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The leptonic decay B− → τ − ν̄τ and the semileptonic decays B → D(∗) τ − ν̄τ provide opportunities
for testing the Standard Model and for searching for new physics. Extended models including a
charged Higgs boson are sensitive to these decays. In this report, recent results obtained at the B
factories are introduced. Several results show the discrepancies from the expectations from the
Standard Model.
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1. Introduction

1 The

charge-conjugate decays are implied throughout this report unless otherwise stated.
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The leptonic decay B− → τ − ν̄τ is mediated by the W − boson in the Standard Model (SM).1
The branching fraction B(B− → τ − ν̄τ ) is a good probe for the parameters fB and |Vub |, where fB is
the B− meson decay constant and |Vub | is the magnitude of a Cabibbo-Kobayashi-Maskawa (CKM)
matrix element [1, 2]. The decay B− → τ − ν̄τ could also be mediated by charged particles such as
a charged Higgs boson in extended models [3, 4]. Because of the larger mass of the τ − lepton
compared to the other leptons, this decay is relatively sensitive to various models with extended
Higgs sector.
The semileptonic decays B → D(∗) τ − ν̄τ , where the B− and B̄0 decays are implied, are also mediated by the W − boson in the SM. These decays are related to the form factors, which parametrize
the hadronic interactions depending on q2 = (pB − pD(∗) )2 , and the magnitude of a CKM matrix
element |Vcb |. These decays could also be affected by charged particles such as a charged Higgs
boson in extended models [5, 6, 7, 8, 9]. Additional observables sensitive to new physics, such as
the τ − polarization, are possibly provided from these decays.
Various measurements on the decays B− → τ − ν̄τ and B → D(∗) τ − ν̄τ have been performed at
the B factories. In this report, we introduce recent results obtained at the Belle [10] and BaBar [11]
experiments.
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2. Recent results on B− → τ − ν̄τ
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The decay B− → τ − ν̄τ includes multiple neutrinos in the ﬁnal state considering the following
τ − decays. At the B factories, it is exploited that a B meson pair is generated from the process
e+ e− → ϒ(4S) → BB̄. We reconstruct one of the B mesons (referred to as Btag ) in the event using
the decays which have relatively larger decay rate with smaller background rate, and we compare the properties of the remaining particles (referred to as Bsig ) to those expected for signal and
background.
Two independent methods for reconstructing the Btag candidates are used for the analysis of
the decay B− → τ − ν̄τ . One is the “hadronic” tag to fully reconstruct the Btag candidates from
hadronic decays such as B− → D0 π − , while the other is the “semileptonic” tag to reconstruct
the Btag candidates from semileptonic decays B− → D(∗) ℓ− ν̄ℓ (ℓ = µ or e). The efﬁciency for
reconstructing the Btag candidates is higher for the semileptonic tag, while the purity is higher for
the hadronic tag. Resulting sensitivity is comparable between the hadronic and semileptonic tags.
In the events where Btag candidates are reconstructed, we search for the B− → τ − ν̄τ decays.
The τ − lepton is identiﬁed in the decay channels e− ν̄e ντ , µ − ν̄µ ντ , π − ντ , and so on, which cover
most of the τ − decay rate [12]. After reconstructing the particles from the τ − decays except for the
neutrinos, it is required that there are neither extra charged tracks nor extra π 0 candidates. After
applying requirements on the kinematic variables for suppressing the backgrounds, signal yields
are extracted using the extra energy detected in the electromagnetic calorimeter. For signal events,
the extra energy must be either zero or a small value arising from beam background and from splitoff showers from Btag and Bsig . On the other hand, background events are distributed toward higher
value due to the contribution from additional neutral clusters.
The ﬁrst evidence of the decay B− → τ − ν̄τ was obtained by the Belle collaboration using hadronic tag for the 449 × 106 BB̄ data sample [13]. The measured branching fraction is
+0.46
−4
B(B− → τ − ν̄τ ) = [1.79+0.56
−0.49 (stat)−0.51 (syst)] × 10 , where the signiﬁcance is 3.5 standard deviations (σ ). Using semileptonic tag for the 657 × 106 BB̄ data sample, the Belle collaboration
+0.29
−4 with a sigconﬁrmed their result and obtain B(B− → τ − ν̄τ ) = [1.54+0.38
−0.37 (stat)−0.31 (syst)] × 10
niﬁcance of 3.6σ [14]. The BaBar collaboration also reported the results using hadronic tag for
the 468 × 106 BB̄ data sample [15] and using semileptonic tag for the 459 × 106 BB̄ data sam−4 and B(B− → τ − ν̄ ) =
ple [16] to evaluate B(B− → τ − ν̄τ ) = [1.80+0.57
τ
−0.54 (stat) ± 0.26(syst)] × 10
[1.7 ± 0.8(stat) ± 0.2(syst)] × 10−4 , respectively. The former corresponds to a signiﬁcance of 3.3σ .
Figures 1 and 2 show the distributions of the extra energy obtained by the Belle and BaBar colaborations, respectively.
Figure 3 summarizes the results on the decay B− → τ − ν̄τ . A world average is calculated by the
HFAG group to be B(B− → τ − ν̄τ ) = (1.67 ± 0.30) × 10−4 [17]. The obtained value is consistent
within 2σ with a SM expectation B(B− → τ − ν̄τ ) = (0.96 ± 0.25) × 10−4 based on fB obtained
from lattice calculation [18] and |Vub | obtained from b → u transitions [12]. On the other hand,
as shown in Figure 4, there is a discrepancy with a level of more than 2.5σ from an expectation
−4 based on |V | obtained from a global ﬁt on the CKM matrix
B(B− → τ − ν̄τ ) = (0.73+0.12
ub
−0.07 ) × 10
elements assuming the SM [19]. To establish the signal and test the consistency with the SM and
the extended models, we need further studies with more statistics and better analysis techniques.
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Figure 1: Signal extraction for the decay B− → τ − ν̄τ based on the hadronic tag (left) and the semileptonic
tag (right) at the Belle experiment. For the left ﬁgure, the data and the background MC samples are represented by the dots with error bars and the blue solid histogram, respectively. The solid curve shows the ﬁt
result with the sum of the signal (dashed curve) and the background (dotted curve) contributions. For the
right ﬁgure, the data is represented by the dots with error bars. The blue hatched and the red solid histograms
show the ﬁt result for the background and signal contributions, respectively.

Figure 2: Signal extraction for the decay B− → τ − ν̄τ based on the hadronic tag (left) and the semileptonic
tag (right) at the BaBar experiment. The dots with error bars are the data for both ﬁgures. For the left ﬁgure,
the blue hatched and the red dashed histograms are the background and the signal components, respectively,
of the ﬁt result. For the right ﬁgure, the gray shaded and the dotted histograms indicate the background MC
simulation and the signal MC simulation normalized to 10 times the expected branching fraction. For the
semileptonic tag, the signal yield is obtained from counted number of events by subtracting the background
yield.
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Figure 3: Summary of the results on the decay B− → τ − ν̄τ .
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Figure 4: Comparison of the branching fractions for the decay B− → τ − ν̄τ . The blue dot with error bar
shows a world average for the direct measurements, while the green region shows a SM expectation obtained
from a global ﬁt on the CKM matrix elements.
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3. Recent results on B → D(∗) τ − ν̄τ
The decays B → D(∗) τ − ν̄τ also include multiple neutrinos in the ﬁnal states considering the following τ − decays. We exploit that a B meson pair is generated from the process e+ e− → ϒ(4S) →
BB̄. There are two methods taken for analyzing the decays B → D(∗) τ − ν̄τ . One is the “inclusive”
tag to reconstruct the particles from the Bsig candidates except for the neutrinos and use all the
remaining detected particles for reconstructing the Btag candidates, while the other is the hadronic
tag. The
√signal extractions for the inclusive tag are based on the beam-energy-constrained mass
2
Ebeam
− |⃗pBtag |2 deﬁned in the e+ e− center-of-mass (CM) frame, where Ebeam is the beam

energy and ⃗pBtag is the momentum of the Btag candidate. The momentum PD0 of the D0 candidate
from Bsig deﬁned in the CM frame can additionally be used. The variable Mtag allows us to separate
the combinatorial background from the signal, while the variable PD0 helps to distinguish between
the two signal modes B → D∗ τ − ν̄τ and B → Dτ − ν̄τ . The signal extractions for the hadronic tag
are based on the variables including the missing mass squared in the event, which corresponds to
the mass squared for multiple neutrinos for the signal and the value is typically larger compared to
the background. For both methods, the cross feeds from the D∗ τ − ν̄τ (Dτ − ν̄τ ) modes in the Dτ − ν̄τ
(D∗ τ − ν̄τ ) candidates are taken as the signal components of the D∗ τ − ν̄τ (Dτ − ν̄τ ) modes.
The decay B → D∗ τ − ν̄τ was ﬁrst observed by the Belle collaboration using inclusive tag for
the 535 × 106 BB̄ data sample [20]. The branching fraction for the neutral B meson decay is
+0.40
measured to be B(B̄0 → D∗+ τ − ν̄τ ) = [2.02−0.37
(stat) ± 0.37(syst)]% with a signiﬁcance of 5.2σ .
The Belle collaboration also obtained the results for the charged B meson decays using inclusive
tag for the 657 × 106 BB̄ data sample [21]. The branching fractions are B(B− → D∗0 τ − ν̄τ ) =
−
0 −
[2.12+0.28
−0.27 (stat) ± 0.29(syst)]% and B(B → D τ ν̄τ ) = [0.77 ± 0.22(stat) ± 0.12(syst)]%. Using hadronic tag for the 657 × 106 BB̄ data sample, the Belle collaboration obtained the results of
+0.31
+0.46
0
+ −
B(B̄0 → D∗+ τ − ν̄τ ) = [2.56+0.75
−0.66 (stat)−0.22 (syst) ± 0.10(norm)]%, B(B̄ → D τ ν̄τ ) = [1.01−0.41
+0.69
+0.40
−
∗0 −
(stat)+0.13
−0.11 (syst)±0.10(norm)]%, B(B → D τ ν̄τ ) = [3.04−0.66 (stat)−0.47 (syst)±0.22(norm)]%,
+0.41
+0.24
−
0
−
and B(B → D τ ν̄τ ) = [1.51−0.39 (stat)−0.19 (syst) ± 0.15(norm)]% [22], where the third errors
are due to the uncertainties in the branching fractions for the normalization modes B → D(∗) ℓ− ν̄ℓ .
Figures 5 and 6 show the distributions of the variables used for the signal extraction by the Belle
collaboration. Figure 7 summarizes the results. There is a tendency that the measured branching
fractions are higher than the SM expectations, while the deviations are not signiﬁcant.
The BaBar collaboration recently showed improved measurements on the decays B → D(∗) τ − ν̄τ
using hadronic tag [23]. Details of this analysis were reported in a separate presentation [24].
Combining the results for the neutral and charged B decays for the D∗ τ − ν̄τ and Dτ − ν̄τ modes,
they obtain a discrepancy from the SM expectations with a signiﬁcance of 3.4σ . Also, the results
cannot be explained by the charged Higgs boson included in the type II two-Higgs-doublet model.
It is demanded to see further updates from the Belle collaboration and the results from super B
factories.
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Mtag =

N / 5 MeV/c2
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Figure 5: Signal extraction for the decays B → D(∗) τ − ν̄τ based on the inclusive tag at the Belle experiment.
The left ﬁgure is the Mtag distribution for the decay B̄0 → D∗+ τ − ν̄τ . The solid curve shows the result of
the ﬁt, while the dotted and dashed curves show the ﬁtted background and its combinatorial component,
respectively. The histogram represents expected background distribution. The right ﬁgures are the Mtag and
PD0 distributions, where the PD0 distributions are obtained in Mtag > 5.26 GeV/c2 , for the decays B− →
D∗0 τ − ν̄τ (upper) and B− → D0 τ − ν̄τ (lower). The black solid curves show the result of the ﬁts, while the
blue dashed and dotted curves show the backgrounds and their combinatorial components, respectively. The
red dot-long-dashed and dot-short-dashed curves show the signal contributions from B− → D∗0 τ − ν̄τ and
B− → D0 τ − ν̄τ , respectively. The histograms represent expected background distributions.

Figure 6: Signal extraction for the decays B → D(∗) τ − ν̄τ based on the hadronic tag at the Belle experiment.
2
ECL are shown for B̄0 → D∗+ τ − ν̄
The distributions of the missing mass squared Mmiss
and the extra energy Eextra
τ
0
+
−
−
∗0
−
(left upper), B̄ → D τ ν̄τ (left lower), B → D τ ν̄τ (right upper), and B− → D0 τ − ν̄τ (right lower). The
descriptions of the components are attached on the ﬁgures.
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Figure 7: Summary of the results on the decays B → D(∗) τ − ν̄τ obtained by the Belle collaboration.
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4. Prospects

Figure 8: Comparison of the distributions of the beam-energy-constrained mass for the Btag candidates. The
blue dashed curve with the dots with error bars shows the distribution for the new hadronic tag, while the
red solid curve with the dots with error bars for the classical one. The requirement on the network output for
the new method is chosen for obtaining similar background level compared to the classical method.
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At the Belle experiment, an improved method of the hadronic tag has been established [25].
This method is based on the NeuroBayes package, which provides a sophisticated multivariate analysis formed by neural networks. An output Ntag , ranges from zero for non-BB̄-like events to unity
for unambiguous BB̄ events, is obtained from hierarchical neutral networks for reconstructing the
decay chains of Btag . This method has an option to add networks for suppressing the backgrounds
from the processes e+ e− → qq̄ (q = u, d, s, c).
The efﬁciency and the purity of reconstructing the Btag candidates depend on the requirement
on the output Ntag . The efﬁciency is improved by a factor of about two if we apply a typical
requirement on Ntag where the background level is similar to the classical method. Figure 8 shows
the distributions of the beam-energy-constrained mass for the Btag candidates obtained by the new
and classical methods. Applying the new tagging method to the full 772 × 106 BB̄ data sample
collected at the Belle experiment, signiﬁcant improvements are expected for the measurements on
the decays B− → τ − ν̄τ and B → D(∗) τ − ν̄τ .
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5. Conclusion
Exploiting the large number of events and the clean environment at the B factories, the measurements on the leptonic decay B− → τ − ν̄τ and the semileptonic decays B → D(∗) τ − ν̄τ are provided in good precision despite the existence of multiple neutrinos in the ﬁnal states. Current
experimental results on the branching fractions are slightly higher than the expectations from the
Standard Model with the deviations depending on the decays. Further investigation using more
statistics and improved analysis techniques, e.g., improved hadronic tag, are of great importance
for testing the Standard Model and for searching for new physics.
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