reported in
Table 11, together with the predictions from the simula-
tion. The fraction of events feyents remaining after the cut
on the tagging variable is also reported.

The tagging efficiency, estimated using the D** sam-
ple, is consistent within its uncertainty with the expecta-
tion from the simulation.

The selected sample of exclusively reconstructed D**
still contains a significant fraction of events originating
from charm and light quarks. In order to study the distri-
bution of the tagging variable x7, , the b-tag probability
for all tracks in the event has been required to be smaller
than 1073 [16]. The fraction of non-b events in the re-
maining sample is estimated to be 5%. The distribution
of the product between the D** charge and the value of
the tagging variable z7,  is shown in Fig. 11la, together
with the expectation from the simulation.

Another check has been performed by selecting events
with an exclusively reconstructed D** accompanied by a
lepton of opposite charge. This sample is highly enriched
in Bg, but has a limited statistics. However, it allows the
study of the tagging variable z7,, defined, in the same

hemisphere as the D*i—lepton candidate, by combining
the other three variables mentioned in the previous sec-
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Fig. 11a,b. Check of the flavour tagging on the D* sample. a
Distribution of the product between the global tagging variable
Z{ag and the charge of the D** in the hemisphere opposite
to the D** candidate. b Distribution of the product between
the global tagging variable x3,, and the charge of the D** in
the same hemisphere as the D**-lepton candidate. The full
dots with the error bars represent the data. The histogram is
obtained in the simulation. The non perfect separation is due
to the mistag fraction of x4y but also to the Bg—B?1 mixing

tion. The variable which quantifies the presence of an iden-
tified kaon of highest momentum compatible with the pri-
mary vertex has been removed from the definition of z7, .

The distribution of the product between the D** charge
and the value of the tagging variable, zj,,, is shown in
Fig. 11b together with the expectation from the simula-
tion.

The selected Dgf sample do not have enough statistics
to perform a quantitative check. The x4, distributions ex-
pected from the simulation and measured data, using the
D¢/ sample, are found to be compatible within statistics
(Fig. 12).
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Fig. 12. The plot shows the distribution of the x:qq discrim-
inant variable in the Dg¢ sample. The points with the error
bars represent the data, the white histogram shows the contri-
bution from combinatorial background, the lighter histogram
the contribution from DsD events and the darker histograms
the contribution from the BY signal in which B mesons pro-
duced from b or b quarks have been distinguished. The degree
of separation between the b and b histograms quantify the tag-
ging purity of xiag4

6.3 Tagging procedure

An event is classified as a mixed or an unmixed candidate
according to the relative signs of the Dg electric charge,
@ p, and of the x4 variable. Mixed candidates have x4 %
Qp < 0, and unmixed ones xyqq X Qp > 0.

The probability, €,, of tagging the b or the b quark
correctly from the measurement of x;,4 has been evaluated
using a dedicated simulated event sample and has been
found to be, in the Dgf sample, 74.5 + 0.5% in 94-95 data
and 71.5 + 1.2% in 92-93 data.

In the ¢¢h sample the tracks from the B decay have not
been all reconstructed. The tagging purity is lower with
respect to the one estimated in the Dy¢ sample due to some
possible misidentification between primary and secondary
tracks present in the same hemisphere as the ¢ meson.
The value found in simulated events is (e, = 0.69 & 0.01).

To improve the tagging purity further, the shape of the
Ttag distribution can be included in the analysis.

Four purities enter in the analysis:

- epe: tagging purity for the direct b — ¢ decays;

- €per: tagging purity for b — ¢ — £ “cascade” decays;

- egfjgw(“"miw) probability of classifying background can-
didates as mixed or as unmixed (computed on side-
bands events);
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mzw (unmiz)

€fo probability of classifying fake lepton can-
dldates as mixed or as unmixed.

using 4,4 as a discriminant variable each of these purities
is replaced by the function €X (z4q4), where X is the o4
probability density function.

The global probability density function has been di-
vided by the sum eX[)(2taq) + (1 — €)X (T1ag) (r =
right tag and w = wrong tag) in order to keep, for the
signal part, the relation € =1 — €".

The functions entering in the final likelihood are then
re-defined as:

X7, = €b0 Xpy(Ttag)
ebe Xy (Ttag) + (1 — €00) Xy (Ttag)
Xyp=1-X},
ché = GbCZXgCZ
€b£ng($tag) + (1 - Gb()Xl%(xtag)
Xy, = (A ae)Xpy
oo Xy (Ttag) + (1 — €00) X3y (Ttag)
) ml’L'XmlI
ngzw _ - bkg bkg
bt Xpyp(Trag) + (1 — €p0) X3y (Ttag)
. €unmlIXunmlfL’
X;:l;rfqmzw — - bkg bkg —
ebe Xy (Ttag) + (1 — €00) Xpp (Ttag)
ml.L }TZIIXmZI
X = X () + (1= o) X (12g)
uan[L’X’U/nmll'
Xunml$ — fé
bt Xpy(Ttag) + (1 — €00) X3y (Ttag)

The effective tagging purities obtained, in the Dg¢ sample,
with this method correspond to 78 + 0.5% for 94-95 data
and to 74 + 1.2% for 92-93 data.

6.4 Fitting procedure

From the expected proper time distributions and the tag-
ging probabilities, the probability functions for mixed and
unmixed events candidates have been computed ©:

PEY®(t:) + for PR () + foce Pl (t:)
Py (t:). (14)
where t; is the reconstructed proper time. The analytical

probability densities are as follows, with ¢ being the true
proper time:

me:( ) fbé
+ [Py (t:) + forg

— BY mixing probability.

PR () = { Xi PR (t) + XppPRo™ () JA(t)
Q@Rpe(t —t5) (15)

5 In the following, only the probability function for mixed
events is written explicitly; the corresponding probability for
unmixed events can be obtained by changing r — w.
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— “cascade” background mixing probability.

PR () = U200 XEPEI™(6) + ( Xi PRI (1) )
+(fbcse/2)( Xbcepunm”( )+ bcépm”(t) )

BO unmzz mix

(oot /2)( XpegPo™ " (1) + Xpet PEo™ (1) )
B Ko s e5p(—t/750)

Fos Xbee/Ta, exp(=t/7a,)

FA(L) @ Rpee(t —t;)

Note that the two terms contributing to the B are
due to the fact that, in the decay B} — DD X, the
lepton can originate from either Dy mesons. The BY
contribution can then be simplified in the expression
and becomes, mixing independent:

—t/78o)
— non-strange B-hadrons mixing probability.
P ™ () = { i ( X PRI (1) + XiPRr™ (1) )
+IET X /ra+ exp(—t/Tp+)

l;/éwa/TAb exp( t/TAb)
}.A ® Rpe (t — ti>

(16)

fBg/TBgeXp(

(17)

— mixing probability for candidates from light quark
events or fake leptons:

() = XFPre(ts) (18)
— combinatorial background mixing probability:
bhg (t1) = Xiky Porg(ti) (19)

The parameters entering in the proper time distribu-
tion for this background have been determined in the
lifetime fit.

The oscillation analysis has been performed in the
framework of the amplitude method [25] which consists
in measuring, for each value of the frequency Amgo, an
amplitude A and its error o(A). The parameter A is in-
troduced in the time evolution of pure B? or B? states so

that the value A = 1 corresponds to a genuine signal for
oscillation:

! e 7 x (1 £ A cos(Ampot))

0 RO\ _
(Bs7 Bs)) - 2Ts

PB? —
The 95% C.L. excluded region for Ampo is obtained by
evaluating the probability that, in at most 5% of the cases,
areal signal having an amplitude equal to unity would give
an observed amplitude smaller than the one measured.
This corresponds to the condition:

A(AmBg) + 1.645 O'(A(AmBg)) < 1.

In the amplitude approach it is possible to define the ex-
clusion probability, that is the probability that a certain
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Am_ (ps”™)

Fig. 13. Variation of the oscillation amplitude A as a function
of Amy. The lower continuous line corresponds to A+1.645 o 4
where o4 includes statistical uncertainties only, while the
shaded area includes the contribution from systematics. The
dashed-dotted line corresponds to the sensitivity curve. The
lines at A=0 and A=1 are also given

Amgpo value lies in an excluded region if the generated
Ampo was very large (Ampo — o00). The sensitivity is
the value of Ampo corresponding to 50 % of exclusion
probability.

Using the amplitude approach (Fig. 13), and consid-
ering only statistical uncertainties, a limit has been ob-
tained:

Ampy > 7.4 ps~! at 95% C.L. (20)

with a corresponding sensitivity at Ampgo = 8.3 ps~l. At
Ampo = 10 ps~!, the error on the amplitude is 0.85.

Several checks have been done to verify the reliabil-
ity of the amplitude fit: the proper time distributions for
mixed and unmixed events have been verified to be well
reproduced by the fit (Fig. 14a,b) and the ratio between
mixed events and the total number of events in bins of the
proper time has been compared with the expected distri-
bution for Ampo = 5 ps~! and Ampo = 10 ps~!. These
values have been chosen to illustrate the behaviour of the
expected oscillation curve for A = 0 (Ampgy = 5 ps™')
and A =1 (Amgy = 10 ps~') (Fig. 14e). It could be seen
that the oscillation curve at Ampo = 10 ps~! (where A
is close to 1) fits the data better than the corresponding
curve at Ampo =5 ps~! (where A is compatible with 0),
as expected from the definition of A.
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Fig. 14a—e. Proper time distribution of mixed and unmixed
events in D¢l sample a-b and in the ¢f sample c-d; the full
dots with error bars represent the data, the curves are the
corresponding distributions for Amge = 10 ps~'. ¢ Ratio
between the mixed events and the total number of events
in bins of proper time in the D¢l sample. The full (dashed)
line represents the prediction for an oscillation (A = 1) with
Ampo =5 psTH(10 ps™h)

6.5 Study of systematic uncertainties

Systematic uncertainties have been evaluated by varying
the parameters which have been kept constant in the fit,
according to their measured or expected errors, using the
formula [25]:

AA(v) and Ao(A) indicate the variations of the ampli-
tude, in the central value and in the error, due to the
considered systematics.

Three main sources of systematic uncertainties have
been identified:

— Systematics from the tagging purity.
— Dy/ sample.
The studies done in Sect. 6.2 show that, using the
tagging variables in the opposite hemisphere and
requiring |z¢,,| > 0., the difference between the
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Table 12. Amplitude values with statistical and systematic errors for three different values of

Ampgo
Amgo(ps™") A oa(stat) oa(total syst. (but t resolution)) oa(t resolution syst.)
2.5 -0.638 0.304 0.112 0.033
5 0.037 0.400 0.118 0.060
7.5 0.182 0.561 0.069 0.098
10 1.343 0.846 0.160 0.180
12.5 0.867 1.241 0.285 0.389
values of the tagging purity measured in real and g 5f a DEL PHI
simulated events is €q9(DATA) — €1qg(MC) =- © ,f

0.01 + 0.02. It has been verified that the real and
the simulated distributions for the tagging purities
agree in both hemispheres.

The systematics coming from the control of the tag-
ging purity has been evaluated by varying the prob-
ability distributions of the discriminant variable for
b and b quarks in a way to induce an absolute vari-
ation on the effective value of the tagging purity of
+3.0%.

— ¢lh sample. The agreement between data and sim-
ulation has not been checked for this sample; a con-
servative absolute variation of 5% in the tagging
purity has been assumed.

— Systematics from the B purity.
The same procedure already applied for the lifetime
measurement has been used.

— Systematics from the resolution on the B decay proper
time.
The same procedure already applied for the lifetime
measurement has been used. In addition, the system-
atic error due to the variation of the proper time distri-
bution of the combinatorial background, has been con-
sidered: the parameters used to define the background
shape, in the lifetime fit, have been varied according
to their fitted errors.

The inclusion of systematic uncertainties lowers the
sensitivity to 8.1 ps~! without affecting the 95% C.L limit.
In Table 12 the amplitude values are reported, together
with their statistical and systematical errors, for five dif-
ferent values of Amgo.

The exclusion probability of Ampe = 7.4 ps~ 1 is 54%
while the probability of obtaining a limit on Ampo higher
than the actual one is 38% (Fig. 15¢).

Figure 15a and Fig. 15b represent, respectively, the
error on the amplitude and the exclusion probability as a
function of Amgpo.

7 Conclusion

A sample of 436 DT candidate events has been selected
from about 3.6 million hadronic Z° decays accumulated
by DELPHI between 1992 and 1995, using seven different
D decay modes. The number of events coming from BY
semileptonic decays has been estimated to be 230 & 18 in
this sample. In addition, a sample of 441 @¢h, containing
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Fig. 15. a Variation of the error on the amplitude as a func-
tion of Ams. b Exclusion probability vs. Ams. ¢ Lower limit
probability density function vs. Amg

41412 B? semileptonic decays, has been also used. Events
contained in the Dyl sample, with a reconstructed ¢ and
have been removed from this last sample.

Using these samples, three analyses have been per-
formed. The B? lifetime has been measured and a limit
on the fractional width difference between the two physi-
cal BY states has been set:

7(BY) = (1.427013 (stat.) + 0.03(syst.)) ps

Al'go/I'go < 0.46 at the 95% C.L.

This last result has been obtained under the hypothesis
that 7o = 7p,.

The study of BY — B? oscillations sets a limit
at 95% C.L. on the mass difference between the physical
BY states:

Ampo > 7.4 ps~! at 95% C.L. (21)

with a corresponding sensitivity equal to 8.1 ps~!.



578 The DELPHI Collaboration: Measurement of the BS lifetime and study of BS—Big oscillations using Dgf events

Previous DELPHI results obtained with D¢/ and ¢¢
samples ([26],[20]) are superseded by the analyses pre-
sented in this paper.
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