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n Currently, tension between
n Inclusive

|Vub| = (4.27 ± 0.38) × 10-3

n Exclusive
|Vub| = (3.38 ± 0.36) × 10-3

PDG 2010
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Inclusive |Vub|

n Hadronic Btag (ε = 0.3-0.5%) + e/µ 
n Combinatorial background subtracted
n Xcℓν background reduced

n D*ℓν, KS, K±  vetoes
n  

n Xcℓν bkg. corrected in signal depleted sample
n Vetoes reversed

3

Btag

Bsig

ν̄�
�−

e−

e+
D(∗)

X

9

B → Xc!ν̄ and 95.3% for “other”.511

TABLE II: Comparison of the cumulative selection efficiencies
for samples of signal B → Xu!ν̄ decays and B → Xc!ν̄ and
other backgrounds. The efficiencies are relative to the sample
of Breco-tagged events with a charged lepton.

Selection B → Xu!ν̄ B → Xc!ν̄ other
Only one lepton 99.3% 98.1% 95.8%
Total charge Q=0 65.5% 52.9% 49.1%
MM 2 44.2% 17.8% 17.8%
D∗!ν̄ (π+

s ) Veto 40.6% 9.9% 14.4%
D∗!ν̄ (π0

s) Veto 34.8% 6.3% 9.1%
Kaon Veto 33.8% 2.2% 4.7%

On the basis of the kaon and the D∗ veto, two data512

samples are defined:513

• signal-enriched: events that pass both vetoes; this514

sample is used to extract the signal;515

• signal-depleted: events rejected by at least one veto;516

they are used as control sample to check the agree-517

ment between data and simulated backgrounds, in-518

cluding the poorly understood B → D∗∗!ν̄ decays.519

D. Subtraction of combinatorial background520

The subtraction of the combinatorial background of521

the Breco tag for the signal and normalization samples522

relies on unbinned maximum-likelihood fits to the mES523

distributions. For signal decays the goal is to extract the524

distributions in the kinematic variables p∗! , MX , q2, and525

P+. Because the shapes and relative yields of the sig-526

nal and background contribution depend on the values527

of these kinematic variables, the continuum and combi-528

natorial background subtraction is performed separately529

for subsamples corresponding to events in bins of distri-530

butions of these variables. This results in more accurate531

spectra than a single fit to the full sample of events in532

each selected region of phase space.533

For the normalization sample the fit is performed for534

the full event sample, separately for B0 and B± tags.535

The mES distribution for the combinatorial Breco back-536

ground can be described by an ARGUS function [41],537

fbkg = Nagm
√

1 − m2e−ξ(1−m2), (3)

where m = mES/mES
max and mES

max is the endpoint of538

the mES distribution which depends on the beam energy,539

and ξ determines the shape of the function.540

For signal events, the mES distribution resembles a541

resolution function peaking at the B meson mass with542

a slight tail to lower masses. Usually the mES distri-543

bution is empirically described by a Crystal Ball func-544

tion [42], but this ansatz turned out to be inadequate for545

this data set because the Breco sample is composed of546

many individual decay modes with different resolutions.547

We therefore followed an approach previously tried on 548

BABAR data [43] and built a more general function, using 549

a Gaussian function, fg(x) = e−x2/2, and the derivative 550

of tanhx, ft = e−x/(1 + e−x), to arrive at 551

fsig(∆) =











C2

(C3−∆)n if ∆ < α
C1

σL
ft( ∆

σL
) if α ! ∆ < 0

r
σ1

ft(
∆
σ1

) + 1−r
σ2

fg(
∆
σ2

) if ∆ " 0.

(4)

Here ∆ = mES − mES, where mES is the maximum of 552

the mES distribution. C1, C2 and C3 are functions of the 553

parameters mES, r, σ1, σ2, σL, α and n and they ensure 554

the continuity of fsig. 555

Given the very large number of parameters, we first 556

perform a fit to samples covering the full kinematic range 557

and determine all parameters describing this rather com- 558

plex function fsig and the ARGUS function. We then 559

repeat the fit for events in each bin of the distribution of 560

kinematic variables, with only the relative normalization 561

of the signal and background and the shape parameter 562

ξ of the ARGUS function as free parameters. Figure 2 563

shows the mES distribution for the inclusive semileptonic 564

sample, separately for charged and neutral B mesons. 565
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FIG. 2: The mES distribution for the inclusive semileptonic
sample, for fully reconstructed in a hadronic decays of (a)
B± and (b) B0 mesons. The solid line marks the result of
the maximum-likelihood fit to signal and combinatorial back-
grounds, the dashed line indicate the shape of the background
described by an ARGUS function.

We derive a correction for flavor mixing neutral B 566

mesons from separate MC samples of charged B’s, un- 567

mixed neutral B’s, mixed neutral B’s, and the mixing 568

parameter χd = 0.188± 0.002, compatible with the 2008 569

PDG value [33]. 570

To test the fitting procedure we apply it to MC simu- 571

lated mES distributions obtained by the same event selec- 572

tion. These fits reproduce the combinatorial background 573

yield within the statistical errors. 574

M2
X = P 2

X = E2
X − p2X

Comb. background

To be submitted to Phys. Rev. D

q2 = (P� + Pν)
2

Kinematic variables

MM2 =
�
Pe+e− − PBtag − PX − P�

�2

MM2 < 0.5 GeV2

Btag + �

selected
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Inclusive |Vub|

n Yields determined by fits 
to 7 phase space regions
n Xuℓν and Xcℓν fitted

n Most precise result
n 2D: q2 - MX

n p*ℓ  > 1 GeV
n  
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FIG. 3: Measured distributions (data points) of (a) MX , (b) P+, (c) q2 with MX < 1.7 GeV/c2 and (d) p∗
! . Upper row:

Comparison with the result of the χ2 fit with varying bin size for the sum of two scaled MC contributions (histograms):
B → Xu"ν̄ decays generated inside (white) or outside (light shading) the selected kinematic region, and the background (dark
shading). Lower row: corresponding spectra with equal bin size after background subtraction based on the fit. The data are
not efficiency corrected.
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FIG. 4: Projections of measured distributions (data points) of (a) q2 (b) MX with varying bin size. Upper row: Comparison
with the result of the χ2 fit to the two-dimensional MX - q2 distribution for the sum of two scaled MC contributions (histograms):
B → Xu"ν̄ decays (white) and the background (dark shading). Lower row: corresponding spectra with equal bin size after
background subtraction based on the fit. The data are not efficiency corrected.

ing fractions are related to measured ones as follows:671

N0
meas = PB0

true→B0
reco

· N0
true + PB±

true→B0
reco

· N±
true,

N±
meas = PB0

true→B±
reco

· N0
true + PB±

true→B±
reco

· N±
true,

where the probabilities P ’s are computed using672

Monte Carlo events. The probabilities of cross-feeds,673

PB±
true→B0

reco
and PB0

true→B±
reco

, are typically of the or-674

der of 2 − 3%. 675

Figure 5 shows the q2 distributions of B → Xu!ν̄ 676

events after background subtraction, for charged and 677

neutral B decays, with MX < 1.7 GeV/c2; fit results 678

are given in Table IV. 679

χ2/ndof = 31.0/29

Xuℓν
Xcℓν

Xcℓν 
subtracted

Xcℓν 
subtracted

q2(GeV2/c4) MX(GeV/c2)

Xuℓν yield 
1441 ± 102

To be submitted to Phys. Rev. D
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FIG. 3: Measured distributions (data points) of (a) MX , (b) P+, (c) q2 with MX < 1.7 GeV/c2 and (d) p∗
! . Upper row:

Comparison with the result of the χ2 fit with varying bin size for the sum of two scaled MC contributions (histograms):
B → Xu"ν̄ decays generated inside (white) or outside (light shading) the selected kinematic region, and the background (dark
shading). Lower row: corresponding spectra with equal bin size after background subtraction based on the fit. The data are
not efficiency corrected.
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ing fractions are related to measured ones as follows:671

N0
meas = PB0

true→B0
reco

· N0
true + PB±

true→B0
reco

· N±
true,

N±
meas = PB0

true→B±
reco

· N0
true + PB±

true→B±
reco

· N±
true,

where the probabilities P ’s are computed using672

Monte Carlo events. The probabilities of cross-feeds,673

PB±
true→B0

reco
and PB0

true→B±
reco

, are typically of the or-674

der of 2 − 3%. 675

Figure 5 shows the q2 distributions of B → Xu!ν̄ 676

events after background subtraction, for charged and 677

neutral B decays, with MX < 1.7 GeV/c2; fit results 678

are given in Table IV. 679

χ2/ndof = 31.0/29

Xuℓν
Xcℓν

Xcℓν 
subtracted

Xcℓν 
subtracted

q2(GeV2/c4) MX(GeV/c2)

Xuℓν yield 
1441 ± 102

QCD Calculation |Vub|(10−3)

BLNP 4.27± 0.15± 0.18+0.23
−0.20

DGE 4.34± 0.16± 0.18+0.22
−0.15

GGOU 4.29± 0.15± 0.18+0.11
−0.14

ADFR 4.35± 0.19± 0.20+0.15
−0.15

Average 4.31± 0.25± 0.16

Uncertainty: 5.8% experimental, 3.7% theory

Bosch et al. (BLNP), Phys. Rev. D 72, 073006 (2005)
Andersen et al. (DGE), JHEP 0601, 097 (2006)

Gambino et al. (GGOU), JHEP 0710, 058 (2007)
Aglietti et al. (ADFR), Eur. Phys. J. C 59, 831 (2009)

To be submitted to Phys. Rev. D



Manuel Franco Sevilla Slide|Vub| and B → D(∗)τν at BaBar

n Neural network
n S/B = 0.20   -   Efficiency 7.0%
n Combined fit to (π-/π0/ρ-/ρ0)ℓν
n 6 bins of q2

Exclusive |Vub|: B→πℓν

5

Phys. Rev. D83, 032007 (2011) Phys. Rev. D83, 052011 (2011)

IV. BACKGROUNDS AND SIGNAL EXTRACTION

Backgrounds can be broadly grouped into three main
categories: decays arising from b ! u‘! transitions (other
than the signal), decays in other B !B events (excluding
b ! u‘!), and decays in continuum events. For the
B0 ! "!‘þ! mode only, in which there are many events,
each of the first two categories is further split into a
background category where the pion and the lepton come
from the decay of the same B, and a background category
where the pion and the lepton come from the decay of
different B mesons.

Given the sufficient number of events for the "‘!
decay mode, the data samples can be subdivided into 12
bins of q2 for the signal and two bins for each of the five
background categories. Two bins are used for each back-
ground category since the background q2 spectra are not
that well known and need to be adjusted in the fit when the
number of events is sufficiently large to permit it. The q2

ranges of the background binning for the B0 ! "!‘þ!
decay are ½0; 18; 26:4$ GeV2 for the b ! u‘! same B
category, ½0; 22; 26:4$ GeV2 for the b ! u‘! both B cate-
gory, ½0; 10; 26:4$ GeV2 for the other B !B same B category,
½0; 14; 26:4$ GeV2 for the other B !B both B category
and ½0; 22; 26:4$ GeV2 for the continuum category. In
each case, the q2 ranges of the two bins are chosen to
contain a similar number of events. All the signal and
background events, in each q2 bin, are fitted simulta-
neously. For the #ð0Þ‘! modes, a smaller number of events

leads us to restrict the signal and each of the three back-
ground categories to a single q2 bin, except for the signal in
the #‘! mode when # ! $$, which is investigated in
three bins of q2.
We use the "E-mES histograms, obtained from the MC

simulation as two-dimensional probability density func-
tions (PDFs), in our fit to the data to extract the yields of
the signal and backgrounds as a function of q2. As an initial
estimate, the MC continuum background yield and
q2-dependent shape are first normalized to match the yield
and q2-dependent shape of the off-resonance data control
sample. This results in a large statistical uncertainty due to
the small number of events in the off-peak data. To im-
prove the statistical precision, the continuum background,
initially normalized to the off-peak data, is allowed to vary
in the fit to the data for the "‘! and #‘!ð$$Þ modes,
where we have a large number of events. The fit result is
compatible with the off-peak prediction within, at most,
1 standard deviation. Because of an insufficient number of
events, the b ! u‘! background is fixed in the fit for the
#ð0Þ‘! modes, and the continuum contribution is also fixed
for the #‘!ð3"Þ and #0‘!modes. Whenever a background
is not varied in the fit, it is fixed to the MC prediction,
except for the continuum background which is fixed to its
normalized yield and q2-dependent shape using the off-
resonance data. The background parameters which are free
in the fit require an adjustment of less than 10% with
respect to the MC predictions. For illustration purposes
only, we show in Fig. 3 "E and mES fit projections in the
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FIG. 2 (color online). Distributions in the signal region for the
q2-dependent selections used in the analysis of B0 ! "!‘þ!
decays. The arrows indicate the rejected regions. All the selec-
tions have been applied except for the one of interest. In each
panel, the signal area is scaled to the area of the total back-
ground.
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FIG. 3 (color online). Projections of the data and fit results for
the B0 ! "!‘þ! decays, in the signal-enhanced region:
(a,b) mES with !0:16<"E< 0:20 GeV and (c,d) "E with
mES > 5:268 GeV. The distributions (a,c) and (b,d) are projec-
tions for q2 < 16 GeV2 and for q2 > 16 GeV2, respectively.
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IV. BACKGROUNDS AND SIGNAL EXTRACTION

Backgrounds can be broadly grouped into three main
categories: decays arising from b ! u‘! transitions (other
than the signal), decays in other B !B events (excluding
b ! u‘!), and decays in continuum events. For the
B0 ! "!‘þ! mode only, in which there are many events,
each of the first two categories is further split into a
background category where the pion and the lepton come
from the decay of the same B, and a background category
where the pion and the lepton come from the decay of
different B mesons.

Given the sufficient number of events for the "‘!
decay mode, the data samples can be subdivided into 12
bins of q2 for the signal and two bins for each of the five
background categories. Two bins are used for each back-
ground category since the background q2 spectra are not
that well known and need to be adjusted in the fit when the
number of events is sufficiently large to permit it. The q2

ranges of the background binning for the B0 ! "!‘þ!
decay are ½0; 18; 26:4$ GeV2 for the b ! u‘! same B
category, ½0; 22; 26:4$ GeV2 for the b ! u‘! both B cate-
gory, ½0; 10; 26:4$ GeV2 for the other B !B same B category,
½0; 14; 26:4$ GeV2 for the other B !B both B category
and ½0; 22; 26:4$ GeV2 for the continuum category. In
each case, the q2 ranges of the two bins are chosen to
contain a similar number of events. All the signal and
background events, in each q2 bin, are fitted simulta-
neously. For the #ð0Þ‘! modes, a smaller number of events

leads us to restrict the signal and each of the three back-
ground categories to a single q2 bin, except for the signal in
the #‘! mode when # ! $$, which is investigated in
three bins of q2.
We use the "E-mES histograms, obtained from the MC

simulation as two-dimensional probability density func-
tions (PDFs), in our fit to the data to extract the yields of
the signal and backgrounds as a function of q2. As an initial
estimate, the MC continuum background yield and
q2-dependent shape are first normalized to match the yield
and q2-dependent shape of the off-resonance data control
sample. This results in a large statistical uncertainty due to
the small number of events in the off-peak data. To im-
prove the statistical precision, the continuum background,
initially normalized to the off-peak data, is allowed to vary
in the fit to the data for the "‘! and #‘!ð$$Þ modes,
where we have a large number of events. The fit result is
compatible with the off-peak prediction within, at most,
1 standard deviation. Because of an insufficient number of
events, the b ! u‘! background is fixed in the fit for the
#ð0Þ‘! modes, and the continuum contribution is also fixed
for the #‘!ð3"Þ and #0‘!modes. Whenever a background
is not varied in the fit, it is fixed to the MC prediction,
except for the continuum background which is fixed to its
normalized yield and q2-dependent shape using the off-
resonance data. The background parameters which are free
in the fit require an adjustment of less than 10% with
respect to the MC predictions. For illustration purposes
only, we show in Fig. 3 "E and mES fit projections in the
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FIG. 2 (color online). Distributions in the signal region for the
q2-dependent selections used in the analysis of B0 ! "!‘þ!
decays. The arrows indicate the rejected regions. All the selec-
tions have been applied except for the one of interest. In each
panel, the signal area is scaled to the area of the total back-
ground.
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FIG. 3 (color online). Projections of the data and fit results for
the B0 ! "!‘þ! decays, in the signal-enhanced region:
(a,b) mES with !0:16<"E< 0:20 GeV and (c,d) "E with
mES > 5:268 GeV. The distributions (a,c) and (b,d) are projec-
tions for q2 < 16 GeV2 and for q2 > 16 GeV2, respectively.
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A comparison of the results of the one-mode fits with the
combined four-mode fit shows agreement within the fit
errors of the B0 ! !!‘þ" and Bþ ! !0‘þ" modes and
the B0 ! #!‘þ" and Bþ ! #0‘þ" modes in all q2 bins.

The partial branching fractions for the different q2corr bins
are derived as the products of the fitted signal scale factors
and the signal decay branching fractions used in the simu-
lation. The total branching fraction integrated over the
entire q2 range and its error are calculated as the sum of
all partial branching fractions, taking into account the
correlations of the fitted yields in different q2 bins. The

branching fraction for B0 decays, B0
signal, is related to the

fitted signal yields, N0
signal, in the following way,

B 0
signal ¼

N0
signal

4$ $0signalf00NB !B

; (31)

where f00 ¼ 0:484% 0:006 [36] denotes the fraction of
B0 !B0 events produced in %ð4SÞ decays, and $0signal is the

total signal efficiency (averaged over the electron and
muon samples) as predicted by the MC simulation. The
factor of 4 accounts for the fact that each event contains
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FIG. 20 (color online). mES and "E distributions in each q2 bin for B0 ! !!‘þ" after the fit. The distributions are shown in the "E
and mES signal bands, respectively. Legend: see Fig. 5.

STUDY OF B ! !l" AND . . . PHYSICAL REVIEW D 83, 032007 (2011)

032007-25

A comparison of the results of the one-mode fits with the
combined four-mode fit shows agreement within the fit
errors of the B0 ! !!‘þ" and Bþ ! !0‘þ" modes and
the B0 ! #!‘þ" and Bþ ! #0‘þ" modes in all q2 bins.

The partial branching fractions for the different q2corr bins
are derived as the products of the fitted signal scale factors
and the signal decay branching fractions used in the simu-
lation. The total branching fraction integrated over the
entire q2 range and its error are calculated as the sum of
all partial branching fractions, taking into account the
correlations of the fitted yields in different q2 bins. The

branching fraction for B0 decays, B0
signal, is related to the

fitted signal yields, N0
signal, in the following way,

B 0
signal ¼

N0
signal

4$ $0signalf00NB !B

; (31)

where f00 ¼ 0:484% 0:006 [36] denotes the fraction of
B0 !B0 events produced in %ð4SÞ decays, and $0signal is the

total signal efficiency (averaged over the electron and
muon samples) as predicted by the MC simulation. The
factor of 4 accounts for the fact that each event contains
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FIG. 20 (color online). mES and "E distributions in each q2 bin for B0 ! !!‘þ" after the fit. The distributions are shown in the "E
and mES signal bands, respectively. Legend: see Fig. 5.
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n Cuts
n S/B = 0.09   -   Efficiency 9.1%
n Fit to π-ℓν
n 12 bins of q2

Two similar analyses, but small event overlap
π + e/µ

Untagged, ν from rest of event
mES-ΔE fit

B(B0 → π−�+ν�) = (1.41 ± 0.05 ± 0.07) × 10−4 B(B0 → π−�+ν�) = (1.42 ± 0.05 ± 0.07) × 10−4

ICHEP 24 July 2010 W. Wulsin, B!("/!)"# at BaBar 5 

Neural net background suppression 
•  Neural nets trained against each of 3 backgrounds, in each q2 bin 
•  Sample plots shown for B0!!-#+" in 3 selected q2 bins 

0<q2<4 GeV2 

Continuum background  
Jet-like events differ 
from isotropic B decays 

largest background,  
$(b!cl%) ~ 50&$(b!ul%) 

B!Xul% background 
Mostly at high q2,  
hard to separate  

4<q2<8 GeV2 20 GeV2 <q2  signal 

B!Xul% 

other BB 

qq 

' 
' cut cut cut 

B0!!-"+" S/B before NN =  3% 
B0!!-"+" S/B after NN    = 12% 

8 < q2 < 12 GeV2 0 < q2 < 16 GeV2



Manuel Franco Sevilla Slide|Vub| and B → D(∗)τν at BaBar
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F
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3
!ðq2l Þjflatþ ðq2l Þj2 % gðq2l ;"Þ (38)

and

gðq2;"Þ¼ G2
F

24!3p
3
!ðq2Þjfþðq2Þj2&

8
<
:
anorm for data

1 forLQCD
;

(39)

fþðq2Þ ¼
1

P ðq2Þ#ðq2; q20Þ
Xkmax

k¼0

akðq20Þ½zðq2; q20Þ(k: (40)

Here, ð!B=!q2Þdata is the measured spectrum, flatþ ðq2l Þ are
the form-factor predictions from LQCD, and ðVdata

ij Þ%1 and

ðV lat
ij Þ%1 are the corresponding inverse covariance matrices

for ð!B=!q2Þdata and G2
F=ð24!3Þp3

!ðq2l Þjflatþ ðq2l Þj2, respec-
tively. The set of free parameters " of the fit function
gðq2;"Þ contains the coefficients ak of the BGL parame-
trization and the normalization parameter anorm.

From the FNAL/MILC [22] lattice calculations, we use
only subsets with six, four, or three of the 12 predictions at
different values of q2, since neighboring points are very
strongly correlated. All chosen subsets of LQCD points
contain the point at lowest q2. It has been checked that
alternative choices of subsets give compatible results.
From the HPQCD [23] lattice calculations, we use only
the point at lowest q2 since the correlation matrix for the
four predicted points is not available. For comparison, we
also perform the corresponding fit using only the point at
lowest q2 from FNAL/MILC. The data, the lattice predic-
tions, and the fitted functions are shown in Fig. 26.
Table XIV shows the numerical results of the fit.

For the nominal fit, we use the subset with four FNAL/
MILC points and assume a quadratic BGL parametrization.
We refer to this fit as a 3þ 1-parameter BGL fit (three
coefficients ak and the normalization parameter anorm). As
can be seen in Table XII for the fit to data alone, the data
are well described by a linear function with the normaliza-
tion a0 and a slope a1=a0. This indicates that most of the
variation of the form factor is due to well understood QCD
effects that are parameterized by the functions P ðq2Þ and
#ðq2; q20Þ in the BGL parametrization. If we include a
curvature term in the fit, the slope a1=a0 ¼ %0:82)
0:29 is fully consistent with the linear fit; the curvature
a2=a0 is negative and consistent with zero. Since the z
distribution is almost linear, we also perform a linear fit (a
2þ 1-parameter BGL fit) for comparison. The results of
the linear fits are also shown in Table XIV.
The simultaneous fits provide very similar results, both

for the BGL expansion coefficients, which determine the
shape of the spectrum, and for jVubj. The fitted values for
the form-factor parameters are very similar to those ob-
tained from the fits to data alone. This is not surprising,
since the data dominate the fit results. Unfortunately, the
decay rate is lowest and the experimental errors are largest
at large q2, where the lattice calculation can make predic-
tions. We obtain from these simultaneous fits
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FIG. 26 (color online). Simultaneous fits of the BGL parametrization to data (solid points with vertical error bars representing the
total experimental uncertainties) and to four of the 12 points of the FNAL/MILC lattice prediction (magenta, closed triangles). Left:
linear (2þ 1-parameter) BGL fit, right: quadratic (3þ 1-parameter) BGL fit. The LQCD results are rescaled to the data according to
the jVubj value obtained in the fit. The shaded band illustrates the uncertainty of the fitted function. For comparison, the HPQCD (blue,
open squares) lattice results are also shown. They are used in an alternate fit.
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only subsets with six, four, or three of the 12 predictions at
different values of q2, since neighboring points are very
strongly correlated. All chosen subsets of LQCD points
contain the point at lowest q2. It has been checked that
alternative choices of subsets give compatible results.
From the HPQCD [23] lattice calculations, we use only
the point at lowest q2 since the correlation matrix for the
four predicted points is not available. For comparison, we
also perform the corresponding fit using only the point at
lowest q2 from FNAL/MILC. The data, the lattice predic-
tions, and the fitted functions are shown in Fig. 26.
Table XIV shows the numerical results of the fit.

For the nominal fit, we use the subset with four FNAL/
MILC points and assume a quadratic BGL parametrization.
We refer to this fit as a 3þ 1-parameter BGL fit (three
coefficients ak and the normalization parameter anorm). As
can be seen in Table XII for the fit to data alone, the data
are well described by a linear function with the normaliza-
tion a0 and a slope a1=a0. This indicates that most of the
variation of the form factor is due to well understood QCD
effects that are parameterized by the functions P ðq2Þ and
#ðq2; q20Þ in the BGL parametrization. If we include a
curvature term in the fit, the slope a1=a0 ¼ %0:82)
0:29 is fully consistent with the linear fit; the curvature
a2=a0 is negative and consistent with zero. Since the z
distribution is almost linear, we also perform a linear fit (a
2þ 1-parameter BGL fit) for comparison. The results of
the linear fits are also shown in Table XIV.
The simultaneous fits provide very similar results, both

for the BGL expansion coefficients, which determine the
shape of the spectrum, and for jVubj. The fitted values for
the form-factor parameters are very similar to those ob-
tained from the fits to data alone. This is not surprising,
since the data dominate the fit results. Unfortunately, the
decay rate is lowest and the experimental errors are largest
at large q2, where the lattice calculation can make predic-
tions. We obtain from these simultaneous fits
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FIG. 26 (color online). Simultaneous fits of the BGL parametrization to data (solid points with vertical error bars representing the
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linear (2þ 1-parameter) BGL fit, right: quadratic (3þ 1-parameter) BGL fit. The LQCD results are rescaled to the data according to
the jVubj value obtained in the fit. The shaded band illustrates the uncertainty of the fitted function. For comparison, the HPQCD (blue,
open squares) lattice results are also shown. They are used in an alternate fit.
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gðq2;"Þ contains the coefficients ak of the BGL parame-
trization and the normalization parameter anorm.

From the FNAL/MILC [22] lattice calculations, we use
only subsets with six, four, or three of the 12 predictions at
different values of q2, since neighboring points are very
strongly correlated. All chosen subsets of LQCD points
contain the point at lowest q2. It has been checked that
alternative choices of subsets give compatible results.
From the HPQCD [23] lattice calculations, we use only
the point at lowest q2 since the correlation matrix for the
four predicted points is not available. For comparison, we
also perform the corresponding fit using only the point at
lowest q2 from FNAL/MILC. The data, the lattice predic-
tions, and the fitted functions are shown in Fig. 26.
Table XIV shows the numerical results of the fit.

For the nominal fit, we use the subset with four FNAL/
MILC points and assume a quadratic BGL parametrization.
We refer to this fit as a 3þ 1-parameter BGL fit (three
coefficients ak and the normalization parameter anorm). As
can be seen in Table XII for the fit to data alone, the data
are well described by a linear function with the normaliza-
tion a0 and a slope a1=a0. This indicates that most of the
variation of the form factor is due to well understood QCD
effects that are parameterized by the functions P ðq2Þ and
#ðq2; q20Þ in the BGL parametrization. If we include a
curvature term in the fit, the slope a1=a0 ¼ %0:82)
0:29 is fully consistent with the linear fit; the curvature
a2=a0 is negative and consistent with zero. Since the z
distribution is almost linear, we also perform a linear fit (a
2þ 1-parameter BGL fit) for comparison. The results of
the linear fits are also shown in Table XIV.
The simultaneous fits provide very similar results, both

for the BGL expansion coefficients, which determine the
shape of the spectrum, and for jVubj. The fitted values for
the form-factor parameters are very similar to those ob-
tained from the fits to data alone. This is not surprising,
since the data dominate the fit results. Unfortunately, the
decay rate is lowest and the experimental errors are largest
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FIG. 26 (color online). Simultaneous fits of the BGL parametrization to data (solid points with vertical error bars representing the
total experimental uncertainties) and to four of the 12 points of the FNAL/MILC lattice prediction (magenta, closed triangles). Left:
linear (2þ 1-parameter) BGL fit, right: quadratic (3þ 1-parameter) BGL fit. The LQCD results are rescaled to the data according to
the jVubj value obtained in the fit. The shaded band illustrates the uncertainty of the fitted function. For comparison, the HPQCD (blue,
open squares) lattice results are also shown. They are used in an alternate fit.
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n Decays sensitive to charged Higgs mediation
n At tree level
n Coupling proportional to mτ

n We measure the ratios R(D) and R(D*) directly

n Several theoretical and experimental uncertainties cancel

n SM predictions
n R(D)  = 0.31 ± 0.02
n R(D*) = 0.25 ± 0.02

n Charged Higgs enhances or decreases R(D(*)), depending on tanβ/mH

n Current measurements are ~1σ high
n Dτν measured with 3.8σ, D*τν with 8.1σ 

Motivation
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Figure 4: Feynman diagram for B → D(∗)τ−ντ in a supersymmetric model.

servation of B → D(∗)τ−ντ is possible with B-factory data samples available
today.

1.5 Methodology

Because of the large expected background from other B → Xc#−ν" decays
and the lack of a τ mass peak, we have designed very tight selection criteria.
By imposing such constraints on signal candidates, we hope to reduce, as
much as possible, the contamination due to misreconstructed or partially
reconstructed events.

The key to performing this analysis at BABAR is to use the so-called
“semiexclusive B reconstruction” technique to fully reconstruct one B meson
in a hadronic final state. This Btag sample includes more than 1000 different
final states, and yields approximately 2000 fully-reconstructed B mesons per
fb−1.

After fully reconstructing the Btag candidate, we reconstruct D(∗) and τ
candidates from the remaining particles in the event. D(∗) mesons are recon-
structed in a variety of hadronic modes, while τ candidates are reconstructed
in the cleanest channels, the leptonic decays τ → #−ν"ντ , in which only the
charged lepton # is actually observed.

A key part of the signature of a signal event is large missing four-momentum
due to the neutrinos. Our signal extraction will be based largely on the miss-
ing mass squared, defined as

m2
miss ≡ (pmiss)

2 = (pΥ − ptag − pD(∗) − p")
2 , (1)
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Event reconstruction
n Improved B-tagging

n Efficiency 2x previous analysis
n D(*) meson: D0, D*0, D+, D*+

n e or µ (improved PID)
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Event reconstruction
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7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13
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model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16
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systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19
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I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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B → D(∗)τ−ντ (τ
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[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27
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plitudes, such as those involving an intermediate charged29
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from the τ decay. The branching fractions are smaller33
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B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Observation of B → Dτ−ντ and measurement of the relative branching ratios2

R(D) and R(D∗)3

BABAR4

preliminary5

(Dated: July 13, 2011)6

7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Systematics: BDT
n Currently, variation of BDT cut dominates
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from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10
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I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Observation of B → Dτ−ντ and measurement of the relative branching ratios2

R(D) and R(D∗)3

BABAR4

preliminary5

(Dated: July 13, 2011)6

7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Systematics: BDT
n Currently, variation of BDT cut dominates

n Tight BDT cut: 50% nominal sample
n Loose BDT cut: 200% nominal sample
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We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19
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I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19
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I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Observation of B → Dτ−ντ and measurement of the relative branching ratios2

R(D) and R(D∗)3

BABAR4

preliminary5

(Dated: July 13, 2011)6

7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Systematics: BDT
n Currently, variation of BDT cut dominates

n Tight BDT cut: 50% nominal sample
n Loose BDT cut: 200% nominal sample
n R(D(*)) change  due to statistical and systematic sources

n Assigned half of the maximum variation (9.5% on R(D), 6.5% on R(D*))
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We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19
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I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11
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B → D(∗)τ−ντ (τ
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is included in the fit to estimate the background contribution from these decays. The preliminary14
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model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18
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I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83
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Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869
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which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72
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nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82
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BABAR Analysis Document #2417 Version 51

Observation of B → Dτ−ντ and measurement of the relative branching ratios2

R(D) and R(D∗)3

BABAR4

preliminary5

(Dated: July 13, 2011)6

7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83

D0

BABAR Analysis Document #2417 Version 51

Observation of B → Dτ−ντ and measurement of the relative branching ratios2

R(D) and R(D∗)3

BABAR4

preliminary5

(Dated: July 13, 2011)6

7

We report improved measurements on the ratios R(D(∗))) = B(B → D(∗)τ−ντ )/B(B →8

D(∗)#−ν"), where D(∗) is a D or D∗ meson. The analysis is based on events with a reconstructed9

D(∗) meson and a charged lepton (e or µ) recoiling against a fully-reconstructed B meson, selected10

from a total sample of 471 million BB pairs. We perform a fit to the two-dimensional distribu-11

tion of the lepton momentum and missing mass squared to simultaneously extract the yields for12

B → D(∗)τ−ντ (τ
− → #−ν"ντ ) and B → D(∗)#−ν" decays. A control sample rich in D∗∗#−ν" events13

is included in the fit to estimate the background contribution from these decays. The preliminary14

results, R(D) = 0.456 ± 0.053 ± 0.056 and R(D∗) = 0.325 ± 0.023 ± 0.027 , exceed the standard15

model predictions of R(D) = 0.31± 0.02 and R(D∗) = 0.25± 0.02 by 1.8 σ. We also report the first16

observation of the exclusive semileptonic decay B → Dτ−ντ with 6.9 σ significance. The dominant17

systematic error of this preliminary result is due to sensitivity of the results to the event selection18

and simulation.19

PACS numbers: 12.15.Hh, 13.20.-v, 13.20.He, 14.40.Nd, 14.80.Cp20

I. INTRODUCTION21

Semileptonic decays of B mesons involving the τ lep-22

ton, the heaviest of the three charged leptons, are a new23

source of information on Standard Model (SM) processes24

[1–3] and also open an opportunity to search for physics25

beyond the SM [4–8]. In the SM, semileptonic decays are26

mediated by the intermediateW boson. Decays involving27

the higher-mass τ lepton are sensitive to additional am-28

plitudes, such as those involving an intermediate charged29

Higgs boson. Experimentally, B → D(∗)τ−ντ [9] de-30

cays are distinguishable from other semileptonic decays31

because they result in one or two additional neutrinos32

from the τ decay. The branching fractions are smaller33

than those to lower mass leptons, # = e± or µ±. SM34

predictions for the relative rates are R(D) = B(B →35

Dτντ )/B(B → D#ν") = 0.31 ± 0.02 [10] and R(D∗) =36

B(B → D∗τντ )/B(B → D∗#ν") = 0.25± 0.07 [8]. These37

two decay modes account for most of the predicted in-38

clusive rate, B(B− → X0
c τ

−ντ ) = (2.30 ± 0.25)% [2]39

(here Xc refers to all charm hadronic states). Calcula-40

tions [4–8] based on multi-Higgs doublet models predict41

a substantial impact, either positive or negative, on the42

ratio R(D) , and a much smaller effect on R(D∗) .43

Predictions for semileptonic decays to exclusive final44

states require knowledge of the form factors (FF) which45

parameterize the hadronic matrix element as a function46

of q2 = (pB − pD(∗))2, where pB and pD(∗) refer to the47

four-momenta of the B and the D(∗) meson. For low-48

mass leptons, there is effectively one FF for B → D#−ν",49

whereas there are three FF for B → D∗#−ν" decays, all50

of which have been measured [11, 12]. Based on heavy51

quark symmetry relations (HQS) [13], the two additional52

FF for B → D(∗)τ−ντ can be related to the FF for de-53

cays to light leptons. One advantage of the ratios R(D)54

and R(D∗) is that they are independent of the CKM55

elements |Vcb| and also, to a large extent, of the FF.56

We report preliminary results of measurements of the57

ratios R(D) and R(D∗) . This analysis follows to a58

large extent the earlier BABAR publication [14, 15], which59

was based on a smaller data sample. We reconstruct60

only the purely leptonic τ decays, τ− → e−νeντ and61

τ− → µ−νµντ . The main challenge is to distinguish the62

signal B → D(∗)τ−ντ decays with three neutrinos, from63

B → D(∗)#−ν" decays with low-mass charged leptons,64

which have the same observable final-state particles, but65

only one neutrino.66

This analysis is based on the full data sample recorded67

by the BABAR detector [16] operating at the PEP-II stor-68

age rings at a center-of-mass (c.m.) energy of 10.5869

GeV, corresponding to the mass of the Υ (4S) resonance70

which decays exclusively to BB pairs. The data sam-71

ple corresponds to an integrated luminosity of 426 fb−1,72

yielding 471 × 106 BB pairs. An additional 40 fb−1,73

taken at a c.m. energy 40 MeV below the Υ (4S) reso-74

nance, is used to study background from e+e− → ff(γ)75

(f = u, d, s, c, τ) continuum events.76

The analysis places constraints on the unobserved par-77

ticles in the event by reconstructing both B mesons.78

The analysis concept can be summarized as follows: the79

hadronic decay of one B meson is fully reconstructed80

and the remaining charged particles and photons are81

required to be consistent with a semileptonic decay of82

the other, specifically a charm meson (charged or neu-83

D+

)2 (Gevmiss
2m

0 5

)2
Ev

en
ts/

(0
.3

0 
G

eV

0

20

40

)2 (Gevmiss
2m

0 5

)2
Ev

en
ts/

(0
.3

0 
G

eV

0

20

40

0D D
D*
Dl
D*l
D**l
Bkg.

)2 (Gevmiss
2m

0 5
)2

Ev
en

ts/
(0

.3
0 

G
eV

0

50

100

)2 (Gevmiss
2m

0 5
)2

Ev
en

ts/
(0

.3
0 

G
eV

0

50

100

0D* D*
D
D*l
Dl
D**l
Bkg.

)2 (Gevmiss
2m

0 5

)2
Ev

en
ts/

(0
.3

0 
G

eV

0

10

20

)2 (Gevmiss
2m

0 5

)2
Ev

en
ts/

(0
.3

0 
G

eV

0

10

20

+D

)2 (Gevmiss
2m

0 5

)2
Ev

en
ts/

(0
.3

0 
G

eV

0

20

40

60

80

)2 (Gevmiss
2m

0 5

)2
Ev

en
ts/

(0
.3

0 
G

eV

0

20

40

60

80
+D*



Manuel Franco Sevilla Slide|Vub| and B → D(∗)τν at BaBar

n Systematics still preliminary
n 5σ in all channels
n 1.8σ excess over SM

n Result favors large tanβ                                                            

Results

15

Last two rows: Isospin constrained fit

16

TABLE V. Signal (Nsig) and normalization (Nnorm) yields and the ratio of their efficiencies for the isospin unconstrained
and constrained fits. The correlations in the statistical and additive systematic uncertainties are −0.53 for R(D0) and
R(D∗0) , −0.21 for R(D+) and R(D∗+) , and −0.41 for R(D) and R(D∗) . We use the following normalization branching
fractions: B(B− → D0!−ν!) = (2.28 ± 0.11)%, B(B− → D∗0!−ν!) = (5.51 ± 0.27)%, B(B0 → D+!−ν!) = (2.11 ± 0.12)% and
B(B0 → D∗+!−ν!) = (5.10± 0.18)%. The stated branching fractions for the isospin constrained fit (last two rows) refer to B−

decays. The first uncertainty is statistical and the second systematic.

Mode Nsig Nnorm εsig/εnorm R(D(∗)) B(B → D(∗)τν) (%) Σtot (Σstat)
D0τ−ντ 226 ± 39 1433 ± 46 2.13 ± 0.06 0.422 ± 0.074 ± 0.059 0.96 ± 0.17 ± 0.14 5.0 (6.2)
D∗0τ−ντ 511 ± 48 6839 ± 90 1.36 ± 0.02 0.314 ± 0.030 ± 0.028 1.73 ± 0.17 ± 0.18 8.9 (11.9)
D+τ−ντ 139 ± 21 704 ± 29 2.19 ± 0.08 0.513 ± 0.081 ± 0.067 1.08 ± 0.19 ± 0.15 6.0 (7.5)
D∗+τ−ντ 220 ± 23 2802 ± 56 1.25 ± 0.03 0.356 ± 0.038 ± 0.032 1.82 ± 0.19 ± 0.17 9.5 (12.1)
Dτ−ντ 368 ± 42 2140 ± 54 2.15 ± 0.05 0.456 ± 0.053 ± 0.056 1.04 ± 0.12 ± 0.14 6.9 (9.6)
D∗τ−ντ 730 ± 50 9639 ± 107 1.33 ± 0.07 0.325 ± 0.023 ± 0.027 1.79 ± 0.13 ± 0.17 11.3 (17.1)

TABLE VI. Signal (Nsig) and normalization (Nnorm) yields and the ratio of their efficiencies for the isospin unconstrained
and constrained fits. The correlations in the statistical and additive systematic uncertainties are −0.53 for R(D0) and
R(D∗0) , −0.21 for R(D+) and R(D∗+) , and −0.41 for R(D) and R(D∗) . We use the following normalization branching
fractions: B(B− → D0!−ν!) = (2.28 ± 0.11)%, B(B− → D∗0!−ν!) = (5.51 ± 0.27)%, B(B0 → D+!−ν!) = (2.11 ± 0.12)% and
B(B0 → D∗+!−ν!) = (5.10± 0.18)%. The stated branching fractions for the isospin constrained fit (last two rows) refer to B−

decays. The first uncertainty is statistical and the second systematic.

Mode Nsig Nnorm R(D(∗)) B(B → D(∗)τν) (%) Σtot (Σstat)
D0τ−ντ 226 ± 39 1433 ± 46 0.422 ± 0.074 ± 0.059 0.96 ± 0.17 ± 0.14 5.0 (6.2)
D∗0τ−ντ 511 ± 48 6839 ± 90 0.314 ± 0.030 ± 0.028 1.73 ± 0.17 ± 0.18 8.9 (11.9)
D+τ−ντ 139 ± 21 704 ± 29 0.513 ± 0.081 ± 0.067 1.08 ± 0.19 ± 0.15 6.0 (7.5)
D∗+τ−ντ 220 ± 23 2802 ± 56 0.356 ± 0.038 ± 0.032 1.82 ± 0.19 ± 0.17 9.5 (12.1)
Dτ−ντ 368 ± 42 2140 ± 54 0.456 ± 0.053 ± 0.056 1.04 ± 0.12 ± 0.14 6.9 (9.6)
D∗τ−ντ 730 ± 50 9639 ± 107 0.325 ± 0.023 ± 0.027 1.79 ± 0.13 ± 0.17 11.3 (17.1)

The results are fully consistent with the earlier BABAR751

measurements [15], based on a smaller data set and lower752

tagging efficiencies. The statistical errors are reduced by753

a factor of two or more, while the systematic errors are754

only slightly smaller.755

The measurements are consistent with the two mea-756

surements [26, 27] by the Belle Collaboration based on757

a larger total data sample of 657 million BB pairs, but758

selected signal samples that are smaller by a factor three759

for B → Dτ−ντ and a factor of 5.8 for B → D∗τ−ντ . As760

a result the statistical and systematic uncertainties are761

significantly larger.762

The measurements of the two ratios presented here763

exceed the SM predictions for R(D) and R(D∗) by764

0.146± 0.080 and 0.075± 0.041, respectively. These ob-765

served differences correspond to 1.8σ.766
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n Systematics still preliminary
n 5σ in all channels
n 1.8σ excess over SM

n Result favors large tanβ                                                            

Results
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Last two rows: Isospin constrained fit
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TABLE V. Signal (Nsig) and normalization (Nnorm) yields and the ratio of their efficiencies for the isospin unconstrained
and constrained fits. The correlations in the statistical and additive systematic uncertainties are −0.53 for R(D0) and
R(D∗0) , −0.21 for R(D+) and R(D∗+) , and −0.41 for R(D) and R(D∗) . We use the following normalization branching
fractions: B(B− → D0!−ν!) = (2.28 ± 0.11)%, B(B− → D∗0!−ν!) = (5.51 ± 0.27)%, B(B0 → D+!−ν!) = (2.11 ± 0.12)% and
B(B0 → D∗+!−ν!) = (5.10± 0.18)%. The stated branching fractions for the isospin constrained fit (last two rows) refer to B−

decays. The first uncertainty is statistical and the second systematic.

Mode Nsig Nnorm εsig/εnorm R(D(∗)) B(B → D(∗)τν) (%) Σtot (Σstat)
D0τ−ντ 226 ± 39 1433 ± 46 2.13 ± 0.06 0.422 ± 0.074 ± 0.059 0.96 ± 0.17 ± 0.14 5.0 (6.2)
D∗0τ−ντ 511 ± 48 6839 ± 90 1.36 ± 0.02 0.314 ± 0.030 ± 0.028 1.73 ± 0.17 ± 0.18 8.9 (11.9)
D+τ−ντ 139 ± 21 704 ± 29 2.19 ± 0.08 0.513 ± 0.081 ± 0.067 1.08 ± 0.19 ± 0.15 6.0 (7.5)
D∗+τ−ντ 220 ± 23 2802 ± 56 1.25 ± 0.03 0.356 ± 0.038 ± 0.032 1.82 ± 0.19 ± 0.17 9.5 (12.1)
Dτ−ντ 368 ± 42 2140 ± 54 2.15 ± 0.05 0.456 ± 0.053 ± 0.056 1.04 ± 0.12 ± 0.14 6.9 (9.6)
D∗τ−ντ 730 ± 50 9639 ± 107 1.33 ± 0.07 0.325 ± 0.023 ± 0.027 1.79 ± 0.13 ± 0.17 11.3 (17.1)

TABLE VI. Signal (Nsig) and normalization (Nnorm) yields and the ratio of their efficiencies for the isospin unconstrained
and constrained fits. The correlations in the statistical and additive systematic uncertainties are −0.53 for R(D0) and
R(D∗0) , −0.21 for R(D+) and R(D∗+) , and −0.41 for R(D) and R(D∗) . We use the following normalization branching
fractions: B(B− → D0!−ν!) = (2.28 ± 0.11)%, B(B− → D∗0!−ν!) = (5.51 ± 0.27)%, B(B0 → D+!−ν!) = (2.11 ± 0.12)% and
B(B0 → D∗+!−ν!) = (5.10± 0.18)%. The stated branching fractions for the isospin constrained fit (last two rows) refer to B−

decays. The first uncertainty is statistical and the second systematic.

Mode Nsig Nnorm R(D(∗)) B(B → D(∗)τν) (%) Σtot (Σstat)
D0τ−ντ 226 ± 39 1433 ± 46 0.422 ± 0.074 ± 0.059 0.96 ± 0.17 ± 0.14 5.0 (6.2)
D∗0τ−ντ 511 ± 48 6839 ± 90 0.314 ± 0.030 ± 0.028 1.73 ± 0.17 ± 0.18 8.9 (11.9)
D+τ−ντ 139 ± 21 704 ± 29 0.513 ± 0.081 ± 0.067 1.08 ± 0.19 ± 0.15 6.0 (7.5)
D∗+τ−ντ 220 ± 23 2802 ± 56 0.356 ± 0.038 ± 0.032 1.82 ± 0.19 ± 0.17 9.5 (12.1)
Dτ−ντ 368 ± 42 2140 ± 54 0.456 ± 0.053 ± 0.056 1.04 ± 0.12 ± 0.14 6.9 (9.6)
D∗τ−ντ 730 ± 50 9639 ± 107 0.325 ± 0.023 ± 0.027 1.79 ± 0.13 ± 0.17 11.3 (17.1)

The results are fully consistent with the earlier BABAR751

measurements [15], based on a smaller data set and lower752

tagging efficiencies. The statistical errors are reduced by753

a factor of two or more, while the systematic errors are754

only slightly smaller.755

The measurements are consistent with the two mea-756

surements [26, 27] by the Belle Collaboration based on757

a larger total data sample of 657 million BB pairs, but758

selected signal samples that are smaller by a factor three759

for B → Dτ−ντ and a factor of 5.8 for B → D∗τ−ντ . As760

a result the statistical and systematic uncertainties are761

significantly larger.762

The measurements of the two ratios presented here763

exceed the SM predictions for R(D) and R(D∗) by764

0.146± 0.080 and 0.075± 0.041, respectively. These ob-765

served differences correspond to 1.8σ.766
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R(D)
0.2 0.4 0.6 0.8

BaBar 2008
 0.13±0.42 

Belle 2009
 0.16±0.60 

Belle 2010
 0.11±0.35 

BaBar 2011
 0.077±0.456 Preliminary

SM Aver.

R(D*)
0.3 0.4 0.5 0.6

BaBar 2008
 0.06±0.30 

Belle 2009
 0.11±0.47 

Belle 2010
 0.07±0.37 

BaBar 2011
 0.035±0.325 Preliminary

SM Aver.

Summary
n Final |Vub| results at BaBar

n Inclusive measurement                        |Vub| = (4.31 ± 0.25 ± 0.16) × 10-3

n Combined exclusive measurements    |Vub| = (3.13 ± 0.14 ± 0.27) × 10-3

n Inclusive Vs Exclusive discrepancy persists

n B → Dτν and B → D*τν measurements improved
n Uncertainty down almost a factor of 2
n D0τν and D+τν observed
n 1.8 σ excess over SM

16

Average does not 
include this analysis

232M BB

471M BB

657M BB

657M BB
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n Alternative to 

n  

n Vcb uncertainty ~3.5 times smaller than Vub

n                          depends on non-perturbative fB ~ 30% uncertainty

n                                  depends on 4 FF ~ as low as 10% uncertainty

Motivation

18
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Figure 4: Feynman diagram for B → D(∗)τ−ντ in a supersymmetric model.

servation of B → D(∗)τ−ντ is possible with B-factory data samples available
today.

1.5 Methodology

Because of the large expected background from other B → Xc#−ν" decays
and the lack of a τ mass peak, we have designed very tight selection criteria.
By imposing such constraints on signal candidates, we hope to reduce, as
much as possible, the contamination due to misreconstructed or partially
reconstructed events.

The key to performing this analysis at BABAR is to use the so-called
“semiexclusive B reconstruction” technique to fully reconstruct one B meson
in a hadronic final state. This Btag sample includes more than 1000 different
final states, and yields approximately 2000 fully-reconstructed B mesons per
fb−1.

After fully reconstructing the Btag candidate, we reconstruct D(∗) and τ
candidates from the remaining particles in the event. D(∗) mesons are recon-
structed in a variety of hadronic modes, while τ candidates are reconstructed
in the cleanest channels, the leptonic decays τ → #−ν"ντ , in which only the
charged lepton # is actually observed.

A key part of the signature of a signal event is large missing four-momentum
due to the neutrinos. Our signal extraction will be based largely on the miss-
ing mass squared, defined as

m2
miss ≡ (pmiss)

2 = (pΥ − ptag − pD(∗) − p")
2 , (1)

27
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Figure4:FeynmandiagramforB→D(∗)τ−ντinasupersymmetricmodel.

servationofB→D(∗)τ−ντispossiblewithB-factorydatasamplesavailable
today.
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1.5 Methodology

Because of the large expected background from other B → Xc#−ν" decays
and the lack of a τ mass peak, we have designed very tight selection criteria.
By imposing such constraints on signal candidates, we hope to reduce, as
much as possible, the contamination due to misreconstructed or partially
reconstructed events.

The key to performing this analysis at BABAR is to use the so-called
“semiexclusive B reconstruction” technique to fully reconstruct one B meson
in a hadronic final state. This Btag sample includes more than 1000 different
final states, and yields approximately 2000 fully-reconstructed B mesons per
fb−1.

After fully reconstructing the Btag candidate, we reconstruct D(∗) and τ
candidates from the remaining particles in the event. D(∗) mesons are recon-
structed in a variety of hadronic modes, while τ candidates are reconstructed
in the cleanest channels, the leptonic decays τ → #−ν"ντ , in which only the
charged lepton # is actually observed.

A key part of the signature of a signal event is large missing four-momentum
due to the neutrinos. Our signal extraction will be based largely on the miss-
ing mass squared, defined as

m2
miss ≡ (pmiss)

2 = (pΥ − ptag − pD(∗) − p")
2 , (1)
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n First observation of                                   by Belle
n 60 ± 12 events, 5.2σ significance
n PRL 99, 191807 (2007)

n Latest measurements

n                           not yet observed

n This analysis updates BaBar 2008 with  471M of BB pairs

Current status

19

B0 → D∗−τ+ντ

B → Dτντ
PRL 100, 021801 (2008)

Hep-Ex 0910.4301 (2009)
PRD 82, 072005 (2010)

BABAR, 2008 Belle, 2009 Belle, 2010 BABAR, 2011
232M BB pairs 657M BB pairs 657M BB pairs 471M BB pairs

Ratio Value σ(%) Value σ(%) Value σ(%) Value σ(%)
R(D) 0.42 ± 0.13 30 0.60 ± 0.16 27 0.35 ± 0.11 33 — 16
R(D∗) 0.30 ± 0.06 20 0.47 ± 0.11 22 0.37 ± 0.07 19 — 10

BABAR, 2008 Belle, 2009 Belle, 2010
232M BB pairs 657M BB pairs 657M BB pairs

Mode Events Significance Events Significance Events Significance
B− → D0τ−ντ 35 ± 19 1.8 99 ± 26 3.8 146 ± 42 3.5
B− → D∗0τ−ντ 99 ± 20 5.3 100 ± 22 3.9 446 ± 57 8.1
B0 → D+τ−ντ 23 ± 8 3.3 17 ± 8 2.6 — —
B0 → D∗+τ−ντ 16 ± 7 2.7 25 ± 7 4.7 — —

BABAR, 2008 Belle, 2010 BABAR, 2011
232M BB pairs 657M BB pairs 471M BB pairs

Mode Events Sigtot (Sigsta) Events Sigtot (Sigsta) Events Sigtot (Sigsta)
B− → D0τ−ντ 35 ± 19 1.8 (1.8) 146 ± 42 3.5 (3.6) 180 ± 35 - (6.1)
B− → D∗0τ−ντ 99 ± 20 5.3 (5.8) 446 ± 57 8.1 (8.8) 388 ± 42 - (14)
B

0 → D+τ−ντ 23 ± 8 3.3 (3.6) 17 ± 8 2.6 (2.8) 89 ± 19 - (6.4)
B

0 → D∗+τ−ντ 16 ± 7 2.7 (2.7) 25 ± 7 4.7 (5.9) 142 ± 20 - (11)

Channel Component Ntrue Nfit Pull
D∗0 D∗0τ−ντ 274 0 ± 0 fixed

D∗0$−ν" 4131 4030 ± 65 -1.55
Total D0τ−ντ 11 23 ± — —
4942true D0$−ν" 144 142 ± — —
4649fit D∗∗$−ν" 155 227 ± — —

Charge XF 62 62 ± 0 fixed
−34513LH Comb. BG 165 165 ± 0 fixed
D0 D0τ−ντ 181 395 ± 27 7.82

D0$−ν" 1441 1419 ± 42 -0.53
Total D∗0τ−ντ 144 0 ± — —
4840true D∗0$−ν" 2636 2643 ± 58 0.11
4855fit D∗∗$−ν" 143 104 ± — —

Charge XF 156 156 ± 0 fixed
−31723LH Comb. BG 138 138 ± 0 fixed
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Btag decay modes
n Seed decay modes

n Branching fractions are for Btag → Seed + π±/K± 

20

4.1. BTAG RECONSTRUCTION 11

Table 4.1: BSemiExcl (left table) and BSemiExclAdd (left and right tables) seed decay modes.
The branching fractions only include the pion and kaon channels, that is, they are calculated as
B(seed → decaymode) × [B(B → seedπ) + B(B → seedK)]. Thus, these constitute just a rough
guide of how much each channel contributes to the skim rate. The individual branching fractions
are taken from [1].

BSemiExcl(Add) seeds B(10−5)
D0 → K−π+π0 72.9

→ K−π+π−π+ 42.5
→ K−π+ 20.4
→ K0

Sπ
+π− 15.7

D+ → K−π+π+ 26.6
→ K0

Sπ
+π0 19.6

→ K−π+π+π0 17.3
→ K0

Sπ
+π+π− 8.7

→ K0
Sπ

+ 4.2
D∗0 → D0π0 100.2

→ D0γ 61.7
D∗+ → D0π+ 53.3

Total 442.9

BSemiExclAdd seeds B(10−5)
D0 → K0

Sπ
+π−π0 28.3

→ π+π−π0 7.5
→ K0

Sπ
0 6.4

→ K+K− 2.1
→ π+π− 0.7

D+ → K+K−π+π0 7.8
→ K+K−π+ 2.8

D∗0 → Extra D0 48.2
D∗+ → D+π0 27.5

→ Extra D0 32.6
D+

s → φπ+ 0.2
→ K0

SK
+ 0.1

D∗+
s → D+

s γ 0.3
J/ψ → e+e− 6.3

→ µ+µ− 6.3
Total 177.0

b)
a)

Signal: 39,571
Background: 404,313
Purity: 8.9%

Signal: 100,689
Background: 34,351
Purity: 74.5%
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Figure 4.2: mES distributions for the BSemiExclAdd skim: a) 5 fb−1 data sample, and b) Monte
Carlo simulation with one B decaying into generic hadronic modes and the other one into τντ .
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Fit PDFs
n 56 PDFs taken from simulation

n We use non-parametric Gaussian 
Kernel estimators (KEYS)
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Fit PDFs
n Probability Density Functions taken from simulation

n 2D KEYS functions
n Cross-validation to choose smoothing
n 4 KEYS functions per PDF describing different regions
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Fit PDFs
n Probability Density Functions taken from simulation

n 2D KEYS functions
n Cross-validation to choose smoothing
n 4 KEYS functions per PDF describing different regions
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Results: Normalization
n Normalization (D(*)ℓν) well 

fitted

n Yields agree with expectations
n After q2 ≤ 4 GeV2 correction
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