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We measure the B0 lifetime and flavor-oscillation frequency using B0
→ Dð�Þ−πþ decays collected by

the Belle II experiment in asymmetric-energy eþe− collisions produced by the SuperKEKB collider

operating at the ϒð4SÞ resonance. We fit the decay-time distribution of signal decays, where the

initial flavor is determined by identifying the flavor of the other Bmeson in the event. The results, based on

33000 signal decays reconstructed in a data sample corresponding to 190 fb−1, are τB0 ¼ ð1.499� 0.013�
0.008Þ ps, Δmd ¼ ð0.516� 0.008� 0.005Þ ps−1, where the first uncertainties are statistical and the

second are systematic. These results are consistent with the world-average values.

DOI: 10.1103/PhysRevD.107.L091102

Knowledge of the B0 lifetime τB0 , and the flavor-
oscillation frequency Δmd, allows us to test both the QCD
theory of strong interactions at low energy and the Cabibbo-
Kobayashi-Maskawa (CKM) theory of weak interactions
[1,2]. The Belle, BABAR, and LHCb Collaborations have
measured both τ andΔmd [3–6], and the CMS, ATLAS, D0,
and CDF Collaborations have measured τ, to a comparable
precision [7–10]. LHCb’s measurements, τB0 ¼ ð1.524�
0.006� 0.004Þ ps and Δmd ¼ ð0.5050� 0.0021�
0.0010Þ ps−1, are the most precise to-date [5,6,11]. When
two uncertainties are given, the first is statistical and the
second is systematic.
Here we report a new measurement of τB0 and Δmd using

hadronic decays of B0 mesons reconstructed in a 190 fb−1

data set collected by the Belle II experiment at the

SuperKEKB asymmetric-energy eþe− collider. The data

were collected between 2019 and 2021. The B0 mesons are

produced in the eþe− → ϒð4SÞ → BB̄ process, where B

indicates a B0 or a Bþ. Our data set contains approximately
200million such events. Our measurement tests the ability of

Belle II to precisely measure B0 meson decay times and also

identify the initial flavor of the decaying B0; such capabil-
ities are crucial for measuring decay-time-dependent CP
violation and determining ϕ1 and ϕ2, two of the three angles

of the B0 CKM unitarity triangle [12]. Examples of
measurements of ϕ1 and ϕ2 are found in Refs. [13,14].

The flavor of a neutral B0 or B̄0 meson oscillates with
frequency Δmd before it decays. The probability density of
a B initially being in a particular flavor state and decaying
after time Δt in the same flavor state (qf ¼ þ1) or in the

opposite flavor state (qf ¼ −1) is

PðΔt; qfjτB0 ;ΔmdÞ ¼
e−jΔtj=τB0

4τB0

½1þ qfcosðΔmdΔtÞ�: ð1Þ

By measuring the distribution of Δt and qf, we determine

both τB0 and Δmd. In each event, we fully reconstruct the

“signal-side” B (Bsig) via B0
→ Dð�Þ−πþ decays, identify-

ing its flavor via the pion charge, as the contribution from

B̄0
→ Dð�Þ−πþ decays is of the order of 10−4 [15–18]

and hence can be neglected here. Throughout this paper,
charge-conjugate modes are implicitly included unless
stated otherwise.
We use a flavor-tagging algorithm to determine the

flavor of the other, or “tag-side,” B meson (Btag) when it

decays [19]. As the B mesons are produced in a quantum-
entangled state, the flavor of Btag when it decays identifies

(or tags) the flavor of Bsig at that instant [20,21]. From that

time onwards, the signal-side B freely oscillates in flavor.
The variable Δt is the difference between the proper decay
times of the Bsig and Btag. Equation (1) also applies when

Bsig decays first, i.e., for negative Δt.

At SuperKEKB [22], the ϒð4SÞ is produced with a
Lorentz boost in the laboratory frame of βγ ¼ 0.28. Since
the B mesons are nearly at rest in the ϒð4SÞ rest frame,
their momenta are mostly determined by the ϒð4SÞ boost,
resulting in a mean displacement between the Bsig and Btag

decay positions of the order of 100 μm along the boost
direction. By measuring the relative displacement, and
knowing the ϒð4SÞ boost, we determine Δt. To measure
τB0 andΔmd, we fit Eq. (1), modified to account for the Btag

decay probability and detection effects, to the background-
subtracted Δt distribution.
The Belle II detector consists of subsystems arranged

cylindrically around the interaction region [23]. The z axis
of the laboratory frame is defined as the symmetry axis of
the cylinder, and the positive direction is approximately
given by the electron-beam direction, which is the beam
with higher energy. The polar angle θ, as well as the
longitudinal and transverse directions, are defined with
respect to theþz axis. Charged-particle trajectories (tracks)
are reconstructed by a two-layer silicon-pixel detector
(PXD) surrounded by a four-layer double-sided silicon-
strip detector (SVD) and a 56-layer central drift chamber
(CDC). When the data analyzed here were collected,
only one sixth of the second PXD layer was installed.
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A quartz-based Cherenkov counter measuring the
Cherenkov photon time-of-propagation is used to identify
hadrons in the central region, and an aerogel-based ring-
imaging Cherenkov counter is used to identify hadrons in
the forward end-cap region. An electromagnetic calorim-
eter (ECL) is used to reconstruct photons and to provide
information for particle identification, in particular, to
distinguish electrons from other charged particles. All
subsystems up to the ECL are located within an axially
uniform 1.5 T magnetic field provided by a superconduct-

ing solenoid. A subsystem dedicated to identifying K0
L

mesons and muons is the outermost part of the detector.
The data is processed with the Belle II analysis software

framework [24,25] using the track reconstruction algorithm
described in Ref. [26]. We use Monte Carlo (MC) simu-
lation to optimize selection criteria, determine shapes of
probability density functions (PDFs), and study sources of
background.
We use PYTHIA8 [27] to simulate eþe− → ϒð4SÞ and

EvtGen [28] to simulate the decays of ϒð4SÞ and B mesons.

We use KKMC [29] to generate eþe− → qq̄, where q
indicates a u, d, c, or s quark, and PYTHIA8 to simulate
hadronization, and GEANT4 [30] to model detector
response. Our simulation includes beam-induced back-
grounds [31]. We optimize and fix our selection criteria

using simulated data before examining B0
→ Dð�Þ−πþ

candidates in the experimental data.

We reconstruct B0
→ D�−πþ and B0

→ D−πþ decays by

first reconstructing D mesons via D−
→ Kþπ−π−, D̄0

→

Kþπ−, D̄0
→ Kþπ−π0, and D̄0

→ Kþπ−πþπ− decays. We

then reconstruct D�− mesons in their decay to a D̄0π− final
state, where the pion is referred to as the “slow pion”—one
with low momentum in the ϒð4SÞ rest frame. Finally, we
combine a D− or D�− candidate with a charged particle

identified as a pion to form the B0 candidate.
We require that tracks originate from the interaction

region and have at least six measurement points (hits) in the
SVD or twenty hits in the CDC. Each track must have a
distance-of-closest-approach to the interaction point of less
than 3 cm along the z axis and less than 0.5 cm in the plane
transverse to it, and have a polar angle in the CDC
acceptance range ½17°; 150°�. These requirements reduce
backgrounds with poorly reconstructed tracks and tracks
from beam background.
Photon candidates are identified as localized energy

deposits in the ECL not associated with any track. To
suppress beam-induced photons, which have different
energy spectra depending on their momentum direction,
each photon is required to have an energy greater than
30 MeV if reconstructed in the central region of the
calorimeter, greater than 80 MeV if reconstructed in the
backward region, and greater than 120 MeV if recon-
structed in the forward region. Neutral pions are recon-
structed from pairs of photon candidates that have an

angular separation of less than 52° in the lab frame and an
invariant mass in the range ½121 MeV; 142 MeV�.
We reconstruct D mesons by combining two to four

particles, one of them being identified as a Kþ. The mass

of D̄0 candidates must be in the range ½1.845 MeV;

1.885 MeV� for D̄0
→ Kþπ− and D̄0

→ Kþπ−πþπ−, and
in the range ½1.810 MeV; 1.895 MeV� for D̄0

→ Kþπ−π0.
The mass of D− candidates is required to be in the range

½1.860 MeV; 1.880 MeV�. The mass range is looser for D̄0

candidates, as the selection requirements placed on theD�−

are sufficient to suppress background events containing a

fake D̄0.
We identify negatively charged pions with momenta

below 300 MeV in the center-of-mass frame as slow pion

candidates. Each of these candidates is combined with a D̄0

candidate to form a D�− candidate. The energy released

in the D�− decay, mðD�−Þ −mðD̄0Þ −mπþ , must be in the
range ½4.6 MeV; 7.0 MeV�.
Each Dð�Þ− is combined with a remaining positive

particle to form a Bsig candidate. To remove background

from B0
→ Dð�Þ−

l
þνl decays, we require the particle to be

identified as a pion. A small number of Cabibbo-

suppressed B0
→ Dð�Þ−Kþ decays pass this requirement.

Their yield is 2.7% of that of B0
→ Dð�Þ−πþ decays. These

decays have the sameΔt distribution as B0
→ Dð�Þ−πþ, and

we treat them as signal.
We identify Bsig candidates using two quantities, the

beam-constrained mass Mbc and the energy difference ΔE.
These quantities are defined as

Mbc ≡

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E2

beam − jp⃗j2
q

; ΔE≡ E − Ebeam; ð2Þ

where Ebeam is the beam energy, and p⃗ and E are the
reconstructed momentum and energy, respectively, of the

Bsig candidate. All quantities are calculated in the eþe−

center-of-mass frame. We calculate E assuming that the
track directly from Bsig is a pion. We require that Mbc be

greater than 5.27 GeV and that ΔE be in the range
½−0.10 GeV; 0.25 GeV�. The ΔE range is asymmetric,
i.e., shorter on the lower side, to reduce backgrounds from
B decays with missing daughters.
We determine the Btag vertex and flavor using the remain-

ing tracks in the event. Such tracks are required to have at least
one hit in each of the PXD, SVD, and CDC and have a
reconstructed momentum greater than 50 MeV. Each track
must also originate from the eþe− interaction point according
to the same criteria as used to select Bsig candidates. We

require that the Btag decay includes at least one charged

particle. TheBtagmomentum is taken to be opposite that of the

Bsig candidate in the center-of-mass frame.

To determine the Bsig decay vertex, we fit its decay chain

with the TreeFit algorithm [32,33]. To determine the Btag
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decay vertex, we fit its decay products with the Rave

adaptive algorithm [34], which accounts for our lack of
knowledge of the decay chain by reducing the impact of
tracks displaced by potential intermediate D decays. The
decay vertex positions are adjusted such that the direction

of each B0, as determined from its decay vertex and the
eþe− interaction point [35], is parallel to its momentum
vector. The interaction region (IR) is measured from
eþe− → μþμ− events. Charged D candidates must have
positive flight distances. We require that both vertex fits
converge, and that the uncertainty on the decay time, σΔtl ,

as calculated from the fitted vertex positions, be less than
2 ps. These vertex quality requirements retain approxi-
mately 90% of signal events.
The efficiency to reconstruct a BsigBtag pair with Bsig →

D−πþ is 34%. For Bsig → D�−πþ with D̄0
→ Kþπ−, it is

35%; with D̄0
→ Kþπ−π0, it is 15%; and with D̄0

→

Kþπ−πþπ−, it is 25%. In 2.2% of selected events, there
is more than one Bsig candidate. We retain all such

candidates for further analysis.
The main sources of background are misreconstructed

ϒð4SÞ → BB̄ events and nonresonant eþe− → qq̄ events.
Simulation studies show that no significant background has
a peak in ΔE. In particular, the number of decays with no
intermediate charmed meson is negligible. To distinguish
between signal and qq̄, we train two multivariate classifiers

[36]: one for B0
→ D−πþ decays and one for B0

→ D�−πþ

decays. The classifiers exploit the difference in event
topologies and use as input the following quantities:
Fox-Wolfram moments [37] and an extension thereof [38];
“cone” variables developed by the CLEO collaboration
[39]; the angle between the thrust axes of the two Bmesons
[40]; and the event sphericity [41]. The classifiers are
trained and tested using simulated data. In addition to
determining the flavor of each Btag, the flavor-tagging

algorithms return a tag-quality variable r. The variable r is
constructed such that r ≈ 1–2wðrÞ, where wðrÞ is the
probability of the Btag flavor being incorrectly assigned.

Hence, r ranges from 0 for no flavor information to þ1 for
unambiguous flavor assignment.
From the Btag and Bsig flavors, we determine the relative

flavor qf. The data is divided into seven subsamples,

depending on the r value: [0.0, 0.10], [0.10, 0.25],
[0.25, 0.45], [0.45, 0.60], [0.60, 0.725], [0.725, 0.875],
and [0.875, 1.0]. This division enhances the statistical
precision of the Δmd measurement.
We determine the signal yield by performing an

unbinned, extended maximum-likelihood fit to the distri-
butions of ΔE and the multivariate-classifier output C. The
fit is performed separately for each r interval and deter-

mines the yield of signal events and BB̄ and qq̄ background
events. As the fit observables ΔE and C are found to have
negligible correlation, the PDFs (P) for these variables are
taken to factorize; PðΔE;CÞ ¼ PðΔEÞ · PðCÞ. All PDFs

are determined separately for each r interval; however,
some of the parameters (as noted below) are taken to be
common among the r intervals.
The ΔE PDF for signal is modeled as the sum of two

double-sided Crystal Ball functions [42]: one for B0
→

Dð�Þ−πþ decays and one for B0
→ Dð�Þ−Kþ decays. The

shape parameters of these functions, as well as the ratio
between their normalizations, are fixed to values obtained
from simulation. To account for differences between data
and simulation, we introduce two additional free param-
eters: a shift of the mean values of the functions, and a scale
factor for their widths. These parameters are taken to be

common among the r intervals. The ΔE PDF for BB̄
background is a fourth-order polynomial, and the ΔE PDF
for qq̄ background is an exponential function. All param-
eters of the polynomial are fixed to values obtained from
simulation, while the slope of the exponential function is
free to vary.
The C PDFs for signal and background are taken to be

Johnson SU functions [43]. The Johnson functions across
different r intervals have independent mode, standard
deviation, skewness, and kurtosis parameters, all deter-
mined from simulation. We introduce four free parameters
to account for differences between data and simulation
that are common across all r intervals: one offset for the
modes and one scale for the widths for all qq̄-background
distributions; and similarly one offset and one scale

common to all signal and BB̄-background distributions.
We simultaneously fit to data in all seven r intervals. The

fit has a total of 28 free parameters: three yields for each of
the r intervals, six scale or shift factors, and the slope of the
exponential function used for the ΔE PDF of the qq̄
background. The distributions of ΔE and C summed over
all r intervals, along with projections of the fit results, are
shown in Fig. 1. The resulting yields are 33 317� 203

signal events, 2814� 150 BB̄-background events, and
5594� 125 qq̄-background events.
Using sWeights [44,45] computed with the per-

candidate signal fractions obtained from the fit to ΔE
and C, we statistically subtract background contributions
to the Δt and σΔtl distributions. In this manner, we need

not parametrize background distributions when fitting for
τB0 and Δmd.
We measure the lifetime τB0 and oscillation frequency

Δmd by fitting the background-subtracted Δt and σΔtl
distributions. The probability density to observe both Bsig

and Btag decays is obtained from Eq. (1) by including the

probability for Btag to decay and the probability w of

mistagging its flavor,

PðΔt; t̄; qf; rjτB0 ;ΔmdÞ

¼ e−2t̄=τB0

τB0 ½2� f1þ qf½1 − 2wðrÞ� cosðΔmdΔtÞg; ð3Þ
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where t̄ is the average of the Bsig and Btag proper decay

times. The latter is parametrized with a single value for
each r interval and is assumed to be independent of the
Btag flavor.

The decay-time difference Δt can be expressed as

Δt ¼ Δtl − 2
βB

β
t̄ cos θ; ð4Þ

where Δtl ≡ l=ðβγγBÞ. In this expression, l is the dis-
placement of the Bsig vertex from that of Btag, β is the

velocity of theϒð4SÞ in the lab frame (with γ ¼ ð1 − β2Þ−1

2),
βB is the velocity of a B in theϒð4SÞ rest frame, and θ is the
polar angle of the Bsig direction in the ϒð4SÞ rest frame. We

integrate out the dependence of Eq. (3) on t̄ and θ,

accounting for the angular distribution in eþe− → ϒð4SÞ →
BB̄, Pθðcos θÞ ¼ ð3=4Þð1 − cos2 θÞ.
To account for resolution and bias in measuring l,

we convolve Eq. (3) with an empirical response function,
which is modeled as a linear combination of three
components:

RðδtjσΔtlÞ ¼ ð1−ft −fOLÞGðδtjmGσΔtl ; sGσΔtlÞ
þftðσΔtlÞRtðδtjmtσΔtl ; stσΔtl ; k=σΔtl ; f>; f<Þ
þfOLGðδtj0;σ0Þ; ð5Þ

where δt≡ ðl − ltrueÞ=ðβγγBÞ and ltrue is the true value
of l. The first component is a Gaussian distribution with
mean and standard deviation proportional to the per-
candidate σΔtl ; this component accounts for 70% of

candidates. The second component is a weighted sum of
a Gaussian distribution and two exponentially modified
Gaussian functions, corresponding to a Gaussian con-
volved with an exponential distribution,

Rtðxjμ;σ;κ; f<; f>Þ ¼ ð1− f< − f>ÞGðxjμ;σÞ
þ f<Gðxjμ;σÞ⊗ κexp<ðκxÞ
þ f>Gðxjμ;σÞ⊗ κexp>ð−κxÞ; ð6Þ

where exp>ð−κxÞ ¼ expð−κxÞ if x > 0 and exp>ð−κxÞ¼0

otherwise, and similarly for exp<ðκxÞ. The exponential
tails account for poorly determined Btag vertices due to

intermediate charm mesons yielding displaced secondary
vertices. The fraction ft is zero at low values of σΔtl and

reaches a plateau of 0.2 at approximately σΔtl ¼ 0.25 ps.

This is modeled using three parameters: the maximal tail
fraction fmax

t at its plateau, a threshold parameter describ-
ing the σΔtl value at which the tail fraction becomes

nonzero, and a slope parameter describing how fast the
tail fraction reaches its plateau. The third component has

a large width, σ0 ¼ 200 ps, to account for the Oð10−3Þ
fraction of outlying poorly reconstructed vertices.
Equation (5) is the simplest model found to satisfactorily

describe the δt distribution of simulated events. We fix
σ0, as well as k, f>, f<, and the ft slope and threshold
parameters, to values determined from a fit to simulated
data. Figure 2 shows the δt distribution of simulated data
and the distribution of the fitted model. The parameter fmax

t ,
as well as the scaling factors relating the modes and
standard deviations of G and Rt to σΔtl—mG, sG, mt,

and st—are free to vary in the fit to data.
After integrating over cos θ and t̄ and convolving with

RðδtÞ, the Δtl distribution of B meson pairs is

PðΔtl; σΔtl ; qf; rjτB0 ;ΔmdÞ

¼ PðσΔtl jqf; rÞ
Z

PðΔt − δt; t̄; qf; rjτB0 ;ΔmdÞ

× Pθðcos θÞRðδtjσΔtlÞdδtd cos θdt̄; ð7Þ

where PðσΔtl jqf; rÞ is the probability to observe σΔtl for a

given value of qf and r, modeled using histogram tem-

plates; one for each r interval and value of qf (14 in total),

taken from the data. The sWeights computed using the fit to
ΔE and C are used to statistically subtract the background
contribution to the σΔtl histograms. We fit for τB0 and Δmd

by maximizing

X

i

si lnPðΔti
l
; σiΔtl ; q

i
f; r

ijτB0 ;ΔmdÞ; ð8Þ

FIG. 1. Distributions of ΔE (top) and C (bottom) in data
(points) and the fit model (curves and stacked shaded regions).
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where the sum runs over all BsigBtag candidate pairs and si

is the sWeight of a pair. Fourteen parameters are free in the
fit: τB0 and Δmd; seven values of w, one for each r interval;
and the five free parameters of the response function.
We calculate the statistical uncertainties using 1000

bootstrapped [46] samples obtained from the data. For
each sample, we repeat the determination of the sWeights
and the fit for τB0 and Δmd. In this way, the spread of fitted
τB0 and Δmd values account for the statistical fluctuations
of the signal and background fractions. We test this analysis
method with independent simulated data. When tested on
simulated data, our fitting procedure determines τB0 with a
small systematic bias of 0.004� 0.002 ps andΔmd with no

significant bias, 0.000� 0.001 ps−1. We assign the central
value of the bias on τB0 as a systematic uncertainty. We
assign the uncertainty on the bias on Δmd, arising from the
size of the simulated data, as a systematic uncertainty.
The Δtl distributions of both opposite-flavor and

same-flavor B-meson pairs are shown in Fig. 3 for all
r intervals combined, along with projections of the fit
result. We also check that the fit quality is good in each
individual r interval. The figure shows the Δtl-dependent
yield asymmetry between the two samples, defined as
the difference between the number of opposite-flavor
pairs and same-flavor pairs divided by their sum. The fit
results and statistical uncertainties for τB0 and Δmd are

ð1.499� 0.013Þ ps and ð0.516� 0.008Þ ps−1, with a
−29% statistical correlation factor between them.
There are several sources of systematic uncertainty; these

are listed in Table I and described below. The dominant
systematic uncertainty is due to potential discrepancies
between the assumed values (fixed in the fit) of the

response-function parameters and the true values in the
data. For each fixed parameter, we repeat the fit with the
parameter allowed to vary. We add all the resulting changes
in the result in quadrature and include this value as a
systematic uncertainty.
Possible misalignment of the tracking detector can bias

our results [47]. To estimate this effect, we reconstruct
simulated signal events with several misalignment scenarios.
Two scenarios are extracted from collision data using day-
by-day variations of the detector alignment. Two additional
scenarios correspond to misalignments remaining after
applying the alignment procedure to dedicated simulated
data. We repeat the analysis for each scenario and assign the
largest changes in the results as systematic uncertainties.
Because we adjust the Bsig decay vertex position so that

the vector connecting the IR and decay vertex is parallel to
the Bsig momentum, the precision to which we know the IR

affects our determination of l. We repeat our analysis on
simulated data in which we shift, rotate, and rescale the IR
within its measured uncertainties and assign the changes in
the results as systematic uncertainties. We perform an

analogous check with changes to
ffiffiffi

s
p

and the magnitude
and direction of the boost vector and find that the results
change negligibly.
We estimate systematic uncertainties due to mismodeling

the C distribution, including possible correlation with ΔE,
from the changes in the results observed when fitting to the

ΔE distribution only. In that case, the BB̄-background
fraction is fixed to the value in simulated data. The result
for τB0 changes negligibly, but a systematic uncertainty is
included for Δmd. To check for dependence of the results

on theΔEmodel for the qq̄ and BB̄ backgrounds, we repeat
the analysis with each model replaced by a second-order

FIG. 3. Distribution of Δtl in data (points) and the fit model
(lines) for opposite-flavor candidate pairs (red) and same-flavor

pairs (blue) and their asymmetry (black).

FIG. 2. Top: Distribution of δt in simulated data (points) and
distribution modeled by the response function from the fit to the
simulated data (curves) and from the fit to the experimental
data (shaded). The shaded area accounts for the statistical and
systematic uncertainties on the parameters of the response
function. Bottom: distribution of the pull, defined as the differ-
ence between the event count in each bin and its value predicted
by the fit, divided by the Poisson uncertainty.
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polynomial with all parameters free in the fit. The poly-
nomial parameters are common to all r intervals. The
results change negligibly.
To check for dependence of the results on the σΔtl model,

we repeat the fit with several alternative binning choices for
their templates, and also replacing templates with analytical
functions. We assign the largest changes in the results as
systematic uncertainties.

We investigate the impact of fixing the yield of B0
→

Dð�Þ−Kþ decays relative to B0
→ Dð�Þ−πþ by repeating the

analysis with alternative choices of the B0
→ Dð�Þ−Kþ

fraction, corresponding to varying the branching fractions
and relevant hadron identification efficiencies by their
known uncertainties [48]. The results change negligibly.
To check if potential correlations of ΔE or C with Δtl

affect our results, we repeat the analysis with sWeights
calculated independently for two subgroups of candidate
pairs, defined by the sign of Δtl. Likewise, we repeat the
analysis for two subgroups defined by whether jΔtlj is
greater or less than 1.150 ps. In both cases, the results
change mildly and we assign the larger of these two
changes as systematic uncertainties.
The global momentum scale of the Belle II tracking

detector is calibrated to a relative precision of better than
0.1%, and the global length scale to a precision of better
than 0.01%. Neither significantly impacts our results.
We further check our analysis by repeating it on subsets

of the data divided by data-taking period or by whether the
charm meson in the Bsig decay isD

− orD�−. The results are
all statistically consistent with each other and with our
overall results.

In summary, we measure the B0 lifetime and flavor-

oscillation frequency using B0
→ Dð�Þ−πþ decays recon-

structed in data collected from eþe− collisions at theϒð4SÞ
resonance and corresponding to an integrated luminosity of

190 fb−1. The results are

τB0 ¼ ð1.499� 0.013� 0.008Þ ps; ð9Þ

Δmd ¼ ð0.516� 0.008� 0.005Þ ps−1: ð10Þ

The results agree with previous measurements and have
very similar systematic uncertainties as compared to results
from the Belle and BABAR collaborations [3,4]. They
demonstrate a good understanding of the Belle II detector
and provide a strong foundation for future time-dependent
measurements.
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F. ABUDINÉN et al. PHYS. REV. D 107, L091102 (2023)

L091102-8



[27] T. Sjöstrand, S. Ask, J. R. Christiansen, R. Corke, N. Desai,
P. Ilten, S. Mrenna, S. Prestel, C. O. Rasmussen, and P. Z.
Skands, Comput. Phys. Commun. 191, 159 (2015).

[28] D. J. Lange, Nucl. Instrum. Methods Phys. Res., Sect. A
462, 152 (2001).

[29] S. Jadach, B. F. L. Ward, and Z. Was, Comput. Phys.
Commun. 130, 260 (2000).

[30] S. Agostinelli et al. (GEANT4 Software Group), Nucl.
Instrum. Methods Phys. Res., Sect. A 506, 250 (2003).

[31] Z. J. Liptak et al., Nucl. Instrum. Methods Phys. Res.,
Sect. A 1040, 167168 (2022).

[32] W. Hulsbergen, Nucl. Instrum. Methods Phys. Res.,
Sect. A 600, 471 (2009).

[33] J. F. Krohn et al. (Belle II Analysis Software Group),
Nucl. Instrum. Methods Phys. Res., Sect. A 976, 164269
(2020).

[34] W. Waltenberger, W. Mitaroff, F. Moser, B. Pflugfelder, and
H. V. Riedel, J. Phys. Conf. Ser. 119, 032037 (2008).

[35] S. Dey and A. Soffer, Springer Proc. Phys. 248, 411 (2020).
[36] T. Chen and C. Guestrin, in Proceedings of the 22nd ACM

SIGKDD International Conference on Knowledge Discovery

and Data Mining, KDD ’16 (Association for Computing
Machinery, New York, NY, USA, 2016) p. 785794.

[37] G. C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581
(1978).

[38] S. H. Lee et al. (Belle Collaboration), Phys. Rev. Lett. 91,
261801 (2003).

[39] D. M. Asner et al. (CLEO Collaboration), Phys. Rev. D 53,
1039 (1996).

[40] A. J. Bevan, B. Golob, Th. Mannel, S. Prell, and B. D.
Yabsley, Eur. Phys. J. C 74, 3026 (2014).

[41] G. Parisi, Phys. Lett. 74B, 65 (1978).
[42] T. Skwarnicki, A study of the radiative CASCADE tran-

sitions between the upsilon-prime and upsilon resonances,
Ph.D. thesis, INP, Cracow, 1986.

[43] N. L. Johnson, Biometrika 36, 149 (1949).
[44] M. Pivk and F. R. Le Diberder, Nucl. Instrum. Methods

Phys. Res., Sect. A 555, 356 (2005).
[45] H. Dembinski, M. Kenzie, C. Langenbruch, and M.

Schmelling, Nucl. Instrum. Methods Phys. Res., Sect. A
1040, 167270 (2022).

[46] B. Efron, Ann. Stat. 7, 1 (1979).
[47] T. Bilka, J. Kandra, C. Kleinwort, and R. Zlebcik, EPJ Web

Conf. 251, 03028 (2021).
[48] R. L. Workman et al. (Particle Data Group), Prog. Theor.

Exp. Phys. 2022, 083C01 (2022).

MEASUREMENT OF THE B0 LIFETIME … PHYS. REV. D 107, L091102 (2023)

L091102-9


