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Abstract. In this article, we review five new Belle measurements relevant to the CKM matrix elements
|Vcb| and |Vub|: one measurement of inclusive B → Xclν decays using full reconstruction of the other B,
three different measurements of inclusive B → Xulν decays using various experimental techniques, and
finally the first evidence for the decay B+ → ωl+ν.

1 Introduction

The elements |Vcb| and |Vub| play an important role in
probing the unitarity of the Cabbibo-Kobayashi-Maskawa
(CKM) matrix which relates quark flavor and weak eigen-
states in the Standard Model [1]. In this article, we review
five new Belle measurements relevant to these matrix ele-
ments: one measurement of inclusive B → Xclν decays
using full reconstruction of the other B, three different
measurements of inclusive B → Xulν decays using various
experimental techniques, and finally the first evidence for
the decay B+ → ωl+ν [2].

Belle is located at KEKB, an asymmetric e+e− collider
operating at the c.m. energy of the Υ (4S) resonance. The
experiment has accumulated a data sample of 158.7 fb−1

(corresponding to about 152.0 million BB̄ events) up to
summer 2003. The main components of the detector [3]
are the three-layer silicon vertex detector (SVD), the 50-
layer central drift chamber (CDC), the array of aerogel
threshold Čerenkov counters (ACC), and the electroma-
gnetic calorimeter comprised of CsI(Tl) crystals (ECL)
located inside a super-conducting solenoid coil that pro-
vides a 1.5 T magnetic field.

The responses of the ECL, CDC (dE/dx) and ACC
detectors are combined to provide clean electron identifi-
cation. Muons are identified in the instrumented iron flux-
return (KLM) located outside of the coil.

2 B → Xclν inclusive and extraction of |Vcb|
We have measured the semileptonic branching fraction of
neutral and charged B mesons using an Υ (4S) data sample
of 78.1 fb−1 (85.0 million BB̄ events).

One B meson in the event (the tag side B) is fully
reconstructed using various hadronic decay modes, and
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Fig. 1. Semileptonic decays with full reconstruction of the
other B meson. The spectra of prompt and secondary leptons
in the c.m. frame are shown

a yield of 21915 ± 202 neutral and 24529 ± 227 charged
B mesons is found. The remaining particles in the event
originate from the other B meson (the signal-side B), and
events with an identified lepton (electron or muon) within
these tracks are selected. Using the lepton charge, prompt
semileptonic B decays and secondary D decays are di-
stinguished. The prompt and secondary lepton spectra af-
ter subtraction of various backgrounds (continuum, upper
vertex charm, . . . ) and mixing correction (for B0 tags) are
shown in Fig. 1.

The semileptonic branching ratio of neutral (charged)
B mesons is found to be 10.32 ± 0.32(stat) ± 0.29(syst)%
(11.77±0.26(stat)±0.32(syst)%). Combining these results
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we obtain a semileptonic B meson branching fraction of
11.19 ± 0.20(stat) ± 0.31(syst)% corresponding to |Vcb| =
(4.13 ± 0.07(exp) ± 0.25(theor)) × 10−2 [4]. The ratio of
the charged and the neutral branching fraction, B(B+ →
Xlν)/B(B0 → Xlν) = 1.14 ± 0.04(stat) ± 0.01(syst), is
consistent with the lifetime ratio. The main experimental
systematics are particle identification and upper vertex
charm. All these results are preliminary.

3 B → Xulν inclusive and extraction of |Vub|
We have measured inclusive B → Xulν decays at the end-
point of the electron momentum spectrum, using B →
D(∗)lν decays for tagging and using a neutrino reconstruc-
tion technique based on simulated annealing.

The electron endpoint analysis is based on 27.1 fb−1

of Υ (4S) data and examines the electron yield in a c.m.
momentum window between 2.3 and 2.6 GeV/c. The chal-
lenges of this analysis arise from the significant backgro-
unds in the signal window, mainly from B → Xclν de-
cays (suppressed by the hard lepton momentum cut) and
from hadronic continuum (suppressed using various event
shape variables). The raw electron yield is found to be
7497 events. The largest background component, the con-
tinuum, is subtracted using real data taken below the
Υ (4S) resonance. Other backgrounds are estimated using
the simulation, and a signal yield of 1616 ± 165 events is
found (Fig. 2).

The partial B → Xulν branching fraction in the mo-
mentum window between 2.3 and 2.6 GeV/c is found to be
(1.19 ± 0.11(stat) ± 0.10(syst)) × 10−4. The main experi-
mental systematics are the model dependence of the selec-
tion efficiency and the uncertainty in the B → Xceν back-
ground. Extrapolating the electron spectrum using HQET
parameters determined from the B → Xsγ spectrum [5],
the B → Xulν branching fraction is obtained to be (1.66±
0.14(stat) ± 0.13(syst) ± 0.37(fu) ± 0.28(sγ)) × 10−3, cor-
responding to |Vub| = (3.99 ± 0.17(stat) ± 0.16(syst) ±
0.45(fu) ± 0.22(theor) ± 0.32(sγ)) × 10−3 [6]. These re-
sults are preliminary.

The different steps in the B → Xulν analysis using
B → D(∗)lν decays for tagging are as follows. Starting
from 78 fb−1 of Υ (4S) data, events with one reconstruc-
ted D(∗) meson and a pair of oppositely charged leptons
are selected. In signal events one B meson decays to D(∗)lν
and the other to Xulν, and one can show that the B direc-
tion lies on two cones of given opening angle around the Dl
and the opposite Xul direction. The cones intersect and
the kinematics can be solved. A large fraction of the back-
ground fails this requirement, and the signal can thus be
selected. Additional requirements are: no identified char-
ged kaons in the Xu system, and event charge Qtot = 0. A
signal yield of 82±19 (92±21) events is found in the phase
space region m(Xu) < 1.5 GeV/c2 and pl > 1 GeV/c if
only charged (charged and π0) particles are allowed in
the Xu system. This corresponds to a B → Xulν bran-
ching ratio of (2.62 ± 0.63(stat) ± 0.23(syst) ± 0.05(b →
c) ± 0.41(b → u)) × 10−3 (preliminary).

Fig. 2. Electron spectrum endpoint analysis. In the upper
plot, the data (data points) and the estimated background
(histogram) are shown. The lower plot shows the background
subtracted data (data points) together with the Monte Carlo
expectation (histogram) for B → Xulν

The B → Xulν analysis using an advanced neutrino
reconstruction technique is also based on an Υ (4S) data
set of 78 fb−1. Events with a hard lepton (pl > 1.2 GeV/c)
are selected and the missing energy and momentum in
the event is used as a first estimate of the neutrino four-
momentum. Then, using different discriminant variables
and so called simulated annealing [7] each particle in the
event is assigned to either one or the other B meson. In
this way, the Xu system recoiling against the lν pair is
determined and the neutrino reconstruction is improved.
In the phase space region q2 = (pl + pν)2 > 7 GeV2/c2

and m(Xu) < 1.5 GeV/c2 1148 ± 98 signal events are
found, corresponding to a B → Xulν branching fraction
of (1.64±0.14(stat)±0.36(syst)±0.28(b → c)±0.22(b →
u)) × 10−3. This result is also preliminary.

4 First evidence for B+ → ωl+ν

The matrix element |Vub| can also be determined from
exclusive semileptonic decays B → Xulν. Belle has pre-
viously obtained preliminary results for the decays B0 →
π−l+ν and B+ → ρ0l+ν [8]. Here, the first evidence for
the decay B+ → ωl+ν is reviewed.

Using an Υ (4S) dataset of 78 fb−1, events with a single
lepton (electron or muon) are selected (pl > 1.8 GeV/c).
The missing energy and momentum in each event is calcu-
lated, and different cuts are applied to suppress events in
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Fig. 3. First evidence for the decay B+ → ωl+ν. The result of
the fit assuming ISGW2 form-factors for B+ → ωl+ν is shown

which the missing four-momentum misrepresents the neu-
trino momentum: total charge Qtot < 3, missing momen-
tum within the ECL acceptance, and m2

miss < 3 GeV2/c4.
After applying these cuts a missing momentum resolution
of about 140 MeV/c is found.

Then, the ω is reconstructed using its decay to π+π−π0,
and the signal yield and the remaining background are
determined using a maximum likelihood fit in the ∆E =
E(ωlν) − Ebeam vs. m(π+π−π0) plane in three bins of
lepton momentum (Fig. 3). The fit is repeated for three
different ωlν form factor models [9,10,11], and an average
yield of 155 ± 47(stat) ± 15(model) signal events is found
(4.0σ significance). This result corresponds to a B+ →
ωl+ν branching fraction of (1.3 ± 0.4(stat) ± 0.2(syst) ±
0.3(model)) × 10−4 (prelimimary).

5 Conclusion

Five new Belle results relevant to the CKM matrix ele-
ments |Vcb| and |Vub| have been reviewed. A comparison
of these analyses with other results can be found in Figs. 4
and 5.

Fig. 4. The semileptonic B branching fraction. The Belle full
reconstruction analysis is compared to other results

Fig. 5. The B → Xulν branching fraction. The analyses re-
viewed in this article are compared to other results
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