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The two results from Belle
In 2006, Belle firstly published about the evidence of B→tau nu decay.
In 2012, Belle posted a new preprint on arXiv.

Our motivation for selecting the both two papers are:
- What’s the difference of the two measurements?
- How the analysis procedure changed?
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B-tagging, Signal events

“Hadronic tag”
Use only events with no missing energy (neutrino) 
in the decay products of B mesons (hadronic 
decays) for Identifying BB pairs. 6

Nobs
side NMC

side NMC
sig Nobs Ns Nb !sel(%) B(10!4) !

µ!"̄µ"! 96 94.2 ± 8.0 9.4 ± 2.6 13 5.6+3.1
!2.8 8.8+1.1

!1.1 3.64 ± 0.02 2.57+1.38
!1.27 2.2#

e!"̄e"! 93 89.6 ± 8.0 8.6 ± 2.3 12 4.1+3.3
!2.6 9.0+1.1

!1.1 4.57 ± 0.03 1.50+1.20
!0.95 1.4#

$!"! 43 41.3 ± 6.2 4.7 ± 1.7 9 3.8+2.7
!2.1 3.9+0.8

!0.8 4.87 ± 0.03 1.30+0.89
!0.70 2.0#

$!$0"! 21 23.3 ± 4.7 5.9 ± 1.9 11 5.4+3.9
!3.3 5.4+1.6

!1.6 1.97 ± 0.02 4.54+3.26
!2.74 1.5#

$!$+$!"! 21 18.5 ± 4.1 4.2 ± 1.6 9 3.0+3.5
!2.5 4.8+1.4

!1.4 0.77 ± 0.02 6.42+7.58
!5.42 1.0#

TABLE I: The number of observed events in data in the sideband region (Nobs
side), number of background MC events in the

sideband region (NMC
side) and the signal region (NMC

sig ), number of observed events in data in the signal region (Nobs), number

of signal (Ns) and background (Nb) in the signal region determined by the fit, signal selection e"ciencies (!sel), extracted

branching fraction (B) for B!
! %!"̄! . The listed errors are statistical only. The last column gives the significance of the

signal including the systematic uncertainty in the signal yield (!).

combined, where the significance is defined as ! =
!

!2 ln(L0/Lmax), where Lmax and L0 denote the max-
imum likelihood value and likelihood value obtained as-
suming zero signal events, respectively. Here the likeli-
hood function from the fit is convolved with a Gaussian
systematic error function in order to include the system-
atic uncertainty in the signal yield.

In conclusion, we have found the first evidence of the
purely leptonic decay B! " !!"̄! from a data sam-
ple of 449 # 106 BB̄ pairs collected at the "(4S) res-
onance with the Belle experiment. The signal has a
significance of 3.5 standard deviations. The measured
branching fraction is (1.79+0.56

!0.49(stat)+0.46
!0.51(syst)) # 10!4.

The result is consistent with the SM prediction within
errors. Using the measured branching fraction and
known values of GF , mB, m! [2] and !B [3], the prod-
uct of the B meson decay constant fB and the magni-
tude of the CKM matrix element |Vub| is determined to

be fB · |Vub| = (10.1+1.6
!1.4(stat)+1.3

!1.4(syst)) # 10!4 GeV.
Using the value of |Vub| from [3], we obtain fB =
0.229+0.036

!0.031(stat)+0.034
!0.037(syst) GeV, the first direct deter-

mination of the B meson decay constant.

We thank the KEKB group for excellent operation of
the accelerator, the KEK cryogenics group for e#cient
solenoid operations, and the KEK computer group and
the NII for valuable computing and Super-SINET net-
work support. We acknowledge support from MEXT and
JSPS (Japan); ARC and DEST (Australia); NSFC and
KIP of CAS (contract No. 10575109 and IHEP-U-503,
China); DST (India); the BK21 program of MOEHRD,
and the CHEP SRC and BR (grant No. R01-2005-
000-10089-0) programs of KOSEF (Korea); KBN (con-
tract No. 2P03B 01324, Poland); MIST (Russia); ARRS
(Slovenia); SNSF (Switzerland); NSC and MOE (Tai-
wan); and DOE (USA).
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5 decay branches of tau

covers ~81% of tau decays.
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Old Tagging (2006):
• Cut based algorithm using PID
• 147 B+ decay channels

New Tagging (2012):
• Neural Network

o Hierarchical, 4 stages
o 615 channels
o Train on signal/background MC
o Output represents signal 

probablility
-> tagging efficiency increased by 
factor ~2

stage particles

1 tracks, K
S

, �, ⇡0

2 D±
(s), D

0, and J/ mesons

3 D⇤±
(s) and D⇤0 mesons

4 B± and B0 mesons

Table 1: The 4 stages of the hierarchical system

to be the correct probability, we get:

o
p

=
1

1 + ( 1
ot

� 1)Pp(B)
Pp(S)

Pt(S)
Pt(B)

. (20)

This formula is used in the full reconstruction algorithm described in the next
section to calculate the signal probability for modes with low purity so that the
signal fraction had to be increased for the network training.

3. Selection and Reconstruction

In order to reconstruct as many B meson decays as possible, it is not possible
to take care of the thousands of exclusive decay channels individually. Instead
a hierarchical approach was chosen. We divide the reconstruction into 4 stages,
as shown in table 1 and illustrated in figure 3.

Figure 3: The 4 stages of the full reconstruction

One aim of the full reconstruction is to achieve high e�ciency. This could in
theory be done by always reconstructing every possible candidate at all stages
in an event and then finally taking the best B meson candidate. In practice
however, the computing power needed to pursue this maximum e�ciency strat-
egy is not available and it is necessary to perform cuts during the selection and

7

produced B0 and B± mesons respectively. Note that in other publications a
di↵erent definition might be used, which takes the number of produced charged
or neutral B meson pairs as normalization, resulting in twice the value for the
single B meson reconstruction e�ciency.

In order to get more reliable fit results, we can introduce cuts on the Neu-
roBayes outputs of the B± and B0 meson networks, and thereby choose e�-
ciency and purity freely. Figures 7 and 8 show the resulting purity-e�ciency
plots for the three modes explained in chapter 3.5. Purity is defined as the ratio
of the signal component of the fit to the entire fit result integrated over the
region M

bc

> 5.27GeV/c2.
If no cut is performed, the standard selection that gives maximum e�ciency

is used. One can also choose a cut, corresponding to the same purity as in the
classical full reconstruction tool, which results in an increase of e�ciency by
approximately a factor of 2 , as shown in figure 9(a). A cut, corresponding to
the same background level is shown in figure 9(b). One is also free to choose
the same e�ciency as in the classical full reconstruction. This results in an
increase in the purity from about 25% to nearly 90% as shown in figures 9(c)
and 9(d). Any working point between and even beyond these three examples
can be chosen in a very simple manner (cutting on the output of of the stage 4
networks) by the user.

Figure 7: Purity-e�ciency plot for B+
mesons

4.2. Without new Channels

If we exclude the newly added D and B decay channels from the full re-
construction and choose a network output cut to achieve the same background

16

Btag Tagging Algorithms
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Characteristic of tau signals:
  1. No extra neutral energy clusters (         ) in ECL remains
      after subtracting Btag-associated tracks and π0

  2. Because of multiple neutrinos, they have large missing mass (Mmiss2)

Tau Signal Kinematics
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Extended likelihood method was applied to separate the signal
from the background in the data after the preselection.

Backgrounds

SignalBG

An example of background events.

Sometimes tracks/photons are not detected.
(outside acceptance, mis-reco., etc.)

If one of two photons in pi0 decays is missed,
the detected photon contributes to EECL.
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one tau decay
channel

ALL channels

relative BR of tau is fixed.

Likelihood Fitting

6

Nobs
side NMC

side NMC
sig Nobs Ns Nb !sel(%) B(10!4) !

µ!"̄µ"! 96 94.2 ± 8.0 9.4 ± 2.6 13 5.6+3.1
!2.8 8.8+1.1

!1.1 3.64 ± 0.02 2.57+1.38
!1.27 2.2#

e!"̄e"! 93 89.6 ± 8.0 8.6 ± 2.3 12 4.1+3.3
!2.6 9.0+1.1

!1.1 4.57 ± 0.03 1.50+1.20
!0.95 1.4#

$!"! 43 41.3 ± 6.2 4.7 ± 1.7 9 3.8+2.7
!2.1 3.9+0.8

!0.8 4.87 ± 0.03 1.30+0.89
!0.70 2.0#

$!$0"! 21 23.3 ± 4.7 5.9 ± 1.9 11 5.4+3.9
!3.3 5.4+1.6

!1.6 1.97 ± 0.02 4.54+3.26
!2.74 1.5#

$!$+$!"! 21 18.5 ± 4.1 4.2 ± 1.6 9 3.0+3.5
!2.5 4.8+1.4

!1.4 0.77 ± 0.02 6.42+7.58
!5.42 1.0#

TABLE I: The number of observed events in data in the sideband region (Nobs
side), number of background MC events in the

sideband region (NMC
side) and the signal region (NMC

sig ), number of observed events in data in the signal region (Nobs), number

of signal (Ns) and background (Nb) in the signal region determined by the fit, signal selection e"ciencies (!sel), extracted

branching fraction (B) for B!
! %!"̄! . The listed errors are statistical only. The last column gives the significance of the

signal including the systematic uncertainty in the signal yield (!).

combined, where the significance is defined as ! =
!

!2 ln(L0/Lmax), where Lmax and L0 denote the max-
imum likelihood value and likelihood value obtained as-
suming zero signal events, respectively. Here the likeli-
hood function from the fit is convolved with a Gaussian
systematic error function in order to include the system-
atic uncertainty in the signal yield.

In conclusion, we have found the first evidence of the
purely leptonic decay B! " !!"̄! from a data sam-
ple of 449 # 106 BB̄ pairs collected at the "(4S) res-
onance with the Belle experiment. The signal has a
significance of 3.5 standard deviations. The measured
branching fraction is (1.79+0.56

!0.49(stat)+0.46
!0.51(syst)) # 10!4.

The result is consistent with the SM prediction within
errors. Using the measured branching fraction and
known values of GF , mB, m! [2] and !B [3], the prod-
uct of the B meson decay constant fB and the magni-
tude of the CKM matrix element |Vub| is determined to

be fB · |Vub| = (10.1+1.6
!1.4(stat)+1.3

!1.4(syst)) # 10!4 GeV.
Using the value of |Vub| from [3], we obtain fB =
0.229+0.036

!0.031(stat)+0.034
!0.037(syst) GeV, the first direct deter-

mination of the B meson decay constant.
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3 charged tracks (2006 only)
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FIG. 3: EECL distributions in the data after all selection cri-
teria except the one on EECL. The data and background MC
samples are represented by the points and the solid histogram,
respectively. The solid curve shows the result of the fit with
the sum of the signal (dashed) and background (dotted) con-
tributions.

other than EECL, such as Mbc and pmiss, are consistent
with the sum of the signal and background distributions
expected from MC. The excess remains after applying a
K0

L veto requirement.

We obtain the final results by fitting the obtained
EECL distributions to the sum of the expected signal
and background shapes. Probability density functions
(PDFs) for the signal fs(EECL) and for the background
fb(EECL) are constructed for each ! decay mode from
the MC simulation. The signal PDF is modeled as the
sum of a Gaussian function, centered at EECL = 0, and
an exponential function. The background PDF, as deter-
mined from the MC simulation, is parameterized by the
sum of a Gaussian function and a second-order polyno-
mial function. The Gaussian function in the background
PDF addresses deviations from the second-order param-
eterization, which may arise from a peaking component
in the lower EECL. The PDFs are combined into an ex-
tended likelihood function,

L =
e!(ns+nb)

N !

N
!

i=1

(nsfs(Ei) + nbfb(Ei)), (2)

where Ei is the EECL in the ith event, N is the total
number of events in the data, and ns and nb are the signal
yield and background yield to be determined by the fit
to the whole EECL region (0 < EECL < 1.2). The results
are listed in Table I. Table I also gives the number of

background events in the signal region deduced from the
fit (Nb), which is consistent with the expectation from
the background MC simulation (NMC

sig ).

The branching fractions are calculated as B = Ns/(2 ·
" · NB+B!) where NB+B! is the number of !(4S) !
B+B! events, assuming NB+B! = N

B0B
0 . The e"-

ciency is defined as " = "tag " "sel, where "tag is the
tag reconstruction e"ciency for events with B! ! !!#̄!

decays on the signal side, determined by MC to be
0.136 ± 0.001(stat)%, and "sel is the event selection e"-
ciency listed in Table I, as determined by the ratio of the
number of events surviving all the selection criteria in-
cluding the ! decay branching fractions to the number of
fully reconstructed B±. The branching fraction for each
! decay mode is consistent within errors. To obtain the
combined result for all ! decay modes, we multiply the
likelihood functions to produce the combined likelihood
(Lcom =

"5
j=1 Lj), and constrain the five signal compo-

nents by a single branching fraction. The combined fit
gives 17.2+5.3

!4.7 signal events in the signal region (Ns) and
24.1+7.6

!6.6 in the entire region (ns). The branching fraction

is found to be (1.79+0.56
!0.49) " 10!4.

Systematic errors for the measured branching frac-
tion are associated with the uncertainties in the number
of B+B!, signal yields and e"ciencies. The systematic
error due to the uncertainty in NB+B! is 1%. The un-
certainty in the signal yields arises from uncertainties in
the signal and background shape, and is determined to
be +23

!26%. Here the uncertainty due to the signal shape
uncertainty is determined by varying the signal PDF pa-
rameters by the amount of di#erence of each parameter
between data and MC for the control sample of double
tagged events. To determine the background shape un-
certainty, we vary the Gaussian constant of the back-
ground PDF by the branching fraction errors from PDG
for the dominant peaking background sources (such as
B ! D(")0$#, D0 ! %(K)$#, etc.). We then add in
quadrature the variations for the signal and background
shapes. We take a 10.5% error as the systematic error as-
sociated with the tag reconstruction e"ciency from the
di#erence of yields between data and MC for the con-
trol sample. This value includes the error in the branch-
ing fraction B(B! ! D"0$!#̄), which we estimate from
B(B0 ! D"!$+#) in [2] and isospin symmetry. The sys-
tematic error in the signal e"ciencies depends on the !
decay mode, and arises from the uncertainty in tracking
e"ciency (1#3%), %0 reconstruction e"ciency (3%), par-
ticle identification e"ciency (2#6%), branching fractions
of ! decays (0.3 # 1.1%), and MC statistics (0.6 # 2%).
These e"ciency errors sum up to 5.6% for the combined
result after taking into account the correlations between
the five ! decay modes [13]. The total fractional system-
atic uncertainty of the combined measurement is +26

!28%,
and the branching fraction is

B(B! ! !!#̄! ) = (1.79+0.56
!0.49(stat)+0.46

!0.51(syst)) " 10!4.

The significance is 3.5& when all ! decay modes are

Fitting Result

(Signal region)

(449×106 BB pairs) Belle full data set (772×106 BB pairs)

2006

2012
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Systematic Uncertainties
Relative fraction measurement: Luminosity, Trigger efficiencies are canceled out.

PDF shapes (signal, BG)

- Tracking efficiency
- pi0 reco eff.
- PID eff.
- BR(tau->X) uncertainty
- MC simu stats
- KL veto ineff (2012 only)

• BG PDFs: varying the BG yields by BR and MC-statistics errors. 

• KL veto: estimate from control samples: D0 → φK0S and B→D*0lν
• Btag efficiency: compare BR of B→D*0lν with PDG value 

- Tagging efficiency
- N(B+B-)

(2012 result)

Especially, PDF shape uncertainties, eff_sig uncertainties 
are much more improved in the 2012 result than 2006.
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Conclusion Remarks

Comparing two results, lots of improvements:
- more stats (lumi x eff)
- more elaborate analysis (2D likelihood, KL veto)
- lower syst. error, more cross checks in the new one

We felt more confident with the new result.

- Signal significance: >3σ in both 2006 and 2012 result.

- Both result agrees with the current prediction within errors.

- Evidence of B -> tau nu decay.

- Excluded areas of type-II two Higgs Doublet model space.

2012

12



Thank you !!
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Backup
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τ is identified in the five decay modes (81% of all) with the following 
requirements (GeV),

(              : missing momentum of the event) 

                                                                        : polar angle of                 , in order to
suppress BG where particles along the beam axis escape detection.

                                        : charged tracks are required to satisfy these 
impact parameters in order to suppress BG from e.g. cosmic rays.  

No extra charged tracks with 

No extra         and no        candidates.

Signal Pre-selection (2006)



Signal BG

Extended likelihood method was applied to separate the signal.

Backgrounds
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Fitting Result (2006) 6

Nobs
side NMC

side NMC
sig Nobs Ns Nb !sel(%) B(10!4) !

µ!"̄µ"! 96 94.2 ± 8.0 9.4 ± 2.6 13 5.6+3.1
!2.8 8.8+1.1

!1.1 3.64 ± 0.02 2.57+1.38
!1.27 2.2#

e!"̄e"! 93 89.6 ± 8.0 8.6 ± 2.3 12 4.1+3.3
!2.6 9.0+1.1

!1.1 4.57 ± 0.03 1.50+1.20
!0.95 1.4#

$!"! 43 41.3 ± 6.2 4.7 ± 1.7 9 3.8+2.7
!2.1 3.9+0.8

!0.8 4.87 ± 0.03 1.30+0.89
!0.70 2.0#

$!$0"! 21 23.3 ± 4.7 5.9 ± 1.9 11 5.4+3.9
!3.3 5.4+1.6

!1.6 1.97 ± 0.02 4.54+3.26
!2.74 1.5#

$!$+$!"! 21 18.5 ± 4.1 4.2 ± 1.6 9 3.0+3.5
!2.5 4.8+1.4

!1.4 0.77 ± 0.02 6.42+7.58
!5.42 1.0#

TABLE I: The number of observed events in data in the sideband region (Nobs
side), number of background MC events in the

sideband region (NMC
side) and the signal region (NMC

sig ), number of observed events in data in the signal region (Nobs), number

of signal (Ns) and background (Nb) in the signal region determined by the fit, signal selection e"ciencies (!sel), extracted

branching fraction (B) for B!
! %!"̄! . The listed errors are statistical only. The last column gives the significance of the

signal including the systematic uncertainty in the signal yield (!).

combined, where the significance is defined as ! =
!

!2 ln(L0/Lmax), where Lmax and L0 denote the max-
imum likelihood value and likelihood value obtained as-
suming zero signal events, respectively. Here the likeli-
hood function from the fit is convolved with a Gaussian
systematic error function in order to include the system-
atic uncertainty in the signal yield.

In conclusion, we have found the first evidence of the
purely leptonic decay B! " !!"̄! from a data sam-
ple of 449 # 106 BB̄ pairs collected at the "(4S) res-
onance with the Belle experiment. The signal has a
significance of 3.5 standard deviations. The measured
branching fraction is (1.79+0.56

!0.49(stat)+0.46
!0.51(syst)) # 10!4.

The result is consistent with the SM prediction within
errors. Using the measured branching fraction and
known values of GF , mB, m! [2] and !B [3], the prod-
uct of the B meson decay constant fB and the magni-
tude of the CKM matrix element |Vub| is determined to

be fB · |Vub| = (10.1+1.6
!1.4(stat)+1.3

!1.4(syst)) # 10!4 GeV.
Using the value of |Vub| from [3], we obtain fB =
0.229+0.036

!0.031(stat)+0.034
!0.037(syst) GeV, the first direct deter-

mination of the B meson decay constant.
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solenoid operations, and the KEK computer group and
the NII for valuable computing and Super-SINET net-
work support. We acknowledge support from MEXT and
JSPS (Japan); ARC and DEST (Australia); NSFC and
KIP of CAS (contract No. 10575109 and IHEP-U-503,
China); DST (India); the BK21 program of MOEHRD,
and the CHEP SRC and BR (grant No. R01-2005-
000-10089-0) programs of KOSEF (Korea); KBN (con-
tract No. 2P03B 01324, Poland); MIST (Russia); ARRS
(Slovenia); SNSF (Switzerland); NSC and MOE (Tai-
wan); and DOE (USA).
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Fitting Result (2012)
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FIG. 2: Distributions of EECL (top) and M2
miss (bottom)

combined for all the !! decays. The M2
miss distribution is

shown for a signal region of EECL < 0.2 GeV. The solid
circles with error bars are data. The solid histograms show
the projections of the fits. The dashed and dotted histograms
show the signal and background components, respectively.

(0.65+0.27
!0.25)!10!4, where errors are statistical only. These

checks are consistent with the nominal result. In addi-
tion, we perform one-dimensional fits to EECL and M2

miss
and divide the data sample into several subsets. All re-
sults are in good agreement with the nominal one within
the statistical errors.

TABLE I: Results of the fit for signal yields (Nsig), detection
e!ciencies ("), and branching fractions (B). The e!ciencies
include the branching fractions of the !! decay modes. The
errors for Nsig and B are statistical only.

Decay mode Nsig " (10!4) B (10!4)
!!

! e!#̄e#! 16+11
!9 3.0 0.68+0.49

!0.41

!!

! µ!#̄µ#! 26+15
!14 3.1 1.06+0.63

!0.58

!!

! $!#! 8+10
!8 1.8 0.57+0.70

!0.59

!!

! $!$0#! 14+19
!16 3.4 0.52+0.72

!0.62

Combined 62+23
!22 11.2 0.72+0.27

!0.25

Systematic errors for the measured branching fraction
are associated with the uncertainties in the signal yield,
the e!ciencies, and the number of B+B! pairs. The sys-
tematic error from MC statistics of the PDF histograms

is evaluated by varying the content of each bin by its
statistical uncertainty. To estimate the systematic error
due to the possible signal EECL shape di"erence between
MC and data, the ratio of data to MC for the EECL his-
tograms of the B! " D"0!!"̄! sample is fitted with a
first-order polynomial and the signal EECL PDF is mod-
ified within the fitted errors. The uncertainties for the
branching fractions ofB decays that peak near zero EECL

are estimated by changing the branching fractions in MC
by their experimental errors [17] if available, or by ±50%
otherwise. To estimate the uncertainty associated with
the Btag e!ciency for the signal, B(B! " D"0!!"̄!) ob-
tained from the B! " D"0!!"̄! sample is compared to
the world average value [17]. The results are consistent
and the uncertainty of the measurement is assigned as
the systematic error. The uncertainty for the fraction of
the correctly reconstructed Btag in the background is ob-
tained by changing the fractions by errors obtained from
the EECL sideband sample. The systematic errors in the
signal-side e!ciencies arise from the uncertainty in track-
ing e!ciency, particle identification e!ciency, branch-
ing fractions of # decays, the reconstruction e!ciency
of $0, and MC statistics. The systematic uncertainty
related to the K0

L veto e!ciency is estimated from the
statistical uncertainties of the D0 " %K0

S control sam-
ple and the fraction of events with K0

L candidates in the
B! " D"0!!"̄! sample. The estimated systematic errors
are summarized in Table II.

TABLE II: Summary of the systematic errors for the branch-
ing fraction measurement.

Source B syst. error (%)
Signal PDF 4.2
Background PDF 8.8
Peaking background 3.8
Btag e!ciency 7.1
Particle identification 1.0
$0 e!ciency 0.5
Tracking e!ciency 0.3
! branching fraction 0.6
MC e!ciency statistics 0.4
K0

L e!ciency 7.3
NB+B! 1.3
Total 14.7

The branching fraction measured here is lower than the
previous Belle result with a hadronic tagging method [6].
Using the first sample of 449!106BB̄ pairs, which corre-
sponds to the data set used in Ref. [6] after reprocessing,
we obtain B(B! " #!"̄" ) = [1.08+0.37

!0.35(stat)] ! 10!4.
Note that the overlap of events between the two anal-
yses is small because the reconstruction e!ciency has
increased by more than a factor of three. Assuming
that all the events used in the previous analysis over-19
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B = [1.79+0.56
�0.49(stat)+0.46

�0.51(syst)]� 10�4

B = [1.80+0.57
�0.54(stat)± 0.26(syst)]� 10�4

B = [1.54+0.38
�0.37(stat)+0.29

�0.31(syst)]� 10�4

B = [1.7± 0.8(stat)± 0.2(syst)]� 10�4

Belle

BaBarHadronic tag

Semileptonic tag Belle

BaBar

HFAG average: B = (1.67 ± 0.30) x 10−4

Summary for B→τν in early 2012

Consistent with a SM expectation B = (1.10 ± 0.30) x 10−4 based on

• fB = (190 ± 13) MeV from HPQCD, PRD80, 014503 (2009),

• |Vub| = (4.15 ± 0.49) x 10−3 from PDG 2012 (b→ulν transitions).
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0 0.5 1 1.5 2 2.5 3

Belle

BaBar

B = [1.54+0.38
�0.37(stat)+0.29

�0.31(syst)]� 10�4

Hadronic tag

Semileptonic tag
B = [1.7± 0.8(stat)± 0.2(syst)]� 10�4

Belle

BaBar

B = [0.72+0.27
�0.25(stat)± 0.11(syst)]� 10�4

B = [1.83+0.53
�0.49(stat)± 0.24(syst)]� 10�4

Comparison of the results

Belle combined: B = (0.96 ± 0.26) x 10−4

BaBar combined: B = (1.79 ± 0.48) x 10−4

Consistent with a SM expectation B = (1.10 ± 0.30) x 10−4 based on

• fB = (190 ± 13) MeV from HPQCD, PRD80, 014503 (2009),

• |Vub| = (4.15 ± 0.49) x 10−3 from PDG 2012 (b→ulν transitions).
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Systematic uncertainties
• BG PDFs: varying the BG 

yields by BR and MC-
statistics errors. 

• KL veto: estimate from 
control samples: D0 → 
φK0S and B→D*0lν

• Btag efficiency: compare BR 
of B→D*0lν with PDG 
value 



Backup for Likelihood

c: index decay channels of tauon
i: index for events
N: number of observed events
x: 
s: signal yield
n: noise yield
f(x): pdf, from MC, control sample verified
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Bsig - τνdecay

Btag – charged hadronic decays

Selection criteria for Btag

Physics hereafter is discussed in the e+e- center-
Of-mass (CM) frame. 
Ecm/2 ～ 5.292GeV 

Candidates with

are selected. 

since                should be close to 

since                  should be small
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Sum of  the remaining energies in the ECAL of neutral clusters that are
NOT associated with either Btag or        from 

Signal events → 0 or small arising from gas in the vacuum

BG events → Large due to the contribution from additional 
     neutral clusters. 

The              signal region (small value)

The              sideband region (large value)

: Data in the sideband

: BG MC in the sideband

Good agreement → validity of the BG MC
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Validity of the             simulation?

 Use control samples instead of signal events.

, since MC predicts that 90% of BG in the signal region comes from this
Process, that is, the              distribution is similar to the signal (B→τν). 

Dots: data

Histogram: MC 

Good agreement → the validity of the  
simulation in the signal MC. 

Bsig is reconstructed as

26



Effects of KL veto

• Background rejection using KL veto: about 
5% improvement in statistical significance

B0-tagged total

without reconstructed KL

with reconstructed KL



KL veto uncertainty
• Efficiency difference in data and MC calibrated by D

0
→ΦKS, Φ→KSKL 

(normalized by Φ→K
+
K
−

).

• Validity checked using B
0
→D

*−
π

+
, D

*−
→Dπ

−
, D→KLπ

0
.

Check done also for B→τν BG in EECL sideband data.




