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A Measurement of |V,| from B’ = D*te 1,
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Abstract

From approximately 3 million hadronic decays of Z bosons recorded with the ALEPH detector at
LEP, a sample of 410 4 32 B’ — D**(~ v, candidates is selected, where £ is either an electron or
a muon. The differential decay rate dI' (EO — D**(~7;)/dw from this sample is fitted, yielding a
value for the product of the CKM matrix element |V.p| and the normalisation of the decay form
factor at the point of zero recoil of the D** meson F(w = 1)|Vep| = (31.442.354atF2.5syst) X 1073,
A value for |V, is extracted using theoretical calculations of the form factor normalisation, with
the result |Vep| = (34.5 & 2.5gtat & 2.75yst = 1.5¢theory) X 1072, From the integrated spectrum, the

measured branching fraction is Br(EO — D*M7 vy ) = (5.18 £ 0.305¢at + 0.625y5¢) %.
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1 Introduction

Recent developments [1, 2, 3, 4] in Heavy Quark Effective Theory (HQET) have raised
hopes for a precise and model-independent measurement of |V,,| using exclusive decays
such as B® — D*t{~v, . In the massless lepton limit, there are three form factors in this
decay. HQET relates these form factors to one universal function. The expression for the
differential partial width for B" — D*+(~ 1, decay is [4]:

dU 1 dBr(B' = D)
dw 7o dw
2
= b (mpo — mper ) Vo VT = 1
1 — 2wr + r? 9

where r = mps+/mpo and w is the scalar product of the four-velocities of the B” and
D*t mesons: w = vgo - vp«+. The unknowns are |Vi,| and F(w). The function F(w) is
not specified by HQET but its magnitude at w = 1 is normalized to one in the heavy
quark limit. The experimental data near this point are statistically deficient due to
vanishing phase space. Consequently, in this method F(1)|Ve| is measured from dI'/dw by
extrapolation, and a value for |V, is derived using theoretical estimations of F(1) [5, 6, 7].

All such measurements of | V.| have come from the ARGUS and CLEO experiments [8, 9].
At the T(4S) resonance, the pion from the D* decay has a typical momentum of about
0.1 GeV/c in the lab frame and is even softer in the vicinity of w = 1. As a result, the
efficiency for reconstructing charged pions from D** decays is low, and the combinatorial
background for neutral pions from D*° decays is significant.

At the Z resonance, the B hadrons are produced with a large and variable boost of 3y ~
6. Consequently, the pion from the D** decay has an average momentum of about 1 GeV /c
and can be reconstructed with a high efficiency. This feature of B meson production allows
access to the entire dI'/dw spectrum in B’ — D** (=7, decays with similar efficiency. This
advantage is offset by the need to reconstruct the B meson momentum four-vector on
an event by event basis. The B meson four-momentum in B’ — D*t(~v, decays can
be measured from the flight direction of the B meson and the energy of the missing
neutrino. The large average decay length of the B meson (3 mm) and the precise vertex
reconstruction ability provided by a silicon vertex detector can be used to measure the
B meson direction by reconstructing its production and decay points. The granularity
and the hermiticity of the ALEPH detector allow a measurement of the missing energy in
a hemisphere due to the undetected neutrino.

This paper is organised as follows. After a brief description of the relevant compo-
nents of the ALEPH detector in Section 2, the event selection is described in Section 3.
The w reconstruction procedure is described in Section 4. The relative abundances of
weakly-decaying b hadrons in Z — bb decays are estimated in Section 5. Two important
procedures developed to discriminate against non-exclusive B’ — D*t(~7, backgrounds
are discussed in Section 6. Sections 7 and 8 describe the measurement of F(1)|V.,| and
the systematic uncertainties.



2 The ALEPH Detector

The ALEPH detector is described in detail in Reference [10], and only a brief description
of the apparatus is given here.

A high resolution vertex detector (VDET) consisting of two layers of double sided silicon
microstrip detectors surrounds the beam pipe. The inner layer is at an average radius of
6.5 cm from the beam axis and covers 85% of the solid angle, while the outer layer is at
an average radius of 11.3 cm and covers 69%. The spatial resolution for the r¢ coordinate
is 12um . The z coordinate resolution varies between 12 and 22 ym, depending on the
polar angle of the track. The vertex detector is surrounded by a drift chamber (1TC) with
eight axial wire layers up to a radius of 26 cm and a time projection chamber (TPC) that
measures up to 21 three-dimensional points per track at radii between 30 and 180 cm.
These detectors are immersed in an axial magnetic field of 1.5 T and together provide a
momentum resolution of o,/p = 0.0006p+0.005 (p in GeV/¢). For tracks with hits in both
layers of the VDET, the resolution of the impact parameter is o = 25 um + 95um/p (p in
GeV/c ) in both the r¢ and rz views. The TPC also provides up to 338 measurements of
specific ionization of a charged particle. It is surrounded by an electromagnetic calorimeter
(ECAL) of lead interleaved with proportional chambers, segmented into 15 mrad x 15
mrad projective towers and read out in three sections in depth, with energy resolution
op/E =0.18/vE +0.009 (E in GeV) for electromagnetic showers. The iron return yoke
of the magnet is instrumented with streamer tubes to form a hadron calorimeter (HCAL),
with a thickness of over 7 interaction lengths. It is surrounded by two additional double
layers of streamer tubes for muon identification.

The analysis presented in this letter is based on approximately 3 million hadronic 7
decays recorded from 1991 to 1994. The selection of hadronic events is based on charged
particles and has been described elsewhere [11]. The interaction point is reconstructed on
an event by event basis using the constraint of the average beam spot position [12, 13].
The resolution is 85um, averaged over all directions for bb events.

3 Event Selection

Candidates for the decay B’ - D*t (=7, are selected from events where a D** and a lepton
are found in the same hemisphere with respect to the thrust axis of a hadronic 7 decay. In
this paper, “leptons” will refer to either electrons or muons, and charge conjugate reactions
are always implied. Electrons are identified by comparing the momentum measured by
the tracking detectors with the energy measured in the ECAL, by the depth and shape of
the ECAL shower, and by the specific ionization information from the TPC when available.
Muon candidates are accepted if they have a hit pattern characteristic of a penetrating
particle in the HCAL and if they have at least one associated hit in the muon chambers.
Electron and muon candidates must have momenta greater than 2 GeV/c and 3 GeV /e,
respectively. Lepton identification in ALEPH is described in detail in Reference [10].

The D** candidates are reconstructed in the channel D** — D%r*+. The D° candidates
are reconstructed in three decay modes: D° — K~ 7+, D° —+ K n#tz~#%t, and D° —
Krt7~. Candidate K§ are reconstructed via K — 7t7~.



The difference §,, between the reconstructed masses of the Dzt and the D° candidates
must be within 2.1 MeV /c? of 145.4 MeV /¢*, which corresponds to approximately 2.5 times
the average resolution for this quantity. The D° vertex must be separated from the
interaction point by more than twice the resolution of the reconstructed decay distance
for the candidate.

Charged kaon candidates for which dE/dx information is available must have a specific
ionization within two standard deviations of the expected rate. In the D® — K=rt7 7+
channel, kaon candidates with momenta less than 2GeV /c are rejected. Candidate K
must have a momentum larger than 0.5 GeV /¢, a decay length larger than 0.5 cm, and a
reconstructed mass within 15 MeV/c* of the nominal K mass.

Further criteria are applied so that selected events have topologically displaced vertices
to allow measurement of the B meson direction. Vertex detector hits are required for the
lepton candidate and at least two of the tracks originating from the D° candidate. The
D**t/~ vertex is determined from the lepton and the D° candidates. The y? probability of
the vertex fit for each of the D® and D**/~ vertices must be larger than 1%. To ensure a
precise measurement of the B meson direction, D*T/~ candidates are rejected if the D*T/~
vertex is less than Imm away from the interaction point. Finally, the reconstructed D°
mass must lie within 2.5 standard deviations of the nominal value, where the average
mass resolution is 10 MeV /c* for D° — K~7t and D° — Krt7~, and 8MeV/c? for
D — K=n+t7r~nT. The selection results in a sample of 923 D**/~ candidates.

4 w Reconstruction

Equation 2 expresses w in terms of the neutrino energy F,, and the angle ¢ between the
planes formed by the D** and the lepton and by the B meson and the neutrino (Fig. 1):

w = 1/2mpgomp«+ X {m%o + mpyer — m;

— {pg cosOy(mpo — M?)/ P +2E, (E; — prcos 0,/ P) — 2p;sin 0, F,, sin 0, cos qb” . (2)

The variables M, P, and E are the mass, momentum, and energy of the reconstructed
Dt~

The neutrino energy F, is estimated from the missing energy in the hemisphere con-
taining the D**/~ candidate, as described in reference [14]. The distribution of the differ-
ence between the reconstructed and the true neutrino energy has an rms of approximately
2.6 GeV in simulated B® — D*t (=7, events. The variables 6, and 6, are, respectively, the
opening angles of the lepton and the neutrino with respect to the axis defined by the
D*t(~ system(Fig. 1). The angle 8, is calculated from F,:

2 2
COSQUZE_M‘ (3)
P 2PFE,

In cases when the measurement of E, results in unphysical values for cosé,, E, is set to
the corresponding physical limit defined by cos#, = £1. The angle ¢ is calculated from
the B meson direction as measured by the production and decay vertices.

Figure 2 shows a Monte Carlo simulation [15] of the reconstructed w (denoted ©)
for events with measured decay lengths larger than 1mm. The average w resolution is
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Figure 1: A schematic diagram showing the various lab-frame angles in a B’ = D7,
decay. The coordinate system is chosen so the D*T/~ defines the z-axis, and the perpen-
dicular to the plane containing the D*t and the lepton defines the y-axis.

approximately 0.07, which corresponds to about 14% of the allowed range. The resolution
is dominated by the measurement uncertainty in ¢.

The opening angle g between the reconstructed B meson direction and the D**(~
direction can be used in conjunction with the measured neutrino energy to construct a
variable M2. which is sensitive to the presence of additional particles coming from the

B meson decay vertex:

Mo =mbo + M* = 2(B+ B,) (E—\L—mda/(E+ B, 'Peosts) . (4

m

5 Estimate of b Hadron Fractions

The fraction of B® mesons produced in Z — bb decays is needed for the measurement
of the partial width. The fractions of other weakly-decaying b hadron species produced
in Z — bb decays are also required to determine the D**/~ sample composition. The
fractions of BY and b baryons produced are estimated from measured branching fraction
products from D} ¢~ and AT(~ correlations, and are used to infer the fractions of B® and
B~ mesons in Z — bb decays.

The fraction, fgo, of BY mesons produced is estimated from the product branching

fraction fgo - Br(Eg — DFX("v) = 0.92 £ 0.09 + 0.16%, measured using DI/~ corre-
lations [16]. The quantity Br(ES — DF X(~7,) is estimated from the product of the B?
semileptonic branching fraction Br(ES — X{~7;) and the fraction ff)l;, of these decays
producing a DT .

The value of Br(Eg — X{~7y) is estimated from the semileptonic branching fractions
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Figure 2: Monte Carlo simulation of the w reconstruction for B’ — D*t(~7, events.
(a) The reconstructed w (denoted @) as a function of the input w. The area of each
box is proportional to the number of events. (b) The w resolution @ — w averaged over
all w.

of other b hadrons assuming equality of semileptonic partial widths. The partial width
Is' = T'(b — X/~7;) is obtained from Br(B — X/(~7,) measured at the T(4S) resonance
and the corresponding B? and Bt lifetimes, and from Br(b — X/~7,) measured at the
7 resonance using the average b hadron lifetime (Tables 1 and 2). The results are FST1(4S) =
(6.37£0.24) x 1072ps~t and 'Y} = (7.1540.19) x 10~ 2ps~L. To account for this apparent
discrepancy, the value I = (6.76 £ 0.39) x 1072ps~! is used, which is the arithmetic
mean with an uncertainty spanning the difference. Using the measured BY lifetime, the
branching fraction is then Br(Eg — X077y) = 10.5 £ 1.0%.

The fraction ff)l;, is calculated from the branching fractions for the decays B —
D=7, [17], B — D*(~w, [9, 17], and B~ — D**7=(~7, [18], using symmetries and the
equality of partial widths. In the B®/B~ system, decays to D{~7, and D*(~7, account
for 62 4+ 5% of the semileptonic decay rate. The corresponding modes in the BY system,
Eg — DF v, and ES — D**(~7,, are assumed to account for 62% of Eg — X077y, An
upper bound can be derived from the branching fraction for B~ — D**7~(~7,, as the
equivalent decay in the BY system, Eg — D**K°~7,, does not enter the DF ¢~ sample:

[(B~ — D**7=(~7,) = (Bl — DK% 7,) = I(B. — D*K*+(~7,),

assuming SU(3) flavour symmetry in the first equality and isospin symmetry in the second.

The result is Br(ES — (D*K)(~7y) = 2.0 + 0.7%, corresponding to an upper bound for

ff)lf, of 81%. In accordance with the lower and upper bounds, the fraction of semileptonic

B? decays containing D7 is taken to be ff)lf, =72+ 10%.

Combining the above results, the estimated fraction of b quarks that hadronise to B?
mesons is

fB(SJ — 122 :i: 1-25tat Zi: 2-9syst% .

An analogous procedure is followed to estimate f,, , the fraction of weakly-decaying
b baryons. Using A}/~ correlations, the measured branching fraction product fa, -



Channel Branching  Reference
Fraction(%)

I'(Z — bb)/T'(Z — hadrons) 22.02 4+ 0.20 20]

b — X717, 10.99 £0.25 [20]

B— X("v, 10.29 4+ 0.28 [21]

B — DI, 1.80 4+ 0.41 [17]

B — D1, 4.56 +0.29 [9, 17]

b — D**r= ("7, X 0.374+0.12 [18]

B’ = D*tr 7, 2.140.4 -

B — DX, 5.2+ 1.7 -

Table 1: Branching fractions used in calculating the fractions of b hadrons in Z — bb
decay and in the estimation of the background in the D**/~ sample. The unreferenced
entries are estimated in Section 6.

Species Lifetime (ps)
BY 1.58 +0.06
B~ 1.6540.06
B? 1.554+0.11
AD 1.204+0.08
Average b 1.538+0.022

Table 2: Lifetimes used in this paper. All lifetimes are taken from [22].

Br(A) — AYX(v,) is 0.76 & 0.15 £ 0.12% [19]. Using the measured b baryon life-
time (Table 2) and proceeding as above, the b baryon semileptonic branching fraction is
estimated to be Br(A} — X/~7,) = 8.1 £ 0.7%. The estimated fraction of such decays
that contain a AT is Zl+ = 81 £ 19%, where the lower bound is determined as above
but the upper bound is taken to be 100%. The fraction of b quarks that hadronise to
b baryons is then

Sy =115 £ 22000 £ 3440 % -

The fractions fgo and fg+ are derived from the above results assuming fgo + fp+ +
feo + fa, = 1 and fgo = fp+, with the result

fBo = fB+ = 382 :i: 1‘3Stat :i: 2-25yst % .

6 Sample Composition and Background Rejection

Table 3 shows the expected composition of the initial selected sample of D**/~ events.
The rates for some of the contributing processes have not been measured and are es-
timated from other measurements. Isospin and flavour SU(3) symmetry are used to
relate the branching fractions for the processes B’ = D*t7% -7, and ES — D*TK 7,
to the recent ALEPH measurement of Br(B~™ — D**7~(~1,) [18]. The branching fraction

6



Initial Final

Yield 923+ 30.4 570 £ 23.8
Background
Combinatorial 203.6 +£12.2 86.2+£7.2

B~ — D*tr ("7, 110.3£35.8 17.14£5.5
B — D**tr%/K% v, 90.3+£29.3 44.8414.5

B’ = D7, 205456  52+1.0
B — Dt X, 19.84+6.5 6.4+ 2.1
Total Background — 453.5+66.8 159.7+21.4
Signal 469.5+73.4  410.3432.0

Table 3: The D**/~ yield and the estimated background for the initial sample and after
applying the background rejection criteria.

Br(EO — D*t777,) is calculated from the ALEPH measurement of inclusive 7 production
in b decays [23] and the assumption that three-fourths of B® decays to 7 leptons involve
D**, consistent with spin counting arguments. The inclusive branching fraction for the
production of a D** meson in association with another charm hadron is estimated from
measured branching fraction for B’ — D*+ D= [17] scaled by 1.2 £ 0.2 to allow for the
possibility of n-body(n > 3) decays.

The production fractions for weakly-decaying b hadrons are estimated in Section 5.
The fraction of hadronic Z decays to bb pairs is taken from [20]. All other branching
fractions are taken from [17].

Three classes of combinatorial background are present in the sample. One class of
background arises from random combinations of tracks lying within the D° and §,, mass
windows. This is estimated from fits to the D mass peaks using a Gaussian for the signal
and a first order polynomial for the combinatorial background. The background estimate
is calculated from the integral of the fitted background function over the D? mass window.
The second class of combinatorial background is from true D° candidates combined with a,
random slow pion giving a reconstructed mass difference within the ¢, mass window. This
is estimated from the scaled D° yield in the §,, sideband. The final class of combinatorial
background is from true D** mesons associated with misidentified hadrons or non-prompt
leptons. Background from misidentified hadrons is estimated by applying the measured
misidentification rate [10] to D**-hadron combinations selected in the data. Additional
background from non-prompt leptons is estimated from the simulation.

The contribution of the background process B — D** 7 /K (=7, is large and is not pre-
cisely known and dominates the uncertainty in the signal yield. To reduce this background,
two additional event selection criteria are used. One method of background suppression is
topological. In candidate events, tracks having momenta greater than 0.5 GeV /e, at least
one VDET hit, and the same charge as the lepton candidate are selected. The signed im-
pact parameter of these tracks with respect to the D**/~ vertex is calculated (the sign is
negative if the track’s point of closest approach to the vertex is upstream from the recon-
structed D*t¢~ vertex). Tracks from the interaction point tend to have negative impact
parameters, while tracks originating from the D*T/~ vertex are distributed symmetrically
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Figure 3: Two methods of background rejection. (a)The impact parameter signifi-
cance of tracks with respect to the D**/~ vertex for simulated B’ — D*t(~7, and
B~ — D*tx~ ("7, events with reconstructed decay lengths larger than 1 mm. The left-
most bin includes candidates where no tracks were found with impact parameter signif-
icance larger than -3. The vertical scale is logarithmic and the histograms are normal-
ized to unit area. (b)The reconstructed M2, . for simulated B’ = D**(~7, events and

B — D**n /K ("7, events. The histograms are normalized to unit area.

about zero. Candidates accompanied by one or more selected tracks with impact parame-
ters between -2 and 3 times the calculated error are rejected. This requirement is designed
to remove B~ — D*T 7~ ("1, events. From Monte Carlo simulation, this requirement has
an efficiency of 92% for signal events and rejects 70% of the B~ — D*t 7~ (=7, background.
Figure 3a shows the distribution of the signed impact parameter for simulated signal and
B~ — D**x= ("7, events.

To suppress background events with additional particles originating from the b hadron

decay, a requirement is placed on the calculated M2._: candidates with a reconstructed

miss?
M2, larger than 1GeV?*/c* are rejected. In contrast to the topological requirement,
this is also effective in removing events with additional neutral particles originating at
the decay vertex. Figure 3b shows the missing mass-squared spectrum for simulated
B — D**n/K ("7, events. In the Monte Carlo simulation this requirement has an effi-
ciency of 83% for signal events, and rejects 45% of the B — D** 7 /K (=7, background.
Imposing these two criteria results in a sample of 570 D**/~ candidates. Table 4
shows the number of candidates and the estimated combinatorial background in each
channel. Table 3 summarizes the yields and the estimated background. The contribution
of all background sources has been drastically reduced. In particular, B — D**7/K /{7,

is estimated to be approximately 10% of the sample.



‘ Mode K7t K-rtr=nt  Kirtr- Total ‘
Raw Yield  2264+15.0  273+16.5 71+8.4 570+ 23.8
Combinatorial Background

Fake D° 1224+ 2.1 32.3+2.9 41+1.2 486438
Fake D** 9.6 +3.2 5.8+4.3 34422 18.8+5.8
Fake ¢ 8.14+0.8 8.7+0.9 20402  18.8+1.9
Total 29.9+3.9 46.8+5.3 9.5+2.5 86.2+7.2
Net Yield 196.14+15.5 226.2+17.3 61.54+8.8 483.8+24.9

Table 4: The D**(~ yield and the estimated combinatorial background after background
suppression.

7 Measurement of F(1)|Vy,|

A unbinned maximum likelihood fit is performed to the reconstructed w spectrum. The
fitting function is given in Eq. 1, with the following assumed functional form for F(w):

Flw)=F(1) [1+a*(1-w)] . (5)

The two free parameters in the fit are F(1)|V,| and a®. The fitting function is convolved
with a resolution function and a w-dependent efficiency.

A numerical resolution function is determined from a Monte Carlo simulation. The
efficiency is also estimated from the Monte Carlo simulation, but corrections are applied
based on detailed comparisons with the data. The efficiency of a given selection require-
ment is measured separately in the data and the Monte Carlo, and a correction factor
is calculated from the ratio of the efficiencies. The simulated efficiency is then scaled
by these correction factors. The simulated lepton identification efficiency is scaled by
0.97 £ 0.03 based on studies in [10]. The efficiencies for D** selection and the topologi-
cal requirements are investigated using inclusive D** and D/~ samples that are largely
statistically independent from the sample considered here. Figure 4 shows the corrected
efficiency for each channel as a function of w.

The fit yields the following results, which are 91% correlated:

F()|Va] = (31.4+£2.3) x 1077,
a* = 0394021,

where the errors are statistical only. The fit is shown in Fig. 5a and Fig. 5b shows a graph
of the product |Vep|F(w) as a function of @.

While the data are consistent with a linear form for F(w), there is no theoretical
justification ruling out other parametrisations [24]. A fit is performed using a second order
polynomial of the form F(w) = F(1) {1 +a*(1 —w) +b(1 — w)z}, yielding the following

results:

F()|Va] = (30.4+£3.6) x 1077,
a* = 0.1041.00,
b = —0.57+1.97,

9
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Figure 4: The corrected efficiency as a function of w estimated from a Monte Carlo
simulation of B” — D*t(~v, . The curves are parabolic parametrisations of the efficiency
for each channel.

where the errors are statistical only. The result for F(1)|V,| is consistent with that of
the linear fit, though the uncertainty is increased due to the additional degree of freedom.
With the present data sample it is not possible to distinguish between the linear
parametrisation and parametrisations with more degrees of freedom. Consequently, the
results in this paper are obtained with the linear parametrisation.
The same data sample is also used to extract a measurement of Br(EO — D*tw,)

Br(B® = D*t( 1) = (5.18 + 0.30)%,

where the quoted error is statistical only.

8 Systematic Uncertainties

Various sources of systematic uncertainties have been considered. Their respective con-
tribution are summarized in Table 5.

Branching Fractions: The systematic uncertainties related to the fraction of 7 de-
cays to bb pairs, fgo and the D** and D° branching fractions were estimated by the effect
of a variation by the quoted errors, including correlations in the measured branching frac-
tions. The dominant systematic uncertainty is from fgo. The total systematic uncertainty
from these sources is 4.3% on F(1)|Va,| and 8.6% on Br(EO — D*HmD,).

Physics Background: The contribution of each physics background process to the
final D**/~ sample was varied within the uncertainties quoted in Table 1. As the con-
tributions of events from the processes B — D**7/K/{~7, are proportional to a single

10
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Figure 5: (a)The differential yield dN/dw. The points are the data, the histogram shows
the result of fit and the hatched area is the estimated background. (b)The product
|Veb | F(w) as a function of @. The points are background-subtracted data for the square
root of the measured decay rate divided by factors other than F(w)|Ve,| in Eq. 1. The solid
curve is the fit. The dashed curve shows the underlying distribution before convolution
with the resolution function. The value of F(1)|V| corresponds to the intercept of this
curve. The difference between the two curves shows the effect of the resolution.
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‘ Source ABr/Br (%) AlVa|/|[Ver| (%)  Ad? ‘

Branching Fractions
fro 6.5 3.2 -
D*t — DOt 2.8 1.5 -
DY - K at, Koatn—nt, Kintn™ 4.7 2.4 -
I'(Z — bb)/T'(Z — hadrons) 1.0 0.5 -
Subtotal 8.6 4.3 -
Physics Background
B — D**r/K/( 1, 4.5 3.5 0.03
B — Dt X, 0.7 - -
B’ - D*tr 7, 0.3 0.1 -
Subtotal 4.6 3.5 0.03
Combinatorial Background
Fake D° 0.9 0.6 0.01
Fake D** 2.0 1.4 0.01
Fake lepton 0.8 0.4 0.01
Subtotal 2.3 1.6 0.02
Simulation
MC statistics 1.6 1.7 0.05
Fragmentation 2.9 1.6 -
Efficiency 5.6 2.8 -
Subtotal 6.5 3.6 0.05
| 750 1.7 2.6 -]
| Fitting Method - 3.0 0.10 |
| Total 12.0 7.9 0.12 |

Table 5: Summary of systematic uncertainties. Entries with a negligible uncertainty are

left blank.
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measurement [18], the corresponding errors have been added linearly. In accordance with
the quoted measurement, the fraction of narrow-resonant decays in the Monte Carlo sim-
ulation was taken to be 55% and was varied from 0 to 100% to account for the lack of
knowledge of B — D**n/K /=7, decays. The total systematic uncertainty from physics
background processes is 3.5% on F(1)|V,| and 4.6% on Br(EO — D*H7wy).

Combinatorial Background: The combinatorial background consists of three dif-
ferent sources: fake D, fake D**, and fake leptons. The first two are estimated from
sidebands and the error is taken from the statistical precision. The error from the third
source is due to the uncertainty in the simulation of non-prompt leptons. The total
systematic uncertainty from the combinatorial background is 1.6% on F(1)|V,| and 2.3%
on Br(EO — D*t~m,).

Simulation: The finite Monte Carlo sample size primarily affects the knowledge of
the shape of the efficiency curves. The size of the background Monte Carlo sample is also
taken into account.

The mean fraction of the beam energy taken by the B meson has been measured by
ALEPH to be 0.714 £ 0.012 [25]. The precision of this measurement translates into an
uncertainty on the reconstruction efficiency due to the dependence of the efficiency on the
B? momentum. The systematic error due to this uncertainty is 1.6% for F(1)|Vip| and
2.9% for Br(EO — D*t7m,).

The reconstruction efficiencies for both signal and physics background processes were
estimated from Monte Carlo simulation. Comparisons of the efficiency for various selection
criteria in data and the simulation result in an overall systematic uncertainty of 2.8% on
F(1)|Vap| and 5.6% on Br(EO — D*t(~7,). The results are insensitive to the precise
description of the form factors in the simulated B’ - D*t(~7, decays.

B? Lifetime: A change in the B lifetime affects F(1)|V.y| in two ways. From Eq. 1,
an increase in the lifetime will decrease the partial width for the same measured branching
fraction. The branching fraction will also decrease because the 1 mm requirement on the
decay length and the physics background rejection favour events with longer proper decay
times. From the lifetime values quoted in Table 2, the calculated uncertainty is 2.6% on
F(1)|Vap| and 1.7% on Br(EO — D**(~7,). The uncertainty in the B~ and BY lifetimes
also affects the proportion of physics background but the effect is negligible.

Fitting Method: The results are insensitive to the knowledge of the resolution
function. If resolution effects are ignored while performing the fit, the resulting change
in F(1)|Vep| is 2.4%. Moreover, if the resolution function is calculated after introducing
a systematic 2 GeV shift in the reconstructed neutrino energy in the simulation (which
is much larger than the absolute calibration error of the visible energy), the fit results
for F(1)|Vep| are changed by a negligible amount. The effect on the calculated resolution
function from the application of additional smearing to the reconstructed vertices in the
simulation also has a negligible effect on the fit result. Using a linear parametrisation of
the efficiency as a function of w changes the fitted result for F(1)|Va| by 0.5 %.

From studies of the stability of the results with respect to details of the fitting pro-
cedure, and from the studies mentioned above, an overall error of 0.10 is assigned to the
value of a?, translating into an uncertainty of 3% on F(1)|Vay|.

Including the systematic uncertainties, the following values are obtained for F(1)|Vep|

13



and a?:

F)|Vip| = (31.4 £ 2300 £ 2.550) x 1072,
a® = 0.39 £0.21 50 £ 0.12 .

The result for the branching fraction is

Br(B” = D™+-7,) = (5.18 £ 0.305a¢ & 0.624y50)% .

9 Conclusion

The differential rate dI'/dw for the decay B’ - D*t{~7, is measured, and a value for
F(1)|Vap| is extracted from a fit:

F)|Vip| = (31.4 £ 2300 £ 2.550) x 1072,
a® = 0.39 £0.21 50 £ 0.12 .

These results are consistent with the most precise previous measurement to date [9], and
are of comparable precision. The result for a* is also consistent with theoretical bounds [7].

Taking F(1) = 0.91 +0.04 [7], the result for |V | is
|‘/Cb| — (345 :i: 2-5stat :i: 2-7syst :i: 1-5theory) X 10_3 5

where the third error is from the quoted theoretical uncertainty in the calculation of F(1).
From the integrated spectrum, the measured branching fraction is

Br(B” = D*+=1;) = (5.18 £ 0.305a¢ & 0.624y50)% .

These results are based on the best available knowledge of fgo and 7g0. To a good
approximation, results corresponding to different values of fgo and mgo can be calculated

using Table 5:

F(D)|Vay| = [31.4— 0.4(fgo — 38.2) — 14(rg0 — 1.58)] x 1073
Br(B” = D**(~7,) = [5.18 — 0.13(fgo — 38.2) — 1.5(70 — 1.58)]%,

with lifetimes in ps, and branching fractions in percent.
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