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B ➝l ν decays in the SM 

  Can be used to measure the B meson decay constant fB assuming Vub 

  Vub (exp.+theo) and fB (theo) uncertainties dominate the SM 
expectation uncertainty: 
  Using fB = 190 ± 13 MeV * and Vub = (3.5 ± 0.4 ) × 10‐3 ** 

BFSM(B →τν) = (0.80 ± 0.20) × 10‐4   

Guglielmo De Nardo ‐ 35th Internation Conference of High Energy Physics ‐ Paris, July 23th 2010 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B ➝l ν decays beyond the SM 

  Additional tree level contribution from a charged Higgs 
  It does not suffer from helicity suppression, but gets the same ml 

dependence from Yukawa coupling 
  Branching fraction theoretical expression depends on the NP model 

Guglielmo De Nardo ‐ 35th Internation Conference of High Energy Physics ‐ Paris, July 23th 2010 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A.G. Akeroyd and S.Recksiegel J.Phys.G29:2311‐2317,2003 

W. S. Hou, Phys. Rev. D 48 (1993) 2342. 

  B ➝ τν measurement already allows 90% exclusion plots in the plane of NP 
parameters MH × tan β 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Past Measurements 

Guglielmo 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Nardo ‐ 35th 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of 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Physics ‐ Paris, July 23th 2010 

B(B → τν) = (1.8+0.9
−0.8(stat.)± 0.4± 0.2)× 10−4

B(B → τν) = (1.79+0.56
−0.49(stat.)+0.46

−0.51)× 10−4

B(B → τν) = (1.54+0.38
−0.37(stat.)+0.29

−0.31)× 10−4

Phys. Rev. D 77, 011107(R) (2008) 

Phys. Rev. D 81,051101(R) (2010) 

Phys. Rev. Lett. 97, 261802 (2006) 

arXiv:1006.4201[hep‐ex] 

BABAR Hadronic tags 

BABAR Semi‐leptonic tags 

BELLE Semi‐leptonic tags 

BELLE Hadronic tags 

B(B → τν) = (1.7± 0.8± 0.2)× 10−4
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Hadronic tags 
  Weak signal signature 

  Decay with missing momentum  
(many neutrinos in the final state) 

  Indirect detection of a τ in final state


  background rejection improved fully 
reconstructing the companion B (tag) with 
charmed hadronic decays 

  Look for signal in the rest of the event 
  Expect to find nothing more than a single 

charged track and no activity in the 
calorimeter 

Guglielmo De Nardo 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Internation Conference of High Energy Physics ‐ Paris, July 23th 2010 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Data Samples 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Hadronic tags 
  B ‐> D(*) X and B ‐> J/ψ X 

with single mode purity P > 
10%  (optimized) 

  In case of multiple B 
candidates select the one 
with smallest |ΔE| 

  Fit with a Crystal Ball 
(correctly reconstructed B)  
+ 2 Argus (combinatorial) 

Guglielmo De Nardo ‐ 35th Internation Conference of High Energy Physics ‐ Paris, July 23th 2010 

5

B is misreconstructed (combinatorial background); this class of events presents a broad mES distribution that can be 45

modeled by means of a phenomenological threshold function (ARGUS function) [10]. 46

If multiple tag B candidates are reconstructed we select the one with the lowest value of |∆E|. The purity P 47

of each reconstructed B decay mode is estimated as the ratio of number of peaking events with mES > 5.27 GeV 48

to the total number of events in the same range. We consider only events with the tag B reconstructed in decay 49

modes with P > 0.1. The yield in data is determined by means of an extended unbinned maximum likelihood fit 50

to the mES distribution, as shown in figure 1. We use as probability density function (PDF) for the combinatorial 51

and continuum background an ARGUS function, and as PDF for correctly reconstructed tag B a Gaussian function 52

with an exponential tail (Crystal Ball function) [11]. Combinatorial and continuum backgrounds in any discriminating 53

variable are estimated from data mES sideband (5.209 GeV < mES < 5.260 GeV) and extrapolated into the signal region 54

(mES > 5.270 GeV) using the results of a fit to an ARGUS function. The B+B− background yield is determined as 55

the peak yield from fits to mES in B+B− MC simulated data. The relative amount of the two categories is determined 56

by the fit to experimental data. 57
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FIG. 1: Fit to the mES distribution in data. Dots are data, the blue curve represents the fitted combinatorial and continuum
background.

After the reconstruction of the tag B , we apply a set of selection criteria on the rest of the event. We require 58

the presence of only one well reconstructed charged track (signal track), with charge opposite to that of the tag B . 59

The τ lepton is reconstructed in one of four decay modes: τ+ → e+νν̄ , τ+ → µ+νν̄ , τ+ → π+ν , τ+ → ρ+ν . 60

We separate the event sample in four categories using particle identification criteria applied to the signal track. The 61

τ+ → ρ+ν sample is obtained by associating the signal track with a π0 reconstructed from a pair of neutral clusters 62

with invariant mass between 115 MeV/c2 and 155 MeV/c2. In order to remove the e+e− → τ+τ− background we 63

impose τ mode dependent requirements, preserving 90 % of the B+ → τ+ντ signal, on the ratio between the 2nd and 64

the 0th Fox-Wolfram moments (R2) [12] calculated on the charged tracks and neutral clusters of the event. 65

In order to reject the continuum and combinatorial background we use discriminating variables on the tag B . The 66

first variable is the momentum in the CM frame p∗M of the D(∗)0 or J/ψ candidate reconstructed from the decay 67

products of the tag B . The second variable is the absolute value of the thrust [13] | &TB| of the tag B . The third 68

εsig,data = R× εsig,MC

R =
εB+B−,data

εB+B−,MC

Correctly reconstructed 

Combinatorial background 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Signal Selec;on 
  Combinatorial and continuum background reduction 

combine 3 variables in a likelihood ratio 
  D momentum, Cos ϑ thrust, Thrust magnitude 

  Exploit kinematics in the signal side  
  Requirement on CMS  momentum for 1 prong modes 
  Combine 4 variables in a Likelihood ratio for τ ππ0


  Most discriminating variable residual energy in the calorimeter (Eextra) 
  Defined as the total energy of clusters passing a minimum energy 

requirement of 60 MeV 
  Used in a maximum likelihood fit to determine the branching fraction 

  Optimized aiming at the smallest statistical + systematic uncertainty 
  By means of toy MC experiments 

Guglielmo De Nardo ‐ 35th Internation Conference of High Energy Physics ‐ Paris, July 23th 2010  8 



Fit strategy 
  Maximum likelihood fit to Eextra distribution 
  Simultaneously on the four τ decay modes 

Guglielmo De Nardo ‐ 35th Internation Conference of High Energy Physics ‐ Paris, July 23th 2010 

Signal PDF taken from signal MC and  
corrected for data/MC disagreements 

Background PDF from  
 data SB  (comb. Background) 
 B+B‐ MC (peak. comp. only) 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FIG. 1: Eextra distribution on data (dots with error bars) with all the selection requirements applied and fit results overlaid.
The hatched histogram is the background, the red component is the signal. Plot (a) shows all the τ decay modes fitted
simultaneously. Lower plots show the projection of the fit result on the four analyzed τ decays: (b) τ+

→ e+νν̄ , (c)
τ+

→ µ+νν̄ , (d) τ+
→ π+ν , (e) τ+

→ ρ+ν .

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

We use an extended unbinned maximum likelihood fit to extract the B+ → τ+ν branching fraction. The likelihood
function for the nk candidates reconstructed in one of the four τ decay modes k is

Lk = e−(ns,k+nb,k)

Nk
∏

i=1

{

ns,kPs
k(Ei,k) + nb,kPb

k(Ei,k)

}

(2)

where ns,k is the signal yield in decay mode k, Nb,k is the background yield in decay mode k, Ei,k is the residual
energy (Eextra) of ith event in mode k, Ps

k is the probability density function of signal events of decay mode k, Pb
k is

the probability density function of background events of decay mode k. The background yields in each decay mode

Signal 
region 

6

variable is the cosine of the angle between the thrust of the tag B and the thrust of the rest of the event cosθTB.
We combine p∗M , | "TB| and cos θTB in a likelihood ratio (LC). The PDFs for the signal modes are estimated from the
signal MC, whereas the PDFs for backgrounds are estimated from mES data sideband.

In order to further reject the background from correctly reconstructed tag B events, we impose a requirement on
center of mass momentum of the signal track for the τ+ → e+νν̄ , τ+ → µ+νν̄ and τ+ → π+ν modes. For the
τ+ → ρ+ν mode we combine in a likelihood ratio (LP ) the following variables: the invariant mass of the signal track
and the π0, the total momentum in the CM frame of the pair |"p∗ρ|, the momentum in the CM frame of the π0, and
the missing mass of the event. The PDFs used in the likelihood ratio for the signal and background are determined
from signal and B+B− MC, respectively.

The most discriminanting variable is Eextra, defined as the sum of the energies of the neutral clusters not associated
with the tag B or with the signal π0 from the τ+ → ρ+ν mode, and passing a minimum energy requirement (60 MeV).
Signal events tend to peak at low Eextra, background events, which contain additional sources of neutral clusters, tend
to distribute at higher values.

We optimize the selection requirements, including the purity P of the tag B and the minimum energy of the neutral
clusters, aiming at the lowest expected uncertainty in the branching fraction fit. In order to estimate the uncertainty,
which includes the statistical and the largest systematics, we run 1000 toy experiments extracted from the background
and signal expected shapes for a set of possible selection requirements, assuming a branching fraction of 1.4× 10−4[?
].

The signal selection requirements are summarized in table ??. The Eextra distribution with all the selection
requirements applied is shown in figure ??.

Variable τ+
→ e+νν̄ τ+

→ µ+νν̄ τ+
→ π+ν τ+

→ ρ+ν
R2 < 0.57 < 0.56 < 0.56 < 0.51
purity > 10% > 10% > 10% > 10%
cluster energy ( MeV) 60 60 60 60
LC > 0.2 > 0 > 0.3 > 0.45
p∗

trk(GeV/c) < 2.1 < 2 > 1.4
LP > 0.8

TABLE I: Optimized signal selection criteria for each τ mode.

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

We use an extended unbinned maximum likelihood fit to extract the B+ → τ+ν branching fraction. The likelihood
function for the nk candidates reconstructed in one of the four τ decay modes k is

Lk = e−(ns,k+nb,k)
Nk
∏

i=1

{

ns,kPs
k(Ei,k) + nb,kPb

k(Ei,k)

}

(2)

where ns,k is the signal yield in decay mode k, nb,k is the background yield in decay mode k, Ei,k is the Eextra value
of ith event in mode k, Ps

k is the probability density function of signal events of decay mode k, Pb
k is the probability

density function of background events of decay mode k. The background yields in each decay mode are permitted to
float independently of each other in the fit, while the signal yields are constrained to a single branching ratio via the
relation:

ns,k = NBB × εtag × εreco,k × BF (3)

where NBB = (4.678 ± 0.051) × 108 is the number of BB pairs in the data sample, εtag is the tagging efficiency,
εreco,k is the τ decay mode dependent reconstruction efficiency, and BF is the B+ → τ+ν branching fraction. The
parameters NBB, εtag, εreco,k are fixed in the fit while the BF is left floating. The reconstruction efficiency εreco,k

is obtained from MC simulation of the signal. We estimated from signal MC simulation a tag B reconstruction
efficiency εtag = 0.2812± 0.0012 corrected for data/MC disagreement estimated using the double tag sample in data
and MC simulation. We used histograms with a bin width of 60 MeV to represent the PDFs Ps

k and Pb
k for signal and

background, respectively. The signal PDFs are obtained using the signal MC simulation. We use the experimental
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products of the tag B . The second variable is the absolute value of the thrust [13] | !TB| of the tag B . The third variable
is the cosine of the angle between the thrust of the tag B and the thrust of the rest of the event cosθTB. We combine
p∗M , | !TB| and cos θTB in a likelihood ratio LC = LS(p∗M , | !TB|, cos θTB)/LS(p∗M , | !TB|, cos θTB) + LS(p∗M , | !TB|, cos θTB)

, where LS/B = (p∗M , | !TB|, cos θTB) = PdfS/B(p∗M ) ∗ PdfS/B(| !TB|) ∗ PdfS/B(cos θTB), S and B denote signal and
background, respectively. The PDFs for the signal modes are estimated from the signal MC, whereas the PDFs for
backgrounds are estimated from mES data sideband.

In order to further reject the background from correctly reconstructed tag B events, we impose a requirement on
center of mass momentum of the signal track for the τ+ → e+νν̄ , τ+ → µ+νν̄ and τ+ → π+ν modes. For the
τ+ → ρ+ν mode we combine in a likelihood ratio (LP ) the following variables: the invariant mass of the signal track
and the π0, the total momentum in the CM frame of the pair |!p∗ρ|, the momentum in the CM frame of the π0, and
the missing mass of the event. The PDFs used in the likelihood ratio for the signal and background are determined
from signal and B+B− MC, respectively.

The most discriminanting variable is Eextra, defined as the sum of the energies of the neutral clusters not associated
with the tag B or with the signal π0 from the τ+ → ρ+ν mode, and passing a minimum energy requirement (60 MeV).
Signal events tend to peak at low Eextra, background events, which contain additional sources of neutral clusters, tend
to distribute at higher values.

We optimize the selection requirements, including the purity P of the tag B and the minimum energy of the neutral
clusters, aiming at the lowest expected uncertainty in the branching fraction fit. In order to estimate the uncertainty,
which includes the statistical and the largest systematics, we run 1000 toy experiments extracted from the background
and signal expected shapes for a set of possible selection requirements, assuming a branching fraction of 1.4×10−4[14].

The signal selection requirements are summarized in table I. The Eextra distribution with all the selection require-
ments applied is shown in figure 2.

Variable τ+
→ e+νν̄ τ+

→ µ+νν̄ τ+
→ π+ν τ+

→ ρ+ν
purity > 10%
cluster energy ( MeV) 60
R2 < 0.57 < 0.56 < 0.56 < 0.51
LC > 0.2 > 0 > 0.3 > 0.45
p∗

trk(GeV/c) < 2.1 < 2 > 1.4
LP > 0.8

TABLE I: Optimized signal selection criteria for each τ mode.

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

We use an extended unbinned maximum likelihood fit to extract the B+ → τ+ν branching fraction. The likelihood
function for the nk candidates reconstructed in one of the four τ decay modes k is

Lk = e−(ns,k+nb,k)
Nk
∏

i=1

{

ns,kPs
k(Ei,k) + nb,kPb

k(Ei,k)

}

(2)

where ns,k is the signal yield in decay mode k, nb,k is the background yield in decay mode k, Ei,k is the Eextra value
of ith event in mode k, Ps

k is the probability density function of signal events of decay mode k, Pb
k is the probability

density function of background events of decay mode k. The background yields in each decay mode are permitted to
float independently of each other in the fit, while the signal yields are constrained to a single branching ratio via the
relation:

ns,k = NBB × εk × BF (3)

where NBB = (4.678±0.051)×108 is the number of BB pairs in the data sample, εk is is the τ decay mode dependent
reconstruction efficiency, and BF is the B+ → τ+ν branching fraction. The parameters NBB and εk are fixed in
the fit while the BF is left floating. The reconstruction efficiencies εk, which include the τ branching fractions, are
obtained from MC simulation of the signal. Since the tag B reconstruction efficiency is included in εk and is estimated
form the signal MC, we applied a correction factor Rdata/MC = 0.926± 0.010 to take into account possible data/MC
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Eextra valida;on on double tags 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FIG. 1: Eextra distribution on data (dots with error bars) with all the selection requirements applied and fit results overlaid.
The hatched histogram is the background, the red component is the signal. Plot (a) shows all the τ decay modes fitted
simultaneously. Lower plots show the projection of the fit result on the four analyzed τ decays: (b) τ+

→ e+νν̄ , (c)
τ+

→ µ+νν̄ , (d) τ+
→ π+ν , (e) τ+

→ ρ+ν .

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

We use an extended unbinned maximum likelihood fit to extract the B+ → τ+ν branching fraction. The likelihood
function for the nk candidates reconstructed in one of the four τ decay modes k is

Lk = e−(ns,k+nb,k)

Nk
∏

i=1

{

ns,kPs
k(Ei,k) + nb,kPb

k(Ei,k)

}

(2)

where ns,k is the signal yield in decay mode k, Nb,k is the background yield in decay mode k, Ei,k is the residual
energy (Eextra) of ith event in mode k, Ps

k is the probability density function of signal events of decay mode k, Pb
k is

the probability density function of background events of decay mode k. The background yields in each decay mode

B(B → τν) = 1.80+0.57
−0.54 × 10−4

3.6 σ


5

B is misreconstructed (combinatorial background); this class of events presents a broad mES distribution that can be 45

modeled by means of a phenomenological threshold function (ARGUS function) [10]. 46

If multiple tag B candidates are reconstructed we select the one with the lowest value of |∆E|. The purity P 47

of each reconstructed B decay mode is estimated as the ratio of number of peaking events with mES > 5.27 GeV 48

to the total number of events in the same range. We consider only events with the tag B reconstructed in decay 49

modes with P > 0.1. The yield in data is determined by means of an extended unbinned maximum likelihood fit 50

to the mES distribution, as shown in figure 1. We use as probability density function (PDF) for the combinatorial 51

and continuum background an ARGUS function, and as PDF for correctly reconstructed tag B a Gaussian function 52

with an exponential tail (Crystal Ball function) [11]. Combinatorial and continuum backgrounds in any discriminating 53

variable are estimated from data mES sideband (5.209 GeV < mES < 5.260 GeV) and extrapolated into the signal region 54

(mES > 5.270 GeV) using the results of a fit to an ARGUS function. The B+B− background yield is determined as 55

the peak yield from fits to mES in B+B− MC simulated data. The relative amount of the two categories is determined 56

by the fit to experimental data. 57
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FIG. 1: Fit to the mES distribution in data. Dots are data, the blue curve represents the fitted combinatorial and continuum
background.

After the reconstruction of the tag B , we apply a set of selection criteria on the rest of the event. We require 58

the presence of only one well reconstructed charged track (signal track), with charge opposite to that of the tag B . 59

The τ lepton is reconstructed in one of four decay modes: τ+ → e+νν̄ , τ+ → µ+νν̄ , τ+ → π+ν , τ+ → ρ+ν . 60

We separate the event sample in four categories using particle identification criteria applied to the signal track. The 61

τ+ → ρ+ν sample is obtained by associating the signal track with a π0 reconstructed from a pair of neutral clusters 62

with invariant mass between 115 MeV/c2 and 155 MeV/c2. In order to remove the e+e− → τ+τ− background we 63

impose τ mode dependent requirements, preserving 90 % of the B+ → τ+ντ signal, on the ratio between the 2nd and 64

the 0th Fox-Wolfram moments (R2) [12] calculated on the charged tracks and neutral clusters of the event. 65

In order to reject the continuum and combinatorial background we use discriminating variables on the tag B . The 66

first variable is the momentum in the CM frame p∗M of the D(∗)0 or J/ψ candidate reconstructed from the decay 67

products of the tag B . The second variable is the absolute value of the thrust [13] | &TB| of the tag B . The third 68
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FIG. 1: Eextra distribution on data (dots with error bars) with all the selection requirements applied and fit results overlaid.
The hatched histogram is the background, the red component is the signal. Plot (a) shows all the τ decay modes fitted
simultaneously. Lower plots show the projection of the fit result on the four analyzed τ decays: (b) τ+

→ e+νν̄ , (c)
τ+

→ µ+νν̄ , (d) τ+
→ π+ν , (e) τ+

→ ρ+ν .

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

We use an extended unbinned maximum likelihood fit to extract the B+ → τ+ν branching fraction. The likelihood
function for the nk candidates reconstructed in one of the four τ decay modes k is

Lk = e−(ns,k+nb,k)

Nk
∏

i=1

{

ns,kPs
k(Ei,k) + nb,kPb

k(Ei,k)

}

(2)

where ns,k is the signal yield in decay mode k, Nb,k is the background yield in decay mode k, Ei,k is the residual
energy (Eextra) of ith event in mode k, Ps

k is the probability density function of signal events of decay mode k, Pb
k is

the probability density function of background events of decay mode k. The background yields in each decay mode

 τ   e ν ν
  τ   µ ν ν


 τ   π ν
  τ   π π0 ν
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Decay Mode ε × 10−4 BF (×10−4) Sign. σ
τ+

→ e+νν̄ 2.73 0.39+0.89
−0.79 0.5

τ+
→ µ+νν̄ 2.92 1.23+0.89

−0.80 1.6
τ+

→ π+ν 1.55 4.0+1.5
−1.3 3.3

τ+
→ ρ+ν 0.85 4.3+2.2

−1.9 2.6
combined 8.05 1.80+0.57

−0.54 3.6

TABLE II: Reconstruction efficiency ε, measured branching fractions and statistical significance obtained from the fit with all
the modes separately and constrained to the same branching fraction. The τ decay mode branching fractions are included in
the efficiencies.

in addition to a reconstructed tag B, a second non-overlapping B is reconstructed in an hadronic or a semileptonic
decay mode. In order to estimate the correction to the signal PDF, we compared the distribution of Eextra on the
double tags sample from experimental data and MC simulation. The distributions are normalized to the same area
and the comparison is shown in figure ??. We correct the signal PDF taking the ratio of the two distributions. We
also correct the tagging efficiency taking the ratio of the peaking component of the mESdistribution of the hadronic
tag B in data and in MC simulation events, obtaining a correction Rdata/MC = 0.926 ± 0.010.

We take the PDF of the combinatorial background from the mES sideband. The contribution of this component
in the signal region is obtained by fitting the mES distribution after the selection has been applied. The shape of
the peaking background is taken from B+B− MC in the signal region, after the intrinsic combinatoric background
has been subtracted by a fit to mES, to avoid double counting (already estimated from experimental data). The two
background components are added together in a single background PDF. We finally apply a smoothing procedure on
the total background template to avoid problems related to the low statistics of the MC. We exclude the first bin
(zero energy events) from the smoothing procedure to preserve the ratio between zero energy events and non-zero
energy events.

We estimate the branching fraction minimizing −2lnL, where L is the likelihood function in equation ??. The
projections of the fit results are shown in figure ?? We observe a significant excess of events with respect to the expected
backgrounds and measure a branching fraction B(B+ → τ+ντ ) = (1.80+0.57

−0.54) × 10−4. We evaluate the significance of

the observed signal as S =
√

2ln(Ls+b/Lb), where Ls+b and Ls denotes the obtained maximum likelihood value and
the likelihood value assuming background only. Table ?? summarizes the results from the fit.

SYSTEMATICS

The dominant source of systematic uncertainty is the background PDF, due the finite statistics of the B+B− MC
simulated sample, used to estimate B+B− background PDF and of the mES data sideband, used to estimate the
combinatorial and continuum backgrounds. In order to estimate the systematic uncertainty we repeat the fit of the
branching fraction with 1000 variations of the background PDF, varying each bin within the statistical error, and
assign 12% as systematic uncertainty.

The signal PDF is obtained from a high statistics signal MC simulation sample, corrected for possible data/MC
disagreement. We extract a correction function comparing the Eextra distributions in a double tags sample of data
and MC and taking the ratio of the two distributions and fitting the ratio with a second order polynomial. Varying
the fitted parameters within their uncertainty and repeating the fit to the B+ → τ+ντ branching fraction we observe
a 1.7 % variation that we take as the systematic uncertainty on the signal shape.

Uncertainty in the differences between data and MC in the tracking and neutral reconstruction efficiencies reflects
in the uncertainty in the central value of the branching fraction. The difference of the tracking efficiency is estimated
with a control sample of high momentum tracks from e+e− → τ+τ− events to be 0.5% per track. Since there is only
one signal track candidate in all four τ decay modes in the B+ → τ+ντ signal, we use this value as the uncertainty
due to tracking efficiency. We accept events with one extra low pT charged track. Comparing the multiplicity of low
pT charged tracks from the double tags sample in data and in MC, we estimate the systematic uncertainty to be 1.3%.
Adding in quadrature the two uncertainties we estimate the the systematic error to be 1.4 %.

Other systematic uncertainties on the efficiency stem from the finite signal MC statistics (0.8%), the uncertainty
in the tag B efficiency correction (5.0%), the electron identification (2.6%), muon identification (4.7%).

The systematic uncertainties are summarized in Table ??.
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B(B → τν) = (1.80+0.57
−0.54 ± 0.26)× 10−4
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FIG. 3: Eextra distribution for double tags. The second B is reconstructed in hadronic decays (left plot) or semileptonic decays
(right plot). Points are data, histograms are MC simulation.

Source of systematics BF uncertainty (%)
B counting 0.5
Tag B efficiency 5.0
Background PDF 12
Signal PDF 1.7
MC statistics 0.8
Electron identification 2.6
Muon identification 4.7
Kaon identification 0.4
Tracking 1.4
Total 14

TABLE III: Contributions to systematic uncertainty on the branching fraction.

CONCLUSIONS 145

In summary, we have measured the branching fraction of the decay B+ → τ+ντ using a tagging algorithm based 146

on the reconstruction of hadronic B decays on a data sample containg 468× 106 BB pairs collected with the BABAR 147

detector at the PEP-II. We measure the branching fraction to be B(B+ → τ+ντ ) = (1.80+0.57
−0.54(stat.)± 0.26(syst.)) × 148

10−4, exluding a null hypothesis at the level of 3.6 standard deviations. This result supersedes that of the previous 149

work [4]. Combining this result with the other BABAR measurement of B(B+ → τ+ντ ) derived from a statistically 150

independent sample [5], we obtain a single BABAR result B(B+ → τ+ντ ) = (1.76 ± 0.49) × 10−4. 151
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Results for semi‐leptonic tags 

freedom of 2:02=3, or a probability of 57%, and is per-
formed using branching fractions computed with Eq. (2).
In the context of the SM, we determine that f2B ¼ ð62#
31Þ % 103 MeV2, where the uncertainty arises dominantly
from this measurement and jVubj.

We obtain a single BABAR result for Bþ ! !þ"! by
combining this result with BðBþ ! !þ"!Þ ¼ ð1:8þ1:0

'0:9Þ %

10'4, which is derived from a statistically-independent
sample using tag B mesons decaying into fully hadronic
final states [16]. We use a simple error-weighted average,
since the correlated systematics (mainly due to particle
identification, charged particle tracking, and Eextra) have
a negligible impact on the combination. We obtain
BðBþ ! !þ"!Þ ¼ ð1:7# 0:6Þ % 10'4, which excludes
zero at the 2:8# level. Both this and the combined results
are consistent with the SM prediction.
In conclusion, we have used the complete BABAR data

sample to search for the purely leptonic B meson decay
Bþ ! ‘þ" using a semileptonic B decay tagging tech-
nique. We measure BðBþ ! !þ"!Þ ¼ ð1:7# 0:8#
0:2Þ % 10'4 and exclude the null hypothesis at the level
of 2:3#. We find results consistent with the background
predictions for the decays Bþ ! $þ"$ and Bþ ! eþ"e.
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FIG. 2 (color online). Eextra after all selection criteria have
been applied for each final state. Shown are data (black points),
background MC simulation (gray shaded), and signal MC simu-
lation (dotted line) normalized to 10 times the expected branch-
ing fraction (106 times for Bþ ! eþ"e). The background MC
simulation is luminosity normalized and corrected for the data/
MC ratio in the Eextra sideband; the rectangles represent the MC
simulation statistical uncertainty. In (a–d), the vertical dashed
line indicates the signal region boundary. In (f–g) the first bin is
the signal region.

TABLE IV. The expected background, observed events in data,
and branching fraction results, determined as described in the
text.

Mode N data
bg Nobs Branching fraction ð%10'4Þ

!þ ! eþ"e !"! 81# 12 121 ð3:6# 1:4Þ
!þ ! $þ"$ !"! 135# 13 148 ð1:3þ1:8

'1:6Þ
!þ ! %þ !"! 59# 9 71 ð2:1þ2:0

'1:8Þ
!þ ! &þ !"! 234# 19 243 ð0:6þ1:4

'1:2Þ
Bþ ! !þ"! 509# 30 583 ð1:7# 0:8# 0:2Þ
Bþ ! $þ"$ 13# 8 12 <0:11 (90% C.L.)
Bþ ! eþ"e 24# 11 17 <0:08 (90% C.L.)
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freedom of 2:02=3, or a probability of 57%, and is per-
formed using branching fractions computed with Eq. (2).
In the context of the SM, we determine that f2B ¼ ð62#
31Þ % 103 MeV2, where the uncertainty arises dominantly
from this measurement and jVubj.

We obtain a single BABAR result for Bþ ! !þ"! by
combining this result with BðBþ ! !þ"!Þ ¼ ð1:8þ1:0

'0:9Þ %

10'4, which is derived from a statistically-independent
sample using tag B mesons decaying into fully hadronic
final states [16]. We use a simple error-weighted average,
since the correlated systematics (mainly due to particle
identification, charged particle tracking, and Eextra) have
a negligible impact on the combination. We obtain
BðBþ ! !þ"!Þ ¼ ð1:7# 0:6Þ % 10'4, which excludes
zero at the 2:8# level. Both this and the combined results
are consistent with the SM prediction.
In conclusion, we have used the complete BABAR data

sample to search for the purely leptonic B meson decay
Bþ ! ‘þ" using a semileptonic B decay tagging tech-
nique. We measure BðBþ ! !þ"!Þ ¼ ð1:7# 0:8#
0:2Þ % 10'4 and exclude the null hypothesis at the level
of 2:3#. We find results consistent with the background
predictions for the decays Bþ ! $þ"$ and Bþ ! eþ"e.
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FIG. 2 (color online). Eextra after all selection criteria have
been applied for each final state. Shown are data (black points),
background MC simulation (gray shaded), and signal MC simu-
lation (dotted line) normalized to 10 times the expected branch-
ing fraction (106 times for Bþ ! eþ"e). The background MC
simulation is luminosity normalized and corrected for the data/
MC ratio in the Eextra sideband; the rectangles represent the MC
simulation statistical uncertainty. In (a–d), the vertical dashed
line indicates the signal region boundary. In (f–g) the first bin is
the signal region.

TABLE IV. The expected background, observed events in data,
and branching fraction results, determined as described in the
text.

Mode N data
bg Nobs Branching fraction ð%10'4Þ

!þ ! eþ"e !"! 81# 12 121 ð3:6# 1:4Þ
!þ ! $þ"$ !"! 135# 13 148 ð1:3þ1:8
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Bþ ! $þ"$ 13# 8 12 <0:11 (90% C.L.)
Bþ ! eþ"e 24# 11 17 <0:08 (90% C.L.)
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Conclusions 

 Updated the B  τν measurement to the full BABAR 
dataset with hadronic B tags 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 Excluding the null hypothesis at the 3.6 σ level

  Supersedes our previous measurement in Phys. Rev. D 77, 011107(R) (2008) 

 Combining with the measurement with semi‐leptonic 
tags we present a single BABAR measurement of 

B(B → τν) = (1.80+0.57
−0.54 ± 0.26)× 10−4 PRELIMINARY 

B(B → τν) = (1.76± 0.49)× 10−4 PRELIMINARY 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Selec;on op;miza;on 
  We optimized the selection criteria taking into account statistical + 

largest systematic uncertainty in signal and background PDF 
  Fitting toy experiments generated with nominal probability density 

functions to estimate the expected statistical uncertainties 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In order to further reject background from correctly reconstructed tag B , we impose a re-
quirement on center of mass momentum of the signal track for the τ+ → e+νν̄ , τ+ → µ+νν̄ and
τ+ → π+ν modes. For the τ+ → ρ+ν mode we combine in a likelihood ratio (LP ) the following
variables: the invariant mass of the π0 and the signal track pair mρ, the total momentum in the
CM frame of the pair |%p∗ρ|, the momentum in the CM frame of the π0, and the missing mass of the
event. The PDFs used in the likelihood ratio for the signal and background are determined from
signal and B+B− MC, respectively.

The most discriminant variable is Eextra, defined as the sum of the energies of the neutral
clusters not associated with the tag B or with the signal π0 from the τ+ → ρ+ν mode, and passing
a minimum energy requirement of 60 MeV. Signal events tend to peak at low energy, background
events, which contain additional sources of neutral clusters, tend to distribute at higher values.

We optimize the selection requirements, including the purity P of the tag B and the minimum
energy of the neutral clusters, aiming at the lowest expected uncertainty in the branching fraction
fit. In order to estimate the uncertainty, which includes the statistical and the largest systematics,
we run 1000 toy experiments extracted from the background and signal expected shapes for a set
of possible selection requirements, assuming a branching fraction of 1.4 × 10−4[?].

The signal selection requirements are summarized in table 1. Eextra distribution with all the
selection requirements applied is shown in figure 1.

Variable τ+ → e+νν̄ τ+ → µ+νν̄ τ+ → π+ν τ+ → ρ+ν
R2 < 0.57 < 0.56 < 0.56 < 0.51
purity > 10% > 10% > 10% > 10%
LC > 0.2 > 0 > 0.3 > 0.45
p∗trk(GeV/c) < 2.1 < 2 > 1.4
LP > 0.8

Table 1: Optimized signal selection criteria for each τ mode.

4 Branching Fraction measurement procedure and results

We use an extended unbinned maximum likelihood fit to extract the B+ → τ+ν branching fraction.
The likelihood function for the Nk candidates reconstructed in one of the four τ decay modes k is

Lk = e−ns,k+nb,k

Nk
∏

i=1

{

ns,kPs
k(Ei,k) + nb,kPb

k(Ei,k)
}

(2)

where ns,k is the signal yield in decay mode k, Nb,k is the background yield in decay mode k, Ei,k is
the residual energy (Eextra) of i-th event in mode k, Ps

k is the probability density function of signal
events of decay mode k, Pb

k is the probability density function of background events of decay mode
k. The background yields in each decay mode are left floated independently of each other in the
fit, while the signal yields are constrained to a single branching ratio via the relation:

ns,k = NBB × εtag × εreco,k × BF (3)

4

τ decay branching

channel fraction (%)

eνν̄ 17.78

µνν̄ 17.31

πν 10.95

ρν 25.31

other 28.65

Table 21: Branching fractions of the τ decays usend in the signal MonteCarlo.

mode eνν̄(%) µνν̄(%) πν(%) ρν(%)
eνν̄ 58.1±0.5 0.39±0.06 0.21±0.04 0.01±0.01
µνν̄ 0.02±0.01 55.7±0.5 1.02±0.09 0.04±0.02
πν 0.17±0.05 2.8±0.2 37.1±0.6 1.8±0.2
ρν 0.33±0.04 3.2±0.1 5.8±0.2 9.6±0.2
other 0.18±0.03 1.4±0.1 0.74±0.06 2.1±0.1
all τ dec.: 10.5±0.5 11.2±0.5 6.0±0.6 3.2±0.3
total: 30.9±1.0

Table 22: Efficiency of different selections (columns) for the most relevant τ decay channels (rows). The last
two rows show the total efficiency of the single selections, weighted by the tau decay branching fractions,
and the total efficiency. The uncertainty are statistical only.

6.3.1 Peaking background study

We analyze the peaking background passing the selection requirements, looking at the Monte

Carlo truth to identify the contribution from different B decays. In tables 23-26 we report the

ratio of each different contribution for the background events that passes the selection, both for

Eextra60 < 2.0 GeV and for Eextra60 < 0.4 GeV. In fig.34-37 we report the break-down of the
peaking background, distributed in Eextra . We select the peaking component of the background

fromB+B− Monte Carlo using the same Truth-matching requirements we described in subsection

3.4.
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