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Abstract. Oscillations of BY mesons have been studied in samples selected from about 3.5 million hadronic
Z decays detected by DELPHI between 1992 and 1995. One analysis uses events in the exclusive decay
channels: B — D77t or Ds_aqr and B? — DKt or ﬁOK_af, where the D decays are completely
reconstructed. In addition, B —BY oscillations have been studied in events with an exclusively reconstructed
Dy accompanied in the same hemisphere by a high momentum hadron of opposite charge. Combining the
two analyses, a limit on the mass difference between the physical B? states has been obtained:

Ampgo > 4.0 ps~! at the 95% C.L.

with a sensitivity of Ampoe = 3.2 ps L.

Using the latter sample of events, the BY lifetime has been measured and an upper limit on the decay
width difference between the two physical B states has been obtained:

TRY = 1.53J_r8:%§(stat.) =+ 0.07(syst.) ps
ATo/To < 0.69 at the 95% C.L.

The combination of these results with those obtained using D¢ sample gives:

Ampgo > 4.9 ps~! at the 95% C.L.

with a sensitivity of Ampgo = 8.7 ps L.

o = 1.46 £ 0.11 ps  and  Alg/I'go < 0.45 at the 95% C.L.

2
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. T AT
1 Introduction P(t) = ZBS ~Tot <c0sh< QBS t) + cos(AmBgt)> (1)

In this paper, the average lifetime of the B? meson is mea-
sured and limits are derived on the oscillation frequency

of the BJ-BY system, Ampo, and on the decay width dif-
ference, AI'go, between mass eigenstates of this system.

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

where I'go = (Fgg + F{gg)/2, Algy = I‘Iég - I‘]FBI8 and
Ampo = mgg - mgo;» L and H denote the lighf and
heavy physicalsstates, resspectively; Al'zo and Ampo are
defined to be positive [1] and the plus S(minus) sig;s in

(1) refer to BY (BY) decays. The oscillation period gives
a direct measurement of the mass difference between the
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two physical states. The Standard Model predicts that
Al'go < Ampo and the previous expression simplifies to:

. _ Ampot
Pgo™(t) = Ipoe FBgtCOSQ( 2B§3 > (2)
for B — B? and similarly:
, _ Ampot
PRiT(t) = Tpo e '#¢'sin’ (233 ) (3)

for B! — BO. The oscillation frequency, proportional to
Amgpo, can be obtained from the fit of the time distri-
butions given in relations (2) and (3), whereas expression
(1), without distinguishing between the BY and the BY?,
can be used to determine the average lifetime and the dif-
ference between the lifetimes of the heavy and light mass
eigenstates'.

B physics allows a precise determination of some of the
parameters of the CKM matrix. All the nine elements can
be expressed in term of 4 parameters that are, in Wolfen-
stein parameterisation [2], A, A, p and 1. The most uncer-
tain parameters are p and 7.

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 ek, the parameter introduced to measure
CP violation in the K system, |Vip|/|Ves|, the ratio be-
tween the modulus of the CKM matrix elements corre-
sponding to b—u and b—c transitions, and the mass dif-
ference AmBg.

In the Standard Model, BJ-BY (q = d, s) mixing is a
direct consequence of second order weak interactions. Hav-
ing kept only the dominant top quark contribution, AmBg

can be expressed in terms of Standard Model parameters
3]:

G2
Ampy = Vo P [Vig Pmime, 3, Be, e F(e). (4)

In this expression Gy is the Fermi coupling constant;
2

F(xy), with 2y = TZL—;, results from the evaluation of the
W

second order weak “box” diagram responsible for the mix-
ing and has a smooth dependence on z; np is a QCD cor-
rection factor obtained at next-to-leading order in pertur-
bative QCD [4]. The dominant uncertainties in (4) come
from the evaluation of the B meson decay constant fg,
and of the “bag” parameter Bg,. The two elements of the
Ve v matrix are equal to:

[Vial = AN/ (1 = p)2 + 12,

neglecting terms of order O(\?).

Vis| = AX%, (5)

! Throughout the paper the dimension of AmBS will be ex-

pressed in ps~' units, because the argument AmBgt in the

expression (1) has no dimension. The conversion is given by
ps! = 6.58 x 107 *eV/c?
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In the Wolfenstein parameterisation, |Vis| is indepen-
dent of p and n. A measurement of Ampo is thus a way to
measure the value of the non-perturbative QCD parame-
ters.

Direct information on Vi;y can be inferred by mea-
suring AmBg. Several experiments have accurately mea-
sured AmBg, nevertheless this precision cannot be fully
exploited to extract information on p and 7 because of
the large uncertainty 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 Amgpo, given by:

mg [0 BEgmsg Vil
= > 2 (6)

meo fo Beotse [V
A measurement of the ratio Ampo /Ampo gives the same
type of constraint, in the p — 7 plane, as a measurement
of AmBg , but is expected to be better under control from
theory, since the ratios of the decay constants fg, and of
the bag parameters Bg_ for B and BY are better known
than their individual values [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, for ex-
ample, in the context of the Electroweak Standard Model
and QCD assumptions, that Ampo has to lie, at 68% C.L.,
between 8 ps~! and 16 ps~! and is expected to be smaller
than 21 ps~! at the 95% C.L. [6].

AmBg

Ampo

The search for BY —BY oscillations has been the subject
of recent intense activity. No signal has been observed so
far and the lower limit on the oscillation frequency comes
from the combination of the results obtained at LEP, CDF
and SLD experiments: Ampo > 14.3 ps~ ! at the 95% C.L.
[7]. The sensitivity of present measurements is estimated
as 14.7 ps—'. These results have been obtained by com-
bining analyses which select various BY decay channels?.
Some analyses [8,9] use events containing simply a lep-
ton emitted at large transverse momentum relative to the
axis of the jet from which it emerges. In this case, the
proper time is measured using an inclusive vertex algo-
rithm to reconstruct the decay distance and the energy
of the B hadron candidate. In other analyses, like D¢
[10,11], the identified lepton is accompanied, in the same
hemisphere, by an exclusively reconstructed Dg. In D;thI
analyses (see [12] and the present paper), such leptons are
replaced by one or more charged hadrons.

Progress before the next generation accelerators is ex-
pected to come from improved analyses of these channels,
but the sensitivity at high frequency is essentially limited
by the damping of the reconstructed oscillation amplitude
due to the limited resolution on the B? proper time. In
general, the proper time resolution o; contains two terms
and one of them is a time-dependent:

oy = yJor? + (op/p)? x 2 (7)

2 Unless explicitly stated otherwise, charge conjugate states
are always implied
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where o, is related to the decay distance resolution, o, /p
is the relative error on the momentum reconstruction and
t is the proper decay time. The damping factor of the
oscillation amplitude in this case is given by the following
expression [13]:

damping = exp (— (AmBgaL)Q /2) V) (x)

x exp(x?)ERFC(x), (8)

where x=1/v2/Ampo 1/(0,/p) and ERFC(z)=2/y/7
[e SI——

[, et dt.

Exclusive (completely reconstructed) decays have a
better time resolution for two reasons. As there is no miss-
ing particle in the decay, the B? momentum is known
with a good precision and therefore the contribution of
the momentum uncertainty to the proper time resolution
is negligible. Hence, oy = o, and the previous expression
is simplified: damping = exp(—(Ampoor,)?/2). In addi-
tion, the reconstructed channels are two-body or quasi
two-body decays, with an opening angle of their decay
products which is on average larger than in multi-body fi-
nal states; this results in a better accuracy on their decay
position determination.

The BY meson lifetime is expected to be equal to the Bg
lifetime [14] within one percent. In the Standard Model,
the ratio between the decay width and the mass differences
in the BY-BO system is of the order of (my,/m)?, although
large QCD corrections are expected. Explicit calculations
to leading order in QCD correction, in the OPE formalism
[1] predict:

Al /To = 0.1610:55

where the quoted error is dominated by the uncertainty
related to hadronic matrix elements. Recent calculations
[15] at next-to-leading order predict a lower value:

Ao /Igo = 0.00610 625 -

An interesting approach consists in using the ratio be-
tween Al'go and Ampo [15]:

Al
Ty = (263115 1072,

9)

to constrain the upper part of the Ampo spectrum with
an upper limit on Al'go /T Bo. If, in future, the theoreti-
cal uncertainty can be reduced, this method can give an
alternative way of determining Ampgo via Al'go and, in
conjunction with the determination of AmBo can prov1de
an extra constraint on the p and n parameters

After a description of the main features of the DEL-
PHI detector, the event selection and the event simula-
tion in Sect. 2, the two BY analyses are described. Section
3 presents an analysis of BY-B? oscillations from a sam-
ple of 44 exclusively reconstructed BY decays. Section 4
is dedicated to the DXh¥ analysis, in which B? — D,hX
decays with fully reconstructed Dy are selected. This anal-
ysis also includes a measurement of the BY meson lifetime
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and sets a limit on the difference between the decay widths
of the physical B? states, Al'go/I'go. In Sect.5 the com-
bined limit on AmBo is given. Flnally in Sect. 6, these
three results are combined with those obtained using a
DF/F sample [10].

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
were described in detail elsewhere [16]. In this Section,
components of the detector and their characteristics,
which are the most relevant for these analyses are sum-
marised.

2.1 Charged particle reconstruction

The detector elements used for tracking are the Vertex
Detector (VD), the Inner Detector (ID), the Time Projec-
tion Chamber (TPC) and the Outer Detector (OD). The
VD provides the high precision needed near the primary
vertex.

For the data taken from 1991 to 1993, the VD con-
sisted of three cylindrical layers of silicon detectors (at
radii of 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 between 43° and 137°. In 1994,
the first and the third layers were equipped with detector
modules with double sided readout, providing a single hit
precision of 7.6 pm in r¢, similar to that obtained previ-
ously, and 9 pm in z [17]. For high momentum particles
with associated hits in the VD, the impact parameter pre-
cision close to the interaction region is 20 ym in the r¢
plane and 34 pm in the rz plane. Charged particle tracks
are reconstructed with 95% efficiency and with a momen-
tum resolution o,/p < 1.5 x 1073p (p in GeV/c) in the
polar angle region between 25° and 155°.

2.2 Hadronic Z selection and event topology

Hadronic events from Z decays were selected by requiring
a multiplicity of charged particles greater than four and
a total energy of charged particles greater than 0.124/s,
where /s is the centre-of-mass energy and all particles
were assumed to be pions; charged particles were required
to have a momentum greater than 0.4 GeV/c¢ and a polar
angle between 20° and 160°. The overall trigger and selec-
tion efficiency is (95.0+£0.1)% [18]. A total of 3.5 million
hadronic events was obtained from the 1992-1995 data.
Each selected event was divided into two hemispheres
separated by the plane transverse to the sphericity axis.

3 The DELPHI reference frame is defined with z along the
e~ beam, = towards the centre of LEP and y upwards. Angular
coordinates are 0, measured from z, and the azimuth, ¢, from
the x-axis, while r is the distance from the z-axis
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A clustering analysis, based on the JETSET algorithm
LUCLUS with default parameters [19], was used to define
jets using both charged and neutral particles. These jets
were used to compute the p?“t of each particle of the event,
as the transverse momentum of this particle with respect
to the axis of the jet it belonged to, after having removed

this particle from its jet.

2.3 Hadron identification

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

The RICH detector [16] 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/c¢, 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 since 1994, provided p/K /7 separation
in the momentum range between 0.7 and 8 GeV/c.

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

The combination of the two measurements, dE/dx and
RICH, provides four levels of pion, kaon and proton tag-
ging [20]: “very loose”, “loose”, “standard” and “tight”
corresponding to different purities. The efficiency and pu-
rity of the tagging depend on the momentum of the parti-
cle. In the typical momentum range of the B decay prod-
ucts between 2 and 10 GeV /¢, the average efficiency (pu-
rity) is about 75% (50%) for the “loose”, 65% (60%), for
the “standard” and 55% (70%) for the “tight” kaon tag.
The “very loose” tag indicates that the particle is not iden-
tified as a pion. The purity is the proportion of genuine
kaons in the selected sample.

Very recently a neural network algorithm has been de-
veloped in order to combine the different RICH identifica-
tion packages optimally. The result of the neural network
gives a tagging variable x,.;, which varies from —1 (pure
background) to +1 (pure signal). In order to use the same
definitions of the kaon tag through all the paper, the “very
loose”, “loose”, “standard” and “tight” tags were defined
for a tagging variable x,.; larger than —0.2, 0.0, 0.4 and
0.6, respectively. This second algorithm has been used in
the DFh¥ analysis (Sect. 4).

2.4 Primary and B vertices reconstruction

The average beam spot position evaluated using the events
from different periods of data taking has been used as a
constraint in the determination of the eTe™ interaction
point on an event-by-event basis [16]. In 1994 and 1995
data, the position of the primary vertex transverse to the
beam is determined with a precision of about 40 pm in
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the horizontal direction, and about 10 pym in the vertical
direction. For 1992 and 1993 data, the uncertainties are
larger by about 50%.

For both 1992-1993 and 1994-1995 data, the B decay
length was estimated as L = Ly, / sin 0, where L, is the
measured distance between the primary vertex and the B
decay vertex in the plane transverse to the beam direction
and g is the polar angle of the B flight direction, esti-
mated from the B decay products. The transverse decay
length L., was given the same sign as the scalar product
of the B momentum with the vector joining the primary
to the secondary vertex; this procedure gives signed decay
length L.

2.5 A and K? reconstruction

The A — pr~ and K? — 7F7~ decays have been recon-
structed using a kinematic fit. The distance in the r¢ plane
between the V° decay point and the primary vertex was
required to be less than 90 cm. This condition meant that
the decay products had track segments of at least 20 cm
long in the TPC. The reconstruction of the V° vertex and
selection cuts are described in detail in [16]. Only K¢ can-
didates passing the “tight” selection criteria defined in [16]
were retained for this analysis.

2.6 b-tagging

The b-tagging package is described in [21]. The impact
parameters of the charged particle tracks, with respect to
the primary vertex, were used to build the probability that
all tracks come from this vertex. Due to the long B hadron
lifetimes, the probability distribution is peaked near zero
for events which contain beauty quark whereas it is flat
for events containing only light quarks.

2.7 Event simulation

Simulated events were generated using the JETSET 7.3
program [19] with parameters tuned as in [22] and with an
updated model of B decay branching fractions. B hadron
semileptonic decays were simulated using the ISGW model
[23]. Generated events were passed through the full sim-
ulation of the DELPHI detector [16], and the resulting
simulated raw data were processed through the same re-
construction and analysis programs as the real data.

3 Exclusively reconstructed B? decays

3.1 Evaluation of Bg branching fractions

For this analysis B mesons were reconstructed in Dy 7+,
—0 =0 .
Dyal, D K~ 7t and D K~a; decay channels. Contribu-
tions to the mass spectrum can come also from other de-
cay channels such as D* 7", D*~af, D" (2007)°K =,
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Table 1. Values of the BY branching fractions used in the current analysis. The
notation D° defines D"(2007)° or D’ charmed hadrons

BY decay channel Measured Br

B? decay channel Estimated Br

Bl - Dt (3.0+£0.4) x 1073

B} — D*(2010) 7"  (2.840.2) x 1073
By =D pt (7.94+1.4) x 1073
B} — D*(2010) " p*  (6.743.3) x 1073
BY — D af (6.0+£3.3) x 1073
By — D*(2010)"a; (13.0+2.7) x 1073
B} — DYt see Sect. 3.4

B — ﬁ(*)oﬁfaf see Sect. 3.4

B - Dynt (3.44+04) x 1073
BY - Di at (3.0+£0.2) x 1073
BY = DypT (9.04+1.6) x 1073
B = Di pt (6.94+3.4) x 1073
BY — D;af (6.8 +3.6) x 1073
BY — D:iaf (13.3+2.8) x 1073
(0.940.5) x 1073
(3.04+1.7) x 1073

B » D" K7t
B? —» D" K-al

D" (2007)°K~a;, Dy p* and D*~pt, where the cascade
photon or the neutral pion has not been reconstructed.
All corresponding branching fractions are unmeasured. An
estimation will be used in the following to evaluate the
number of the expected B events.

To evaluate the two-body B? — D) "7+ (a;) branch-
ing fractions, the equivalent decay channels for non-
strange mesons were used. This evaluation is based on
the numerical application of factorisation done in [24].

For each decay mode of the B — Dg*)_l\/ﬁ, where
MT is a 7T or a pT, the branching fraction is estimated
using the following formula:

Br (BY = DI"M*) = Breer (B - DMt
Brit (BY - DL M)
X
B (B - DCI-M7)

where the notation D)~ means D*(2010)~ or D~ me-
son. The superscript “exp” designates the experimentally
measured values [25], and “th” the predictions from [24].
The theoretical ratios in (10) are close to 1.

For the two-body decays containing D mesons with
aj, the theoretical branching fractions are not available,
and the same factors as for the p* channels have been
assumed.

Similar considerations are applied to the three-body
decays B? — 5OK_7T+(af) and B? — D (2007)°K -7+
(a]") using the measurements of Br(B§ — ﬁow*ﬁr) and
Br(BY — ﬁow*af'), which are described in the Sect. 3.4
of the current paper. The ratio of B? to BY branching
fractions was taken equal to 1.1 (this factor corresponds
to the average ratio of the four previous decay modes).
Finally, the factor 3.3 was used as the ratio between the
BY decay modes containing aj and 7+ mesons. This factor
was taken as an average between the experimental values
for the following B} two-body decays:

Br(BY — D~a;]) + Br(BY — D*(2010)~a])
Br(BY — D~n*t) + Br(BY — D*(2010)~7+)

=3.3%£09.

The theoretical calculation [26] gives for this ratio values
between 3.4 and 3.5. Table 1 presents the evaluations of
several branching fractions of interest for this paper.

3.2 Event sample

Events were selected using the following decay channels:

B - Dynt D = on,on ntn,
£(980)7—, KK, K*0K~, K*9K*~
BY - Dyal D; — ¢r KK~

B? — D'kt D’ — Ktn— , Ktr ntn~
B? — ﬁOK_af D’ = Ktr—,Ktr—ntna—

where the ¢, K?, £(980), K**, K*~ and a; are reconstructed
in their charged decay channels: ¢ — KTK—, K% — 7t7—,
£(980) — wtn—, K*¥ — Kt7—, K*~ — K7~ and a] —
PP, p° = w7, Dy and D° mesons were reconstructed
by considering charged particles in the same hemisphere
with at least one VD hit.

D meson candidates were accepted if their mass was
within the intervals 1.93 — 2.01 GeV/c? for Dg and 1.83 —
1.90 GeV/c? for D°. The D decay length was required
to be positive and the x?—probability of the fitted vertex
to be larger than 107> (1072 for the D° — Krrr de-
cay mode). Different selection criteria were used for differ-
ent decay channels according to the optimisations derived
from dedicated simulated samples. They are described in
the following;:

e D; — ¢n~. The ¢ meson was reconstructed in
the decay mode ¢ — KTK™ by taking all possible pairs
of oppositely charged particles if at least one of them was
identified as a “very loose” kaon. The invariant mass of
these pairs had to be within £12 MeV /¢? of the nominal
¢ mass value [25]. The momenta of all three particles were
required to be larger than 1 GeV/c¢. In the decay of the
D meson into a vector (¢) and a pseudoscalar meson (7),
helicity conservation requires that the angle v, measured
in the vector meson rest frame between the directions of
its decay products and of the pseudoscalar meson, has a
cos? 1) distribution. The value of |cost)| was required to
be larger than 0.3.
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e D »¢rn wrr~. The ¢ meson was reconstructed
as in the previous channel. The momenta of all three pions
had to be larger than 0.6 GeV/c.

e D, — f(980)7—. The f(980) meson was recon-
structed in the decay mode f(980) — w7~ by taking
all possible pairs of oppositely charged particles classified
as pions. This channel suffers from a large combinatorial
background which was reduced by selecting candidates
having an invariant 777~ mass within 15 MeV /c? of the
nominal £(980) mass [25] and a total momentum larger
than 8 GeV/c. The momenta of all three pions had to be
larger than 1 GeV/c.

e D; - KK~. KY meson reconstruction has been
described in Sect. 2.5. In addition, the decay length of K
candidates had to be positive and their momentum to be
larger than 2.5 GeV/c. The momentum of the K~ candi-
date, identified as a “very loose” kaon, had to be larger

than 1 GeV/ec.

e D; — K*K~. TheK*® meson was reconstructed
in the charged decay mode K** — K+7~. The KT candi-
date was required to be identified as a “very loose” kaon.
The momenta of both particles had to be larger than
1 GeV/c and the invariant mass of the pair had to be
within £40 MeV /c? of the nominal K*© mass [25]. The
value of |cos®)| (see the Dy — ¢~ selection) had to be
larger than 0.3. For the K~ candidate, the combinatorial
background is higher than for the kaon coming from K*°
resonance. The momentum of the K~ candidate from D
had to exceed 2.5 GeV/c¢ and it had to be identified as a
“loose” kaon.

e D; — K®K*~. The K*® meson was recon-
structed as previously, but with an invariant mass within
+60 MeV/c? of the nominal K*© mass [25]. This mass
interval was chosen larger than in the previous K*° selec-
tion, because of the additional constraint from the K*~
mass. The K*~ meson was reconstructed in the decay
mode K*~ — K% ~. The K% meson reconstruction was
discussed previously. The invariant mass of K*~ candi-
dates had to be within £60 MeV /¢? of the nominal K*~
mass [25].

e« D' = Ktn—, D’ = Ktr—atn—. The D me-
son decay to KT7~ has been reconstructed by combining
a kaon candidate, identified with the “loose” tag, with
an oppositely charged pion with momentum larger than

1 GeV/c. The D" meson decay to K+r~7*n~ has been
reconstructed by combining a kaon candidate, identified
with the “standard” tag, with three pions, each of them
having a momentum larger than 0.5 GeV/c. In order to re-
duce the combinatorial background, for both decay modes,
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the kaon momentum was required to be larger than

2.5 GeV/c¢ and the D" momentum candidate to be larger
than 10 GeV/c.

Selected D and D, mesons were used to reconstruct
BY candidates by fitting a common vertex for the Dy 7™,
D;a;, DK+ or ﬁOK*al+ systems. The m momentum
had to be larger than 4 GeV/c. The a; candidates were
reconstructed using the combination of three pions with
momenta larger than 0.8 GeV/c and with an invariant
mass situated within the interval 0.95-1.50 GeV/c?. At
least one of the two w7~ combinations was required to
have an invariant mass lying within 4150 MeV'/c? of the
nominal p mass [25]. The a; momentum had to be larger

than 5 GeV/c (6 GeV/c for the D’ - K*r—rtr* chan-

nel). For all candidates, the D* and D, meson decay dis-
tance, relative to the B vertex had to be positive. Events
with an estimated error on the BY decay distance larger
than 250 pum and those having a vertex y2-probability
smaller than 10~3 were removed. In order to reduce the
combinatorial background from charm and light quarks,
the b-tagging probability for the whole event and for the
hemisphere opposite to the reconstructed B meson had to
be smaller than 0.1. Additional selections which depend

on the BY decay channel were applied, mainly for D’ de-
cays which suffer from a larger combinatorial background
than D} candidates:

e B —=D;7t, BY - D;al. Themomentum of the
BY had to be larger than 22 GeV/c. For B? — D; af can-
didates, only the combination with the largest B momen-
tum has been kept.

e B” - D'’Kx+, BY —» D'K-af. For B —
DKt decays, the B! momentum had to be larger than
27 GeV/c. Because of a high combinatorial background

for BY — D K~aj decays, the B momentum had to
be larger than 29 GeV/c in the D’ - K*n~ channel

and larger than 33 GeV/c in the D’ - Ktrntr de-
cay channel. In each event, only the candidate with the
largest BY momentum was kept. For the K~ candidate,
identified as “standard”, the momentum had to be larger

than 2 GeV/c. The source of the D” and K~ meson pair
can be an excited D meson state. The constraint on the
mass value of such a state allows more soft K~ mesons to
be considered. The selection on the K™ momentum was
reduced to 1.5 GeV/¢, if the invariant mass of the D K~
pair was compatible with the mass of the orbitally excited
Dy ;(2573) state (the most probable value of J is 2 [25]).
One event was detected, which is compatible with the de-
cay channel BY — D,;(2573) 7+, Doy (2573)~ — D K~
the momentum of the K~ candidate is 1.8 GeV /¢ and the
mass difference M(ﬁOK*) —M(ﬁo) is 716.0+£2.1 MeV/ 2.
The expected mass difference of 708.9 1.8 MeV/c? is in
good agreement with the observed one, taking into ac-
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Fig. 1. B? mass spectrum for the candidates selected in the
twelve decay channels described in Sect. 3.2. The data are indi-
cated by the points with error bars and the result of the fit has
been superimposed. Details on this fit are given in the text. The
histograms represent the expected contribution from beauty
events (after having removed the exclusively reconstructed B?
decay channels), from charm events and from light quark events
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Fig. 2. The Monte Carlo composition of the satellite peak
including the effects of experimental resolution. The nota-
tions in the plot are the following: Dsp corresponds to Dy p™
and DZ ™ p' decay channels of the BY; Dsm(a1) corresponds to
D: 7t and Di"al; D°Kn(a;1) shows the contribution from
D" (2007)°K~ 7+ and D" (2007)°K~a; decay channels. All con-
tributions have been normalised according to the evaluation of
the branching fractions discussed in Sect. 3.1 and including re-
construction efficiencies evaluated using simulated events

count the full width of this state which is 1575 MeV/c?
[25].

The mass spectrum, obtained by summing up the con-
tributions from the different channels is shown in Fig. 1.
The data are indicated by points with error bars and the
fit result is shown by the solid line. The mass distribution
in the signal region was fitted using two Gaussian func-
tions of different widths to account for the exclusive BY
signal (main narrow peak) and for the presence of par-
tially reconstructed BY decays (satellite wider peak). Ac-
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cording to the expected branching fractions, it was as-
sumed that the dominant contributions for the satellite
peak come from the following decay channels: D 7™,
D*~af, D'(2007)°K~z", D (2007)°K~af, D;p" and
D*~p*t, where the cascade photon or neutral pion (or
both) were not reconstructed. In the simulation, it was
verified that the mass distribution of the satellite peak can
be described by a Gaussian function as shown in Fig.2.
The central values and the widths of the Gaussian func-
tions (main and satellite peaks) in Fig. 1 were left free to
vary in the fit. The combinatorial background was fitted
using an exponential function with a slope fixed according
to the simulation. This slope was verified in several ways.
Using 2.9 million bb and 5.3 million ¢g simulated events,
the expected mass spectrum was obtained after having
removed the BY signal contribution in the mass region of
the satellite and main peaks. The sum of the contribu-
tions from b events, charm events and light-quark events
is shown in Fig.1 and is in agreement with that obtained
in data. Two further checks were performed, using events

selected in the side-bands of the D; and D’ candidates
and from wrong sign combinations. The slopes of both
distributions are in agreement with those obtained by fit-
ting the data and the simulation.

The fit to the mass distribution yielded a signal of
8 +4 BY decays in the main peak and 154 8 events in the
satellite peak. The probability that the background has
fluctuated to give the observed number of events in the
main peak is 3 x 10~%. Table 2 gives the characteristics of
the observed signals and the comparison with simulation.
Specific decay channels from B?, BY, BT and A) were sim-
ulated with statistics ranging from ten to several thousand
times the expected rates in real data. These samples were
used to determine efficiencies and reflection probabilities
discussed below.

3.3 Reflections from B9 and /Tg decays

For several BY decay channels a possible physical back-
ground originates from non-strange B decays, when one
of the pions or proton is misidentified as a kaon (kine-
matic reflections). The main decay channels are By —
D~ 7t(af), D~ — K*7~ (which can contribute to BY —
D; 7% (af), D — K™K~ candidates) and from BY —
ﬁow*wﬂ D’ = Ktr~ or Ktrntn— (which can con-
tribute to B — D'K-nt candidates). In the mass re-
gion of the main peak, 0.32 4+ 0.13 events are expected to
originate from kinematic reflections (with a 19% contri-

bution from /Tg decays). These estimates were obtained

using dedicated Monte Carlo samples of B and AY events
passed through the full reconstruction algorithms and sat-
isfying the selection criteria. The corresponding uncer-
tainties come from the limited knowledge of the assumed
branching fractions and from the simulated events statis-
tics.

To study the contribution in the satellite peak from
kinematic reflections, the same decay processes were con-
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Table 2. Characteristics of the B? signals and comparison with the simulation.
The expected numbers of events were calculated taking into account the different
branching fractions as given in Table 1 and the corresponding reconstruction
efficiencies. These efficiencies vary from (0.2 +0.1)% for the B — ﬁOK*af with
D’ = K 7z~ 7t7™, up to (10.2 £ 0.8)% for the B? = Dy 7" with Dy — ¢7 .
The fitted or expected number of signal events and the fraction of combinatorial
background are given inside a mass window corresponding to +30(420) for the
main(satellite) peaks. In real data the number of events in these mass windows
are 11(33). The B mass in the simulation is 5.370 GeV/c?. In the last column
the fraction of physical background, discussed in detail in Sect. 3.3, is given

Main peak

Data set Mass Width (o) Ngignat  Comb. bkg  Reflection

(GeV/c?) (GeV/c?) % %
Real Data  5.373 £0.016 0.029 4 0.012 8+4 27 £ 16 -
Simulation 5.370 +0.002 0.037 £ 0.002 5+1 - 7T+3

Satellite peak

Real Data  5.050 £0.054 0.1114+0.049 15+8 55+ 13 -
Simulation  5.099 £ 0.007 0.148 4 0.007 11+2 - 12+6

sidered with channels in which the D meson is accompa-
nied by a p. This gives 1.3 £ 0.7 events.

In order to look for possible signals coming from kine-
matic reflections in real data, BY candidates were consid-

ered in turn as B or AY hadrons by changing the kaon into
a pion or an antiproton, respectively. The mass distribu-
tions obtained are similar to those expected from genuine
simulated B? mesons and do not show any accumulation

of events in the B or A? mass regions.

3.4 Reconstruction of non-strange B meson decays

Non-strange B mesons, decaying into a D" and a small
number of pions, were reconstructed in order to verify the
BY reconstruction algorithms. The BT — 5077"’, BY —
D*(2010)~ 7+ and B} — D*(2010)"a; decay channels
were studied and their mass distributions are shown in
Figs. 3a and 3b. They were fitted using a Gaussian func-
tion for the signal and using an exponential function for
the combinatorial background. An additional Gaussian
function was used in Fig. 3a to account for the signal com-
ing from the following decay channels: Bt — D" (2007)°
xt, Bt — 50p+, B+ — D (2007)°p*, where the 7°
and/or ~ from the D" (2007)° and/or p decays were not
reconstructed. The main selection criteria which were im-
posed are rather similar to those used in the BY analysis.
The information relevant to these reconstructed channels
is given in Table 3. The numbers of observed events are
in agreement with expectations.

Finally two BY decay channels, B} — D'zt and
By — 507r*a1*' which are not yet well established, were

considered.
In the strange B sector (Sect.3.1) they correspond to

=0 —0
the B — D K~n+ and BY — D K~af decays. B mesons
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Fig. 3a,b. Mass spectra for a BT — ﬁow"', b B} —
D*(2010) 7" and B} — D*(2010)"a] decays. In the first
plot a signal from B* — D*(2007)°x*, B* — D’p* and
BT — D"(2007)°p" (satellite peak) is also visible. Details on
the fit are given in the text

were reconstructed using the same selection criteria as for
the corresponding B decay channel, but replacing a K
meson by a 7. All particles, not explicitly identified as
protons or kaons were accepted as pions. In order to re-
move the By — D*(2010)~ 7+ and BY — D*(2010)~a;
contamination, candidates were required to have a mass
difference M(ﬁow’) - M(ﬁo) larger than 0.16 GeV/c?.
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Table 3. Characteristics of the non-strange B decay mode and comparison with
the simulation. The error on the expected number of events comes from the errors
in the branching fractions and reconstruction efficiencies. The branching fraction
of the decay mode in the last row is estimated in this paper

Channel B meson mass Nobs Newp
(GeV/c?)

Bt - D'at 5278 4£0.008  24+5 2845

BJ — D*(2010)" 7+ + D*(2010)"af 5.277 £ 0.011 1145 10+4

B »D’rat + D'raf 5.287 4 0.024 8+4 -

N
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Fig. 4. BY mass spectrum for the sum of B} — Dlrat

and B — ﬁoﬂfa'f decays selected in the four decay channels
described in Sect.3.4. The data are indicated by the points
with error bars and the result of the fit has been superim-
posed. The histograms represent the expected contribution
from beauty events (after having removed the exclusively re-
constructed BY decay channels), from charm events and from
light quark events. The widths of the signals have been fixed
according to the values found in the simulation. Details on the
fit are given in the text

Figure 4 shows the mass distribution for these two de-
cay channels. It was fitted with an exponential function for
the background and two Gaussian functions for the signals
corresponding to the main and satellite peaks, with respec-
tive widths equal to about 34 MeV /c? and 60 MeV /2, as
obtained from the simulation. The position of the wider
Gaussian, corresponding to BY — D" (2007)°7~ 7t and
BY — D (2007)°7~a] signals with unreconstructed 7° or
v, and the slope of the background exponential function
were also taken from the simulation. The fit to the mass
distribution yielded a signal of 844 BY decays in the main
peak. The probability that the background has fluctuated
to give the observed number of events is 3 x 1072,

The number of observed events in the main peak can be

translated into a branching fraction: Br(Bj — Dlnnt +
ﬁow’af) = (3.6 £ 1.9) x 1073. The quoted error is com-

pletely dominated by statistics. The CLEO Collaboration
has given an upper limit [25] only on the decay channel

with a pion pair: Br(BY — ﬁ)w*ﬁ) < 1.6x1073 (at the
90% C.L.). This limit is consistent with those which can
be extracted from the measured channels in this paper:

Br(By — D n-xt) < 1.6 x 103 at the 90% C.L.
Br(BQ — D n-a;™) < 5.4 x 1073 at the 90% C.L.

For this evaluation it was assumed (see Sect.3.1) that the
decay channel with a] is produced with a rate which is
(3.3+0.9) times larger than the channel with 7.

3.5 Study of B%-B? oscillations

3.5.1 Algorithm for tagging b or b quark at production time

The signature of the initial production of a b (b) quark in
the jet containing the B? or B? candidate was determined
using a combination of different variables sensitive to the
initial quark state. For each individual variable X, the
probability density functions fi,(X;) (f5(X;)) for b (b)
quarks were built and the ratio R; = f5(X;)/fio(X;) was
computed. The combined tagging variable is defined as:

1-R
1+R’
The variable x4 varies between -1 and 1. Large and pos-
itive values of x4y correspond to a high probability that
the produced quark is a b rather than a b in a given hemi-
sphere.

A set of nine discriminant variables has been selected
for this analysis. One set (three variables) is determined
in the hemisphere which contains the BY meson, the other
set (five variables) in the hemisphere opposite to the BY
meson, and one variable is common to both hemispheres.
Details concerning the definition of these variables and the
method are given in [10].

An event was classified as a mixed or as an unmixed
candidate according to the sign, Qp, of the Dy electric
charge for decay channels containing a Dg meson, or ac-

where R = HRi‘ (11)

Ttag =

cording to the sign of the kaon for DK 7t decay chan-
nels, relative to the sign of the x4, variable. Mixed candi-
dates are defined by requiring ;44 - @p < 0, and unmixed
candidates correspond to xiqy - @p > 0. The probabil-
ity, ,°, for tagging correctly the b or b quark, from the
measurement of z.,4, was evaluated by using a dedicated
simulated event sample and was found to be (74.5+0.5)%.
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Table 4. Proper time resolution from simulation for 1992-1993 and 1994-1995
data sets and for the different decay channels. It has been parameterised by the

sum of two Gaussian functions

Main peak
Decay channels Years o1(ps) o2(ps) f2
all B? channels 1992-1993 0.068 0.18 0.27
all B channels 1994-1995 0.065 0.12 0.42
Satellite peak
D:~nt(al), D"(2007)° K~ 7" (a) 1992-1993 0.066 0.15 0.48
D:~nt(af), D'(2007)°K~ 7" (a)) 1994-1995 0.081 0.17 0.30
D;pt, Dipt 1992-1993 0.085 0.21 0.65
D;pt, D pt 1994-1995 0.092 0.20 0.57

The corresponding probability for events in the combi-
natorial background was obtained using real data candi-
dates selected in the side-bands of the D signal: the proba-
bilities to classify these events as mixed or unmixed candi-
dates are called €/2'7, and €7'™'", respectively. For the re-

flection events the analogous probabilities are called e;’;"f“,

and their values were taken from the simulation.

6ref

3.5.2 Proper time resolution

For each event, the BY proper decay time was obtained
from the measured decay length (Lpo) and the estimate of

the B momentum (pgo ). The measured position of the D

—0 .
or D~ decay vertex, the momentum, and the corresponding
measurement, errors, were used to reconstruct a D or a

D’ particle. A candidate BY decay vertex was obtained by
intercepting the trajectory of this particle with the other
charged particle tracks which are supposed to come from
the BY decay vertex.

For the main peak, the B! momentum is precisely
known since all decay products are reconstructed. For the
satellite peak, this is no longer true, because there are
one or two undetected neutral(s) (7% and/or 7) in the BY
decay. As discussed in Sect. 3.2, the satellite peak is as-
sumed to be composed of D=7+, D*~al, D7 pt, D pt
and D" (2007)°K~7", D" (2007)°K~a; decays. The first

four decay channels give D 7+ (a]") and the last two chan-

nels give ﬁ%(‘w‘*(af) final states. Kinematic mass con-
strained fits (imposing the mass of BY and of the inter-
mediate states with corresponding errors) were performed
assuming always the presence of a v coming from the D¥~

or D (2007)° meson decays. This is a good approxima-
tion also for decay channels containing a p™ meson. These
mass constrained fits were performed on events lying in
the mass region corresponding to +20 of the fitted mass
of the satellite peak.

Except for the combinatorial background contribution,
the predicted proper time distributions were obtained by
convoluting the theoretical functions with resolution func-
tions evaluated from simulated events. Due to the different

decay length resolutions (for the different Vertex Detector
configurations), proper time resolutions were used for data
samples taken in 1992-1993 and 1994-1995 separately. The
proper time resolution, Rp_(t—t;), was evaluated from the
difference between the generated time (¢) and the recon-
structed time (¢;), fitting this distribution by the sum of
two Gaussian functions:

RBS(t — ti) = (1 — fg)Gl(t — ti,O'l) + ngQ(t — ti, 0'2012)

where G1(t —t;,01) and Ga(t — t;,02) are Gaussian func-
tions with the corresponding resolutions 1 and os. In the
general case, the o; resolutions depend on the momen-
tum uncertainty (see (1)). But in this analysis, as the BY
momentum is known with a good precision, the contri-
bution of the momentum uncertainty to the proper time
resolution is negligible. fy is the fraction of the second
Gaussian function, which, by convention, is that with the
worse resolution. The values of the corresponding parame-
ters, obtained from simulated events, are given in Table 4.
The time resolution for events in the satellite peak is only
slightly worse than for those belonging to the main peak.

The time distribution Peomsp(¢;) for the combinatorial
background under the main peak is obtained from real
data by fitting the time distribution of wrong-sign and
right-sign events lying in the side-bands of the BY mass
distribution. It was verified, in the simulation, that the
time distribution for these classes of events is similar to
that obtained for events lying under the BY mass peak.
The time distribution Peomp(t;) for the combinatorial
background under the satellite peak was taken directly
from the simulation, since it has a dependence on the mea-
sured BY mass, due to the procedure used to reconstruct
the B momentum for these events. The time distribution
Pres(ts) for the reflection was also taken from the simula-
tion.

3.5.3 Fitting procedure
The oscillation analysis is performed in the framework of

the amplitude method [13], which consists in measuring,
for each value of the frequency Ampo, an amplitude A
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and its error o(A). The parameter A is introduced in the

. . =0
time evolution of pure BY or B states, so that the value
A =1 corresponds to a genuine signal for oscillation. The
time-dependent probability that BY is detected as a BY or

Eg is then:

x exp(—t/7po)
TBg s

x(1+ A cos(Ampot)) (13)
where the plus (minus) signs refer to BY (B?) decays. The
95% C.L. excluded region for Ampo is obtained by eval-
uating the probability that, in at most 5% of the cases, a
real signal having an amphtude equal to unity would give
an observed amplitude smaller than the one measured.
This corresponds to the condition:

A(AmBg) + 1.645 J(A(AmBg)) < 1.

In the amplitude approach, the error o(A(Ampo)) is re-
lated to the probability to exclude a given value of Amgpo.
The sensitivity is defined as the value of Ampo which
would just be excluded, if the value of A, as measured
in the experiment, was zero for all values of Ampo, i.e. it
is the expected 95% confidence limit that an experiment
of the same statistics and resolution would be expected
to achieve (a real experiment would set a higher or lower
limit, because of fluctuations in the values of A as a func-
tion of Ampo).

The probability distributions for mixed and unmixed*
events are:

P™(t) = fo, PR () + frep Pref (1)
+fcomb ggvzsb(tl) (14)

where fg,, fres and feoms are the relative fractions of the
BY, reflection and combinatorial background events, re-
spectively, which satisfy the condition fp_ + fref+feomp=1.
The expressions for the different probability densities are:

— BY mixing probability:

me( ) — iagzpmw( ) (1 _ GZag)P]g?miz(t) }

@R, (t — ;) (15)
— Reflection mixing probability:
ref (ti) = €of Pres(t:) (16)
— Combinatorial background mixing probability:
comb (L) = €combPeomb(ti) (17)

. ctag mix
The parameters €., €37

Sect. 3.5.1.

mix :
and €, were defined in

4 In the following, only the probability distribution for mixed
events is written explicitly; the corresponding probability for
unmixed events can be obtained by changing € into (1 — €)
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Fig. 5. Exclusive B? analysis: variation of the oscillation am-
plitude A as a function of Ampo. The lower continuous line
corresponds to A 4+ 1.645 o(A) where o(A) includes statisti-
cal uncertainties only, while the shaded area shows the contri-
bution from systematics. The dashed-dotted line corresponds
to the sensitivity curve. The lines at A=0 and A=1 are also
given.The points with error bars are real data

The amplitude analysis is then performed using all
events selected in a mass region between 4.83 and
5.46 GeV/c?. The variation of the background level as
a function of the reconstructed mass was included in this
analysis on an event-by-event basis. Figure 5 shows the
variation of the measured amplitude as a function of
Ampo. With the present level of the statistics, this anal-
ysis provides a negligible low limit. On the other hand,
its most important feature, despite the low statistics, is
the relatively small error on the amplitude at high val-
ues of Ampo with respect to the more inclusive analyses.
Due to the limited statistics, the error on A (0(A)) can
be asymmetric. The error has been symmetrized by taking
the larger value. Figure 6a shows the variation of the mea-
sured error on the amplitude as a function of Ampo. In
Fig. 6b the results from the D¥¢F [10] and from the D¥hF
(see the second part of the current paper) are compared
with the exclusive BY analysis. It should be noted that,
due to the better proper time resolution, the resolution
o(A) of the BY exclusive analysis increases more slowly.
The ratio of the corresponding errors of BY exclusive and
DF/F analyses is about 5 (2) at the low (high) values of
AmBO

The behaviour of o(A) was investigated using a “toy”
Monte Carlo generated with the same characteristics as
those measured in real data. The individual toy experi-
ments show a similar behaviour of o(A), as in the real
data, as a function of Ampo. For each value of Ampo, the
distribution of o(A) and its variance was obtained. The
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Fig. 6a,b. 0(A) as a function of Ampo. a Exclusive BY analysis: the full curve shows the result from the data. The dashed
curve shows the average result from 100 toy experiments with the same statistics as in data and the shaded area gives the
+20(A) region around this average. The systematic effects are not included. b Comparison of the o(A) as function of Ampgo

for three analyses: the full curve shows the result from the exclusive B? analysis, the dashed and dotted curves show the result

from DXhT and DX ¢F analyses, respectively

central value and the region corresponding to a +20(A)
variation are also shown in Fig. 6a.

3.5.4 Study of systematic uncertainties

Systematic uncertainties were evaluated by varying the
parameters, which were kept constant in the fit according
to their measured or expected errors.

— Systematics from the tagging purity:

a variation of 3% on the expected tagging purity for
the signal was considered, following the results given
in [10].

— Systematics from the background level and kinematic
reflection:
the levels of background and of kinematic reflection
were varied separately for the main peak and for the
satellite peak according to the statistical uncertainties
given in Table 2. Since the level of the combinatorial
background was used as a function of the reconstructed
mass on an event-by-event basis, the measured central
mass positions and the corresponding widths were also
varied by 1o around their fitted values.

— Systematics from the expected resolution on the B de-
cay proper time:
the widths o1 and o5 described in Sect. 3.5.2 and given
in Table 4 were varied by +10% [10,27,28].

— Finally, uncertainties in the values of the BY meson
lifetime (7o = 1.46 £ 0.06 ps [7]) and in the parame-
terisation of the proper time of the combinatorial back-
ground were taken into account.

In Fig.5, which presents the variation of the measured
amplitude as a function of Amgo, the shaded area shows
the contribution from systematics.

4 DEhT analysis with fully reconstructed Dj

Events with an exclusively reconstructed Dy accompanied
by one or more large momentum hadrons were used to
perform a second oscillation analysis. This channel is sim-
ilar to the DE(T final state [10] but, instead of a charged
lepton, it uses charged hadrons. It provides a larger num-
ber of events but suffers from an ambiguity in the choice of
the hadrons and from a reduced BY purity of the selected
sample. This approach has already been used in DELPHI
to measure the BY lifetime [27].

4.1 Event selection

The Dg meson is selected in two decay channels:

D —w o™, o¢— KTK—;
D — KOK—, K*0 — Ktn—.

Dy candidates were reconstructed by making combi-
nations of three charged particles located in the same
event hemisphere, with a momentum larger than 1 GeV /¢
and with reconstructed tracks associated to at least one
VD hit. The value of |cos| (see Sect.3.2) was required
to be larger than 0.4 and 0.6 in the D — ¢n~ and
D — K*K~ decay channels, respectively. In order to re-
duce the combinatorial background from charm and light
quarks, the b-tagging probability for the whole event was
required to be smaller than 0.5.

In this analysis the neural network algorithm for
hadron identification described in Sect. 2.3 was used. For
the D7 — ¢~ decay mode, the invariant mass of ¢ candi-
dates was required to be within 12 MeV/¢? of the nomi-
nal ¢ mass and the ¢ momentum was required to be larger
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Table 5. Number of Ds mesons reconstructed in the ¢7~ and K*°K~ decay chan-
nels after selection of the accompanying hadron(s). The fraction of combinatorial
background, given in parentheses, has been evaluated using a mass interval of +2¢

centred on the fitted Ds mass

Ds decay channels

Ds signal in 1992-1993 data

Ds signal in 1994-1995 data

Dy — on™
Dy — K"K~

322 + 30 (0.60 % 0.04)
152 + 28 (0.70 & 0.06)

468 + 42 (0.53 4 0.04)
324 + 35 (0.58 %+ 0.05)

than 5 GeV/c. If the KTK™ invariant mass was within
+4MeV/c? of the nominal ¢ mass, both kaon candidates
were required to be identified as “very loose” kaons, oth-
erwise to be identified as “loose” kaons.

For the Dy — K**K~ decay mode, the invariant mass
of the K*O candidates was required to be within
+60 MeV/c? of the nominal K** mass value and the K*9
momentum was required to exceed 5 GeV/c. The momen-
tum of the K~ candidate from D, was required to exceed
3 GeV/c. To suppress the physical background from the
D~ — Kt7~ 7~ kinematic reflection, the K~ candidate
was required to be identified as a “standard” kaon. For
K*® — K7~ decays, “loose” identified K+ were also
accepted. In order to suppress the combinatorial back-
ground, the K~ candidate was required to be identified
as “tight” kaon, if the invariant mass of the K*O candi-
dates was out of 20 MeV/c? of the nominal K** mass
value, and the value of |cos| was required to be larger
than 0.8.

The selection of a hadron accompanying the Dy candi-
date is based on an impact parameter technique. A sam-
ple of tracks coming predominantly from B hadron decays
was preselected by using their impact parameters and the
corresponding errors, both with respect to the primary
vertex (Imp, op) and to the secondary Dy decay vertex
(Ims, o). The hadron was then searched for amongst the
preselected particles in the event, by requiring that its
charge was opposite to the Dy charge and that it had the
largest momentum. The efficiency of the hadron selection
was about 80% and, among the selected hadrons, (84+4)%
came from a B vertex. Details on the track preselection as
well as on the hadron selection are given in [27].

The B decay vertex was reconstructed by fitting the se-
lected hadron and the Dy candidate to a common vertex.
The x2-probability of the fitted BY vertex has been re-
quired to be larger than 1073, In order to increase the res-
olution on the measured decay length, only reconstructed
events with a decay length error smaller than 0.07 cm were
kept.

If the previous procedure failed, a new attempt was
made, using an inclusive algorithm which allowed several
hadrons to be attached to the Dg candidate. This algo-
rithm is based on the difference in the rapidity distribu-
tions for particles coming from fragmentation and from
B decays. The fragmentation particles, on average, have
lower rapidity [29] than B decay products. The charged
particles were ordered in increasing values of the rapid-
ity and were attached in turn to the secondary Dy ver-
tex. Up to three particles were accepted with their total

charge equal to +1 or 0. The rapidity was calculated as
0.5log ((E + Pr)/(E — Pr)), where E is the energy of the
particle (assumed to be a pion) and Py, its longitudinal
momentum with respect to the thrust axis of the event.
Only particles with a momentum greater than 1 GeV/c
were accepted. In addition, for the tracks satisfying the
condition I'm,/o, < 3, it was required that Im,/o, <
Imy/o,. Events with a decay length error smaller than
0.07 cm and a x2—probability of the fitted BY vertex larger
than 103 were kept.

The selected sample, specified as Dsth in the follow-
ing, contained about 30% of such “multi-hadron” events.
Among them, about 20% have one, 50% two and 30% three
selected hadrons. The multi-hadron and single-hadron
events were treated in a similar way. Figure 7 shows the Dy
signals after selection of the accompanying hadron(s). The
mass distributions were fitted with two Gaussian functions
of equal widths to account for the D; and D~ signals and
with an exponential function for the combinatorial back-
ground. All parameters were allowed to vary in the fit. Ta-
ble 5 gives the number of observed events in the Dy signal,
after background subtraction, and the fraction of combi-
natorial background. The Dy signal region corresponds to
a mass interval of +20 centred on the fitted Dy mass.

The reconstructed number of D; — ¢7~ events using
1994-1995 data is about 1.5 larger than those obtained
using 1992-1993 data. This factor reflects the difference
in statistics between the two data sets. Such “statistical
scaling” does not apply to the D; — K*K~ decay mode,
where the particle identification, which was better for the
1994-1995 data set (see Sect.2), plays a more important
role.

Four events are in common with the exclusively recon-
structed BY sample: one event in the main peak and three
in the satellite peak. These events were removed from the
Dsith sample for the oscillation analysis.

4.2 Sample composition

The DXhT sample contained a large physical background
due to Dy from non-strange B hadron decays and from c¢
fragmentation. Four sources of events, originating from B
decays, were considered: two from B? and two from non-BY
mesons, namely, B decaying to one or two charmed mesons
comprising at least one Dy. The relative fractions of these
sources were calculated using five input parameters:

— Br(b — DFX) at LEP [30];
— Br(b — DFX) at 7(49) [31];
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— Br(b — B?) at LEP [25];

— the probability in the non-strange B meson, that a D
is produced at the lower vertex: Br(By q — D3 X) [32];

— the probability to have two charmed hadrons in a b-
decay: Br(b —DDX) [33].

The last two probabilities were assumed to be the same for
all B species. To estimate the first two branching fractions,
the averaged production rate of Dy from all B species,

Br(b — DfX) x Br(Df — ¢n%), measured by the
ALEPH, DELPHI and OPAL collaborations [30], and the
equivalent quantity Br(Byq — D¥X) x Br(DF — ¢r¥),
measured at the 7(45) by the CLEO and ARGUS collab-
orations [31], were used. The following fractions for the
different B decays contributing to the D¥hT signal were
evaluated:

Fraction of B! decaying to a D¢ and no other charmed
1meson: FBS,ID:(SQ + 7)%

Fraction of B? decaying to a Dy and another charmed
meson: Fg_op=(11 + 3)%.

Fraction of B mesons (non-B?) decaying to a Dy and
no other charmed meson: Fg1p=(9 £ 5)%.

Fraction of B mesons (non-B?) decaying to a Dy and
another charmed meson: Fgop=(41 £+ 7)%.

The contribution Fi. from direct charm was estimated
from the measurement of Dy production in charm events
at LEP [30], taking into account the Z partial widths into
b and ¢ quark pairs: F..=(27 + 5)%.

measured in the same event hemi-
sphere. The curves show the fits de-
scribed in the text

2 22
M(D,) (GeV/c?)

Finally, the relative proportion of the combinatorial
background fpr, was taken directly from the fit of the
real data mass distributions (see Table 5).

4.3 Discriminant variables to increase the B? purity

To increase the effective purity in BY of the selected sam-
ple, five variables were used which allow the separation of
the signal and background components. These variables
are: the Dy mass, the Dy momentum, the value of | cos |,
the x2-probability of the fitted Dy decay vertex and the
value of the b-tagging variable measured in the hemisphere
opposite to that of the Dg meson.

The relative components in the selected sample, de-
fined in the previous section, were calculated on an event-
by-event basis:

fé{ﬁD = I 1p(1 = fec = forg) Fun(b — tag)
x [ Foclvi)/tot
=14
eff

B.,2D — Fg_op(1 = fee — forg)Fu(b —tag)
X H Foe(v;)/tot

i=1,4

f]gflfD = Fg1p(1 — fee = forg) Fu(b — tag)
x | Foelvi)/tot

i=1,4
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-log(Prob(x")) -log(Prob(x")) ulated events. For the | cos 1| distribu-
(%) - (%) - tion, only the ¢pm™ decay mode 1s shown
@ 103 @® 103 ion, only the ¢+ d de is sh
€ 10 2F € 10 2F because the cut on this variable was set
> > - +
>~ 10 b >~ 10 b at 0.6 for K"K~ and at 0.4 for ¢m
@ T @ E channel. In addition, the Ds mass was
2 LiF nd £ laF [ used as the fifth discriminating vari-
b 10 0 20 40 60 ‘ b 10 0 60 ‘ able: the signal has a Gaussian and the
log(b-tag) log(b-tag) background has an exponential distri-
- : - : bution
f];gD = Fgap(1 — fec — fong) Fu(b — tag) Fig. 8. For the b-tagging variable, comparison with sim-
ulation is shown for the sum of the b and ¢ events. The
X H Foe(vi)/tot agreement between real data and simulated distributions
=14 is satisfactory.
[T = fooFe(b — tag) H Foe(v)/tot . Thg use of this procedure is equivalent to increase the
=14 B purity by 20%.
Fiid = forg T] Fonglvi) ftot
i=1,5 4.4 Measurement of the B? lifetime

where v; indicates the i-th discriminant variable, Fy., Fy,
F. and Fprg are the probability density functions for the
b and c together, b, ¢ and the combinatorial background
events, respectively. The relative charm contribution is
fee = Fee(1 — forg). In these expressions, the total nor-
malisation factor is:
tot = fep + Fil o + Sill + Sild + £+ R

All discriminant variables, except for the b-tagging, were
used to separate b and ¢ events together from the combina-
torial background (bkg). The b-tagging variable was used
to distinguish separately the b from ¢ and from combinato-
rial background events. The distributions of discriminant
variables are shown in Fig.8 for events selected in the
signal region, after having subtracted the corresponding
distributions of background events obtained using events
within the side-bands of the Dy signal. The correspond-
ing distributions for background events are also shown in

4.4.1 Proper time resolution

For each event, the B{ proper decay time was obtained
from the measured decay length (Lpo) and the estimate
of the BY momentum (ppo). The technique used is de-
scribed in [27]. The predicted decay time distributions
were obtained by convoluting the theoretical distributions
with resolution functions evaluated from simulated events.
Different parameterisations were used for the two Vertex
Detector configurations installed in 1992-1993 and 1994-
1995. The proper time resolution was obtained from the
(t-t;) distribution of the difference between the generated
(t) and the reconstructed (¢;) proper times. The following
distributions were considered:

— Rp,1p(t — t;) is the resolution function for B decays
with only one charmed meson (Dy) in the final state.
It is parameterised as the sum of three Gaussian func-
tions. The width of the second Gaussian is taken to
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Table 6. Fitted values of the parameters used in the resolution functions Rg,1ip(¢t — ¢;) and

Re,2p(t — t;)

DIhT sample
Resol. function (years) or1(ps) opi/p ors(ps) op3/p f2 s1 So S3 (psfl)
REL(t — ;) (1992-1993)  0.149  0.140  0.144 0386 0.15 35 -1.54  0.14
REL(t — ;) (1994-1995)  0.145  0.104 0169 0256 0.10 2.5 -1.87 0.7
REL(t —t;) (1992-1993)  0.236  0.095  0.144  0.38 0.30 3.5 -121  0.14
'R?D (t — ;) (1994-1995) 0.214 0.094 0.169 0.256 0.25 3.5 -1.30 0.17

be proportional to the width of the first one. The
third Gaussian describes the component with a se-
lected hadron coming from the primary vertex; the
fraction (f3) of these events decreases exponentially
as a function of the proper time:

Reap(t —ti) = (1 = fo — f3)G1(t — ti,01) (18)
+f2Ga(t — ti,00) + f3G3(t —ti,03)

where Gl(t—ti, 0'1), GQ(t_ti, 0'2) and Gg(t—ti, 0'3) are
Gaussian functions with o1 = /02, + (0,1/p)? x t2,
0y = 5101, 03 = \/0%4 + (0p3/p)? X t%; fo and f3 are
the fractions of the second and third Gaussian func-
tions, respectively; f3 is defined as f3 = exp(s2 — s3t).
The values for the decay length resolutions, o ;, the
momentum resolutions, o,,/p, the relative fractions,
fj, and the coefficients s;, are given in Table 6.

— Rp,2p(t — t;) is the resolution function for B decays
with two D mesons in the final state. In this case, the
selected hadron often does not originate directly from
the B vertex, but from the second D vertex, hence
resulting in a worse resolution. This resolution function
is parameterised in a similar way as Rp 1p(t —t;) and
the values of the corresponding parameters are shown
in Table 6.

4.4.2 Likelihood fit

The B? mean lifetime and the time distribution of the
combinatorial background were fitted simultaneously, us-
ing selected events lying within a mass interval of +2¢
centred on the measured Dy mass (2953 events) and events
lying in the Ds mass side-band (3373 events) between 2.1
and 2.3 GeV/c2. The probability density function for the
measured proper time, t;, can be written as:

EfﬁDPBs,lD(ti) + féféDsz,QD(ti)
'*‘fquPB,lD(ti) + fé‘gDPB,QD(ti)

"‘fgcffPCC(ti) + fzf/fgfpbkg(tz‘)~

P(t;) =

(19)

The different probability densities are expressed as convo-
lutions of the physical probability densities with the ap-
propriate resolution functions:

— For the signal:

1
P, 1p(ti) = — exp(—t/70) ® Rpip(t — i)
BS

1
Pg, 2p(ti) = — exp(—t/Tpo) ® Rpap(t — ti),
Bd

where t is the true proper time.
— For the physical background coming from all B meson
decays:

1
Pgap(t:) = Z ——fBop exp(—t/78,)
g#s Da
®@Rp,1p(t — t;)

1
Ppoap(t;) = Z Tiqu,ZD exp(—t/7s,)
s Da
®@Rp,2p(t — ;).

where ¢ runs over the various b-hadron species con-
tributing to this background and fg,1p, fB,2p are
their corresponding fractions.

— For the combinatorial background, the following func-
tion was used:

Porg(ti) = [~ exp(t/77) @ G(t — ti,0-)
+fTexp(—t/7T) @ G(t —t;,04)
+(1 = f7 =[Gt —ti,00)

Three distributions were considered: an exponential for
poorly measured events having negative ¢ (with life-
time 77 ), an exponential for the flying background
(with lifetime 77) and a central Gaussian for the non-
flying one. The seven parameters (f~, f*, 77,77, 0_,
o4, 0g) were allowed to vary in the fit.

— For “charm” candidates, the function P..(t;) has the
same form as Py (t;) and has been parameterised us-
ing simulated events. In this case all the parameters
were fixed in the fit.

The BY lifetime fit was performed in the proper time
interval between -4 ps and 12 ps and the result of the fit,
shown in Fig.9, is:

1.53 018 (stat.) ps.

TBS =

4.4.3 Systematic uncertainties on the B lifetime

The contributions to systematic uncertainties on the B?
lifetime measurement are summarised in Table 7.
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Fig. 9. DIhT analysis. Upper plot: Proper time distribution
for events in the signal mass region. The points show the data
and the shaded regions correspond to the different contribu-
tions to the selected events. The curve shows the result of the
fit described in the text. Lower plot: the same as the upper
plot but for events situated in the Ds mass side-band

Table 7. Sources of systematic uncertainties on the B lifetime

Source of systematic uncertainty  7go variation (ps)

Sample composition oo
Jokg o050
Bs purity o0
t resolution +0.019
75+ (1.65 £ 0.03 ps) [7] +0.016
733(1.56 +0.03 ps) [7] +0.014
Analysis bias correction +0.040
Total +0.07

The systematic error due to the uncertainties in the
relative fractions of the different Dg sources corresponds
to a 10 variation of the fractions f used in the likelihood
fit, excluding fyry which is studied separately.

The estimate of systematics related to the evaluation of
the BY purity, on an event-by-event basis, was obtained in
the following way. The distributions of the different quan-
tities contributing to the discriminant variable (Fig. 8) for
signal and background events were re-weighted with a lin-
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ear function in order to maximise the agreement between
data and the simulation. The By lifetime distribution was
refitted with new probability distributions and the differ-
ence between the corresponding values of the fitted life-
time taken as a systematic error.

Uncertainties on the determination of the resolution of
the proper time receive two contributions: one from errors
on the decay distance evaluation and the other from errors
on the measurement of the BY momentum. The systematic
error coming from uncertainties on the time resolution was
evaluated by varying the widths o, and o, of the resolu-
tion function by +10% [10,27,28]. Finally, simulated BY
events, generated with a lifetime of 1.6 ps and satisfying
the same selection criteria as the real data, have a fitted
lifetime of 1.644-0.04 ps. The BY lifetime value obtained in
the Sect. 4.4.2 was not corrected but the statistical error of
this comparison (£0.04 ps) was included in the systematic
error. The measured B lifetime was found to be:

RO = 1.53f8:%g(smt.) +0.07(syst.) ps

A similar analysis by the ALEPH collaboration [12]
gave a consistent result: 1.47 + 0.14(stat.)
+0.08(syst.) ps.

TBQ =

4.5 Lifetime difference between BY mass eigenstates

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

1 —0 1
BY) = 7 (IB%) +1B2)) 5 |By) = 7 (IB%) —[BY)) -
Neglecting CP violation, the time probability density is
then given by:

I'yly,
Iy + Iy,
+xchL67FLt

Pt) = (1 —xzgp) (efFHt + e*FLt)

(20)

where FL = FBg +AFBQ/27 FH :FBQ — AFBg/Q

The first term of (20) refers to final states of iden-
tified beauty flavor, as in the D¢l case [10], it does in-
clude Dg+light mesons final states. The second term cor-
responds to Dg*HDg*)* final states, which are dominantly
(98%) CP even eigenstates [34]. The value of z., was taken
as the ratio of F, op to (Fp, 10+FB. 2D ): Zcp = 0.2240.07
(see Sect.4.2).

Two variables are then considered: 7o (1/IBo) and
Al'go /FBQ‘ As the statistics in the sample is not suffi-
cient to fit simultaneously 7o and Al'go /T Bo, the method
used to evaluate Al'go / I'go consists in calculatlng the log-
likelihood for the time distribution measured with the
ngth¥ sample and deriving the probability density func-
tion for Al'ge/Io by constraining 7ge to be equal to
the By lifetime (750 = 1.56 + 0.03 ps [7] and g0 /70 =
1+ 0(0.01) is predlcted in [14]).

The log-likelihood function described in Sect. 4.4.2 was
modified by replacing the probability density for BY by
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(20) convoluted with the appropriate resolution functions.
It was minimized in the (7o, Al'go/Igo) plane and the
likelihood difference with respect to its minimum AL
(Fig. 10a) was computed:

A,C = — logﬁwt(TBg, AFBS/FBS)
+ IOg Etot ((TBg)min, (AFBQ/FBg)mzn) .

The probability density function for the variables g0 and
Al'go/I'go is proportional to:

P(TBS, AFBS/FBS) 0.8 €7A£.
The Al'go /T o probability distribution was then obtained
by convoluting P(7ge, Al'go/Igo) with the probability

density function f(,_, =70) (7o), expressing the constraint

TBY = TR, and normalising the result to unity:

P(Al'go/Iso)

= {/P(TBQ;AFBg/FBg)f(TBg_TBg)(TBg)dTB_Q}/

{/P(TBE”AFB?/FBQ)fng:TBg)
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X(TBg)dTBgdAFBg/FBg}

where

f(TBg:TBo) (o) =1/ (maTBS)

X exp ((TBQ — TBS)2/203B0> .
d

The upper limit on Al'go/Io, calculated from P(Algo/
FBO)7 is:

s

ATy /T < 0.67 at the 95% C.L.

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 was evaluated by convoluting the probability func-
tion P (7o, Al'zo/IBo) with the probability function of
the corresponding parameters:

P(Al'go/Iso)

- {/P (TBo, Ao /T0, Tl -os Thys) f<

TR0 =TR0
BY Bd>

X (TBS) f (x;ys) oof (x?ys) dTBgdx;ys...dxfys}/

{ /P (TB(,J7 AFBQ/FBQ’ miyw ] ‘r?ys) f
g §/ 4By sy . (TBg:TBg>
x (mo) f (x;ys) S (28) dTBgdxiys...dx?ys

XdAFBg/FBg}

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

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

Only three systematics were considered here: the rel-
ative fraction of combinatorial background fygg, the B
purity of the selected sample and the z., fraction. Other
systematic uncertainties are expected to be small as they
are in the lifetime measurement.

The Algo /T Bo probability distribution, obtained with
the inclusion of the systematics, is shown in Fig. 10c, the
most probable value for Algo /FBQ is 0.35 and the upper
limit at the 95% confidence level is:

Algo/I'go < 0.69 at the 95% C.L.

It should be noted that the world average of the B? lifetime
cannot be used as a constraint in such an analysis, since it

5 The uncertainty due to the theoretical prediction of the
equality of the 750 and B9 lifetimes is negligible with respect
to the present error on T
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depends on Al'go and on I'go. Moreover, this dependence
is also different for different decay channels. In the D¥h¥
case the expression of the average BY lifetime is given by:

+ (3AIgo/I0)?
Io(1— (3400 /T30)?)

o (DFLT) = +Tep /T, -

(21)

(1 xcz))

4.6 Study of B%-BY oscillations
4.6.1 Tagging procedure

The tagging algorithm was explained in Sect.3.5.1. An
event is classified as a mixed or an unmixed candidate
according to the relative signs of the Dy electric charge,
@ p, and of the tagging purity variable, z:q4.

Mixed candidates have x4y - @p < 0, and unmixed

ones Tiqy - Q@p > 0. The probability, ,*, of tagging the
b or the b quark correctly from the measurement of Ttag
was evaluated using a dedicated simulated event sample.
The average tagging purity of the x4 variable, given by

the simulation for true B — D7 h* X decays, is (71.4 +
0.4)%. The purity is lower than that obtained in the Dy/
sample [10] because not all By charged decay products
are reconstructed in the present analysis. It was verified
that the tagging purity is the same for different B hadron
species and varies by less than about +2% whether the BY
has oscillated or not. This effect is taken into account in
the systematics. The corresponding probability distribu-
tion for events in the combinatorial background was ob-
tained using data candidates selected in the side-bands of
the Dy signal: the probabilities of classifying these events

as mixed or as unmixed candidates are called em” and

unmix
€bkg

probabilities are called €
taken from the snrnulatlon

, respectively. For the charm events, the analogous

6u'rwnia:
» Cee

"”"” and their values were

4.6.2 Fitting procedure

From the expected proper time distributions and the tag-
ging probabilities, the probability functions for mixed and
unmixed event candidates are

FE D PR (t) + f5 L PRS0 (1)
+fBlD énﬁ)( )+fBzD énéaf)(t)

feffpmwc< )+fbfngZ;x( z)’

szm( )

(22)

where t; is the reconstructed proper time. The analytical
expressions for the different probability densities are given
in the following, with ¢ being the true proper time:

— BY signal mixing probability:

YPEITS(1) }
(23)

P (t:) = { e P (8) + (1 -
®@Rp,1p(t — t;)
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— Physical background mixing probabilities:
Pin(t:) = { fo.206," /iy exp(—t/750) }
®RB,2D (t — ti) (24)

Py ()
= {ma (PR (1) + (1 - PRI (1))
+fp+ap(1 — €")/ma+ exp(—t/75+)
+fanp(L = €9)/Ta, exp(—t/7a,) |

®Rp.p(t —t;) (25)

P (t:)
= { foap (e PEIEE (1) + (1= 6" VPRS0 (1)
+fp+ 2p(1 — 6") /TB+ exp(—t/7p+)
20 (1= ) /7, exp(=t/7a,) |

X @ Rpap(t —t;) (26)
— Mixing probability for charm component:
P (t:) = ege " Pec(t:) (27)
— Combinatorial background mixing probability:
Pyig" (ti) = epig Pokg(ti) (28)

The oscillation analysis was performed in the frame-
work of the amplitude method [13] as described in
Sect. 3.5.3. Considering only statistical uncertainties, the
limit is:

Ampy > 4.2 ps~! at the 95% C.L. (29)
with a corresponding sensitivity equal to 3.1 ps~!. At
Ampo = 10 ps~', the error on the amplitude is 2.3 (see
Fig. 11).

4.6.3 Study of systematic uncertainties

Systematic uncertainties were evaluated by varying the
parameters which were kept constant in the fit, according
to their measured or expected errors.

— Systematics from the tagging probability:

a conservative variation of 3% on the expected tag-
ging probability for the signal and for the other three
processes contributing to the DFhT candidates was
used. The same variation is assumed for the tagging
purity for the charm and combinatorial background
events. The central values of these purities were fixed
to the simulated ones.
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Systematics from the BY purity:

the same procedure already applied to the lifetime
measurement has been used.

Systematics from the resolution on the B decay proper
time:

the same procedure already applied to the lifetime
measurement was used. In addition, the systematic er-
ror due to the variation of the proper time distribution
of the combinatorial background was considered: the

parameters used to define the background shape in the
lifetime fit were varied according to their fitted errors.

The inclusion of systematic uncertainties lowers the
sensitivity to 2.7 ps~! and the 95% C.L limit becomes
Ampo > 4.1 ps~!.

The analogous analysis has been performed by the
ALEPH collaboration [12], which set a limit at Ampo >
3.9 ps—! at the 95% C.L., with a better sensitivity of
4.1 ps~L.
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5 Combined limit on Amgo
using exclusive B? and D;‘:h:F events

This paper presents two analyses on Ampo using exclu-
sively reconstructed BY mesons and DFh¥ events. Their
results have been combined (Fig. 12), taking into account
correlations between systematic uncertainties in the two
amplitude measurements [7]. A limit at the 95% confi-
dence level is obtained:

Ampo > 4.0 ps~! at the 95% C.L. (30)

with a corresponding sensitivity equal to 3.2 ps~! (with
statistical errors only, the limit would be Amgo > 4.0ps™"
at the 95% C.L. with a sensitivity of 4.4 ps~!). Figure 12
also shows the error on the amplitude for different values
of AmBg .
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6 Combination of the DELPHI Amgo, 189
and AI'go/Ige analyses

DELPHI has performed three analyses on Ampo using
DF/T candidates [10], D¥hT events and exclusively re-
constructed BY mesons. They were combined, taking into
account correlations between the event samples and be-
tween systematic uncertainties in the different amplitude
measurements (Fig. 13a). This gives the following limit for
AmBgZ

Ampo > 4.9 ps~! at the 95% C.L.
with a sensitivity of Ampo = 8.7 ps—!
The exclusion probability for this limit is 88%. The vari-
ation, with Ampo of the error on the amplitude is given
in Fig. 13b.

The results of two analyses on 7o and AFBQ / I'go using

DF/T and DEh¥ events provide the following DELPHI
results:

7o = 1.46 £0.11 ps

7 Conclusion

Using about 3.5 million hadronic Z decays registered by
DELPHI between 1992 and 1995, two samples of events
have been selected. The first one consists of 44 recon-
structed B events: 11 candidates (including 30% of back-
ground) are completely reconstructed and 33 candidates
(including 55% of background) are partially reconstructed
(7% and/or 7 are not detected). This analysis used twelve
different decay channels of the B? meson and is a first at-
tempt to use such events for the oscillation studies. Due
to the excellent proper time resolution, this sample gives
some contribution in the high Ampo region.

The second sample contains 2953 DFh¥ candidates
(including 60% of background) with completely recon-
structed Dy mesons in the ¢~ and K**K~ decay chan-
nels. Using the D¥hT sample, three studies have been per-
formed. The B! lifetime has been measured and a limit on
the fractional width difference between the two physical
BY states has been obtained:

RO = 1.537018(stat.) + 0.07(syst.) ps

Al'go/I'go < 0.69 at the 95% C.L.

This last result has been obtained under the hypothesis
that TBO = TBY-

Combining the two studies on BY — B? oscillations, a
limit at the 95% C.L. on the mass difference between the
physical BY states has been set:

Ampo > 4.0 ps~! at the 95% C.L. (31)

with a corresponding sensitivity equal to 3.2 ps~!.
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Previous DELPHI results on B lifetime obtained with
the DXhT sample [27] are superseded by the analysis pre-
sented in this paper.

Combination of the DELPHI Amgo, 70 and Algo/
I'go analyses gives: )

Ampgoe > 4.9 ps~! at the 95% C.L.

with a sensitivity of Ampo = 8.7 ps™*

7o = 1.46 £ 0.11 ps
AFBS/FBS < 0.45 at the 95% C.L.
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