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Belle detector at the KEKB asymmetric-energy e*e™ collider. We reconstruct one BY meson
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1 Introduction

Decays of B mesons provide a powerful tool for studying strong interactions at low energy,
measuring parameters of the Standard Model, and searching for New Physics [1]. Absolute
branching fractions of BT and B° decays have been precisely measured by the Belle, BaBar,
and Belle IT experiments using eTe™ collisions at the Y(45) resonance. To study BY mesons,
Belle collected data at the Y(10860) resonance, which decays to Bg*)Bg*), B® B (),
and final states with bottomonium and light hadrons. For brevity, in the following we
refer to the Y(10860) as the Y(55). The accuracy of absolute branching fractions of BY
decays is limited by our knowledge of the BY production fraction at the Y(55) energy,
fs- To measure f5, Belle used inclusive production of D and D° mesons, to obtain f;
= (22.0729% [2]. The uncertainty in f, is dominated by that of the inclusive branching
fraction, B(B? — D¥X), which was recently measured by Belle using semileptonic tagging
to be B(B? — DFX) = (60.2 + 5.8 +2.3)% [3]. It is important to measure this branching



fraction using hadronic tagging to improve its uncertainty. The sum of B(B? — DFX),
B(B? — D°/DYX), and B(BY — D*X) is expected to be above 100%, as the charm quark is
produced both in the b — cand W~ — ¢s parts of the B? decay diagram, and can be estimated
based on similar sums for B¥ and B® mesons (see section 7). Thus, measurement of all three
branching fractions will allow a consistency check of the results. Recently, Belle measured the
ratio, B(BY — D°/D°X)/B(B? — DFX) = 0.41640.018 +0.092 [2], from which we estimate
B(BY — D°/D°X) = (25.0 + 2.6 + 5.6)%. There is no information on B(B? — D*X).

In this paper, we report measurements of B(BY — D¥X), B(B? — D°/D°X), and
B(BY — D*X). We use a data sample collected by the Belle experiment at the center-of-
mass energy of the T(55) resonance, 10.866 GeV, which has an integrated luminosity of
121.4fb~! corresponding to N;; = (41.3 & 1.9) x 10°. At the Y(55) resonance, BY mesons
are produced in the processes ete™ — BYBY, BYB¥ and B} B, with B: — BY%y. We fully
reconstruct one BY meson in many hadronic final states using a multivariate full event
interpretation (FEI) algorithm [4]. We then reconstruct a DY, D? or D* meson in the rest
of the event (ROE). The branching fraction is calculated as

— NB,—p
BB - D/DX)= ——Ps—~___ , 1.1
(B /DX) N5, Bp cROB (1.1)

where D denotes DF, D°, and D%, Bp is the branching fraction of the D reconstruction
channel, and S%OE is the reconstruction efficiency. The total number of B tags, Np,, is
determined from a fit to the M (By) distribution. The number of BY — D pairs, Np,_p, is
determined from a two-dimensional fit to the distribution in M (B;s) and M (D), where M (Bs)
and M (D) are the invariant masses of the Bg and D candidates, respectively. To avoid bias,

the data in the signal region were not examined until the selection criteria were fixed.

2 Belle detector

This analysis is based on data collected by the Belle detector at the KEKB asymmetric-energy
ete™ collider [5, 6]. The Belle detector is a large-solid-angle magnetic spectrometer which
consists of a four-layer silicon vertex detector (SVD), a 50-layer central drift chamber (CDC),
an array of aerogel threshold Cherenkov counters (ACC), time-of-flight scintillation counters
(TOF), and an electromagnetic calorimeter (ECL) composed of CsI(T1) crystals located inside
a superconducting solenoid coil that provides a magnetic field of 1.5 T. The Kg meson and
muon detector (KLM), composed of resistive plate chambers, is located in the iron solenoid
yoke. A detailed description of the detector can be found in refs. [7, 8].

Monte-Carlo (MC) simulation of ete™ — bb and continuum e*e™ — ¢¢ (¢ = u,d, s, c)
events uses EvtGen [9]. The ete™ — bb events are generated from Y(55) decays, including
Bé*)éé*), B®B®(7), and final states with bottomonia. The MC sample size corresponds to
an integrated luminosity six times larger than the data. The detector response is modeled
using GEANT3 [10]. The MC simulation includes run-dependent variations in detector
performance and background conditions.



3 Event selection

3.1 Reconstruction of Bg tag candidates

We reconstruct BY mesons in the decay channels DYt (7%, 7t7n7), Dy KT, Dg*HDg*)_,
DUWOK =7t and J/¢ Kt K~ (x°).! The D°, D*, and D} mesons are reconstructed in final
states with K+, K% 7% n, 7/, up to one 7°, and up to five decay products. A list of the
channels used in the reconstruction of B and D mesons is given in appendix A. We reconstruct
Kg mesons in the 77~ channel, 70 mesons in the v channel, 7 mesons in the vy and
atr =70 channels, i’ mesons in the 7+7 71 and 7+ 7~ channels, DT mesons in the D}~y
channel, D** mesons in the D%7% and D%y channels, D** mesons in the DT7° and D%z
channels, and the J/v in the p*p~ and eTe™ channels.

We perform an initial loose selection of the final-state particles and decays, and then use
a multivariate analysis for the final selection. We select tracks that originate from the vicinity
of the interaction point (IP) by requiring dr < 0.5cm and dz < 3cm, where the z-axis is
in the direction opposite to the e™ beam, and dr and dz are transverse and longitudinal
distances between the track and the IP, respectively. Charged particles are identified using
ionization energy-loss measurements in the CDC, time-of-flight information from the TOF,
and Cherenkov light yields in the ACC. Information from these subdetectors is combined
into a likelihood L(h) for a given hadron hypothesis A. In the initial selection, we apply the
identification requirement only for kaon candidates, L(K)/(L(K)+L(w)) > 0.1. The efficiency
of this requirement is 98% and the probability to misidentify a pion as a kaon is about 20%.
For photons, we require the energy to be greater than 100, 50, and 150 MeV in the forward
endcap (12.4° < 6 < 32.2°), barrel (32.2° < 6 < 128.7°), and backward endcap (6 > 128.7°)
regions of the ECL, respectively, as these regions have different levels of background. For
the 7, Kg, n, 'y D, D*, and J/1 candidates, we apply a mass range requirement that
corresponds to about 45 units of mass resolution. To improve momentum resolution, we
apply a mass-constrained fit to 7%, 7, D*, and J/v candidates; a mass-vertex-constrained fit
to n’ and D candidates; and a vertex-constrained fit to Kg candidates.

In the FEI algorithm, a boosted decision tree (BDT) [11] is used with the following
discriminating variables for various particle species:

e For charged pions, kaons, and leptons, we use the momentum, transverse momentum,
and particle identification information.

o For photons, we use the energy, polar angle, number of crystals in the energy deposition
(cluster), the ratio of the energy deposition in a 3 x 3 matrix of crystals to that in a
5 x b matrix, and cluster timing. These variables suppress hadronic showers and beam
background.

e For Kg — w7~ candidates, we use the invariant mass of the Kg candidate and a
set of parameters describing the displaced vertex of the Kg. These are the distance
of closest approach between the two daughter pions, the impact parameters of the
daughter pions, the distance between the IP and the Kg vertex, and the angle between

!Throughout this paper, charge-conjugate channels are always included.



the Kg momentum and the direction from the IP to the Kg vertex; the latter three
variables are measured in the plane perpendicular to the beam direction.

0 2

e For m’ — ~7 candidates, we use the two-photon invariant mass,” momentum and decay
angle for the 7¥ candidate, where the decay angle is defined as the angle between the
photon momentum and the boost direction of the laboratory system in the 7° rest

frame.

e For n — 77 candidates, we use the two-photon invariant mass and the decay angle. For

+ 0

n — ntn~ 70 candidates, the 777~ 70 invariant mass is used.

o For i candidates, we use the invariant mass of the 777~ n or 77~ combination and
the p-value of the mass-vertex-constrained fit.

¢ For D meson candidates, we use the invariant mass of the D candidate and the p-value
of the mass-vertex-constrained fit. In three-body decays, we include the invariant
masses of intermediate p (— 77), K*(— K), and ¢(— KK~ ) resonance candidates.

o For J/i and D* candidates, we use the invariant masses.

« For BY meson candidates, if there are several pions or kaons in the decay, we include
the invariant masses of intermediate p, K*, and a1(— 77m) resonance candidates.

o To suppress continuum events, we use the event-shape variable Ry (the ratio of the
second to zeroth Fox-Wolfram moments [12]), the angle between the thrust axes of the
BY candidate and that of the rest of the event [1]. All quantities are defined in the

center-of-mass frame.

We train the BDT separately for each final-state particle species and for each decay of
the unstable particle. The training result, the classifier output, is the probability (P) that a
given candidate is signal. In addition to the variables listed above, the training for each decay
also uses the signal probabilities of all direct decay-products. To realize this, the training is
carried out in stages, first to determine the signal probability for charged tracks, 7°, and Kg
candidates, then for n and J/v¢ candidates, next for ' candidates, then for D candidates,
subsequently for D* candidates, and finally for BY candidates.

The branching fractions of some of the BY decay channels used for the reconstruction
have large uncertainties; two of the channels have not yet been measured. In addition, the
ratio of efficiencies in data and simulation could be different in different channels. As a
result, the relative contributions of various channels in simulation differ from those in data.
To compensate for this difference, we introduce weights for various channels in simulation,
as described in appendix B.

We apply a requirement on the By momentum, |[p*(Bs) — 0.42] < 0.09GeV /¢, and
channel-dependent requirements on Pp,, which are given in table 1. The above requirements
are optimized to reach maximal sensitivity to the yield of By — D pairs, as described in
the next section. The By momentum requirement selects the dominant production channel

2Here and below the invariant mass denotes the mass before the mass-constrained fit.



Decay Pp, requirement Number of tags, Np,

BY —» DfX > 0.0012 12500 4 310
BY — DY/DYX > 0.0050 9610 & 190
BY - D*X > 0.0200 6485 + 120

Table 1. The requirements on Pp_ optimized for the measurement of B(B? — D/DX), the number
of selected BY candidates, and the shift and width scaling parameters of the M (By) signal functions.

ete™ — B!B! with 96% efficiency, while the channels eTe™ — BYBY and ete™ — BB,
which correspond to a total fraction of 15%, are not included. We select B? candidates
with invariant mass M (Bs) in the interval (5.25,5.51 GeV/c?), which is used for fitting as
described below. In the case of multiple B? candidates, we select the one that has the
highest signal probability.

3.2 Selection of signal D candidates

To reconstruct D mesons in the ROE, we use the following channels: D — ¢nt, K*0K+,
KgK+; DY » K—7nt: and Dt — K—ntnt.

Charged kaons and pions, except those from K g decays, are required to originate from the
IP region with dr < 0.5 cm and dz < 2 cm. We require Ry, = L(K)/(L(K) + L(m)) > 0.1
for kaons from D} decays and R/, > 0.6 for those from both D® and D*. The requirement
for pions from D} and D mesons is R, x = L(m)/(L(K) + L(w)) > 0.1 and for pions
from D% mesons is R./x > 0.6.

For ¢ - KTK~ and K*¥ — K7~ candidates, the invariant masses are required to
be within 40 MeV /c? and 100 MeV /c? of the nominal ¢ and K* masses [13], respectively.
These requirements select ¢ and K*0 mesons with an efficiency of 99% and 91%, respectively.
The Kg candidates are reconstructed via the decay Kg — T, with the selection criteria
listed in ref. [14], and are also required to have an invariant mass within 15MeV/c? of the
nominal Kg mass; the efficiency of this requirement is 96%.

To reconstruct D candidates, for both ¢ and K*° resonances the selection requirement
| cos Ohel| > 0.3 is applied, where the helicity angle 6y is defined as the angle between the
K~ and D momenta in the resonance rest frame. The helicity angle distributions are
expected to follow a cos? Oy distribution.

The requirements on the B? and D variables described above are optimized using a
two-dimensional distribution in M (By) and M (D) in simulation and maximizing the figure-of-
merit, defined as S/v/S + B, where S is the number of properly reconstructed signal B; — D
pairs, and B is the number of all other candidates in the signal region. The average number
of multiple D candidates is 1.04 — 1.10 for D channels, 1.03 for DY, and 1.17 for D*. All
candidates are included in the analysis. We verify that there is no peaking behaviour in
the M (D) distribution from multiple D candidates.



4 Yield of B? tags

The mass distribution of B? tag candidates, selected with the requirements optimized for
the measurement of the BY — DF X branching fraction, is shown in figure 1. We perform a
binned likelihood fit to this distribution with a bin size of 1 MeV /c?. We fit this distribution
to the sum of a correctly-reconstructed signal (CRS) component, a broken-signal component,
peaking background from B, and a smooth background component. The mass distribution of
the CRS events has an RMS width from 9 MeV to 32 MeV depending on the By reconstruction
channel. The determination of the CRS component shape is described below. The BY
broken-signal components are due to signal decays with

1. secondary interactions of final-state particles with the detector material;

2. pions and kaons from a D decay being swapped with those produced directly in a decay
of a BY;

3. a low-momentum signal v, 7 or 7+ swapped with a background candidate;
4. loss of a photon from D} — Dyv;
5. misidentification of a kaon as a pion.

The shapes of these contributions are determined from simulation; their yields are fixed
relative to that of the CRS. Contributions 1-3 peak in the region of CRS but have larger
widths. Their yields are added to that of CRS; thus, the sum of CRS and broken-signal
components 1-3 is counted as the total signal yield. The fraction of broken signal in the
above sum is 9 — 15% depending on the Pp, requirement. The BY peaking background is due
to Cabibbo-suppressed decays or decays with pions misidentified as kaons. The calibration of
the simulation of broken-signal components 4-5 and the B° peaking background is described
in appendix C. The broken signal and B? background contributions are represented in the fit
as histograms. The smooth background is described by a second order polynomial.

To determine the overall shape of the CRS component, we perform the fits described
above separately for each B reconstruction channel. In these fits, the CRS component
is described by a sum of three (D"t (7%, at7~), J/KTK™) or two (other channels)
Gaussian functions. We fix the relative normalizations, means, and widths of the Gaussians
to the results from simulation and then introduce common parameters, representing a shift in
means and broadening of the widths, which are floated to adjust for differences between data
and simulation. We find good agreement between data and the fit function in each channel,
which provides validation for our modelling of background. We note that the shift and the
broadening factor applied to the CRS component also account for potential mismodelling of
broken-signal components 1-3 that peak in the signal region. After fitting the distributions
in each channel, we add all the signal components to determine the overall signal function.

5 Yields of B? — D pairs

To obtain the number of B, — D pairs, we perform a two-dimensional binned likelihood fit to
the distribution in M (Bg) and M (D), with a bin size in M (Bs) of 1 MeV/c? and in M (D)
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Figure 1. The mass distribution for the selected B? candidates. The points with error bars are
data, the solid red histogram is the result of the fit, the filled green and magenta histograms are the
broken-signal components, and the filled blue histogram is the smooth background component of the
fit function.
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Figure 2. The distribution in M(B;) and M (D4(— K*°K)) in simulation. Vertical and horizontal
dashed lines indicate M (B;) and M (D) sideband and signal regions.

of 0.5MeV/c?. The distribution for D¥ — K*9K™ in simulation is shown in figure 2. The
boundaries of signal regions and sidebands are listed in table 2.

Our fit function has four components: both By and D candidates are signal (SS), the By
candidate is signal and the D candidate is background (SB), the By candidate is background
and the D candidate is signal (BS), and both candidates are background (BB), each being the
product of one-dimensional signal or background mass functions. The By signal component
is a sum of all peaking contributions: CRS, broken signal and B° peaking background. The
shapes of all these contributions and their relative yields are the same as in figure 1. For the



Region M(By) M(Dy) M (DY) M(DV)

Signal region  (5.347, 5.387)  (1.962, 1.974) (1.849, 1.869) (1.854, 1.874)
Left sideband  (5.250, 5.327)  (1.920, 1.956) (1.800, 1.839) (1.805, 1.844)
Right sideband  (5.407, 5.510)  (1.980, 2.020) (1.879, 1.935) (1.884, 1.940)

Table 2. The boundaries of the signal region and sidebands along each axis in the two-dimensional
distributions.

Channel Shift, MeV /c? Scaling

Df — ¢t —0.21+£0.02  0.978 £ 0.005
D} — KK+ —0.24+£0.05 1.004 +0.017
Df — K2K+ —0.25+0.06 1.059 & 0.022
DY — K—nt 0.16 £0.01  0.982 + 0.002

Dt — K—ntrt 0.08 £0.02 0.968 + 0.003

Table 3. The shift and width scaling parameters of the M (D) signal functions.

SS component, we fix the absolute yield of the BY peaking background taking into account
the inclusive branching fraction B(B° — D/DX). The M (D) signal function is described
by a sum of three Gaussians. Its shift and width scaling factors are determined from a fit
to the one-dimensional M (D) distribution for inclusively produced D mesons that satisfy
p*(Ds) < 2.7GeV/c, p*(DY) < 2.5GeV /¢, and p*(D') < 2.4GeV/c. These requirements
have close to 100% efficiency for D mesons produced in BY decays. The values of the shifts
and width scaling factors for various D decay channels are listed in table 3; they are fixed in
the two-dimensional fits. No peaking background is observed in the M (D) distribution.

In the BS component the smooth background is described by an exponential function
(D or DT in the ROE) or a constant (D in the ROE), and in the BB component by a first
order polynomial. The background dependence in M (D;) in the SB component is constant
(K*K*, KYK™) or linear (¢n), and in the BB component it is linear for all channels. The
background M (D°) and M (D) functions in the SB and BB components are linear. The
parameters of the background functions are free in the fit.

In the two-dimensional M (Bs) and M (D;) distributions, the ratio of yields for two
components, SS and BS, should not depend on the reconstructed channel of D. Moreover, it
is expected that the shape of the M (Bjs) background in the BS component does not depend on
the D channel. We thus perform a simultaneous two-dimensional fit to the distributions in
M (By) and M (D;) for all three D channels with Npg/Ngg and the slope of the exponential
function in the BS components being common free parameters. Projections of the fit result on
each of the axes in the signal and sideband regions defined in table 2 are shown in figures 3-7.
The fit results for yields are given in table 4.



Decay Np._p Bp, % eROE % B(BY — D/DX),%

s

B? - DfXx
¢t 86+ 12 5374010 17.34+0.8 73.0 &£ 10.6 & 5.2
KK+ 63 +13 537+0.10 17.3+0.8 54.1 +11.7 £3.7
KK+ 55 £ 10 1.450 +£ 0.035 34.4 + 1.9 88.2+ 162+ 7.0
BY —» D%/D°X 564+ 16 3.947 +£0.030 682+ 51 21.5+6.14 1.8
B? — D*X 34+12 9384016 444 4+40 12.6 £4.6 + 1.3

Table 4. The yields of the two-dimensional fit, the branching fractions of D mesons, the reconstruction
efficiency, and calculated B? branching fractions.
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Figure 3. Projections of the two-dimensional fit to the distribution in M (B;) and M (Dy) for the
D} — ¢rT channel onto M (Bs) (top) and M (Ds) (bottom) axis. The left and right figures correspond
to the projections in the left and right sideband regions, and the central figures show projections in
the signal region. Blue points with error bars represent the data. The solid red histograms show the
total fit function, while the solid green, black, magenta, and blue histograms show the SS, BS, SB and
BB components, respectively.

6 Branching fractions and systematic uncertainties

We calculate the branching fractions using eq. (1.1), where the yields of B? tags and Bs — D
pairs, the reconstruction efficiency for D mesons, and the D mesons branching fractions
are given in table 4.

We determine the reconstruction efficiency for D mesons in the ROE using simulation.
In the calculation of the reconstruction efficiency for the DY — ¢r* and Df — K*OK*
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Figure 4. Projections of the two-dimensional fit to the distribution in M (B;) and M (D;) for the
D} — K*°K* channel onto M(By) (top) and M (D) (bottom) axis. The left and right figures
correspond to the projections in the left and right sideband regions, and the central figures show
projections in the signal region. The legend is the same as in figure 3.

channels, we use the DJ — K™K ~7" branching fraction. Thus, the efficiency e}°F includes

the selection efficiency for the corresponding KK 7T Dalitz plot regions.

The values obtained for B(BY — D/DX) are listed in table 4, where the first uncertainty
is statistical and the second is systematic. The statistical uncertainty includes contributions
from Np, and Np,_p.

Sources of systematic uncertainties are listed in tables 5 and 6 and are described below.

o To account for the uncertainty on the M (Bjy) signal shape, we vary the shift and
width scaling parameters of the CRS component by +1¢ in each reconstruction channel
individually. Corresponding deviations in the measured branching fractions are added
in quadrature for all channels to obtain the total uncertainty due to the description of
the M (B;) signal shape. The uncertainty due to the description of the M (D) signal
shape is negligible.

e Variation of CRS shape parameters described in the previous item partly accounts
for potential mismodelling of the broken-signal components that peak in the signal
region. In addition, we multiply each of the above components by factors of 0.75 or
1.25 simultaneously in all channels. The broken-signal components in the left M (Bj)
sideband are calibrated as described in appendix C; we vary the corresponding yields by
+10. Deviations in the measured branching fractions due to all variations are added in
quadrature to obtain the total uncertainty due to possible mismodelling of the broken
signal. The uncertainty due to B® peaking background is negligible.

,10,
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The uncertainty on the smooth background shape in the two-dimensional fit is obtained
by varying its shape parameters: we change all constant and linear functions into
exponential functions, and also add a cross term that does not arise as a result of
multiplying one-dimensional functions. The deviations in the fit results are added in
quadrature, and the sum is assigned as the systematic uncertainty.

The systematic uncertainty from the track reconstruction efficiency, estimated using
D7t DY — ntr~ K2 and K9 — 77~ events [15], is
0.35% per track. We take 1.1% as the associated systematic uncertainty for the D}
and DT channels, and 0.7% for the D° channel.

partially reconstructed D** —

The uncertainty from the K /7 identification efficiency due to a possible difference be-
tween MC and data is studied using D** — D°(K~7T)7" decays [15]. The uncertainty
is 2.1% for D} — ¢ T, 1.9% for Df — K*°K*, and 0.7% for D} — K2K*; 1.2% for
DY — K~7" and 3.0% for DT — K- ntat.

The uncertainty from the Kg reconstruction efficiency, which is studied using D** —
DY (r T~ K2)nt decays [15], is found to be 2.3%.

We account for the uncertainty due to the difference between the D} — KTK~ 7t

Dalitz plot in simulation and data. This difference is studied for inclusive D} mesons,
and the following correction factors for the ¢ and K*° reconstruction efficiencies are
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applied
re = g™ [e}lC = 0.947 £+ 0.008;

6.1
rre = e$ata /MO — 1042 + 0.008. (6.1)

The statistical uncertainty for this factor is included as a systematic uncertainty, which
is estimated to be 0.8%.

« Since the momentum spectra of D mesons from BY decays may differ between simulation
and data, we estimate the uncertainty due to the dependence of reconstruction efficiency
on the momentum. We examine D} mesons in the ROE and measure their yields for
center-of-mass momenta below and above 1.5 GeV /c. The yield ratio in data, 1.15+0.22,
is in good agreement with that in simulation, 1.17. We introduce weights for simulated
events according to the above uncertainty in data and include the corresponding
deviations in the efficiency as systematic uncertainties. We find 0.2 — 0.8% for D},
0.2% for DY, and below 0.1% for D¥.

o The reconstruction efficiency of the BY tag depends on multiplicity in the ROE, primarily
because of the requirement of one BY candidate per event. If there is a reconstructed D in
the ROE, then the multiplicity is lower than the average value and the BY reconstruction
efficiency is expected to be slightly higher. According to simulation, the effect is at
the 5% level. To estimate the corresponding systematic uncertainty, we measure the
inclusive branching fractions of Bt and B® mesons using part of the Y(45) data with an
integrated luminosity of 571 fb~! corresponding to the same inner detector configuration
as the Y(59) data. The analysis procedure is the same as for B mesons. The B+ and
BY decay channels used in the FEI are listed in table 9 in appendix A. We find good
agreement with the previous Belle measurement [2] and assign a systematic uncertainty
of 3.6% for DI and 2.6% for DY and D* based on the uncertainty of the results.

e The contributions from the limited size of the MC samples are estimated to be
4.4% — 5.7% for D}, 7.5% for D°  and 9.0% for D*.

 The uncertainty on the world averages B(D} — KTK~71), B(Df — KJK™), and
B(D® — K—7%) are 1.9%, 2.5%, and 1.7%, respectively [13].

The total systematic uncertainty is obtained by adding the various contributions in
quadrature.

7 Average branching fractions and f;

Averaging the B(B? — DFX) over three D} channels, we obtain
B(B? — DEX) = (68.6 +7.2+4.0)%, (7.1)

where the correlations in statistical uncertainty on the number of BY tags and systematic
uncertainties shown in table 5 are taken into account using the fitting method described
in ref. [16]. The p-value of this fit is 28%.
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Channel

Source ont RKHOKH Kg K+ Combined
Signal shape 2.3 1.8 1.6 2.0
Broken signal 0.9 0.9 0.9 0.9
Smooth background 1.6 1.0 1.1 14
Tracking 1.1 1.1 1.1 1.1
K /7 identification 2.1 1.9 0.7 1.7
Kg reconstruction — — 2.3 0.6
Dy momentum 0.8 0.6 0.2 0.6
Dalitz plot 0.8 0.8 — 0.6
FEI efficiency 3.6 3.6 3.6 3.6
MC statistics 4.4 4.5 5.7 2.7
B(Ds — KKm) 1.9 1.9 — 1.4
B(Ds — KsK) — — 2.4 0.6
B(KY — mtr7) — — < 0.1 -
Total 7.2 6.9 7.9 5.9

Table 5. Systematic uncertainties in the measurement of B(B? — D X) (in %).

Source BY - DY/D°X B? - D*X
Signal shape 2.0 0.6
Broken signal 1.1 2.9
Smooth background 0.3 0.9
Tracking 0.7 1.1
K /7 identification 1.2 3.0
D momentum 0.2 <0.1
FEI efficiency 2.6 2.6
MC statistics 7.5 9.0
B(D — Kn(m)) 0.8 1.7
Total 8.4 10.5

Table 6. Systematic uncertainties in the measurements of B(B? — D°/D°X) and B(B? — D*X)
(in %).
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Source Ref. [3] This work Combined

Uncorrelated 3.0 9.3 2.6
Tracking 1.1 1.1 1.1
K /7 identification 1.3 1.7 1.5
B(Ds — KK) 1.5 14 1.4
B(Ds — KgK) 0.4 0.6 0.5
Total 3.5

Table 7. Systematic uncertainties in the B(B? — D X) measurement in ref. [3] and in this work

(in %).

The measurement of B(BY — D X) is in agreement with the previous Belle measurement
using semileptonic tagging, (60.2 £ 5.8 + 2.3)% [3], which when rescaled with the most
recent values of D branching fractions gives (60.5+5.8 +2.2)%. Averaging our measurement
with the previous result after rescaling, and taking into account correlated uncertainties
as shown in table 7, gives

B(B? — DEX) = (63.4 4.5 +2.2)%. (7.2)

Using this value and the ratio B(B? — D°/D°X)/B(B? — D¥X) = 0.416+0.01840.092
measured in ref. [2], we obtain

B(B? — D°/D°X)

B(B) - D°/D°X) = B(B) — Dy X

= (264+2.2+5.9)%, (7.3)

where the uncertainty is similar to that of the direct measurement shown in table 4. We
average the two values taking into account their correlation to obtain

B(B? — DY/D'X) = (23.9 + 4.1 +1.8)%. (7.4)

Systematic uncertainties for the direct measurement, the calculated value, and their average
are presented in table 8.

The sum of three branching fractions, B(B? — D¥X), B(B? — D°/D°X), and B(B? —
D*X), is equal to (99.9 & 7.6 4 3.8)%, where the correlations in systematic uncertainties
are taken into account. The corresponding sums for BT and B are (109.0 & 4.5)% and
(106.5 £ 5.2)%, respectively [13]. These sums are not expected to depend upon the flavor
of the spectator quark. Thus, averaging the results for Bt and B, we find (107.9 + 3.4)%;
the sum for B? agrees with this value.

Using the average B(B? — D X) from eq. (7.2), we recalculate fs in [2]

fs = (21.8 £ 0.2 £ 2.0)%. (7.5)

To improve the accuracy of fs, the relation

fs+fpex +fp=1 (7.6)
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. + v\ B(B=D°/D°X .
Source Direct measurement B(B? — DI X) W Combined

Uncorrelated 7.5 224 7.1
Signal shape 2.0 0.8 1.3
Broken signal 1.1 0.3 0.6
Tracking 0.7 0.7 0.7
K /7 identification 1.2 1.6 14
D momentum 0.2 0.5 0.4
FEI efficiency 2.6 14 1.9
B(DY — K—77) 0.8 0.8 0.8
Total 7.7

Table 8. Systematic uncertainties in the direct B(B? — D°/D°X) measurement and in the value of

0 + B(B°—D"/D°X) .
the prOduCt B(B‘5 — DS X) X W (ln %)

is used, where fpgy = (75.1+£4.0)% [17] is the production rate of BBX events at the Y(59)
and fp is the production rate of bb events without open-bottom mesons in final states; the
contribution of known channels is f }’;Zw“m = (4.9 £ 0.6)% [17]. We fit to three measurements,
fs; feex and fg, applying (7.6) as a constraint. We obtain

fs = (214715 %;
feax = (73.855:0)%; (7.7)
[ = (4.8555)%.

This result for f, supersedes the previous value of the B? production rate f, = (22.0729)% [2].

8 Conclusions

To conclude, we have measured the inclusive branching fractions for B? decays into D mesons,
using full hadronic reconstruction of one BY in ete™ — BB:. We find

B(B? — Dfx

B(B? — D°/D°X

) = (68.6 £ 7.2 + 4.0)%,

)
B(B? —» D*X)

+

= (
= (21.5+£6.1 + 1.8)%, (8.1)
= (12.6 £ 4.6 + 1.3)%.

)

We improve the accuracy of B(B? — DI X) by averaging with the result of previous
measurement [3] and obtain

B(B? — DEX) = (63.4 4.5 +2.2)%. (8.2)

Multiplying this value by the ratio B(B? — D°/D°X)/B(B? — DF X) measured in ref. [2]
and averaging the result obtained for B(B? — D°/D°X) with the direct measurement
presented in eq. (8.1), we find

B(B? — DY/DX) = (23.9+ 4.1 +1.8)%. (8.3)
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Using the average value of B(B? — D X), we update the production fractions

fs = (21.4719)%;
feax = (73.855:5)%; (8.4)
f = (4.8555)%.

These results supersede those reported in refs. [2, 17].
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Table 9. Decay channels of B?, BT and B° mesons used in the FEIL.
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A Channels used to reconstruct B and D mesons in the FEI
B Determination of weights for simulated events

We introduce weights for simulated events to take into account the difference between relative
yields of BY channels in simulation and data. To determine the weights, we use the M (B;)
distributions in the Y(55) sample. We select BY candidates using requirements on their
momenta measured in the center-of-mass frame, p*(Bs), and the signal probability, Pg,,
which are close to the optimal requirements for measuring B(B? — D¥X). We perform
a simultaneous fit to the M(By) distributions in data and simulation for each BY decay
channel. The signal in simulation is described by a sum of three Gaussians; the signal in
data is described by the same Gaussians with additional free parameters representing overall
normalization, a shift in the means, and a broadening of the Gaussian widths to adjust
for differences between data and simulation. The background in simulation and in data is
described by a second order polynomial. The weights are typically in the range 0.5 — 1.5.
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KtK- KtK—rnt KtK ntntn™
KTK~K? Ktntmr
atata™
KTK2r®
K{K%nt
nrt
n'mt
nrtn0
n'ntn0

Table 10. Decay channels of D°, D+ and D} mesons used in the FEL.

C Broken signal and peaking background calibration

We calibrate the simulation of the broken-signal components due to the loss of a photon from
the D — D,y decay and misidentification of a kaon as a pion, as well as the B peaking
background. All these peaking structures are situated in the left M (B;s) sideband.

C.1 Loss of a photon from D}

The ratio of the number of broken-signal events due to misreconstructed D} — Dyv to the
number of events in the BY peak is determined from simulation to be 9-11%. This ratio is
multiplied by the calibration factor to adjust for differences between data and simulation
in these effects. This calibration factor is obtained using the M(BY) distribution of B°
candidates reconstructed in part of the Y(4S) data with an integrated luminosity of 571 fb=1.
The B° decay channels used in the FEI are listed in table 9 in appendix A. We use the mass
distribution of the candidates reconstructed in BY — DF D~ channel. Introducing the peaking
background component and fitting to the mass distribution in data, we find a calibration factor
of 0.75£0.25. The result of this fit is shown in figure 8. The calibrated relative normalization
of this broken-signal component, which depends on the Pp, requirement, is shown in table 11.

C.2 Misidentification of a kaon

The normalization of the misidentification component is 0.75-0.85% of the number of events
in the BY peak. The difference between MC and data in kaon misidentification rate is studied
using D* — DOY(K~nt)r™ decays [15]. The calibration factor for the broken signal due
to kaon misidentification is found to be 1.06 £ 0.02. The calibrated relative normalization
of this broken signal for various Pp, requirements is shown in table 11.
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Figure 8. The mass distribution for the selected B — D D~ candidates. The points with error
bars are data, the solid red histogram is the result of the fit, the solid magenta histogram is the
broken-signal component caused by the loss of a photon, and the dashed blue histogram is the smooth
background component of the fit function.

Decay Pp, cut D BS, % misID BS, % Number of B°
BY - DfX >0.0012 84428  0.8940.02 13149
BY - D°/D°X >0.0050 7.5+25 0.8540.02 9747
BY - D*X >0.0200 6.7£2.2  0.7940.01 5745

Table 11. The broken-signal (BS) yields relative to the BY signal yield and the yields of B° peaking
background for various requirements on the B, signal probability Pp..

C.3 Reconstruction of a B° meson as Bg

To satisfy our momentum selection criteria, |pem — p*(Bs)| < 0.09, B® mesons must be
produced in ete™ — YT (4S)(— BYB°) yrsg or ete™ — B*B*1 processes whose cross-section
in simulation may differ from that in data. To eliminate this uncertainty, we use part of the
Y (4S) data with an integrated luminosity of 571fb~!, in which events with the B’ meson
misreconstructed as BY also take place. The number of these events is obtained fitting
to the M (B;) distribution and found to be 36670 £ 2110, 27150 &+ 1220, and 16020 £ 650,
depending on the Pp, requirement. The result of the fit when the Pp, > 0.005 selection
requirement is applied is shown in figure 9. The number of signal B? reconstructed in the
same data sample in channels shown in table 9 is equal to 439530 + 950. At the Y(5S5) we
reconstruct 1565 4= 130 signal B satisfying the p*(B) selection criteria. Assuming that the
B reconstruction efficiency does not depend on the B® momentum, we obtain the expected
number of fake BY candidates at the Y (55) resonance given in table 11.
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Figure 9. The mass distribution for the selected BY candidates at the T(4S5) resonance. The points
with error bars are data, the solid red histogram is the result of the fit, the solid green histogram is the
component corresponding to correct reconstruction of all BY decay products, and the solid magenta
histogram corresponds to the B° candidates in which daughter pion was misidentified as a kaon. The
dashed blue histogram is the smooth background component of the fit function.

Data Availability Statement. This article has no associated data or the data will not
be deposited.

Code Availability Statement. This article has no associated code or the code will not
be deposited.

Open Access. This article is distributed under the terms of the Creative Commons Attri-
bution License (CC-BY4.0), which permits any use, distribution and reproduction in any
medium, provided the original author(s) and source are credited.

References

[1] BELLE-II collaboration, The Belle II physics book, PTEP 2019 (2019) 123C01 [Erratum ibid.
2020 (2020) 029201] [arXiv:1808.10567] [NSPIRE].

[2] BELLE collaboration, Measurement of the ete™ — BSESX cross section in the energy range
from 10.63 to 11.02 GeV using inclusive D and D° production, JHEP 08 (2023) 131
[arXiv:2305.10098] [INSPIRE].

[3] BELLE collaboration, Measurement of B(Bs — DsX) with B, semileptonic tagging, Phys. Rev. D
105 (2022) 012004 [arXiv:2106.11265] [INSPIRE].

[4] T. Keck et al., The full event interpretation: an exclusive tagging algorithm for the Belle IT
experiment, Comput. Softw. Big Sci. 3 (2019) 6 [arXiv:1807.08680] [InSPIRE].

[5] S. Kurokawa and E. Kikutani, Overview of the KEKB accelerators, Nucl. Instrum. Meth. A 499
(2003) 1 [INSPIRE].

[6] T. Abe et al., Achievements of KEKB, PTEP 2013 (2013) 03A001 [iINSPIRE].

— 21 —


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.48550/arXiv.1808.10567
https://inspirehep.net/literature/1692393
https://doi.org/10.1007/JHEP08(2023)131
https://doi.org/10.48550/arXiv.2305.10098
https://inspirehep.net/literature/2660525
https://doi.org/10.1103/PhysRevD.105.012004
https://doi.org/10.1103/PhysRevD.105.012004
https://doi.org/10.48550/arXiv.2106.11265
https://inspirehep.net/literature/2009463
https://doi.org/10.1007/s41781-019-0021-8
https://doi.org/10.48550/arXiv.1807.08680
https://inspirehep.net/literature/1683429
https://doi.org/10.1016/S0168-9002(02)01771-0
https://doi.org/10.1016/S0168-9002(02)01771-0
https://inspirehep.net/literature/572361
https://doi.org/10.1093/ptep/pts102
https://inspirehep.net/literature/1229576

(7]
8]

BELLE collaboration, The Belle detector, Nucl. Instrum. Meth. A 479 (2002) 117 [INSPIRE].

BELLE collaboration, Physics achievements from the Belle experiment, PTEP 2012 (2012)
04D001 [arXiv:1212.5342] [INSPIRE].

D.J. Lange, The EvtGen particle decay simulation package, Nucl. Instrum. Meth. A 462 (2001)
152 [INSPIRE].

R. Brun et al., GEANT3, CERN-DD-EE-84-1, CERN, Geneva, Switzerland (1987) [INSPIRE].

T. Keck, FastBDT: a speed-optimized multivariate classification algorithm for the Belle 11
experiment, Comput. Softw. Big Sci. 1 (2017) 2 [INSPIRE].

G.C. Fox and S. Wolfram, Observables for the analysis of event shapes in eTe™ annihilation and
other processes, Phys. Rev. Lett. 41 (1978) 1581 [InSPIRE].

PARTICLE DATA GROUP, Review of particle physics, PTEP 2022 (2022) 083C01 [NSPIRE].

BELLE collaboration, Time-dependent CP-violating asymmetries in b — sqq transitions, Phys.
Rev. D 72 (2005) 012004 [hep-ex/0504023] [INSPIRE].

BABAR and BELLE collaborations, The physics of the B factories, Eur. Phys. J. C 74 (2014)
3026 [arXiv:1406.6311] [INSPIRE].

HFLAV collaboration, Averages of b-hadron, c-hadron, and 7-lepton properties as of 2021, Phys.
Rev. D 107 (2023) 052008 [arXiv:2206.07501] [iNSPIRE].

BELLE collaboration, Measurement of the energy dependence of the ete™ — BB, BB and
B*B" exclusive cross sections, JHEP 06 (2021) 137 [arXiv:2104.08371] INSPIRE].

— 922 —


https://doi.org/10.1016/S0168-9002(01)02013-7
https://inspirehep.net/literature/541364
https://doi.org/10.1093/ptep/pts072
https://doi.org/10.1093/ptep/pts072
https://doi.org/10.48550/arXiv.1212.5342
https://inspirehep.net/literature/1208546
https://doi.org/10.1016/S0168-9002(01)00089-4
https://doi.org/10.1016/S0168-9002(01)00089-4
https://inspirehep.net/literature/560129
https://inspirehep.net/literature/252007
https://doi.org/10.1007/s41781-017-0002-8
https://inspirehep.net/literature/1633500
https://doi.org/10.1103/PhysRevLett.41.1581
https://inspirehep.net/literature/131931
https://doi.org/10.1093/ptep/ptac097
https://inspirehep.net/literature/2106994
https://doi.org/10.1103/PhysRevD.72.012004
https://doi.org/10.1103/PhysRevD.72.012004
https://doi.org/10.48550/arXiv.hep-ex/0504023
https://inspirehep.net/literature/680373
https://doi.org/10.1140/epjc/s10052-014-3026-9
https://doi.org/10.1140/epjc/s10052-014-3026-9
https://doi.org/10.48550/arXiv.1406.6311
https://inspirehep.net/literature/1302816
https://doi.org/10.1103/PhysRevD.107.052008
https://doi.org/10.1103/PhysRevD.107.052008
https://doi.org/10.48550/arXiv.2206.07501
https://inspirehep.net/literature/2100284
https://doi.org/10.1007/JHEP06(2021)137
https://doi.org/10.48550/arXiv.2104.08371
https://inspirehep.net/literature/1859137

The Belle and Belle II collaborations

I. Adachi® | L. Aggarwal® H. Ahmed® 6 H. Aihara® N. Akopov®, A. Aloisio®, S. Al Said
N. Althubiti®, N. Anh Ky®©, D. M. Asner®, H. Atmacan®, T. Aushev®, V. Aushev®

M. Aversano®@, R. Ayad®@, V. Babu®, H. Bae®, N. K. Baghel® S. Bahinipati®, P. Bambade
Sw. Banerjee®, S. Bansal®, M. Barrett @, M. Bartl®, J. Baudot®, A. Baur®, A. Beaubien
F. Becherer @ J. Becker @, K. Belous®™, J. V. Bennett®, F. U. Bernlochner @, V. Bertacchi
M. Bertemes®, E. Bertholet®, M. Bessner®, S. Bettarini®, V. Bhardwaj®, B. Bhuyan
F. Bianchi®, L. Bierwirth®, T. Bilka®, D. Biswas®, A. Bobrov®, D. Bodrov®, A. Bolz®,

A. Bondar®, J. Borah®, A. Boschetti®, A. Bozek®, M. Bracko®, P. Branchini®  R. A. Briere
T. E. Browder®, A. Budano®  S. Bussino®, Q. Campagna®, M. Campajola® L. Cao®,

G. Casarosa®@, C. Cecchi®@, J. Cerasoli®®, M.-C. Chang®  P. Chang®  R. Cheaib@®@  P. Cheema
B. G. Cheon®@, K. Chilikin®@, K. Chirapatpimol®  H.-E. Cho®, K. Cho® S.-J. Cho
S.-K. Choi® | S. Choudhury®  J. Cochran®, L. Corona®, J. X. Cui®®, F. Dattola®,
E. De La Cruz-Burelo®, S. A. De La Motte®, G. De Nardo®, M. De Nuccio®™, G. De Pietro
R. de Sangro® , M. Destefanis@, S. Dey®  R. Dhamija®, A. Di Canto®, F. Di Capua®,

J. Dingfelder ®, Z. Dolezal @ I. Dominguez Jiménez®, T. V. Dong®  D. Dorner® K. Dort
D. Dossett®@, S. Dreyer @, S. Dubey®@, K. Dugic®, G. Dujany©®, P. Ecker ®, M. Eliachevitch
D. Epifanov @, P. Feichtinger @, T. Ferber®  T. Fillinger ®, C. Finck® | G. Finocchiaro
A. Fodor®, F. Forti®, A. Frey®, B. G. Fulsom®, A. Gabrielli® E. Ganiev®,

M. Garcia-Hernandez ®@, R. Garg® | G. Gaudino®, V. Gaur®, A. Gellrich®, G. Ghevondyan ® |
D. Ghosh® | H. Ghumaryan®  G. Giakoustidis®, R. Giordano®, A. Giri®  P. Gironella Gironell
A. Glazov®, B. Gobbo®  R. Godang® P. Goldenzweig®  E. Graziani®, D. Greenwald @,

Z. Gruberova®@, T. Gu®,Y. Guan®@, K. Gudkova®, I. Haide®, S. Halder® Y. Han®  T. Hara
C. Harris®, K. Hayasaka® 6 H. Hayashii®, S. Hazra® 6 M. T. Hedges®, A. Heidelbach®,

I. Heredia de la Cruz®, M. Herndndez Villanueva®, T. Higuchi®, M. Hoek® k M. Hohmann
R. Hoppe®, P. Horak®, C.-L. Hsu® | T. Humair®  T. Iijima® K. Inami®  N. Ipsita®,

A. Ishikawa®, R. Itoh®@ M. Iwasaki®  P. Jackson® 6 W. W. Jacobs®, E.-J. Jang® Q. P. Ji
S. Jia® Y. Jin®, A. Johnson® | K. K. Joo® | H. Junkerkalefeld @ ] M. Kaleta®  D. Kalita®,
A. B. Kaliyar®, J. Kandra®, K. H. Kang®_ S. Kang®, G. Karyan®, T. Kawasaki®, F. Keil
C. Ketter®@  C. Kiesling®, C.-H. Kim®@  D. Y. Kim®, J.-Y. Kim®, 6 K.-H. Kim®  Y.-K. Kim
Y. J. Kim®, H. Kindo®, K. Kinoshita®  P. Kodys®, T. Koga®, S. Kohani®, K. Kojima®,
A. Korobov®, S. Korpar® | E. Kovalenko®, P. Krizan©@, P. Krokovny @, T. Kuhr® Y. Kulii
D. Kumar®, J. Kumar® M. Kumar® R. Kumar® 6 K. Kumara® 6 T. Kunigo®, A. Kuzmin
Y.-J. Kwon®, S. Lacaprara®, K. Lalwani®, T. Lam® L. Lanceri®, J. S. Lange®, T. S. Lau
M. Laurenza®, K. Lautenbach @ R. Leboucher® | F. R. Le Diberder @, M. J. Lee® C. Lemettais
P. Leo®, D. Levit®@, P. M. Lewis®, L. K. Li®, Q. M. Li®, S. X. Li®, W. Z. Li®, Y. Li®,
Y. B. Li® Y. P. Liao®, J. Libby @, J. Lin®, Z. Liptak®, M. H. Liu®, Q. Y. Liu® Y. Liu
Z. Q. Liu®@ D. Liventsev®  S. Longo®@, T. Lueck®, C. Lyu®,Y. Ma® 6 C. Madaan®,
M. Maggiora®  S. P. Maharana®  R. Maiti®, S. Maity ©, G. Mancinelli®®, R. Manfredi
E. Manoni®, M. Mantovano®, D. Marcantonio®, S. Marcello® C. Marinas®, C. Martellini
A. Martens®, A. Martini®, T. Martinov®, L. Massaccesi®, M. Masuda®, D. Matvienko
S. K. Maurya® M. Maushart®, J. A. McKenna®, F. Meier @, M. Merola®  F. Metzner ® |
C. Miller®, M. Mirra®  S. Mitra® K. Miyabayashi®, R. Mizuk©@, G. B. Mohanty @ S. Mondal

)
b
b
)
i

)

)

)

)

b

b

)

)

)

b

b

)
)
)

)
)

3

)

)

)

— 23 —


https://orcid.org/0000-0003-2287-0173
https://orcid.org/0000-0002-0909-7537
https://orcid.org/0000-0003-3976-7498
https://orcid.org/0000-0002-1907-5964
https://orcid.org/0000-0002-4425-2096
https://orcid.org/0000-0002-3883-6693
https://orcid.org/0000-0002-4895-3869
https://orcid.org/0000-0003-1513-0409
https://orcid.org/0000-0003-0471-197X
https://orcid.org/0000-0002-1586-5790
https://orcid.org/0000-0003-2435-501X
https://orcid.org/0000-0002-6347-7055
https://orcid.org/0000-0002-8588-5308
https://orcid.org/0000-0001-9980-0953
https://orcid.org/0000-0003-3466-9290
https://orcid.org/0000-0003-0419-6912
https://orcid.org/0000-0003-1393-8631
https://orcid.org/0009-0008-7806-4422
https://orcid.org/0000-0002-3744-5332
https://orcid.org/0000-0001-7378-4852
https://orcid.org/0000-0001-8852-2409
https://orcid.org/0000-0003-1992-0336
https://orcid.org/0000-0002-2095-603X
https://orcid.org/0009-0002-7835-0855
https://orcid.org/0000-0001-5585-0991
https://orcid.org/0000-0003-1360-3292
https://orcid.org/0000-0001-9438-089X
https://orcid.org/0000-0003-0562-4616
https://orcid.org/0000-0002-5082-5487
https://orcid.org/0000-0003-0014-2589
https://orcid.org/0000-0002-5440-2668
https://orcid.org/0000-0001-8153-2719
https://orcid.org/0000-0001-9971-1176
https://orcid.org/0000-0001-5038-360X
https://orcid.org/0000-0002-3792-2450
https://orcid.org/0000-0003-1776-0439
https://orcid.org/0000-0001-7742-2998
https://orcid.org/0000-0001-8857-8621
https://orcid.org/0000-0001-6254-3594
https://orcid.org/0000-0002-1524-6236
https://orcid.org/0009-0003-0192-9073
https://orcid.org/0000-0003-1449-6986
https://orcid.org/0000-0002-7543-3471
https://orcid.org/0000-0001-5735-8386
https://orcid.org/0000-0001-5279-4787
https://orcid.org/0000-0002-4033-9223
https://orcid.org/0000-0002-5089-5338
https://orcid.org/0000-0003-2990-1913
https://orcid.org/0000-0001-6030-3087
https://orcid.org/0000-0002-5915-1319
https://orcid.org/0000-0002-2495-0524
https://orcid.org/0000-0002-2270-9673
https://orcid.org/0000-0001-5229-1039
https://orcid.org/0000-0001-7357-9007
https://orcid.org/0000-0002-0856-1131
https://orcid.org/0000-0002-3829-9592
https://orcid.org/0000-0002-3109-2046
https://orcid.org/0000-0003-2518-7134
https://orcid.org/0000-0001-8332-5668
https://orcid.org/0000-0003-4137-938X
https://orcid.org/0000-0002-2192-8233
https://orcid.org/0000-0001-9777-881X
https://orcid.org/0000-0002-8650-6058
https://orcid.org/0000-0003-4064-388X
https://orcid.org/0000-0001-5729-8926
https://orcid.org/0000-0001-8472-5727
https://orcid.org/0000-0002-8803-4429
https://orcid.org/0000-0001-7620-2053
https://orcid.org/0000-0003-2099-7760
https://orcid.org/0000-0002-7008-3759
https://orcid.org/0000-0003-1705-7399
https://orcid.org/0000-0002-1673-5664
https://orcid.org/0000-0003-2747-8277
https://orcid.org/0000-0001-9841-0216
https://orcid.org/0000-0002-1492-914X
https://orcid.org/0000-0002-2577-9909
https://orcid.org/0000-0002-2398-3754
https://orcid.org/0000-0003-3316-8574
https://orcid.org/0000-0002-7469-6974
https://orcid.org/0000-0003-3905-6805
https://orcid.org/0000-0002-2047-9675
https://orcid.org/0000-0002-0972-9047
https://orcid.org/0000-0001-8442-107X
https://orcid.org/0000-0002-3808-5455
https://orcid.org/0000-0003-1997-6751
https://orcid.org/0000-0003-2997-3829
https://orcid.org/0000-0001-7052-3163
https://orcid.org/0000-0003-1233-3876
https://orcid.org/0000-0001-9076-5936
https://orcid.org/0000-0001-5767-2121
https://orcid.org/0000-0002-5662-3675
https://orcid.org/0000-0001-6831-3159
https://orcid.org/0000-0003-3043-1939
https://orcid.org/0000-0003-3628-9267
https://orcid.org/0000-0003-0849-8774
https://orcid.org/0000-0002-5670-5582
https://orcid.org/0000-0002-6295-100X
https://orcid.org/0000-0002-1345-0970
https://orcid.org/0009-0006-6056-546X
https://orcid.org/0000-0002-1345-8163
https://orcid.org/0000-0002-6817-6868
https://orcid.org/0000-0003-2033-537X
https://orcid.org/0000-0001-8656-2693
https://orcid.org/0000-0003-3966-7497
https://orcid.org/0000-0002-6849-0427
https://orcid.org/0000-0001-9795-7412
https://orcid.org/0000-0002-5068-5453
https://orcid.org/0000-0002-3936-2151
https://orcid.org/0000-0002-2821-759X
https://orcid.org/0000-0001-6535-7965
https://orcid.org/0000-0001-7470-3874
https://orcid.org/0000-0002-5862-9739
https://orcid.org/0000-0001-7695-0537
https://orcid.org/0000-0001-8346-8597
https://orcid.org/0000-0003-2393-3367
https://orcid.org/0000-0002-7406-4707
https://orcid.org/0000-0001-5983-1552
https://orcid.org/0000-0002-8880-6134
https://orcid.org/0000-0003-0974-6231
https://orcid.org/0000-0003-0096-3555
https://orcid.org/0000-0002-3458-9824
https://orcid.org/0000-0001-6775-8893
https://orcid.org/0000-0001-5982-1784
https://orcid.org/0000-0002-5496-7247
https://orcid.org/0000-0002-8895-0128
https://orcid.org/0000-0001-5603-4750
https://orcid.org/0000-0002-8553-7338
https://orcid.org/0000-0002-3147-4562
https://orcid.org/0000-0002-8317-0579
https://orcid.org/0000-0001-8785-847X
https://orcid.org/0000-0001-8602-5652
https://orcid.org/0000-0001-6964-8399
https://orcid.org/0000-0002-5691-1044
https://orcid.org/0000-0002-1470-6536
https://orcid.org/0000-0002-5541-2278
https://orcid.org/0000-0002-5858-3187
https://orcid.org/0000-0003-0962-6344
https://orcid.org/0000-0002-6280-494X
https://orcid.org/0000-0001-6775-5932
https://orcid.org/0000-0002-4321-0417
https://orcid.org/0000-0003-0448-4244
https://orcid.org/0000-0002-6347-433X
https://orcid.org/0000-0002-5138-5903
https://orcid.org/0000-0001-6954-9593
https://orcid.org/0000-0001-6504-1872
https://orcid.org/0000-0002-6663-5469
https://orcid.org/0000-0002-8133-6467
https://orcid.org/0000-0002-6322-5587
https://orcid.org/0000-0002-7761-3505
https://orcid.org/0000-0002-1893-8764
https://orcid.org/0000-0001-5147-4781
https://orcid.org/0009-0005-8881-8935
https://orcid.org/0000-0001-9979-6501
https://orcid.org/0000-0002-1641-430X
https://orcid.org/0000-0002-2922-9779
https://orcid.org/0000-0002-4271-711X
https://orcid.org/0000-0003-2765-7072
https://orcid.org/0000-0002-2927-3366
https://orcid.org/0000-0002-3561-5633
https://orcid.org/0000-0003-1590-0266
https://orcid.org/0000-0002-9402-7559
https://orcid.org/0000-0002-0847-402X
https://orcid.org/0000-0002-9996-6336
https://orcid.org/0000-0002-1935-9887
https://orcid.org/0000-0003-2963-2565
https://orcid.org/0000-0001-8176-8545
https://orcid.org/0000-0002-7323-0830
https://orcid.org/0000-0002-8366-1749
https://orcid.org/0000-0002-5515-0087
https://orcid.org/0000-0003-3987-9895
https://orcid.org/0000-0002-2863-5476
https://orcid.org/0000-0003-3054-1222
https://orcid.org/0000-0002-2211-619X
https://orcid.org/0000-0001-5635-1000
https://orcid.org/0000-0002-6816-0751
https://orcid.org/0000-0002-5320-7043
https://orcid.org/0000-0001-5365-3716
https://orcid.org/0000-0002-4089-5238
https://orcid.org/0000-0002-7278-2860
https://orcid.org/0000-0002-5161-9722
https://orcid.org/0000-0002-2209-535X
https://orcid.org/0000-0002-5743-7698
https://orcid.org/0000-0001-8125-9070
https://orcid.org/0000-0001-7593-843X
https://orcid.org/0000-0002-4659-1112
https://orcid.org/0000-0002-9695-8103
https://orcid.org/0000-0001-9511-9634
https://orcid.org/0000-0002-6756-3591
https://orcid.org/0000-0001-7175-4182
https://orcid.org/0000-0002-8644-2349
https://orcid.org/0000-0002-1644-2001
https://orcid.org/0000-0003-3869-6552
https://orcid.org/0000-0002-3638-0266
https://orcid.org/0000-0001-5959-8172
https://orcid.org/0000-0003-0971-0968
https://orcid.org/0000-0001-8084-1931
https://orcid.org/0000-0002-4967-7675
https://orcid.org/0000-0002-1236-4667
https://orcid.org/0000-0001-6251-8049
https://orcid.org/0000-0001-6217-5162
https://orcid.org/0000-0001-6585-7767
https://orcid.org/0000-0002-8465-433X
https://orcid.org/0000-0002-6627-9708
https://orcid.org/0000-0002-6277-2626
https://orcid.org/0000-0003-1572-5365
https://orcid.org/0000-0001-9613-2849
https://orcid.org/0000-0002-7011-5044
https://orcid.org/0000-0001-9448-5691
https://orcid.org/0000-0002-0551-7696
https://orcid.org/0000-0002-7294-396X
https://orcid.org/0000-0001-9128-6806
https://orcid.org/0000-0001-8220-3095
https://orcid.org/0000-0003-0234-0474
https://orcid.org/0000-0001-7110-7823
https://orcid.org/0000-0002-7400-6013
https://orcid.org/0000-0003-3762-694X
https://orcid.org/0000-0003-3097-6613
https://orcid.org/0000-0002-9073-5689
https://orcid.org/0000-0003-4528-4601
https://orcid.org/0009-0008-5394-5100
https://orcid.org/0000-0003-3833-2900
https://orcid.org/0000-0001-5789-6205
https://orcid.org/0000-0002-5991-622X
https://orcid.org/0000-0002-7366-1307
https://orcid.org/0009-0004-9425-2678
https://orcid.org/0000-0003-4669-1495
https://orcid.org/0009-0002-8040-2546
https://orcid.org/0000-0002-4413-6247
https://orcid.org/0000-0002-9909-2851
https://orcid.org/0009-0000-1981-0044
https://orcid.org/0000-0002-1219-3247
https://orcid.org/0000-0002-3653-2899
https://orcid.org/0000-0002-6491-8131
https://orcid.org/0000-0002-9376-1487
https://orcid.org/0000-0002-7684-0415
https://orcid.org/0000-0002-8374-3947
https://orcid.org/0000-0002-0290-3022
https://orcid.org/0000-0003-3416-0056
https://orcid.org/0000-0002-8124-8969
https://orcid.org/0000-0003-3915-2506
https://orcid.org/0000-0002-2275-0473
https://orcid.org/0000-0001-8412-8308
https://orcid.org/0009-0004-1205-5700
https://orcid.org/0000-0003-4143-9127
https://orcid.org/0000-0002-1746-4683
https://orcid.org/0000-0001-5534-7149
https://orcid.org/0000-0003-3076-9243
https://orcid.org/0000-0003-1144-3678
https://orcid.org/0000-0002-8552-6276
https://orcid.org/0000-0002-9826-7947
https://orcid.org/0000-0002-5979-5050
https://orcid.org/0000-0002-1315-8646
https://orcid.org/0000-0003-4144-863X
https://orcid.org/0000-0003-1903-3251
https://orcid.org/0000-0002-7189-8343
https://orcid.org/0000-0003-1544-4053
https://orcid.org/0000-0003-1161-4983
https://orcid.org/0000-0001-7846-1913
https://orcid.org/0000-0003-1762-4699
https://orcid.org/0000-0002-7109-5583
https://orcid.org/0000-0002-2698-5448
https://orcid.org/0000-0002-7764-5777
https://orcid.org/0009-0004-1020-7299
https://orcid.org/0000-0001-9871-9002
https://orcid.org/0000-0002-6088-0412
https://orcid.org/0000-0002-7082-8108
https://orcid.org/0000-0002-0128-264X
https://orcid.org/0000-0003-2631-1790
https://orcid.org/0000-0002-1190-2961
https://orcid.org/0000-0002-1118-6344
https://orcid.org/0000-0003-4352-734X
https://orcid.org/0000-0002-2209-6969
https://orcid.org/0000-0001-6850-7666
https://orcid.org/0000-0002-3054-8400

S. Moneta @, H.-G. Moser @, M. Mrvar®, R. Mussa

M. Naruki®  Z. Natkaniec®  A. Natochii
M. Niiyama@® S. Nishida®  S. Ogawa

P. Pakhlov®, G. Pakhlova®, E. Paoloni®, S. Pardi

K. Park®, S.-H. Park®, B. Paschen

R. Peschke®, R. Pestotnik @, M. Piccolo
P. L. M. Podesta-Lerma©, T. Podobnik

, A. Passeri®,

M. T. Prim® | I. Prudiiev®, H. Purwar®  P. Rados

K. Ravindran®, J. U. Rehman®@ M. Reif

D. Ricalde Herrmann @, I. Ripp-Baudot®@, G. Rizzo

A. Rostomyan®, N. Rout®, D. A. Sanders
B. Scavino®, C. Schmitt®, S. Schneider

A. J. Schwartz® Y. Seino®@, A. Selce® | K. Senyo®,
, X. D. Shi®, T. Shillington

W. Shan®, C. Sharma®, C. P. Shen

D. Shtol®, A. Sibidanov®, F. Simon®, J. B. Singh
A. Sokolov®, E. Solovieva®™, W. Song®, S. Spataro

S. Stefkova®, R. Stroili®, J. Strube
N. Suwonjandee®, H. Svidras® M.

, Y. Sue®, M.
Takahashi®, M.

K. Tanida® | F. Tenchini®, A. Thaller®  O. Tittel

I. Tsaklidis®@, I. Ueda®™, T. Uglov

Y. Ushiroda®  S. E. Vahsen® | R. van Tonder
V. S. Vismaya®, L. Vitale®, V. Vobbilisetti

S. Wallner @, B. Wang®, E. Wang

M. Watanabe®, S. Watanuki®, C. Wessel

B. D. Yabsley @, S. Yamada®, S. B.

Y. M. Yook®, K. Yoshihara®  C. Z.

B. Zhang® | V. Zhilich® J. S. Zhou

https://belle.kek.jp/
https://www.belle2.org/

, K. Unger®@ Y.

, M.-Z. Wang® |

, K. E. Varvell
, R. Volpe®, A. Vossen

, J. Wiechczynski

, I. Nakamura® , M. Nakao
, M. Nayak®  G. Nazaryan
, Y. Onishchuk®, H. Ono®, Y. Onuki
, K. Parham©@, H. Park
S. Patra®  S. Paul
, L. E. Piilonen®, G. Pinna
, S. Pokharel®  C. Praz®, S
, G. Raeuber®@  S. Raiz
, S. Reiter @ M. Remnev

, Y. Nakazawa

, M. Neu®, C. Niebuhr

Angioni®,

. Prell® | E. Prencipe
, N. Rauls

, L. Reuter @

, M. Roehrken® J. M. Roney®,
, Y. Sato® V. Savinov

, S. Sandilya® | L. Santelj
, G. Schnell @, M. Schnepf

J. Serrano®, M.

, B. Spruck®, M

Sumihama®, K.

Takizawa @, U. Tamponi

, R. Tiwary®@ | E.
Unno®@, K. Uno

X. L. Wang®, Z.

Yang @, M. Yasaveev®, J. Yelton
Yuan®, J. Yuan®@, Y. Yusa®, L. Zani®®, F. Zeng

, Q. D. Zhou

— 24 —

, V. I. Zhukova

, T. Shimasaki
, J. Skorupa @, M. Sobotzik

, M. Veronesi
, B. Wach® | M. Wakai

, C. Schwanda

E. Sevior®, C. Sfienti
, J.-G. Shiu
, A. Soffer

)

, F. Otani
, J. Park
, T. K. Pedlar

)

)

)

)

)

)

. Staric®@ | P. Stavroulakis

Sumisawa @, W. Sutcliffe

, 5. Tanaka

Torassa @, K. Trabelsi

, 5. Uno®, P. Urquijo

, A. Vinokurova

i

Wang®, A. Warburton

, E. Won®@, X. P. Xu

. J. H. Yin®,

, R. Zlebéik

)

b

)

b

)

)

)

)

)

)

9

)


https://orcid.org/0000-0003-2184-7510
https://orcid.org/0000-0003-3579-9951
https://orcid.org/0000-0001-6388-3005
https://orcid.org/0000-0002-0294-9071
https://orcid.org/0000-0002-7640-5456
https://orcid.org/0000-0001-8424-7075
https://orcid.org/0000-0002-6271-5808
https://orcid.org/0000-0003-1773-2999
https://orcid.org/0000-0003-0486-9291
https://orcid.org/0000-0002-1076-814X
https://orcid.org/0000-0002-2572-4692
https://orcid.org/0000-0002-9434-6197
https://orcid.org/0000-0002-4564-8009
https://orcid.org/0000-0002-4375-9741
https://orcid.org/0000-0003-1746-586X
https://orcid.org/0000-0001-6373-2346
https://orcid.org/0000-0002-7310-5079
https://orcid.org/0000-0002-8261-7543
https://orcid.org/0000-0003-4486-0064
https://orcid.org/0000-0002-1646-6847
https://orcid.org/0000-0001-6016-219X
https://orcid.org/0000-0001-7426-4824
https://orcid.org/0000-0001-7518-3022
https://orcid.org/0000-0001-5969-8712
https://orcid.org/0000-0001-7994-0537
https://orcid.org/0000-0001-9556-2433
https://orcid.org/0000-0001-6087-2052
https://orcid.org/0000-0001-6520-0028
https://orcid.org/0000-0003-0567-3493
https://orcid.org/0000-0001-6019-6218
https://orcid.org/0000-0003-1546-4548
https://orcid.org/0000-0003-4864-3411
https://orcid.org/0000-0002-4114-1091
https://orcid.org/0000-0002-8813-0437
https://orcid.org/0000-0001-9839-7373
https://orcid.org/0000-0002-2529-8515
https://orcid.org/0000-0003-1804-9470
https://orcid.org/0000-0001-9750-0551
https://orcid.org/0000-0001-6836-0748
https://orcid.org/0000-0003-0808-8281
https://orcid.org/0000-0002-8152-9605
https://orcid.org/0000-0002-6131-819X
https://orcid.org/0000-0002-3367-738X
https://orcid.org/0000-0002-6154-885X
https://orcid.org/0000-0002-0195-8005
https://orcid.org/0000-0002-9465-2493
https://orcid.org/0000-0002-1407-7450
https://orcid.org/0000-0002-0819-284X
https://orcid.org/0000-0002-3876-7069
https://orcid.org/0000-0003-0690-8100
https://orcid.org/0000-0003-2948-5155
https://orcid.org/0000-0001-7010-8066
https://orcid.org/0000-0002-6583-4888
https://orcid.org/0000-0002-5584-2614
https://orcid.org/0000-0002-2673-1982
https://orcid.org/0000-0002-0706-0247
https://orcid.org/0000-0002-6542-9954
https://orcid.org/0000-0001-6975-1724
https://orcid.org/0000-0002-5930-6237
https://orcid.org/0000-0001-9772-9989
https://orcid.org/0000-0002-1897-8272
https://orcid.org/0000-0003-1788-2866
https://orcid.org/0000-0003-0654-2866
https://orcid.org/0000-0001-7802-4617
https://orcid.org/0000-0003-1839-8152
https://orcid.org/0000-0002-4310-3638
https://orcid.org/0000-0002-4902-966X
https://orcid.org/0000-0002-4199-4369
https://orcid.org/0000-0003-3904-2956
https://orcid.org/0000-0003-3751-2803
https://orcid.org/0000-0002-9184-2830
https://orcid.org/0000-0003-1771-9161
https://orcid.org/0000-0002-3787-687X
https://orcid.org/0009-0002-5899-0353
https://orcid.org/0000-0002-7336-3246
https://orcid.org/0000-0003-0623-0184
https://orcid.org/0000-0003-4844-5028
https://orcid.org/0000-0002-7310-1983
https://orcid.org/0000-0002-8378-4255
https://orcid.org/0000-0001-8228-9781
https://orcid.org/0000-0002-1615-9118
https://orcid.org/0000-0003-2489-7812
https://orcid.org/0000-0002-4824-101X
https://orcid.org/0000-0002-5921-8819
https://orcid.org/0000-0003-2811-2218
https://orcid.org/0000-0002-1312-0429
https://orcid.org/0000-0002-9012-4618
https://orcid.org/0000-0002-7006-6107
https://orcid.org/0000-0003-3862-4380
https://orcid.org/0000-0003-3291-9532
https://orcid.org/0000-0002-8478-5639
https://orcid.org/0000-0002-0622-6065
https://orcid.org/0000-0001-8805-4895
https://orcid.org/0000-0002-5978-0289
https://orcid.org/0000-0001-9029-2462
https://orcid.org/0000-0002-8566-621X
https://orcid.org/0000-0002-1773-5455
https://orcid.org/0000-0002-0749-2146
https://orcid.org/0000-0002-9420-0091
https://orcid.org/0000-0002-5735-4059
https://orcid.org/0000-0003-1376-2293
https://orcid.org/0000-0001-9601-405X
https://orcid.org/0000-0002-3060-2729
https://orcid.org/0000-0001-8751-5944
https://orcid.org/0000-0001-9914-7261
https://orcid.org/0000-0003-2628-530X
https://orcid.org/0000-0002-3453-142X
https://orcid.org/0000-0001-7470-9301
https://orcid.org/0000-0003-2430-8707
https://orcid.org/0000-0002-8954-0585
https://orcid.org/0000-0001-7003-7210
https://orcid.org/0000-0002-9795-3582
https://orcid.org/0009-0000-2819-5020
https://orcid.org/0000-0003-4198-2517
https://orcid.org/0000-0003-1171-5960
https://orcid.org/0000-0001-8225-3973
https://orcid.org/0000-0001-6651-0706
https://orcid.org/0000-0002-6029-6216
https://orcid.org/0000-0002-8255-3746
https://orcid.org/0000-0003-3469-9377
https://orcid.org/0000-0003-4171-6219
https://orcid.org/0000-0001-9128-6240
https://orcid.org/0000-0002-5887-1883
https://orcid.org/0000-0003-2321-0599
https://orcid.org/0000-0001-6567-3036
https://orcid.org/0000-0003-3584-4484
https://orcid.org/0000-0002-6833-4344
https://orcid.org/0000-0002-4944-1830
https://orcid.org/0000-0001-7378-6671
https://orcid.org/0000-0003-3355-765X
https://orcid.org/0000-0002-2209-8198
https://orcid.org/0000-0002-3401-0480
https://orcid.org/0000-0002-0887-7953
https://orcid.org/0000-0003-3174-403X
https://orcid.org/0000-0003-1685-9824
https://orcid.org/0000-0002-7448-4816
https://orcid.org/0000-0003-1017-1295
https://orcid.org/0000-0002-1916-3884
https://orcid.org/0000-0003-4220-8056
https://orcid.org/0000-0002-1606-5349
https://orcid.org/0000-0003-3354-2300
https://orcid.org/0000-0002-4399-5082
https://orcid.org/0000-0003-1782-2978
https://orcid.org/0000-0003-0983-4936
https://orcid.org/0000-0003-3533-7669
https://orcid.org/0000-0003-2818-3155
https://orcid.org/0000-0002-9105-1625
https://orcid.org/0000-0001-6136-6952
https://orcid.org/0000-0001-6391-5118
https://orcid.org/0000-0002-0979-8341
https://orcid.org/0000-0001-5805-1255
https://orcid.org/0000-0002-3536-4950
https://orcid.org/0000-0002-2298-7315
https://orcid.org/0000-0001-6917-6694
https://orcid.org/0000-0002-5241-6628
https://orcid.org/0000-0003-0959-4784
https://orcid.org/0000-0002-3151-6072
https://orcid.org/0000-0002-4245-7442
https://orcid.org/0000-0001-5096-1182
https://orcid.org/0000-0002-2680-0474
https://orcid.org/0000-0002-8858-9336
https://orcid.org/0000-0002-9543-7971
https://orcid.org/0000-0002-0818-1550
https://orcid.org/0000-0001-8840-3346
https://orcid.org/0000-0002-1479-9349
https://orcid.org/0000-0002-4912-048X
https://orcid.org/0000-0002-3656-2326
https://orcid.org/0000-0002-1652-6686
https://orcid.org/0009-0005-0799-1630
https://orcid.org/0000-0002-4001-9748
https://orcid.org/0000-0003-4957-805X
https://orcid.org/0009-0003-6474-3508
https://orcid.org/0000-0002-5065-8762
https://orcid.org/0000-0002-0907-5565
https://orcid.org/0000-0002-6413-4687
https://orcid.org/0000-0001-5968-6359
https://orcid.org/0000-0002-8253-641X
https://orcid.org/0000-0003-1644-8523
https://belle.kek.jp/
https://www.belle2.org/

	Introduction
	Belle detector
	Event selection
	Reconstruction of B(s)**0 tag candidates
	Selection of signal D candidates

	Yield of B(s)**0 tags
	Yields of B(s)**0 - D pairs
	Branching fractions and systematic uncertainties
	Average branching fractions and f(s)
	Conclusions
	Channels used to reconstruct B and D mesons in the FEI
	Determination of weights for simulated events
	Broken signal and peaking background calibration
	Loss of a photon from D(s)***
	Misidentification of a kaon
	Reconstruction of a B**0 meson as B(s)**0

	The Belle and Belle II collaborations

