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We present three analyses of B meson decays to τ leptons at the Belle experiment, us-
ing the full Belle data sample of 772× 106 BB̄ pairs collected at the ϒ(4S) resonance at
the KEKB asymmetric energy e+e− collider. A first search for the decay B0 → π−τ+ντ

using hadronic tag is presented, reaching a significance of 2.4σ . An upper limit of
B

(
B0→ π−τ+ντ

)
< 2.5× 10−4 is obtained at the 90% confidence level. The measurement

of R(D(∗)) = B
(

B→ D(∗)τν

)
/B

(
B→ D(∗)`ν

)
(` = e,µ), is discussed next. The τ lepton is

reconstructed in its leptonic decays. We obtain a result of R(D) = 0.375± 0.064± 0.026 and
R(D∗) = 0.293± 0.038± 0.015. The results are consistent with previous measurements and do
not show a significant deviation from the predictions of the Standard Model. The third analy-
sis presented here is the measurement of the leptonic decay B+ → τ+ντ is presented, where a
semileptonic tag is used. We obtain B (B+→ τ+ντ) = (1.25±0.28±0.27)×10−4, which is in
good agreement with the Standard Model calculations.
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1. Introduction

We present three analyses of (semi-)leptonic B meson decays to a τ lepton, performed on
the full Belle data sample containing 772× 106 BB̄ pairs, collected at the ϒ(4S) resonance at the
asymmetric e+e− collider KEKB [1]. New particles, like a charged Higgs, may contribute to these
decays at the tree-level which could lead to observable deviations between experimental result and
Standard Model (SM) calculations. First, we present the search for B0 → π−τ+ντ

1. Next, we
discuss the measurement of R(D(∗) by Belle as well as the combination of the results by BaBar,
Belle and LHCb. Third, the latest Belle analysis of the decay B+→ τ+ντ using semileptonic tag is
presented.

2. Belle experiment

The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex
detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov
counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an
electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a super-conducting
solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside of the coil is
instrumented to detect K0

L mesons and to identify muons (KLM). The detector is described in detail
elsewhere [2].

3. Search for B0→ π−τ+ντ

We present the first search for B0→ π−τ+ντ [3] in this section. The theoretical description of
the decay at the tree-level involves the leptonic and hadronic current. The hadronic current is given
by [4] 〈

π
−|uγµ b̄|B0〉= f+(q2)

[
2pµ +

(
1−m2

B−m2
π

q2

)
qµ

]
+ f 0(q2)

m2
B−m2

π

q2 qµ , (3.1)

where f+ and f 0 are the vector and scalar B→ π form factors, respectively. The ratio R(π) =
B (B→ πτν)/B (B→ π`ν) with `= e,µ depends only on the ratio of the two form factors f 0/ f+

in the SM [4]. Using lastest lattice QCD calculations for the two form factors [5], one obtains
B

(
B0→ π−τ+ντ

)
= (9.35±0.38)×10−5 [6]. The goal of the analysis is to find evidence for the

decay, which would allow to measure R(π).
The decay B0→ π−τ+ντ contains, depending on the decay channel of the τ lepton, 2-3 neutri-

nos, which can not be detected. In order to identify possible signal candidates, we try to reconstruct
one of the B mesons, the Btag, fully in its hadronic decay. The full hadronic reconstruction at Belle
is performed using an algorithm on NeuroBayes [7], which reconstructs B0 and B+ mesons in a
total of 1104 different hadronic decay final states.

We select events events with a reconstructed B0 meson and search for the signal decay in the
remainder of the event. The τ lepton is reconstructed in the four decay channels τ+ → e+νeν̄τ ,
τ+ → µ+νµ ν̄τ , τ+ → π+ν̄τ , and τ+ → ρ+ν̄τ . For charged tracks that are neither identified as

1Throughout this paper, the inclusion of the charge-conjugate mode process is implied unless otherwise stated.
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electron nor muon, a kaon veto is applied and all passing tracks are identified as pions. A signal
candidate therefore contains exactly two oppositely charged tracks, of which at least one is identi-
fied as a π±. Muons are required to have a momentum of at least 800 MeV/c in order to be correctly
identified. Many muons from the signal decay are slower than this requirement and are then recon-
structed in the τ → π2 channel. We reconstruct a ρ meson in events with two π± by combining
them with the π0 candidates and require Mπ+π0 ∈ [625;925] MeV/c2. Due to the broad width of
the ρ meson, the reconstruction is not always successful, in which case, the event is reconstructed
in the τ → π channel. Events containing a KL without energy deposition to the ECL are vetoed.
We further separate signal and background events using boosted decision trees (BDT), where for
each reconstruction channel, one BDT classifier is trained. An important event variable is the extra
energy in the ECL, EECL. It is defined as all energy deposited in the ECL by particles that are not
associated to the Btag, nor the two charged particles from the signal decay. For a signal event, this
variable peaks at zero while it assumes higher values for most background events. The semilep-
tonic decays B0 → π−`+ν` (` = e,µ) result in the same final state as the signal decay and also
contain no extra energy. The missing mass, given by M2

miss = (pbeam− pBtag− pπ − pτ−daughter)
2, is

used to reject these events. As the above mentioned decay only contains one neutrino, M2
miss peaks

at zero, while it takes higher values for the signal decays and we require M2
miss > 2.2 GeV2/c4 in

the leptonic τ reconstruction channels.

A fit in EECL is performed to obtain the number of signal events and to compute the observed
significance level. In the fit, the signal strength and the contribution of the B0 → Xc decays are
floating parameters, while the other contributions are fixed to the Monte Carlo (MC) prediction.
The systematic uncertainties are included as nuisance parameters in the likelihood description and
a toy Monte Carlo approach is used to calculate the significance level. The τ → µ reconstruction
channel does not increase the expected significance and is not used in the final result. In the
simultaneous fit in the three remaining τ decay modes, we observe 52±24 signal events, shown in
Fig. 1. We obtain a significance level of 2.4σ and compute an upper limit of B

(
B0→ π−τ+ντ

)
<

2.5×10−4 at the 90% confidence level.

 [GeV]ECLE
0 2 4

E
v
e
n
ts

 /
 0

.1
5
 G

e
V

0

20

40

60

80

100

120

140

160

180 Data
Signal

c X→ 0B
fixed BG

(a)

 [GeV]ECLE
0 2 4

E
v
e
n
ts

 /
 0

.1
5
 G

e
V

0

5

10

15

20

25

30

35

40

45
Data
Signal

c X→ 0B
fixed BG

(b)

 [GeV]ECLE
0 2 4

E
v
e
n
ts

 /
 0

.1
5
 G

e
V

0

10

20

30

40

50

60

70

80 Data
Signal

c X→ 0B
fixed BG

(c)

Figure 1: Simultaneous fit in EECL in the three τ reconstruction modes (a) τ → e, (b) τ → π and
(c) τ → ρ .

2In order to improve readability, the reconstruction channels are written in terms of the charged particle, only.
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4. Measurement of R(D) and R(D∗)

Similar to above, a charged Higgs boson may contribute to the decay B→ D(∗)τντ and most
systematic uncertainties cancel in the ratios R(D(∗)) = B

(
B̄→ D(∗)τ−ν̄τ

)
/B

(
B̄→ D(∗)`−ν̄`

)
,

(`= e,µ). Previous measurements by BaBar [8] show a deviation of 2.4σ from the SM prediction,
though the 2HDM type II is not able to describe their result.

The Belle analysis presented here [9] uses the full Belle data sample. We try to fully recon-
struct one B meson in its hadronic decay. On the signal side, we reconstruct the D+ meson in
the decays to K−π+π0, K0

S π+, K0
S π+π0, and K0

S π+π+π−; the D0 meson to K−π+, K−π+π+π−,
K−π+π0, K0

S π0, and K0
S π+π−; the D∗+ meson to D0π+ and D+π0; and the D∗0 meson to D0π0

and D0γ . We reconstruct the τ lepton in its leptonic decays, τ− → `−ν̄`ντ (` = e,µ) and obtain
four different data samples with the final states D0`, D+`, D∗0`, and D∗+`. No further tracks
or π0 are allowed in the remainder of the event, and the charge of the reconstructed particles
has to sum to zero. The missing mass squared is given by M2

miss = (pbeam− pBtag − pD(∗) − p`)2,
and the momentum transfer to the lepton pair q2 = (pB − pD(∗))2. Events are rejected unless
M2

miss ∈ [−0.2;8.0] GeV2/c4 and q2 > 4 GeV2/c2. Events containing only one neutrino domi-
nate the low M2

miss region around zero, while the variable takes higher values in events with a
B̄→ D(∗)τ−ν̄τ decay. The reconstruction sample is divided at M2

miss = 0.85 GeV2/c4, and the
B̄→ D(∗)`−ν̄` yield obtained from a fit in M2

miss. The PDFs for the fit are provided by smoothed
histograms, created from the MC prediction. In the signal enhanced region M2

miss > 0.85 GeV2/c4,
a neural network is trained for each of the four τ signal samples, in order to separate the signal de-
cays from the main D∗∗ background decays. The most important input variable is the extra energy
in the ECL, EECL, defined as all energy in the ECL deposited by particles not associated with Btag

nor the D(∗)` signal side reconstruction. The neural network output oNB is transformed into

o′NB ≡ log
oNB−omin

omax−oNB
, (4.1)

where omin and omax are the minimum and maximum network output variables, respectively, in the
selected data sample. The transformed network output has a smooth shape and can be described
well with bifurcated Gaussian functions. A simultaneous fit in all four data samples is performed.
The o′NB distribution and the fit is shown in Fig. 2.
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Figure 2: Distribution and best-fit result in o′NB in the four data samples (a) D+`, (b) D0`, (c) D∗+`,
and (d) D∗0`.
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Including all systematic uncertainties, we obtain

R(D) = 0.375±0.064±0.026 (4.2)

R(D∗) = 0.293±0.038±0.015. (4.3)

The result lies between the SM prediciton and the BaBar measurement and is compatible with both.
It is also compatible with the 2HDM type II model in the region around tanβ/mH+ = 0.5 c2/GeV,
as shown in Fig. 3a. The Heavy Flavor Averaging Group (HFAG) prepared a combination of the
results from BaBar, Belle and LHCb for this conference, shown in Fig. 3b. The combined result in
the R(D)−R(D∗) plane shows a deviation of 3.9σ from the SM prediction.
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Figure 3: (a) Result of this measurement and comparision with the 2HDM type II. (b) Results
of recent R(D(∗)) measurements by BaBar, Belle, and LHCb and their deviation from the SM
prediction.

5. Measurement of B (B+→ τ+ντ)

The leptonic B+ decay into a τντ pair may be mediated by new, heavy particles. The additional
decay diagram can alter the branching ratio with regard to the SM prediction. Previous measure-
ments of B (B+→ τ+ντ) [12, 13, 14] are all slightly above the SM prediction, except for the Belle
measurement with hadronic tag [11], which is in very good agreement with it. Here, we present
the latest measurement of B (B+→ τ+ντ) by Belle [10], which is complementary to the previous
Belle measurement using hadronic tag. Instead of using a full hadronic reconstruction of one of
the B mesons, we use a semileptonic tag in this analysis. One of the B mesons is reconstructed
in B+→ D(∗)0

`+ν` (` = e,µ), using a neural network based on NeuroBayes. While the semilep-
tonic tag results in one additional neutrino in the event, the reconstrution efficiencies is higher than
for the hadronic tag. The τ lepton is reconstructed in the decays τ+ → e+νeν̄τ , τ+ → µ+νµ ν̄τ ,
τ+ → π+ν̄τ , and τ+ → ρ+ν̄τ . No further charged track and π0 is allowed in the event, and the
overall charge must sum to zero. Events that contain a KL without energy deposition in the ECL
are vetoed. The separation between signal and background events is done by a neural network.
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As in the other analyses presented here, the extra energy in the ECL, EECL, is an important event
variable. We obtain the signal yield from a two dimensional fit in EECL and the center-of-mass
momentum of the visible τ daughter particle, p∗sig. The contribution from e+e− → qq̄ events is
scaled using off-resonance data, taken at a center-of-mass energy 60 MeV below the ϒ(4S) mass.

We obtain a result of B (B+→ τ+ντ) = (1.25± 0.28± 0.27)× 10−4 with a significance of
3.8σ . The result is consistent with the previous measurement using the semileptonic tagging
method [14]. Combining the result presented here, with the result obtained using the hadronic
tag [11], taking into account all correlated systematic uncertainties, results in a branching ratio of
B (B+→ τ+ντ) = (0.91±0.19±0.11)×10−4 with a combined significance of 4.6σ , which is in
good agreement with the SM expectation based on Vub constrains from independent measurements.
The previous measurements, as well as this results, are shown in Fig. 4.

Figure 4: Measurements of B (B+→ τ+ντ) and an estimate from the CKMfitter Group.
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