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Tagging method 



Tagging method 

•  Weak signal signature 
  Decay with missing momentum 

(many neutrinos in the final state) 
  Lack of kinema>cs constraints in 

final state 

•  background rejec>on improved 
iden>fying the companion B 

•  Look for signal in the rest of the 
event 
  Expect to find nothing more than 

visible signal decay products and 
no extra ac>vity in the calorimeter 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Fully reconstructed hadronic and semileptonic modes 

•  Semileptonic B decays 
  B ➝ D* l ν 
  PRO: Higher efficiency εtag ∼ 1.5% 

CON: more backgrounds, B momentum 
unmeasured 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Fully reco 
this side 

Then look for 
signal this side 

•  Hadronic B decays with charm 
B+ ➝D(*)0X+ or B0➝D(*) +X‐ 
X is a charged system of hadrons among 
(π,K,π0,Ks) up to 5 charged par>cles and 2 
neutrals 
  PRO: cleaner events, 

B momentum reconstructed 
CON: smaller efficiency εtag ∼ 0.15% 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Fully reconstructed hadronic and semileptonic modes 

Hadronic tags: 

Full reconstruc>on of the B decay chain. 

Requirements on the quality of the tag 
are analysis dependent 

Possible to separate the “combinatorial” 
wrong tags from correct (peaking) 
tags in data   4

figure of merit s/
√
s+ n is maximized, where s and n are

the number of signal and background events expected in
the signal-enhanced region EECL < 0.2 GeV, calculated
assuming a signal branching fraction of 1.79× 10−4. For
leptonic τ decays, the dominant background is from BB
events tagged by a semileptonic decay with a correctly

reconstructed combination of a D
∗0

and a "+. For these
decays loose selection criteria are chosen to maintain
high signal efficiency: 0.5 GeV/c < P cms

! < 2.5 GeV/c,

−2.1 < cos θB,D∗! < 1.3 for the D
∗0

mode or −2.6 <

cos θB,D! < 1.2 for the D
0
mode, and 0.3 GeV/c < P cms

sig .
For the hadronic τ decay mode, there is more back-
ground from e+e− → qq continuum and combinatorial
D(∗)0" background. Tighter criteria are used to reduce
such backgrounds: 1.0 GeV/c < P cms

! < 2.2 GeV/c,
−1.1 < cos θB,D(∗)0! < 1.1, and 1.0 GeV/c < P cms

sig < 2.4
GeV/c. The upper bound on P cms

sig is introduced to reject
two-body B decays. In addition, we suppress continuum
background by requiring the cosine of the angle between
the signal side pion track and the thrust axis of the Btag,
cos θthr, to be less than 0.9. We select candidate events
in the range EECL < 1.2 GeV for further analysis. The
number of candidate events are 2481 for τ− → e−νeντ ,
2011 for τ− → µ−νµντ and 1018 for τ− → π−ντ de-
cays. Figure 1 shows the cos θB,D(∗)! distribution for
the signal candidate events including both leptonic and
hadronic τ decay modes with all selection criteria other
than cos θB,D(∗)! applied. The excess over the MC expec-

tation for events without B → D(∗)"ν decays indicates
that the final sample contains candidate events with the

correct combination of a D
(∗)0

and a "+ forming a Btag.

The number of signal events is extracted from an ex-
tended maximum likelihood fit to the EECL distribution
of the candidate events. Probability density functions
(PDFs) for each τ decay mode are constructed from the
MC simulation. We use EECL histograms obtained from
MC samples for each of the signal and the background
components. The PDFs are combined into a likelihood
function,

L =
e−

∑
j nj

N !

N
∏

i=1

∑

j

njfj(Ei) (3)

where j is an index for the signal and background con-
tributions, nj and fj are the yield and the PDF, respec-
tively, of the jth component, Ei is the EECL value in the
ith event, and N is the total number of events in the
data. The dominant background components are BB
events decaying to a final state with charm and contin-
uum processes. The small background from rare charm-
less B decays and other low multiplicity processes such
as τ pair and two-photon processes is also included in the
fit. The fractions of the background from rare charmless
B decays and low multiplicity non-B processes in the fi-
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FIG. 1: cos θB,D(∗)! distribution for candidate events with
EECL < 1.2 GeV selected with all Btag and Bsig requirements
except for those on cosθB,D(∗)!. Leptonic and hadronic τ
decay modes are combined. The points with error bars are
data and the dashed histogram is the MC expectation for

events without B+
→ D

(∗)0
#+ν! decays.

nal sample with EECL < 1.2 GeV are estimated from MC
to be 8% and 3% for leptonic τ decays and 11% and 8%
for hadronic τ decay, respectively.
The EECL estimation in MC is validated using various

control samples. The MC distributions of not only EECL

but also P cms
! , cos θB,D(∗)!, P

cms
sig and cos θthr are com-

pared to those of the control samples to confirm that MC
describes the background composition properly. The off-
resonance data is used to calibrate the MC estimation for
continuum background process. We find that our MC un-
derestimates the overall normalization of the continuum
background though the predicted shapes are consistent
with data within statistical errors. We obtain the correc-
tion factor for the overall normalization of the continuum
MC to be 1.43±0.11 by dividing the number of remaining
events in off-resonance data by the MC expectation. The

sidebands in cos θB,D(∗)!, D
0
mass, the mass difference

between D
∗0

and D
0
, and EECL are used as control sam-

ples to check the overall background description including
the BB contribution. The distributions obtained from
MC in these samples with the continuum normalization
correction applied are found to be consistent with the cor-
responding distributions in data. The agreement between
MC and data is also confirmed in B0 tagged events where
the Btag is reconstructed in B0 → D∗−"+ν decays. The
signal EECL shape is calibrated using the double tagged
events, where the Btag is reconstructed in a semileptonic
decay as described above and Bsig is reconstructed in the
decay chain, B− → D∗0"−ν (D∗0 → D0π0), followed by
D0 → K−π+. Figure 2 shows the EECL distribution in
the double tagged sample for data and in the MC simu-
lation scaled to the same luminosity. The background in

cone sum rule model for the ! and !0 form factors [13] and
use the form factor measured in a BABAR analysis [14]
with the shape parameterization given in Ref. [15] for the
"0 mode.

Event selection begins with the full reconstruction of a
charged B meson (Btag) in one of the large number of

hadronic final states, B! ! !Dð#ÞXhad. We reconstruct the
D#! ! !D0"!; !D#0 ! !D0"0, !D0#; D! ! K0

S"
!,

K0
S"

!"0, K0
S"

!"!"þ, Kþ"!"!, Kþ"!"!"0; !D0 !
Kþ"!, Kþ"!"0, Kþ"!"!"þ, K0

S"
!"þ; and K0

S !
"!"þ decay modes. Xhad is a collection of at most five
mesons, composed of both charged and neutral kaons and
pions. Well-reconstructed Btag candidates are selected us-
ing two kinematic variables: "E ¼ EBtag

! ffiffiffi
s

p
=2 and

mES ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s=4! ~p2

Btag

q
, where EBtag

and ~pBtag
are the energy

and momentum of the Btag candidate, respectively, and
ffiffiffi
s

p

is the total energy of the eþe! system, all in the center-of-
mass (CM) frame. We require "E, which peaks at zero for
correctly reconstructed B mesons, to lie between !0:12
and 0.12 GeV or within two standard-deviations from its
mean for the given Xhad mode, whichever is the tighter
constraint. We fit the mES distribution for each Xhad mode
and require that the purity, or fraction of well-reconstructed
B mesons, is greater than 12% in the region mES >
5:27 GeV=c2. If more than one Btag candidate is recon-
structed, the one in the highest purity mode is chosen. If
there are multiple candidates in this mode, the one that
minimizes j"Ej is selected.

We define the signal region as 5:27<mES <
5:29 GeV=c2, since correctly reconstructed B mesons
peak in this region near the nominal B-meson mass. The
Btag candidates that are incorrectly reconstructed from
either continuum events or both B mesons (‘‘combina-
toric’’ events), produce a distribution that is fairly flat
below the mES signal region and decreases within it, as
shown in Fig. 1. The shape of the combinatoric distribution
is extrapolated into the mES signal region using MC, while
the background contribution from combinatoric events is

estimated directly from the data. To improve the MC
estimate of the Btag reconstruction efficiency, we normalize
the generic MC to the number of data events that peak
within the mES signal region. Thus, all MC samples are
scaled by 90.7%, resulting in good agreement between data
and background MC throughout the analysis selection. A
charged Btag is reconstructed in about 0.3% of the signal
MC events.
Because the two B mesons produced in the #ð4SÞ decay

have low momenta in the CM frame (0:3 GeV=c), their
decay products are more isotropic than continuum back-
ground. For example, j cos$Tj, where $T is the angle in the
CM frame between the Btag thrust axis and the thrust axis
of all other particles in the event, has a flat distribution for
B !B events and peaks near one for non-B !B events. The
continuum background is suppressed by requiring LB 'Q

iP BðxiÞ=ð
Q

iP BðxiÞ þ
Q

iP qðxiÞÞ> 30%, where P BðxiÞ
(P qðxiÞ) are probability density functions determined from
MC that describe B !B (continuum) events for the five event-
shape variables xi. The variables used are: the ratio of the
second to zeroth Fox-Wolfram moment [16] computed
using all charged and neutral particles in the event, the
cosine of the angle between ~pBtag

and the beam axis, the

magnitude of the Btag thrust, the component of the Btag

thrust along the beam axis, and j cos$Tj. This requirement
improves the agreement between data and MC by sup-
pressing unmodeled continuum backgrounds, such as
eþe! ! eþe!‘þ‘! via two photons.
In the sample of selected Btag candidates, we identify

events in which the remaining tracks, calorimeter clusters,
and missing momentum vector ( ~pmiss) are consistent with
Bþ ! ‘þ%‘# candidates. We select events with exactly
one track, which reduces the signal efficiency by 25% but
removes over 99% of the simulated background events
with a reconstructed Btag. This signal track is required to
have a charge opposite to that of the Btag, to satisfy particle
identification (PID) criteria for either a muon or electron,
and to be inconsistent with a kaon hypothesis. In the
electron mode, the four-momenta of signal tracks are re-
defined to include those of any bremsstrahlung photon
candidates. Such a candidate is defined as any cluster
whose momentum vector, when compared to that of the
signal track ( ~p‘), is separated by j"$j< 3( and !3( <
Qe )"&< 13(, where Qe ¼ *1 is the e* charge and $
(&) is the polar (azimuthal) angle relative to the beam axis,
in the lab frame. Finally, the signal photon candidate is
chosen as the cluster with the highest CM energy, except-
ing bremsstrahlung photon candidates.
We significantly reduce the background by requiring

that the kinematics of the signal track and photon candidate
are consistent with the existence of a third massless particle
originating from the signal Bmeson. To do this, we use the
four-momentum of the expected signal B meson (pB),
which is assigned an energy of

ffiffiffi
s

p
=2, a momentum vector

pointing along! ~pBtag
, and the nominal B-meson mass. The
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FIG. 1. mES distribution, after Btag reconstruction and contin-
uum suppression, of data (points) and the expected combinatoric
background as predicted by the MC (shaded).
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There may be additional tracks that do not come from the
IP. We reject events where the single IP track is identified
as a kaon. We assign the single-track recoils to categories
based on a hierarchical selection. An event is assigned to
the !þ category if the track passes muon identification or
to the eþ category if it passes electron identification; in the
latter category, we recover up to one bremsstrahlung pho-
ton based on angular separation from the track and add its
four-momentum to the electron’s. We assign the event to
the "þ category if it fails lepton identification and can be
paired with a #0 candidate. The #0 candidates used in the
"þ reconstruction are defined as a pair of photons, each
with laboratory energy >50 MeV, with invariant mass
m#0 ¼ ½0:115; 0:150$ GeV=c2. Single-track events that
fail the selections above are assigned to the #þ category.

While the direction of neither B meson can be known
precisely, four-momentum conservation constrains the tag
Bmomentum to lie on a cone around the flight direction of
the reconstructed D0‘% system. The cosine of the opening
angle between the B meson and the D0‘% system in the
CM frame is given by

cos$B;Y ¼ 2EBEY %m2
B %m2

Y

2j ~pBjj ~pYj
; (1)

where Y refers to the reconstructed tag B final state, (EY ,
~pY) and (EB, ~pB) are the four-momenta in the CM frame,
and mY and mB are the masses of the Y system and tag Bþ

meson, respectively. EB and the magnitude of ~pB are
calculated from the beam energy:EB ¼ ECM=2 and j ~pBj ¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
B %m2

B

q
. Decays of the B meson directly to D0‘%% are

largely constrained to the physical region of this cosine,
while decays involving a higher-mass charm state will
yield cosine values below the physical region when the
intermediate decay particles (e.g. #0 or &) are not explic-
itly reconstructed.

The signal B momentum vector is equal in magnitude to
j ~pBj and is opposite to the tag B direction, so that it lies on
the cone of the tag B momentum defined by Eq. (1). To
estimate quantities in the signal B rest frame, such as the
momentum of the signal B daughter(s), we choose the
signal B boost vector on that cone and we compute the
quantity in the corresponding rest frame. We then use the
value of that quantity averaged over all trial rest frames as
an estimate of the true value. We denote the momentum of
the signal particle(s) determined by this method as p0

sig.

This has the largest impact in the Bþ ! eþ%e and Bþ !
!þ%! channels, where the lepton is monoenergetic in the
signal B rest frame. The improved resolution of the lepton
momentum directly improves the separation of signal and
background. If an event has a reconstructed signal muon
(electron) candidate and p0

sig > 2:30ð2:25Þ GeV=c, it is

classified as a Bþ ! !þ%! (Bþ ! eþ%e) candidate; oth-
erwise, it is classified as Bþ ! 'þ%', with '

þ ! !þ%! !%'

('þ ! eþ%e !%').

A critical discriminating variable is the extra energy
(Eextra), which is the total energy of charged and neutral
particles that cannot be directly associated with the recon-
structed daughters of the tag B or the signal B. This
variable was not examined (kept ‘‘blind’’) until the analysis
strategy was finalized. We expect the signal to concentrate
near zero Eextra; however, due to collider-induced back-
grounds, detector noise, and unassigned tracks and neutrals
from the tag and signal B mesons, signal events can have
nonzero Eextra. We require a minimum energy in the labo-
ratory frame of 30 MeV for any neutral cluster used in
Eextra. We improve our signal and background separation in
this variable by using an algorithm to assign up to one
photon from the Eextra back to the tag B. Candidate extra
photons must have a CM-frame energy less than 300 MeV,
consistent with having come from a #0 or & from the
D(0 ! D0 transition. If, by adding a candidate photon
back to the tag B kinematics, the value of cos$B;Y becomes
closer to (but not greater than) 1.0, it is retained as a
transition particle candidate. If more than one photon
satisfies these conditions, the one which moves "M )
mD0& %mD0 closest to the nominal value of 142 MeV=c2

[11] is used. This photon is excluded from Eextra. The tag B
kinematic quantities and p0

sig are recomputed, with the

photon added to the tag B final state.
The background consists primarily of BþB% events in

which the tag B meson has been correctly reconstructed
and the recoil contains one reconstructed track and addi-
tional particles that are not reconstructed. Typically these
events contain K0

L mesons and other particles that are not
detected and thus fake the multiple neutrinos in signal
events. Backgrounds from B decays and continuum pro-
cesses have distinctive signatures in a number of discrimi-
nating quantities. We group variables according to those
which are computed from the whole event, the tag B, the
signal B, and other sources. Some variables, such as those
associated with the whole event, are useful for rejecting
continuum background, while others (such as those asso-
ciated with the reconstructed B mesons) are better at
rejecting B background.
The event-level variables are: the ratio of the second and

zeroth Fox-Wolfram moments [12]; the minimum invariant
mass of any two charged tracks in the event; the net charge
of the event; cos$B;Y ; the invariant mass of the two leptons
in the event (m‘‘); and the missing mass vs cosine of the
polar angle (laboratory frame) of the missing three-
momentum, where the sum defining the reconstructed
four-momentum runs over all charged and neutral particles
in the event. The tag B variables are: the D0 decay mode;
the CM momenta of the tag B kaon and lepton; particle
identification quality of the tag B charged kaon (where
applicable). The signal B variables are: the quality of the
particle identification of the signal muon, for muon final
states of the signal B; the quality of the kaon identification
on the signal track (to reject kaons misidentified as leptons
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INTRODUCTION

The study of the purely leptonic decay is of particular interest as a test of the Standard Model (SM) and a search
for physics beyond the SM. It is sensitive to the product of the B meson decay constant fB, and the absolute value
of the Cabibbo-Kobayashi-Maskawa matrix element |Vub| [1]. In the SM the branching fraction is given by:

B(B+ → τ+ν) = f2
B|Vub|2

G2
FmBm

2
τ

8π

[

1−
m2

τ

m2
B

]2

τB+ , (1)

where GF is the Fermi constant, τB+ is the B+ lifetime, and mB and mτ are the B+ meson and τ lepton masses.
The process is sensitive to possible extensions of the SM. For instance, in two-Higgs doublet models [2] and in

minimal supersymmetric extensions of the SM it can be mediated by a charged Higgs boson. A branching fraction
measurement can therefore also be used to constrain the parameter space of extensions of the SM. In a previously
published analysis, based on a tagging technique using hadronic B decays that is similar to that used in this paper and
a smaller data set, the BABAR collaboration measured B(B+ → τ+ντ ) = (1.8+0.9

−0.8(stat.)±0.4±0.2(syst.))×10−4 [3], and
using tagging based on reconstruction of semileptonic B decays B(B+ → τ+ντ ) = (1.7±0.8(stat.)±0.2(syst.))×10−4

[4]. The Belle collaboration measured, with a similar tagging technique used in this analysis, the branching fraction to
be B(B+ → τ+ντ ) = (1.79+0.56

−0.49(stat.)
+0.46
−0.51(syst.))×10−4 [5], and using a tagging algorithm based on the reconstruction

of semileptonic B decays B(B+ → τ+ντ ) = (1.54+0.38
−0.37(stat.)

+0.29
−0.31(syst.))× 10−4 [6].

THE BABAR DETECTOR AND DATASET

The data used in this analysis were collected with the BABAR detector at the PEP-II storage ring. The sample
corresponds to an integrated luminosity of 426 fb−1 at the Υ (4S) resonance (on-resonance) and 44.5 fb−1 taken at
40MeV below the BB̄ production threshold (off-resonance), which is used to study background from e+e− → f f̄
(f = u, d, s, c, τ) continuum events. The on-resonance sample contains (467.8± 5.1)× 106 BB decays. The detector
is described in detail elsewhere [7]. Charged particle trajectories are measured in the tracking system composed of a
five-layer silicon vertex detector and a 40-layer drift chamber (DCH), operating in a 1.5 T solenoidal magnetic field.
A Cherenkov detector is used for charged π–K discrimination, a CsI calorimeter (EMC) for photon and electron
identification, and the flux return of the solenoid, which consists of layers of iron interspersed with resistive plate
chambers or limited streamer tubes, for muon and neutral hadron identification.
In order to estimate signal selection efficiencies and to study physics backgrounds, we use a Monte Carlo (MC)

simulation based on GEANT4 [8]. In MC simulated signal events one B+ meson decays as B+ → τ+ντ and the other
decays in any final state. The BB and continuum MC samples are equivalent to approximatively three times and 1.5
times, respectively, the accumulated data sample. Beam-related background and detector noise are taken from data
and overlaid on the simulated events.

SIGNAL SELECTION

We reconstruct an exclusive decay of one of the B mesons in the event (which we refer to as the tag B) and
examine the rest of the event for the experimental signature of B+ → τ+ντ (charged-conjugate modes are implied
throughout the paper). We consider the most abundant τ decay modes τ+ → e+νν̄, τ+ → µ+νν̄, τ+ → π+ν,
τ+ → ρ+ν, totaling approximatively 70% of all τ decays. The signal region in data is kept blind until the end of the
analysis chain when we extract the signal yield. We reconstruct the tag B candidate in the set of hadronic decays
B− → M0X−, where M0 denotes a D(∗)0 or a J/ψ , and X− denotes a system of hadrons with total charge −1
composed of n1π±, n2K±, n3π0, n4K0

S
where n1 + n2 ≤ 5, n2 ≤ 2, n3 and n4 ≤ 2. We reconstruct the D0 as

D0 → K−π+, K−π+π0, K−π+π−π+, K0
S
π0, K0

S
π+π−, K0

S
π+π−π0, K+K−,π+π−. We reconstruct the D∗0 meson as

D∗0 → D0π0, D0γ, and the J/ψ meson as J/ψ → e+e−, µ+µ−. The kinematic consistency of the tag B candidates
is checked with the beam energy-substituted mass mES =

√

s/4− p2B and the energy difference ∆E = EB −
√
s/2,

where
√
s is the total energy in the Υ (4S) center of mass system and pB and EB denote respectively the momentum

and the energy of the tag B candidate in the center of mass frame. The resolution on ∆E is measured to be
σ∆E = 10− 35MeV, depending on the decay mode; we require |∆E| < 3σ∆E . Events with a candidate tag B arise
from two possible classes with different mES distributions. Signal events with a correctly reconstructed tag B and
the other B decaying as B → τν , and background events from Υ (4S) → B+B− with a correctly reconstructed tag

Semileptonic tags: 

Recontruct Y = D‐l pair. 

Kinema>cs and known B meson 
energy determine the angle 
between B and Y. 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Leptonic B decays 



Leptonic B decays 

•   B  ➝ lν very clean theore>cally. The only uncertainty in the B decay 
constant fB 

+   W+ b 

u 

l+ 

νℓ 

 B+ B(B → lν) =
G2

F mB

8π
m2

l (1−
m2

l

m2
B

)2f2
B |Vub|2τB

•  Interes>ng probe physics beyond the SM, since also a charged Higgs 
can mediate the decay 

     H+ b 

u 

l+ 

νℓ 

 B+ 

B(B → lν)SUSY = B(B → lν)SM × (1− tan2β

1 + ε0tanβ

m2
B

m2
H

)2

B(B → lν)2HDM = B(B → lν)SM × (1− tan2β
m2

B

m2
H

)2

•  B  ➝ τν  used in global UT fits. B  ➝ µν out of reach of current B‐factories  
•  Current measurements already exclude regions of MH – tan β plane 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Tipical signal selection and fit strategy 

•   Exploit kinema>cs and topology of in the signal side  
  Single charged tracks passing par>cle iden>fica>on criteria 

  Requirement on CMS  momentum for 1 prong modes 

  More constraints for τ ππ0ν

•  Most discrimina>ng variable residual energy in the calorimeter (Eextra) 
  Defined as the total energy of clusters passing a minimum energy requirement 

  Used in a maximum likelihood fit to determine the branching frac>on 

•  Eextra distribu>on validated with the use of double‐tagged events 

•  Simultaneous fit of the BF to Eextra 

6

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

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

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

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

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

Variable τ+
→ e+νν̄ τ+

→ µ+νν̄ τ+
→ π+ν τ+

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

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

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

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

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

Lk = e−(ns,k+nb,k)
Nk
∏

i=1

{

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

k(Ei,k)

}

(2)

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

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

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

ns,k = NBB × εtag × εreco,k × BF (3)

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

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

k and Pb
k for signal and

background, respectively. The signal PDFs are obtained using the signal MC simulation. We use the experimental

6

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

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

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

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

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

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

Variable τ+
→ e+νν̄ τ+

→ µ+νν̄ τ+
→ π+ν τ+

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

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

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

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

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

Lk = e−(ns,k+nb,k)
Nk
∏

i=1

{

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

k(Ei,k)

}

(2)

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

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

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

ns,k = NBB × εk × BF (3)

where NBB = (4.678±0.051)×108 is the number of BB pairs in the data sample, εk is is the τ decay mode dependent
reconstruction efficiency, and BF is the B+ → τ+ν branching fraction. The parameters NBB and εk are fixed in
the fit while the BF is left floating. The reconstruction efficiencies εk, which include the τ branching fractions, are
obtained from MC simulation of the signal. Since the tag B reconstruction efficiency is included in εk and is estimated
form the signal MC, we applied a correction factor Rdata/MC = 0.926± 0.010 to take into account possible data/MC
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Branching ratio with hadronic tags from BaBar 

•  Combinatorial background es>mated from data, B+ 
background shape from MC 

•  Fit to Eextra distribu>on show an excess of events 
consistent with null hypothesis at 3.3 σ only  

B(B → τν) = (1.80+0.57
−0.54 ± 0.26)× 10−4 6
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FIG. 1: Eextra distribution on data (dots with error bars) with all the selection requirements applied and fit results overlaid.
The hatched histogram is the background, the red component is the signal. Plot (a) shows all the τ decay modes fitted
simultaneously. Lower plots show the projection of the fit result on the four analyzed τ decays: (b) τ+

→ e+νν̄ , (c)
τ+

→ µ+νν̄ , (d) τ+
→ π+ν , (e) τ+

→ ρ+ν .

BRANCHING FRACTION MEASUREMENT PROCEDURE AND RESULTS

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

Lk = e−(ns,k+nb,k)

Nk
∏

i=1

{

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

k(Ei,k)

}

(2)

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

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

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

signal  background 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3.6 σ (stat. only) 

MC modelling of 
signal Eextra PDF checked with 
double tags 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pairs 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Branching ratio with hadronic tags from Belle 

Phys. Rev. Leo. 97, 251802 (2006) 
449 M B pairs 

reconstructed as described above and Bsig is reconstructed
in the decay chain B! ! D"0‘! !! (D"0 ! D0"0), fol-
lowed by D0 ! K!"# or K!"!"#"#, where ‘ is a
muon or electron. The sources affecting the EECL distribu-
tion in the control sample are similar to those in the signal
MC simulation. Figure 2 shows the EECL distribution in the
control sample for the data and the scaled MC simulation.
Their agreement demonstrates the validity of the EECL

simulation in the signal MC simulation.
After finalizing the signal selection criteria, the signal

region is examined. Figure 3 shows the EECL distribution

obtained when all # decay modes are combined. One can
see a significant excess of events in the EECL signal region
below EECL < 0:25 GeV. Table I shows the number of
events observed in the signal region (Nobs) for each # decay
mode. For the events in the signal region, we verify that the
distributions of the event selection variables other than
EECL, such as Mbc and pmiss, are consistent with the sum
of the signal and background distributions expected from
MC simulations. The excess remains after applying a K0

L
veto requirement.

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

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

sig ), number of observed events in data in the signal region (Nobs), number of signal
(Ns) and background (Nb) in the signal region determined by the fit, signal selection efficiencies ("sel), and the extracted branching
fraction (B) for B! ! #! !!#. The listed errors are statistical only. The last column gives the significance of the signal including the
systematic uncertainty in the signal yield (").

Nobs
side NMC

side NMC
sig Nobs Ns Nb "sel$%% B$10!4% "

$! !!$!# 96 94:2& 8:0 9:4& 2:6 13 5:6#3:1
!2:8 8:8#1:1

!1:1 3:64& 0:02 2:57#1:38
!1:27 2:2%

e! !!e!# 93 89:6& 8:0 8:6& 2:3 12 4:1#3:3
!2:6 9:0#1:1

!1:1 4:57& 0:03 1:50#1:20
!0:95 1:4%

"!!# 43 41:3& 6:2 4:7& 1:7 9 3:8#2:7
!2:1 3:9#0:8

!0:8 4:87& 0:03 1:30#0:89
!0:70 2:0%

"!"0!# 21 23:3& 4:7 5:9& 1:9 11 5:4#3:9
!3:3 5:4#1:6

!1:6 1:97& 0:02 4:54#3:26
!2:74 1:5%

"!"#"!!# 21 18:5& 4:1 4:2& 1:6 9 3:0#3:5
!2:5 4:8#1:4

!1:4 0:77& 0:02 6:42#7:58
!5:42 1:0%
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FIG. 2 (color online). EECL distribution for double tagged
events, where one B is fully reconstructed in the hadronic
mode and the other B is reconstructed as B! ! D"0‘! !!. The
dots indicate the data. The solid histogram is the background
from B !B MC events (B#B! # B0 !B0), while the dashed one
shows the contribution from B0 !B0 events.
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FIG. 3 (color online). EECL distributions in the data after all
selection criteria except the one on EECL. The data and back-
ground MC samples are represented by the points and the solid
histogram, respectively. The solid curve shows the result of the
fit with the sum of the signal (dashed curve) and background
(dotted curve) contributions.
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B(B → τν) = (1.79+0.56+0.46
−0.49−0.51)× 10−4

reconstructed as described above and Bsig is reconstructed
in the decay chain B! ! D"0‘! !! (D"0 ! D0"0), fol-
lowed by D0 ! K!"# or K!"!"#"#, where ‘ is a
muon or electron. The sources affecting the EECL distribu-
tion in the control sample are similar to those in the signal
MC simulation. Figure 2 shows the EECL distribution in the
control sample for the data and the scaled MC simulation.
Their agreement demonstrates the validity of the EECL

simulation in the signal MC simulation.
After finalizing the signal selection criteria, the signal

region is examined. Figure 3 shows the EECL distribution

obtained when all # decay modes are combined. One can
see a significant excess of events in the EECL signal region
below EECL < 0:25 GeV. Table I shows the number of
events observed in the signal region (Nobs) for each # decay
mode. For the events in the signal region, we verify that the
distributions of the event selection variables other than
EECL, such as Mbc and pmiss, are consistent with the sum
of the signal and background distributions expected from
MC simulations. The excess remains after applying a K0

L
veto requirement.

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

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

sig ), number of observed events in data in the signal region (Nobs), number of signal
(Ns) and background (Nb) in the signal region determined by the fit, signal selection efficiencies ("sel), and the extracted branching
fraction (B) for B! ! #! !!#. The listed errors are statistical only. The last column gives the significance of the signal including the
systematic uncertainty in the signal yield (").

Nobs
side NMC

side NMC
sig Nobs Ns Nb "sel$%% B$10!4% "

$! !!$!# 96 94:2& 8:0 9:4& 2:6 13 5:6#3:1
!2:8 8:8#1:1

!1:1 3:64& 0:02 2:57#1:38
!1:27 2:2%

e! !!e!# 93 89:6& 8:0 8:6& 2:3 12 4:1#3:3
!2:6 9:0#1:1

!1:1 4:57& 0:03 1:50#1:20
!0:95 1:4%

"!!# 43 41:3& 6:2 4:7& 1:7 9 3:8#2:7
!2:1 3:9#0:8

!0:8 4:87& 0:03 1:30#0:89
!0:70 2:0%

"!"0!# 21 23:3& 4:7 5:9& 1:9 11 5:4#3:9
!3:3 5:4#1:6

!1:6 1:97& 0:02 4:54#3:26
!2:74 1:5%

"!"#"!!# 21 18:5& 4:1 4:2& 1:6 9 3:0#3:5
!2:5 4:8#1:4

!1:4 0:77& 0:02 6:42#7:58
!5:42 1:0%
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FIG. 2 (color online). EECL distribution for double tagged
events, where one B is fully reconstructed in the hadronic
mode and the other B is reconstructed as B! ! D"0‘! !!. The
dots indicate the data. The solid histogram is the background
from B !B MC events (B#B! # B0 !B0), while the dashed one
shows the contribution from B0 !B0 events.
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FIG. 3 (color online). EECL distributions in the data after all
selection criteria except the one on EECL. The data and back-
ground MC samples are represented by the points and the solid
histogram, respectively. The solid curve shows the result of the
fit with the sum of the signal (dashed curve) and background
(dotted curve) contributions.
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MC modelling of 
Eextra checked with 
double tags 

•  Combinatorial background es>mated from data 

•  Polynomial PDF for background, plus a peaking 
background form MC.  Gaussian PDF for signal  

•  Excess of events excludes null hypothesis at 3.3 σ
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•  Excluding null hypothesis at 3.6 σ
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FIG. 2: EECL distribution for double semileptonic tagged
events. The points with error bars are data and the solid his-
togram is the MC expectation scaled to the luminosity of the
data. The dashed histogram is the MC expectation multiplied
by the correction function described in the text.

this control sample is negligibly small. We find the EECL

distribution of data tends to have a slightly smaller width
than MC. The difference between the data and MC is pa-
rameterized as a first-order polynomial function of EECL

obtained by a fit to the ratio of data to MC for the EECL

histograms of the double tagged sample. The EECL his-
togram obtained from the signal MC sample is modified
by multiplying by this correction function.
In the final fit, four parameters are allowed to vary:

the total signal yield and the sum of BB and contin-
uum backgrounds for each τ decay mode. The ratio
of the BB to the continuum background is fixed to the
value obtained from MC with the normalization correc-
tion applied. Other background contributions are fixed
to the MC expectation. We combine τ decay modes by
constraining the ratios of the signal yields to the ratio
of the reconstruction efficiencies obtained from MC in-
cluding the branching fractions of τ decays [15]. Fig-
ure 3 shows the EECL distribution overlaid with the fit
results. The EECL distribution for each τ decay mode
is also shown. We see a clear excess of signal events
in the region near zero and obtain a signal yield of
ns = 143+36

−35. The branching fraction is calculated as
B = ns/(2εNB+B−), where ε is the reconstruction effi-
ciency including the branching fraction of the τ decay
mode and NB+B− is the number of Υ(4S) → B+B−

events, assuming NB+B− = N
B0B

0 . Table I lists the
signal yields and the branching fractions obtained from
separate fits to each τ decay mode and the fit with all
three modes combined. The results of the individual fits
are consistent within statistics. The χ2 of the three re-

TABLE I: Results of the fit for signal yields and branch-
ing fractions. ε is the reconstruction efficiency including the
branching fraction of the τ decay mode. The first error in the
branching fraction is statistical and the second is systematic.

Decay Mode Signal Yield ε, 10−4
B, 10−4

τ−
→ e−νeντ 73+23

−22 5.9 1.90+0.59
−0.57

+0.33
−0.35

τ−
→ µ−νµντ 12+18

−17 3.7 0.50+0.76
−0.72

+0.18
−0.21

τ−
→ π−ντ 55+21

−20 4.7 1.80+0.69
−0.66

+0.36
−0.37

Combined 143+36
−35 14.3 1.54+0.38

−0.37
+0.29
−0.31

sults is 2.43 for two degrees of freedom, corresponding to
a 30% confidence level.
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FIG. 3: EECL distribution of semileptonic tagged events
with the fit result for (a) all τ decay modes combined, (b)
τ−

→ e−νeντ , (c) τ−
→ µ−νµντ and (d) τ−

→ π−ντ . The
points with error bars are data. The hatched histogram and
solid open histogram are the background and the signal con-
tributions, respectively.

Systematic errors for the measured branching fraction
are associated with the uncertainties in the signal yield,
efficiencies and the number of B+B− pairs. The sys-
tematic errors for the signal yield arise from the uncer-
tainties in the PDF shapes for the signal (+2.1

−2.6%) and
for the background (+12.6

−14.5%). The systematic errors for
the signal shape includes uncertainty in the signal shape
correction function and MC statistics. The uncertainty
in the signal shape correction function is estimated by
changing the parameters of the function within their er-
rors and replacing the function with a second-order poly-
nomial. The main contributions to the systematic errors
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FIG. 2: EECL distribution for double semileptonic tagged
events. The points with error bars are data and the solid his-
togram is the MC expectation scaled to the luminosity of the
data. The dashed histogram is the MC expectation multiplied
by the correction function described in the text.

this control sample is negligibly small. We find the EECL

distribution of data tends to have a slightly smaller width
than MC. The difference between the data and MC is pa-
rameterized as a first-order polynomial function of EECL

obtained by a fit to the ratio of data to MC for the EECL

histograms of the double tagged sample. The EECL his-
togram obtained from the signal MC sample is modified
by multiplying by this correction function.
In the final fit, four parameters are allowed to vary:

the total signal yield and the sum of BB and contin-
uum backgrounds for each τ decay mode. The ratio
of the BB to the continuum background is fixed to the
value obtained from MC with the normalization correc-
tion applied. Other background contributions are fixed
to the MC expectation. We combine τ decay modes by
constraining the ratios of the signal yields to the ratio
of the reconstruction efficiencies obtained from MC in-
cluding the branching fractions of τ decays [15]. Fig-
ure 3 shows the EECL distribution overlaid with the fit
results. The EECL distribution for each τ decay mode
is also shown. We see a clear excess of signal events
in the region near zero and obtain a signal yield of
ns = 143+36

−35. The branching fraction is calculated as
B = ns/(2εNB+B−), where ε is the reconstruction effi-
ciency including the branching fraction of the τ decay
mode and NB+B− is the number of Υ(4S) → B+B−

events, assuming NB+B− = N
B0B

0 . Table I lists the
signal yields and the branching fractions obtained from
separate fits to each τ decay mode and the fit with all
three modes combined. The results of the individual fits
are consistent within statistics. The χ2 of the three re-

TABLE I: Results of the fit for signal yields and branch-
ing fractions. ε is the reconstruction efficiency including the
branching fraction of the τ decay mode. The first error in the
branching fraction is statistical and the second is systematic.

Decay Mode Signal Yield ε, 10−4
B, 10−4

τ−
→ e−νeντ 73+23

−22 5.9 1.90+0.59
−0.57

+0.33
−0.35

τ−
→ µ−νµντ 12+18

−17 3.7 0.50+0.76
−0.72

+0.18
−0.21

τ−
→ π−ντ 55+21

−20 4.7 1.80+0.69
−0.66

+0.36
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Combined 143+36
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sults is 2.43 for two degrees of freedom, corresponding to
a 30% confidence level.
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FIG. 3: EECL distribution of semileptonic tagged events
with the fit result for (a) all τ decay modes combined, (b)
τ−

→ e−νeντ , (c) τ−
→ µ−νµντ and (d) τ−

→ π−ντ . The
points with error bars are data. The hatched histogram and
solid open histogram are the background and the signal con-
tributions, respectively.

Systematic errors for the measured branching fraction
are associated with the uncertainties in the signal yield,
efficiencies and the number of B+B− pairs. The sys-
tematic errors for the signal yield arise from the uncer-
tainties in the PDF shapes for the signal (+2.1

−2.6%) and
for the background (+12.6

−14.5%). The systematic errors for
the signal shape includes uncertainty in the signal shape
correction function and MC statistics. The uncertainty
in the signal shape correction function is estimated by
changing the parameters of the function within their er-
rors and replacing the function with a second-order poly-
nomial. The main contributions to the systematic errors
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FIG. 2: EECL distribution for double semileptonic tagged
events. The points with error bars are data and the solid his-
togram is the MC expectation scaled to the luminosity of the
data. The dashed histogram is the MC expectation multiplied
by the correction function described in the text.

this control sample is negligibly small. We find the EECL

distribution of data tends to have a slightly smaller width
than MC. The difference between the data and MC is pa-
rameterized as a first-order polynomial function of EECL

obtained by a fit to the ratio of data to MC for the EECL

histograms of the double tagged sample. The EECL his-
togram obtained from the signal MC sample is modified
by multiplying by this correction function.
In the final fit, four parameters are allowed to vary:

the total signal yield and the sum of BB and contin-
uum backgrounds for each τ decay mode. The ratio
of the BB to the continuum background is fixed to the
value obtained from MC with the normalization correc-
tion applied. Other background contributions are fixed
to the MC expectation. We combine τ decay modes by
constraining the ratios of the signal yields to the ratio
of the reconstruction efficiencies obtained from MC in-
cluding the branching fractions of τ decays [15]. Fig-
ure 3 shows the EECL distribution overlaid with the fit
results. The EECL distribution for each τ decay mode
is also shown. We see a clear excess of signal events
in the region near zero and obtain a signal yield of
ns = 143+36

−35. The branching fraction is calculated as
B = ns/(2εNB+B−), where ε is the reconstruction effi-
ciency including the branching fraction of the τ decay
mode and NB+B− is the number of Υ(4S) → B+B−

events, assuming NB+B− = N
B0B

0 . Table I lists the
signal yields and the branching fractions obtained from
separate fits to each τ decay mode and the fit with all
three modes combined. The results of the individual fits
are consistent within statistics. The χ2 of the three re-

TABLE I: Results of the fit for signal yields and branch-
ing fractions. ε is the reconstruction efficiency including the
branching fraction of the τ decay mode. The first error in the
branching fraction is statistical and the second is systematic.

Decay Mode Signal Yield ε, 10−4
B, 10−4

τ−
→ e−νeντ 73+23

−22 5.9 1.90+0.59
−0.57

+0.33
−0.35

τ−
→ µ−νµντ 12+18

−17 3.7 0.50+0.76
−0.72

+0.18
−0.21

τ−
→ π−ντ 55+21

−20 4.7 1.80+0.69
−0.66

+0.36
−0.37

Combined 143+36
−35 14.3 1.54+0.38

−0.37
+0.29
−0.31

sults is 2.43 for two degrees of freedom, corresponding to
a 30% confidence level.
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FIG. 3: EECL distribution of semileptonic tagged events
with the fit result for (a) all τ decay modes combined, (b)
τ−

→ e−νeντ , (c) τ−
→ µ−νµντ and (d) τ−

→ π−ντ . The
points with error bars are data. The hatched histogram and
solid open histogram are the background and the signal con-
tributions, respectively.

Systematic errors for the measured branching fraction
are associated with the uncertainties in the signal yield,
efficiencies and the number of B+B− pairs. The sys-
tematic errors for the signal yield arise from the uncer-
tainties in the PDF shapes for the signal (+2.1

−2.6%) and
for the background (+12.6

−14.5%). The systematic errors for
the signal shape includes uncertainty in the signal shape
correction function and MC statistics. The uncertainty
in the signal shape correction function is estimated by
changing the parameters of the function within their er-
rors and replacing the function with a second-order poly-
nomial. The main contributions to the systematic errors

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

−0.31)× 10−4
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freedom of 2:02=3, or a probability of 57%, and is per-
formed using branching fractions computed with Eq. (2).
In the context of the SM, we determine that f2B ¼ ð62#
31Þ % 103 MeV2, where the uncertainty arises dominantly
from this measurement and jVubj.

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

'0:9Þ %

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

sample to search for the purely leptonic B meson decay
Bþ ! ‘þ" using a semileptonic B decay tagging tech-
nique. We measure BðBþ ! !þ"!Þ ¼ ð1:7# 0:8#
0:2Þ % 10'4 and exclude the null hypothesis at the level
of 2:3#. We find results consistent with the background
predictions for the decays Bþ ! $þ"$ and Bþ ! eþ"e.

We are grateful for the excellent luminosity and machine
conditions provided by our PEP-II colleagues, and for the
substantial dedicated effort from the computing organiza-
tions that support BABAR. The collaborating institutions
wish to thank SLAC for its support and kind hospitality.
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FIG. 2 (color online). Eextra after all selection criteria have
been applied for each final state. Shown are data (black points),
background MC simulation (gray shaded), and signal MC simu-
lation (dotted line) normalized to 10 times the expected branch-
ing fraction (106 times for Bþ ! eþ"e). The background MC
simulation is luminosity normalized and corrected for the data/
MC ratio in the Eextra sideband; the rectangles represent the MC
simulation statistical uncertainty. In (a–d), the vertical dashed
line indicates the signal region boundary. In (f–g) the first bin is
the signal region.

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

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

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

'1:6Þ
!þ ! %þ !"! 59# 9 71 ð2:1þ2:0

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

'1:2Þ
Bþ ! !þ"! 509# 30 583 ð1:7# 0:8# 0:2Þ
Bþ ! $þ"$ 13# 8 12 <0:11 (90% C.L.)
Bþ ! eþ"e 24# 11 17 <0:08 (90% C.L.)
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FIG. 2 (color online). Eextra after all selection criteria have
been applied for each final state. Shown are data (black points),
background MC simulation (gray shaded), and signal MC simu-
lation (dotted line) normalized to 10 times the expected branch-
ing fraction (106 times for Bþ ! eþ"e). The background MC
simulation is luminosity normalized and corrected for the data/
MC ratio in the Eextra sideband; the rectangles represent the MC
simulation statistical uncertainty. In (a–d), the vertical dashed
line indicates the signal region boundary. In (f–g) the first bin is
the signal region.

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

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

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

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

'1:2Þ
Bþ ! !þ"! 509# 30 583 ð1:7# 0:8# 0:2Þ
Bþ ! $þ"$ 13# 8 12 <0:11 (90% C.L.)
Bþ ! eþ"e 24# 11 17 <0:08 (90% C.L.)

B. AUBERT et al. PHYSICAL REVIEW D 81, 051101(R) (2010)

RAPID COMMUNICATIONS

051101-8

B( B τν ) = (1.7 ±0.8 ± 0.2)×10‐4 

Excludes null hypothesis at 2.3 σ

Phys. Rev. D 81,051101(R) (2010) 
459 M B pairs 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Branching fractions summary 

HFAG average:   B(B → τν) = (1.64± 0.34)× 10−4

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

−0.51)× 10−4

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

−0.31)× 10−4

arXiv:1008.0104[hep‐ex] 

Phys. Rev. D 81, 051101(R) (2010) 

Phys. Rev. Leo. 97, 251802 (2006) 

Phys. Rev. D 82, 071101(R) (2010) 

BABAR Hadronic tags 

BABAR Semi‐leptonic tags 

BELLE Semi‐leptonic tags 

BELLE Hadronic tags 

B(B → τν) = (1.7± 0.8± 0.2)× 10−4

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

BABAR combined 
B(B → τν) = (1.76± 0.49)× 10−4

HFAG does not use the 2006 Belle hadronic tag result 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Tensions in the Global Fit 

•  Despite the striking overall 
consistency of the UT constraints 
some measurements show 
“tensions” 

•  Sta>s>cal fluctua>ons, unknown 
systema>c uncertain>es or hints of 
New Physics around the corner? 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Combining Bτν and Δmd 

•  another 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SuperB extrapolations 

•  The measurements will rapidly become systema>cally limited 

•  Expect a final precision of 4% (systema>c dominated) well before 
75ab‐1 

•  Caveat: 4% is half of the current systema>c uncertainty 
  We assess most of systema>cs from data so it may be conserva>ve 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!"#$%&'"(&$)*(%+"'%!,&$'-.%-!"#$%&'"(&$)*(%+"'%!,&$'-.%-++ →τ→τ ++ νν %/01%/01

! Assumptions:Assumptions:
  - statistical error scales with luminosity
  - Main systematic error (E

extra
 bkg PDF) 

    mainly due to MC statistics,
    ⇒ assume it scales with luminosity

  - Syst. on tag/signal efficiencies and BB 
    counting (7%⊕5%⊕1.1% = 8.7%) seems 
    to be irreducible (conservative approach)

BaBar   (βγ = 0.56)
SuperB (βγ = 0.24)
+ Fwd-PID
+ Bwd-EMC

5 years of data taking

SuperB prospects (systematic reduced by 50%)

SuperB prospects (conservative approach)

Significance saturates 
around ~50 ab-1 due to 
irreducible systematics

! Irreducible systs. due to data/MC mismatch 
on tracking and π0 reconstruction and PID

! Evaluate them using well-characterized 
control samples

! Experience shows they can be reduced
! Not so conservative approach:
            Irreducible syst. error down by ~50%Irreducible syst. error down by ~50%
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only takes into account the statistical uncertainties, andneeds to be modified in order to consider

the irreducible systematic uncertainties,

Significance=
S

√

(S+B+(!systS)2)
, (5.1)

where !syst is the total relative systematic error. No significant observation is expected at SuperB

of the highly suppressed B+ → e+"e decay, therefore it will be excluded from the subsequent

discussion.
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Figure 1: left: Significance of the BR(B+ → #+"#) (top) and BR(B+ → µ+"µ)measurements as a function
of integrated luminosity for the studied detector setups: BaBar (solid-black), SuperB baseline (dotted-black),

Fwd-PID (red) and Bwd-EMC (blue). right: Excluded region on the tan%−MH plane for the current (green)

and expected sensitivities of SuperB at 75 ab−1 (blue) from the BR(B+ → #+"#) (top) and BR(B+ → µ+"µ)
(bottom) measurements.

The irreducible systematic uncertainties onBR(B+ → #+"#) (mainly due to Btag and Bsig re-

construction efficiencies andBB̄ counting) is 8.7%, which is currently a factor of∼ 2 smaller than

the statistical error. It is evident that this measurement will be systematic dominated in the near

future if no effort is made to reduce the systematic error. The uncertainty will saturate at ∼ 9%

already at ∼ 50 ab−1, which is only 2/3 of the total expected dataset of SuperB. Experience has

shown that systematics can be reduced with higher statistics, as it is possible to study larger con-

trol samples. It is then assumed that the systematic uncertainty can be reduced by a factor of two,

which can be considered as a moderately conservative scenario. Under this hypothesis, we obtain

the top-left plot of figure 1, where we show the statistical significance as a function of the inte-

grated luminosity, which gives an uncertainty of 4.5% at 75 ab−1. In order to translate this into

5

From Alejandro Perez @ HQL 2010 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Belle II extrapolations 

•  From Belle‐II collabora>on Physics Report (arXiv:1002.5012) 

•  Scale both the sta>s>cal and systema>cal uncertainty  by luminosity 
•  Resul>ng in a 4% total uncertainty with the full dataset of 50 ab‐1 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Figure 5.19: 95.5% C.L. exclusion region (left) and 5σ discovery region (right) of charged Higgs
at 5 ab−1 (top) and 50 ab−1. In the left plots, the green area shows the exclusion region at
Super B Factory. In the right plots, the red area shows the discovery region, while the green
area shows the present exclusion region.
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95% excl. 50ab‐1  5σ observa>on regions 

18 Guglielmo De Nardo ‐ B decays with (many) neutrinos ‐ 8th mee>ng on B Physics ‐ Feb 6th 2012, Genova, Italy  



B ➝eν, µν untagged analysis 

•  Monochroma>c e or µ in B rest 
frame  

•  NO tag reconstruc>on but exploit 
kinema>cs and and topology of 
the rest of the event  

•  No significant signal seen 

Belle Collaboration / Physics Letters B 647 (2007) 67–73 71

Fig. 3. pB
! distributions for the signal candidates. Points show the on-resonance data, and solid histograms show the expected background due to rare B → Xu!ν

decays (hatched, from MC); other BB̄ events, principally B → Xc!ν decays (cross-hatched, also from MC); and continuum events (light shaded, taken from scaled
off-resonance data). Dashed histograms are MC B → !ν signals that are obtained by multiplying the SM expectations by a factor of 10 for the muon mode and by
5 × 106 for the electron mode. The arrows show the signal regions.

Fig. 4. Mbc distributions for the events in the #E signal region, together with the fit results (dotted lines). The solid curves are the background contributions. The
dashed curves are the signal contributions. The signal contribution in the electron mode is multiplied by a factor of −4 to make it visible on the plot.

from the off-resonance data for the continuum background and
from MC for the BB̄ background. We do not include the peak-
ing component from B → Xu!ν in this fit since an examination
of #E sideband data indicates that the peaking contribution is
negligible. The expected number of background events in the
signal region is estimated by fitting the Mbc distribution outside
the signal region to a background shape determined from the
BB̄ MC and off-resonance data. The expected number of back-
ground events is 7.4 ± 1.0 (13.4 ± 1.4) for the muon (electron)
mode. Use of the combination of the BB̄ MC samples and off-
resonance data instead of the on-resonance data gives similar
expected number of background events. The Mbc distributions
are used as probability density functions (PDF) to compute an
extended likelihood function defined as follows:

(4)L(ns, nb) = e−(ns+nb)

N !
N∏

i=1

(
nsfs(i) + nbfb(i)

)

where ns and nb represent the numbers of signal and back-
ground events in the fit region to be determined in the fit, N

is the number of observed events, fs and fb are the signal

and background PDFs, respectively. The negative log likelihood
function is minimized using MINUIT [18] with two free para-
meters nb and ns where ns = ε! ×NBB̄ ×B(B+ → !+ν) with ε!

being the efficiency in the fit region, and NBB̄ the total number
of BB̄ events analyzed. We assume the number of the charged
and neutral BB̄ pairs to be equal.

Fig. 4 shows the Mbc distributions of events in the #E signal
region together with the fit results. We observe 12 (15) events
for the muon (electron) mode in the signal region. The signal
yield extracted from the fit is 4.1 ± 3.1 events for the muon
mode and −1.8 ± 3.3 events for the electron mode in the signal
region. For the SM branching fractions, we expect 2.8±0.2 and
(7.3 ± 1.4) × 10−5 events for the muon mode and the electron
mode, respectively. The significance of the signal in the muon
mode is 1.3, which is defined as

√
2 ln(Lmax/L0) where Lmax

is the likelihood value for the best-fit signal yield and L0 is
the likelihood value for no signal event. No excess of events is
observed in the electron mode. Selection efficiencies, expected
numbers of events for signal and background and fit results are
summarized in Table 1.

90% C.L. limits: 

BF( B → eν ) < 1.9 × 10‐6  BABAR 

BF( B → eν ) < 0.98 × 10‐6  BELLE    

BF( B → μν ) < 1.0 × 10‐6  BABAR 

BF( B → μν ) < 1.7 × 10‐6  BELLE 

Phys. Rev. D 79,091101 (2009) 
Phys. Leo. B 647 (2007) 67    

B (r.o.e.) mass 
B ➝eν  B ➝µν 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Prospects of Bµν in SuperB and Belle-II 

•  Scaling the sta>s>cal uncertainty of the untagged method with luminosity 
•  Assuming a moderate improvement in systema>c uncertainty 
•  Both collabora>ons assume that an hadronic tagging will perform beoer 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Figure 5.20: pB
! distributions for the signal candidates at Belle. Points show the on-resonance

data, and solid histograms show the expected background due to rare B → Xu!ν decays
(hatched, from MC); other BB̄ events, principally B → Xc!ν decays (cross-hatched, also from
MC); and continuum events (light shaded, taken from scaled off-resonance data). Dashed his-
tograms are MC B → !ν signals that are obtained by multiplying the SM expectations by a
factor of 10 for the muon mode and by 5 × 106 for the electron mode. The arrows show the
signal regions.
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Figure 5.21: The standard deviation for B+ → µ+νµ as a function of luminosity (ab−1).
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!"#$%&'"(&$)*(%+"'%!,&$'-.%-!"#$%&'"(&$)*(%+"'%!,&$'-.%-++ →µ→µ ++ νν %/01%/01

! Assumptions:Assumptions:
  - statistical error scales with luminosity
  - Main systematic error (bkg PDF) 
    mainly due to MC statistics,
    ⇒ assume it scales with luminosity

  - Syst. on tag+signal efficiencies and BB 
    counting (3.8%⊕1.1% = 4%) seems 
    to be irreducible (conservative approach)

BaBar   (βγ = 0.56)
SuperB (βγ = 0.24)
+ Fwd-PID
+ Bwd-EMC

5 years of data taking

SuperB prospects (systematic reduced by 50%)

SuperB prospects (conservative approach)

! Irreducible systs. due to data/MC mismatch 
on tracking and π0 reconstruction and PID

! Evaluate them using well-characterized 
control samples

! Experience shows they can be reduced
! Not so conservative approach:
            Irreducible syst. error down by ~50%Irreducible syst. error down by ~50%
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significance up to 75 ab-1

No saturation of the 
significance up to 75 ab-1

PreliminaryPreliminary

PreliminaryPreliminary

Both SuperB and Belle‐II extrapolate a 5σ observa>on within SM before 10ab‐1 

Scaling to 75 ab‐1 expect SuperB to measure BF(Bµν ) at 4%  
Scaling to 50 ab‐1 expect Belle‐II  to measure BF(Bµν ) at 6% 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SuperB Bτν + Bµν  

•  75 ab‐1 SuperB  expected exclusion region on 2HDM parameters from “the impact 
of SuperB on flavour Physics” arXiv:0901.0512 

•  ATLAS constraint from arXiv:0901.0512  

18

direct searches at the LHC, assuming a data sample of 30 fb−1 of data collected at a centre of mass energy of
14 TeV by ATLAS. In the MSSM, stronger bounds on the same plane could be obtained from BR(Bs → µ+µ−)
measured at LHCb depending on the value of other SUSY parameters.

FIG. 5: The constraint on the mass of a charged Higgs boson as a function of tanβ in a 2HDM-II (95% C.L.). The
constraint anticipated from the LHC with 30 fb−1 of data collected at a centre of mass energy of 14 TeV is also shown for
comparison. The SuperB constraint is dominated by B → τν up to luminosities ∼ 30 ab−1, and the B → µν contribution
dominates above this. The ATLAS constraint is taken from arXiv:0901.0512.

Finally in the context of precision tests of the CKM matrix, SuperB would be able to reduce the constraints
on the ρ, η plane to the level illustrated by Figure 6. The central values assumed correspond to the current
measurements. If one extrapolates to the precision attained with 75 ab−1 of data from SuperB, a percent level
test of CKM could be performed, and if we assume for the sake of illustration that the central values would stay
at today’s values, then we would obtain a clear NP signal.

FIG. 6: Constraints on the (ρ̄, η̄) plane using measurements from SuperB. This is the dream scenario, where existing
central values are extrapolated to sensitivities expected from SuperB with 75 ab−1 and one can see that the constraints are
not consistent with the CKM scenario. This highlights the importance of performing a precision CKM test with SuperB.

The impact of SuperB on flavour physics
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B ➝ lνγ with hadronic tags from BaBar 

•  Small excess for muon channel 
consistent with a 2.1 σ background 
fluctua>on 

neutrino mass squared is then defined asm2
! ! ðpB # p‘ #

p"Þ2, where p‘ (p") is the four-momentum of the signal
track (photon candidate). As shown in Fig. 2, the back-
ground increases withm2

!, while B
þ ! ‘þ!‘" events peak

at m2
! ¼ 0 with an enhanced tail in the electron mode due

to unrecovered bremsstruhlung photons. We require#1<
m2

! < 0:46 ð0:41Þ GeV2=c4 for the electron (muon) modes.
In addition, the lepton and neutrino should be emitted
back-to-back in the rest frame that recoils from the photon
emission, defined as pB # p". We require cos#‘! <#0:93
in this frame, where #‘! is the angle between ~p‘ and ~pmiss.
After all other selection criteria are applied, the MC in-
dicates that m2

! and cos#‘! together remove 99% of back-
ground events with a 30 and 20% reduction in the signal
efficiency for the electron and muon modes, respectively.

The dominant backgrounds are due to Bþ ! $0‘þ!‘

(%‘þ!‘) events in which $0ð%Þ ! "" fakes the Bþ !
‘þ!‘" signal photon. To suppress this background, we
reject events containing a $0ð%Þ candidate, reconstructed
using the signal photon candidate and a second cluster
having CM energy E"2

. For $0 candidates, we require a
"" invariant mass between 120–145 MeV=c2 with E"2

>
30 MeV or between 100–160 MeV=c2 with E"2

>

80 MeV. For % candidates, we require a "" invariant
mass between 515–570 MeV=c2 with E"2

> 100 MeV.
Likewise, Bþ ! !‘þ!‘ ! ½$0"(‘þ!‘ events are sup-
pressed by rejecting any event in which the signal photon
candidate and a $0 candidate produce an invariant mass
between 730–830 MeV=c2. This$0 candidate is defined as
any two clusters with CM energy >70 MeV which pro-
duce a "" invariant mass between 115–145 MeV=c2.
After applying all other selection criteria, these vetoes
reduce the Bþ ! $0‘þ!‘ and Bþ ! X0

u‘
þ!‘ background

events, with X0
u ! $0, by 65% and 50%, respectively.

Finally, we require the lateral moment [17] of the calo-
rimeter energy deposit for the signal photon candidate,
which peaks at 25% for single photons, to be between 0
and 55%. This suppresses Bþ ! $0‘þ!‘ events in which
the two photons from the $0 decay are reconstructed as a
single merged photon.
Once the Btag, signal photon, and lepton are identified,

Bþ ! ‘þ!‘" events are expected to contain little or no
additional energy within the calorimeter. However, addi-
tional energy deposits can result from hadronic shower

fragments, beam-related photons, and photons from unrec-
onstructed !D) ! !D"=$0 transitions in the Btag candidate.

The total energy of all additional clusters is required to be
less than 0.8 GeV, counting only clusters with lab-frame
energy greater than 50 MeV. We also require that ~pmiss

points within the fiducial acceptance of the detector.
To avoid experimenter bias, we optimize all the selec-

tion criteria and determine the number of expected back-

ground events in the signal region (Nbkg
‘ ), for ‘ ¼ e or &,

before looking at any data events selected by the criteria.
We optimize by maximizing the figure of merit

"sig‘ =ð12 n' þ
ffiffiffiffiffiffiffiffiffiffi
Nbkg

‘

q
Þ [18], where n' ¼ 1:3 and "sig‘ is the

total signal efficiency including that of the Btag reconstruc-

tion. The signal branching fraction is calculated using

B‘ ¼ ðNobs
‘ # Nbkg

‘ Þ="sig‘ NB* , where NB* ¼ 465+ 106 is
the number of B* mesons in the data sample andNobs

‘ is the
number of data events within the signal region.

To verify the modeling of "sig‘ , we remove the Bþ !
X0
u‘

þ!‘ vetoes, select events containing a $0 candidate,
and substitute the $0 in place of the signal photon candi-
date. The resulting m2

! distribution from Bþ ! $0‘þ!‘ is
expected to resemble that of the signal. We observe a peak
in the data that agrees with MC expectations within the
15% statistical uncertainty of the data, as shown in Fig. 3.
For cross-check purposes only, we determine the Bþ !
$0‘þ!‘ efficiency using an exclusive Bþ ! $0‘þ!‘ MC
sample and the background contribution using generic MC.

The peak in data corresponds to BðBþ ! $0‘þ!‘Þ ¼
ð7:8þ1:7

#1:1Þ + 10#5, where the uncertainty is statistical. This

branching fraction is consistent with the current world-
average value of ð7:7* 1:2Þ + 10#5 [10], which is also
the value used in the MC samples.
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FIG. 2. m2
! distribution after all selection criteria are applied,

in electron (top) and muon (bottom) modes for the mES peaking
(shaded) plus nonpeaking (solid) contributions in the full back-
ground MC sample, signal MC normalized to B ¼ 40+ 10#6

(dashed), and data (points). Events to the left of the vertical lines
are selected. Ncomb

‘ of Table I is determined from sideband data,
not from the MC shown here.

B. AUBERT et al. PHYSICAL REVIEW D 80, 111105(R) (2009)

RAPID COMMUNICATIONS

111105-6

B➝eνγ  B➝μνγ 

Expected bkg  2.7 ± 0.3 ±0.4  3.4 ± 0.7 ±0.7 

Observed events  4  7 

Signal efficiency  (7.8 ± 0.1 ±0.3) %  (8.1 ± 0.1 ±0.3)% 

FC confidence limit  <17 × 10‐6  <26 × 10‐6 

<15 × 10‐6 

Phys. Rev. D 80, 111105 (2009) 

Missing mass 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B➝ K(*)νν  



Physics Motivation 

•  FCNC b  s transi>on in 
the SM by W box or Z 
penguin 

•  Small SM branching 
frac>on 

•  2ν final state make it 
theore>cally cleaner than 
other b  s modes 

•  Many new physics models 
may enhance the BF.  

BF( B+ Κ+ ν ν )  ~ 4 × 10‐6 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B ➝ h νν experimental measurements 

Mode  BaBar 
Had tag 

BaBar  
SL tag 

Belle 
Had tag 

Belle 
SL tag 

K+ ν ν   ✓  ✓  ✓ 

KS ν ν   ✓  ✓ 

K*+ ν ν   ✓  ✓  ✓ 

K*0 ν ν     ✓  ✓  ✓ 

π+ ν ν   ✓ 

π0 ν ν   ✓ 

ρ+ ν ν   ✓ 

ρ0 ν ν   ✓ 

φ ν ν   ✓ 

•  Babar uses both tags – Belle hadronic tags only 
•  Belle searched also for other non‐kaonic modes 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B+ ➝ K+ ν ν and B0 ➝ KS ν ν with SL tags from BaBar   

•  Mul>variate analysis using bagged decision trees 

•  Trained on MC simulated signal and background 
events 

•  26 (K+) and 38(KS) variables exploi>ng missing 
energy, event shape, kinema>cs and quality of 
the tag reconstruc>on 

20 BDTs, under the assumption of a branching fraction of
3:8! 10"6. This signal significance is s=

ffiffiffiffiffiffiffiffiffiffiffiffi
sþ b

p
, where s

is the number of signal events, and b is the number of
background events. Optimization using a figure of merit
based upon signal efficiency and independent of assumed
branching fraction yields similar results. For each BDT, a
BDT output value that yields the target signal efficiency is
calculated. For example, the BDToutput cuts for the BDTs
shown in Fig. 2 are 0.976 for theKþ BDTand 0.955 for the
K0 BDT. The mean background for target signal efficiency
is obtained by averaging the individual background esti-
mates from each of the 20 BDTs. Thus, we treat each
ensemble of 20 BDTs as a set of correlated estimators
for the numbers of signal and background events in a signal
region defined by the target signal efficiency.

The low-q2 (high-q2) measurement uses the Kþ en-
semble but only includes events with p$

Kþ > 1:5 GeV=c
(p$

Kþ < 1:5 GeV=c), which means that only those events

are used to calculate the signal efficiency and the back-
ground prediction. The low-q2 measurement has the same
BDToutput cuts and background prediction as the primary
Kþ measurement, with only the signal efficiency changed
by the restriction on p$

Kþ . On the other hand, the high-q2

measurement has its own set of BDT output cuts based
upon its own optimized signal efficiency, along with its
own background prediction.

The total optimized signal efficiency for the Kþ ðK0Þ
mode is 0.16% (0.06%), while the efficiency for the Kþ

low-q2 (high-q2) region is 0.24% (0.28%). The uncertainty
in the signal efficiency is discussed below. Figure 3 shows
the BDT selection efficiency versus p$

K for theKþ,K0, and
high-q2 measurements, where the BDT selection efficiency
considers only the effect of the BDT output cut.
To measure the branching fractions, we use the value

obtained from simulated events of the predicted back-
ground in the signal region, the number of observed data
events, and the signal efficiency, as shown by the following
equation:B ¼ ðNobs " NbkgÞ=!NB, whereB is the branch-
ing fraction, Nobs is the number of observed data events,
Nbkg is the number of predicted background events, ! is the
total signal efficiency, and NB is the number of B mesons,
either charged or neutral [20], that are relevant to the
branching fraction. We account for the 50% correlation
between each of the datasets when computing the statisti-
cal uncertainty of the estimated background contribution
by using a standard method for combining correlated
uncertainties [19].
Data control samples are used to ensure that both

signal-like and background-like events in actual data are
classified similarly to simulated events. The vetoed aþ1
events offer a high-statistics control sample, which can be
used to compare the Kþ and K0 BDT output distributions
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FIG. 2 (color online). (a) Kþ and (b) K0 BDT output for data (diamonds), background MC (solid), and signal MC (dotted) events.
For each plot, the scale for the data and background events is on the left axis, and the scale for the signal events is on the right axis.
The distribution of signal MC events is normalized to unit area.
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FIG. 3. BDT selection efficiency in the signal region versus p$
K for (a) Kþ, (b) K0

S, and (c) high-q2 Kþ simulated signal events,
considering only the effect of the BDT output cut.
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D 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M B pairs 

B+ Κ+ ν ν    B0 Κ0 ν ν 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B+ ➝ K+ ν ν and B0 ➝ KS ν ν with SL tags from BaBar  

•  Signal not significant, upper limits set to 
B( B+ Κ+ ν ν ) < 16 × 10‐6 
B( B0 Κ0 ν ν ) < 56 × 10‐6 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Innovación (Spain), and the Science and Technology
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the Binational Science Foundation (USA-Israel).

BDT Output

0.96 0.965 0.97 0.975 0.98 0.985 0.99 0.995 1

A
ve

ra
ge

 N
um

be
r 

of
 E

ve
nt

s

0

2

4

6

8

10

12 Data
Background MC
Signal MC

(a) BDT Output

0.94 0.95 0.96 0.97 0.98 0.99 1

A
ve

ra
ge

 N
um

be
r 

of
 E

ve
nt

s

0

1

2

3

4

5

6 Data
Background MC
Signal MC

(b) BDT Output

0.75 0.8 0.85 0.9 0.95 1

A
ve

ra
ge

 N
um

be
r 

of
 E

ve
nt

s

0

10

20

30

40

50

60 Data
Background MC
Signal MC X 10

(c)

FIG. 4 (color online). Averaged BDT signal-region output for (a) Kþ, (b) K0
S, and (c) high-q2 Kþ data, with expected signal and

background contributions. The signal estimate assumes a branching fraction of 3:8" 10#6.
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FIG. 5 (color online). Averaged p$
K signal-region output for (a) Kþ, (b) K0

S, and (c) high-q2 Kþ data, with expected signal and
background contributions. The signal estimate assumes a branching fraction of 3:8" 10#6.
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FIG. 6 (color online). Integrated numbers of observed (red triangles), expected background (black circles), and excess events (blue
squares) for data for each BDT: (a) Kþ, (b) K0

S, and (c) high-q2 Kþ. The individual uncertainties are purely statistical and assume no
correlation between data sets. The horizontal dashed lines show the sum of the statistical and systematic uncertainties on the mean
number of excess events.

TABLE IV. Branching fraction (BF) central values and upper
limits. The low- and high-q2 values are partial BFs, while the
rest are total BFs.

Mode BF 90% CL 95% CL

"10#5 "10#5 "10#5

Kþ 0:2þ0:8
#0:7 1.3 1.6

K0 1:7þ3:1
#2:1 5.6 6.7

Comb. Kþ, K0 0:5þ0:7
#0:7 1.4 1.7

Low-q2 Kþ 0:2þ0:6
#0:5 0.9 1.1

High-q2 Kþ #1:8þ3:8
#3:8 3.1 4.6
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FIG. 4 (color online). Averaged BDT signal-region output for (a) Kþ, (b) K0
S, and (c) high-q2 Kþ data, with expected signal and

background contributions. The signal estimate assumes a branching fraction of 3:8" 10#6.
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FIG. 5 (color online). Averaged p$
K signal-region output for (a) Kþ, (b) K0

S, and (c) high-q2 Kþ data, with expected signal and
background contributions. The signal estimate assumes a branching fraction of 3:8" 10#6.
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FIG. 6 (color online). Integrated numbers of observed (red triangles), expected background (black circles), and excess events (blue
squares) for data for each BDT: (a) Kþ, (b) K0

S, and (c) high-q2 Kþ. The individual uncertainties are purely statistical and assume no
correlation between data sets. The horizontal dashed lines show the sum of the statistical and systematic uncertainties on the mean
number of excess events.

TABLE IV. Branching fraction (BF) central values and upper
limits. The low- and high-q2 values are partial BFs, while the
rest are total BFs.

Mode BF 90% CL 95% CL

"10#5 "10#5 "10#5

Kþ 0:2þ0:8
#0:7 1.3 1.6

K0 1:7þ3:1
#2:1 5.6 6.7

Comb. Kþ, K0 0:5þ0:7
#0:7 1.4 1.7

Low-q2 Kþ 0:2þ0:6
#0:5 0.9 1.1

High-q2 Kþ #1:8þ3:8
#3:8 3.1 4.6
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BF Upper limit 

Zoom in the signal region 

B+ Κ+ ν ν    B0 Κ0 ν ν  

27 Guglielmo De Nardo ‐ B decays with (many) neutrinos ‐ 8th mee>ng on B Physics ‐ Feb 6th 2012, Genova, Italy  



B ➝ h(*) ν ν with hadronic tags from Belle 

•  Reconstruc>on of many final states in the rest of the event 
  K+, π+,  K*+( Kπ), K*0(Kπ), KS (π+π‐), ρ+, ρ0, φ (KK)   

•  Selec>on requirements on kinema>cs and veto of extra charged 
par>cles or π0. 

•  Extra energy in the calorimeter defines the signal region 
  Signal region is residual calorimeter energy Eextra < 300 MeV  

  Sideband region 450 MeV < Eextra < 1.5 GeV 

•  Cut and count analysis 
  Background yield measured on the sideband and scaled using MC 

Phys. Rev. Leo. 99, 221802 (2007) 
535 M B pairs 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Belle B ➝ h(*) ν ν  

D!"#$!%, D!"#$a%1 , D!"#$D!"#%
s , B% ! !D!"#0"%, !D!"#0!%,

!D!"#0a%1 , and !D!"#0D!"#%
s . The D$ mesons are reconstructed

as D$ ! K0
S"

$, K0
S"

$"0, K0
S"

$"%"$, K%"$"$, and
K%"$"$"0. The following decay channels are included
for !D0 mesons: !D0 ! K%"$, K%"$"0, K%"$"%"$,
K0

S"
0, K0

S"
$"%, K0

S"
$"%"0, and K$K%. The D"$

( !D"0) mesons are reconstructed as !D0"$ ( !D0"0 and
!D0#). Furthermore, D"%

s ! D%
s #, D%

s ! K0
SK

%, and
K%K$"% decays are reconstructed. Btag candidates are
selected using the beam-energy constrained mass Mbc &!!!!!!!!!!!!!!!!!!!!!!!!
E2
beam $ p2

B

q
and the energy difference "E & EB $

Ebeam, where EB and pB are the reconstructed energy and
momentum of the Btag candidate in the #!4S# center-of-
mass (c.m.) frame, and Ebeam is the beam energy in this
frame.

We require Btag candidates satisfy the requirements
Mbc > 5:27 GeV=c2 and $80 MeV< "E< 60 MeV. If
there are multiple Btag candidates in an event, the candidate
with the smallest $2 based on the deviations from the
nominal values of "E, the D meson mass, and the mass
difference between the D" and the D (for candidates with a
D" in the final state) is chosen. We reconstruct 7:88' 105

and 4:91' 105 charged and neutral B mesons,
respectively.

The particles in the event not associated with the Btag

meson are used to reconstruct a Bsig ! h!"#% !% candidate.
Prompt charged tracks are required to have a maximum
distance to the interaction point (IP) of 5 cm in the beam

direction (z), of 2 cm in the transverse plane (r$&), and a
minimum momentum of 0:1 GeV=c in the transverse
plane. We reconstruct K( ("() candidates from charged
tracks having a kaon likelihood greater than 0.6 (less than
0.4) with an efficiency of 84%–91% (87%–92%). The
kaon likelihood is defined by RK & LK=!LK %L"#,
where LK (L") denotes a combined likelihood measure-
ment from the ACC, the TOF, and a dE=dx from the CDC
for the K( ("() tracks. Pairs of oppositely charged tracks
are used to reconstruct K0

S ! "%"$ decays, with an in-
variant mass that is within (15 MeV=c2 (>5') from the
nominal K0

S meson mass. The "%"$ vertex is required to
be displaced from the IP by a minimum distance of
0.22 cm. The direction of the pion pair momentum in the
transverse plane must agree with the direction defined by
the IP and the vertex displacement within 0.03 rad. For
"0 ! ##, a minimum photon energy of 50 MeV is re-
quired and the ## invariant mass must be within
(16 MeV=c2 ()2:5') of the nominal "0 mass.

The decays Bsig ! K%% !%, "%% !%, K0
S% !%, and "0% !% are

reconstructed from single K%, "%, K0
S, and "0 candidates,

respectively. The B0 ! K"0% !% candidate is reconstructed
from a charged pion and an oppositely charged kaon, while
B% ! K"%% !% decays are reconstructed from a K0

S candi-
date and a charged pion, or a charged kaon and a "0

candidate. The reconstructed mass of the K"0 (K"%) can-
didate should be within a (75 MeV=c2 window around the
nominal K"0 (K"%) mass. Furthermore, pairs of charged
pions with opposite charge are used to form B0 ! !0% !%
candidates where the "%"$ invariant mass should be
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FIG. 2 (color online). The EECL distributions for B ! h!"#% !% decays. The shaded histograms show the background distributions from
MC simulations and are normalized to sideband data. The open histograms show the SM expected signal distributions for B ! K!"#% !%
decays multiplied by a factor of 20 for the comparison. The vertical dashed lines show the upper bound (left) of the signal box and the
lower bound (right) of the sideband region.

PRL 99, 221802 (2007) P H Y S I C A L R E V I E W L E T T E R S week ending
30 NOVEMBER 2007

221802-3

No evidence of signal, upper limits set:     B( B Κ+ ν ν )     < 14 × 10‐6 

                   B( B Κ*+ ν ν ) < 140 × 10‐6  
                   B( B Κ*0 ν ν ) <  340 × 10‐6 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B ➝ K(*) ν ν with hadronic and semileptonic tags BaBar  

•  Final state K*+ ( K+π0, Ksπ+) and K*0(Kπ) 

•  Signal selec>on based on event shape, tag reconstruc>on 
quality, missing momentum 

•  Hadronic tag analysis combines the variables in a Neural 
net 

•  Signal yield extracted by a maximum likelihood fit to   
  Residual energy in the calorimeter (SL tag analysis) 

  NN  distribu>on (hadronic tags) 

Phys. Rev. D 78, 072007 (2008) 
454 M B pairs 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nificant bias on the signal yields. The fits to the Eextra

distributions in the data sample are shown in Fig. 4 and
the fitted yields are quoted in Table III along with the total
efficiencies ".

In the HAD analysis, we apply a loose selection
(Table I), then all discriminating variables are used as
inputs for a neural network (NN), whose output variable
NNout is fitted in the region NNout > 0:6, where the events

TABLE III. Expected signal and background yields (Ns and Nb respectively) from MC studies
(assuming the SM B for the signal) and results of the data fit, along with signal efficiencies,
corrected for systematic effects. Expected signal yields are evaluated according to the SM
expected B. The first error on the fitted signal yield and on NBhad

is statistical, the second is
systematic. The corresponding upper limits are also quoted.

K! mode Kþ!0 K0
S!

þ Kþ!#

SL analysis
Expected yields
Ns 3.31 2.54 4.07
Nb 697 827 468
Eextra fit results
Ns #22$ 16$ 14 3$ 17$ 15 35$ 13$ 9
Nb 754$ 32 869$ 34 476$ 25
" (% 10#4) 5:6$ 0:7 4:3$ 0:6 6:9$ 0:8
NB !B (% 106) 454$ 5
Upper limit (90% CL) 9% 10#5 18% 10#5

HAD analysis
Expected yields
Ns 0.87 0.77 1.64
Nb 46 35 73
NN fit results
Ns 5$ 6$ 4 3$ 7$ 4 #10$ 9$ 6
Nb 39$ 9 51$ 10 77$ 13
"Bsig

(% 10#2) 5:8$ 0:5 5:2$ 0:6 16:6$ 1:4
NBhad

(% 105) 10:128$ 0:010$ 0:344 7:175$ 0:008$ 0:222
Upper limit (90% CL) 21% 10#5 11% 10#5
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FIG. 4. Fit results: (a)–(c) for the extra EMC energy Eextra in the SL analysis; (d)–(f) for the neural network output NNout in the HAD
analysis. From left to right, K!þ ! Kþ!0, K!þ ! K0

S!
þ, and K!0 ! Kþ!#. Data are shown as points, and the fit result is shown with

a solid line. The dotted and dashed lines show the estimated signal and background contributions, respectively.

B. AUBERT et al. PHYSICAL REVIEW D 78, 072007 (2008)

072007-8

SL tags 

Had tags 

K+π0 KSπ+ K+π-

B( B+ Κ*+ ν ) < 80 ×10‐6  B( B0 Κ*0 ν ) < 120 ×10‐6 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SuperB and Belle-II extrapolations 

•  Benefits of lower boost and dectector improvements:  
  educated guesses by Belle‐II point to 30‐35% precision 

o  Extrapola>ng performances of Bτν and assuming 70% improvements in 
reconstruc>on due to detector improvements  

  fast simula>on studies by SuperB point to 15‐20% precision 

26

10% reduction in this important background source is
also possible in the semi-leptonic recoil analysis. Based
on these observations, we estimate a 20 to 30% increase
in the S/

√
(B) ratio, where S and B are the signal and

background yields, respectively.
The results in Table VI have been used to update

the study presented in [3]. The expected sensitivity to
B → K(∗)νν is shown in Fig. 9. The 3σ observation
of the B → Kνν decay is expected with a data sample
of 10 ab−1, while 50 ab−1 will be needed to observe
B → K∗νν decays, assuming the branching fraction
occurs at a rate consistent with SM-based calculations
(See Table VI).

FIG. 9: Expected precision of the measurements of the
branching fractions of (top) B+ → K+νν and (bottom)
B∗ → K∗νν evaluated as a function of the integrated lu-
minosity.

We also investigated the feasibility of an angular
analysis of the B → K∗νν decay. Along with the
measurement of the Branching Fractions, this analysis
would provide a constraint for the two parameters ε
and ρ given in Eq. 7.

In the angular analysis, the distribution of the co-
sine of the angle θ between the K∗ flight direction
in the Bsig rest frame and the K flight direction in
the Kπ rest frame has to be studied. At least in the
hadronic analysis, the Bsig rest frame can be deduced
from the fully reconstructed Btag, and θ can be easily
determined. From toy MC studies, neglecting cos(θ)
resolution effects and assuming a flat background on
cos(θ), we estimated that the B0 → K∗0νν channel in
the hadronic recoil could provide an error of about 0.3
on the parameter < FL > with 75 ab−1 of data. The
combination of this information with the measurement
of the branching ratios would provide a constraint in
the plane (ε, η), as shown in Fig. 10, where NP would
show up as a deviation from the SM values (1, 0).

FIG. 10: Expected constraint on the (ε, η) plane discussed
in Section 3B 1, from the measurement of the Branching
Ratios of B → K(∗)νν and the angular analysis of B0 →
K∗0νν at 75 ab−1 (See Figure 9).

In summary, in the search for rare B decays at
SuperB, the high BB statistics would enable one to
consider using the recoil technique, consisting of the
full reconstruction of one of the two B mesons in a
hadronic or semi-leptonic mode, and the subsequent
search for a signal in the rest of the event. By using
the recoil technique one will loose signal efficiency, but
in return be able to identify and reconstruct signal and
a very clean environment. We have investigated the
reach of SuperB in the search for the B → K(∗)νν de-
cays in both semi-leptonic and hadronic recoil samples.
Preliminary results based on the SuperB fast simula-
tion have shown that a 10 to 30% improvement in the
sensitivity with respect to the BABAR setup is possible,
allowing for a 3σ observation of the B0,± → K(∗)0,±νν
decays. An angular analysis of the decay will also be
feasible.

SuperB Progress Report - The Physics - August 2010
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full reconstruction of one of the two B mesons in a
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search for a signal in the rest of the event. By using
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 B+ Κ*+ ν 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Model independent NP Constraints 

•  Model independent NP constraints by measurements of branching 
frac>on and K* polariza>on 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FIG. 3: The constraint on the (ε, η) plane obtained from B0 → K∗0νν decays. The parameters are defined in Ref. [60]
(top figure taken from this reference). The top plot shows the dependence of ε and η on the measurable quantities. The
horizontal band corresponds to the constraint from a polarisation measurement in B → K∗νν, and the band increasing
(decreasing) from left to right corresponds to B → Kνν (B → K∗νν). The vertical constraint comes from the inclusive
measurement of B → Xsνν. The error bands shown in this plot are theoretical. The oval contours of the bottom plot show
the expected experimental constraint using measurements of the branching ratios of B → K(∗)νν and the angular analysis
of B0 → K∗0νν with 75 ab−1 at SuperB. The green region represents the constraint based on current experimental limits.

place the energy scale above ∼ 1 TeV. As a result we expect mass insertions to give visible effects for magnitudes
greater than 0.01.

FIG. 4: Top plot: extraction of (δd23)LR from the measurements of aCP(Bd → Xsγ) (magenta), BR(Bd → Xsγ) (green)
and BR(Bd → Xs&

+&−) (cyan) with the errors expected at next-generation flavor experiments. Central values are
generated using (δd23)LR = 0.028 eiπ/4 and squark and gluino masses at 1 TeV. Bottom plot: region of the parameter
space where a non-vanishing (δd23)LR can be extracted with at least 3σ significance (in red).

It is also possible to constrain the mass of a charged Higgs boson in Two-Higgs Doublet Models Type II
(2HDM-II) at SuperB. The constraint one obtains from the measurement of B → !ν decays on the mass of a
H+ boson as a function of tanβ is given in Figure 5. Similar constraints can be obtained for the MSSM. One
can see that the excluded region obtained from the SuperB measurements is far greater than that obtained from

The impact of SuperB on flavour physics

BΚνν 

BΚ*νν 

BXsνν 

BΚ* ang.  

arXiv:0901.0512 

December 17, 2011 The SuperB  Project                          Steven Robertson  18

Present 
experimental
bound

SuperB 
sensitivity

Altmannshofer, Buras, & Straub

   B!Xs""   

Rare B decays with neutrinos only accessible at B factories:

! B ! K(*)
""  sensitive to Z penguins and RH currents,      

or light scalars

! Require very large data samples (75ab-1) to observe SM rate

Exclusive B ! K"" 
and B ! K*"" BFs

Altmannshofer, Buras et al. JHEP 04, 022 (2009) 

SuperB 75 ab‐1 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Conclusions – Leptonic decays 

•  Leptonic B decays allow NP searches reasonably clean from 
theore>cal complica>ons 

•  B  τν BF is O(10‐4): not rare but experimentally challenging.  
As today, we s>ll lack a single publica>on with a 5σ 
observa>on. 

•  To overcome the weak decay signature frui�ul tagging methods 
have been exploited 

•  4 sta>s>cally independent measurements provide a combined 
result with 20% accuracy. Consistent but not perfectly fi�ng 
within SM 
  Sta>s>cal fluctua>on, overlooked systema>cs or new physics? 

•  B  µν s>ll below the sensi>vity of current B‐factories 
•  Future B‐factories will measure both the B  τν and B  µν 

branching frac>ons precisely (much beoer than 5%) 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Conclusions - B  Κ(*)νν 

•  FCNC b  s transi>ons are rare in the SM and new physics may enter 
enhancing the branching frac>on 

•  Among them the B  Κ(*)νν are the cleanest theore>cally 
•  Experimentally they are as challenging as B  τν

•  At current B‐factories we didn’t see any significant signal.  
The B+ Κ+νν search being  the most sensi>ve at 4x SM predic>on 

•  At future B factories we expect to observe a SM signal with the full 
dataset 

•  Moreover with the hadronic tagging will be possible to perform 
angular analysis of B Κ*νν decays 

•  Combining several observables NP contribu>ons may be constrained 
(a la UT fits) 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Backup 



Muon mode extrapolation on 2HDM 

From Alejandro Perez @ HQL 2010 

Alejandro Pérez,       HQL 2010 - Laboratori Nazionali di Frascati - October 12th 2010 26
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•  From S.Robertson @ Miami workshop 

December 17, 2011 The SuperB  Project                          Steven Robertson  17

Leptonic decays

Tree-level probes of new physics in leptonic B decays:

! Potential enhancement or suppression of branching fraction by H+

! Precision measurements of both  B+!"+#  and  B+!µ+#  feasible 

at SuperB  (presumably B ! D(*) "#  also, but not yet studied)
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September 2, 2010 B decays and CKM                  Steven Robertson  14

   Charged Higgs constraints?
Difficult to precisely interpret B+

!"
+
#  results in context of H+ due to 

ambiguity in standard model expectation, but branching fraction 
measurements are consistently “high”

!  B!D(*)
"#   probes same new physics, with different theory inputs 

(in particular no |Vub| dependence) 

Results typically presented as (very large) exclusion in tan! - mH+  

plane, but this tends to hide fact that measurements are not particularly 
consistent with standard model predictions  

B
(B

+
!
"

+
#
 )

  
From arXiv:1002.1655
averaging incl/excl |Vub|

with expanded uncertainties

B+
!"

+
# average

tan!/mH+ (GeV-1)

B ➝ τν exclusion plot 
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BABAR B+ -> K+ τ+ τ-  

•  Hadronic tag 
•  1 prong τ decays, exactly three tracks, par>cle ID  
•  Requirements on q2, track momentum, event shape, missing momentum, 

residual energy in calorimeter 

8

combinatoric. The estimated number of combinatoric465

background events was determined by multiplying the
signal/sideband ratio with the number of data events
in the sideband. The statistical uncertainty due to468

number of data events in the sideband after all cuts
was 10.21%. In order to determine the systematic for
the background estimate, we considered the three hypo-471

thetical combinatoric shapes using different combination
of Monte Carlo samples: B0B̄0, qq̄ + cc̄ + τ τ̄ , and
qq̄ + cc̄+ τ τ̄ + 2×B0B̄0. We applied all signal-side cuts474

up to the extra neutral cluster energy cut and compared
the background yield for each hypothetical combinatoric
shapes. The difference between the background yields477

was 7.37% and used for the uncertainty on the total
background estimation.

480

Additionally, we investigated two double-tagged control
samples such that a second tag-B is reconstructed using
signal-side tracks.483

1. Double Tag |∆E| Control Sample

We produced a combinatoricBB̄ rich environment by re-
quiring the standard tag-B selection cuts and | cos θT | <486

0.8. In addition, we required the second tagged B to
have |∆E| > 0.2 GeV, which ensured that this B-meson
was incorrectly reconstructed. We only applied a select489

number of cuts since this sample does partially overlap
with the signal region. The Monte Carlo prediction for
this control sample under-estimated the data by 2.59%492

which was approximately within 1σ of the combined data
and Monte Carlo statistical uncertainty.

2. Double Tag | cos θT | Control Sample495

In order to produce a continuum rich environment,
we required the standard tag-B selection cuts and
| cos θT | > 0.8. The | cos θT | > 0.8 requirements ensured498

that this sample does not overlap to the signal region.
Additionally, we required the second tagged B to have
|∆E| > 0.2 GeV, which ensured that this B-meson was501

incorrectly reconstructed. We applied all the remaining
signal selection cuts to validate the combinatoric esti-
mation method for this environment. After all selection504

cuts, the Monte Carlo prediction over-estimated the
data by 10.64% which is within 1σ of the combined data
statistical uncertainty.507

Using the same control sample, we compared the
ratio (NSR

NSB
) as defined in Section IVA between data and510

Monte Carlo. Although we cannot distinguish the BB̄
“peaking” contribution in the data sample, we checked
that the | cos θT | control sample contains primarily513

combinatoric events. We estimated using Monte Carlo
that there was only ∼ 8% BB̄ “peaking” contamination.
Consequently, this control sample represents a good516

sample from which compute the systematic uncertainty
for this background contribution. We found the back-
ground estimation over-estimated the data ratio by519

10.73%.

Based on the results of the two control samples, we522

assigned a systematic uncertainty on the combinatoric
background of 10.73%.

VI. RESULTS525

After unblinding the analysis, we measured 47 events
with an expected background yield of 64.67±7.25 events.
Fig. 2 and 3 shows the unblinded results of the m(Kπ)528

and q2 distribution, respectively. The upper limit us-
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FIG. 2: Unblinded m(Kπ) distribution.

FIG. 3: Unblinded q2 distribution.

ing the Barlow method [14] with prior at 90% confidence
level assuming the model of Ali et al. [9] assuming the531

Standard Model is shown in Equation 5.

B(B+ → K+τ+τ−) < 0.0033 (5)

  Expected background events: 65 ± 7 
  Observed events: 47 
  Signal efficiency 4.4 x 10‐4 

  No excess of events seen 
  90% CL upper limit set to BF < 3.3 10‐3 

460 M B pairs 

Momentum transfer to lepton pair q2 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Belle B ➝ h(*) ν ν  

•  No evidence of signal in 
any mode 

•  Assessed 90% U.L. with 
Feldman‐Cousins 
prescrip>ons 

within !150 MeV=c2 from the nominal !0 mass. For
B" ! !"" !", a charged pion and a #0 candidate are
used, and a !150 MeV=c2 mass window is required. A
$ meson is formed from a K"K# pair with a reconstructed
mass within !10 MeV=c2 ($2%) from the nominal $
mass.

No additional charged tracks or #0 candidates are al-
lowed in the event. We select Bsig candidates using the
variable EECL % Etot # Erec, where Etot and Erec are the
total visible energy measured by the ECL detector and the
measured energy of reconstructed objects including the
Btag and the signal-side h&'( candidate, respectively. A
minimum threshold of 50 (100, 150) MeV on the cluster
energy is applied for the barrel (forward end cap, backward
end cap) region of the ECL detector. The decays B !
D'‘" are examined as control samples; the observed
EECL distributions are found to be in good agreement
with Monte Carlo (MC) simulations [10]. The signal re-
gion is defined by EECL < 0:3 GeV while the sideband
region is given by 0:45 GeV<EECL < 1:5 GeV.

The dominant background source is B !B decays involv-
ing a b ! c transition. A lower bound of 1:6 GeV=c on P',
the momentum of the h&'( candidate in the Bsig rest frame,
suppresses this background, while an upper bound of
2:5 GeV=c rejects the contributions from radiative two-

body modes such as B ! K'&. The P' requirement is
removed for $ candidates due to the lack of theoretical
calculations for Bd ! $ form factors. Furthermore, the
cosine of the angle between the missing momentum in
the laboratory frame and the beam is required to lie be-
tween #0:86 and 0.95. The missing momentum is calcu-
lated using the momenta of the reconstructed Btag and h&'(

candidates. These criteria suppress backgrounds with par-
ticles produced along the beam pipe. Other background
sources, such as e"e# ! q !q (q ) u, d, c, s) continuum
background and rare B decays involving b ! u, b ! s, or
b ! d processes, are found to be small.

The reconstructed EECL distributions are shown in Fig. 2.
The EECL distributions of background are estimated with
MC simulations; in particular, a large b ! c MC sample
corresponding to 10 times the data luminosity is introduced
with a preselection on the generator information. The
background EECL distributions are normalized by the num-
ber of events in the sideband region. None of the signal
modes has a significant signal. Including the effects of both
statistical and systematic uncertainties, an extension of the
Feldman-Cousins method [11,12] is used to calculate the
upper limits on the branching fractions. The observed
number of events in the signal box and sideband region,
expected background contributions in the signal box, re-
construction efficiencies, and the obtained upper limits at
90% confidence level (C.L.) are shown in Table I. The
reconstruction efficiencies are estimated with MC simula-
tions using the B ! h&'( form factors from Ref. [13]. The
B0 ! $" !" MC samples are generated with the B ! K'

form factors.
The uncertainties associated with the background yields

are dominated by the data sideband statistics and MC
statistics, and they are summarized in Table II. The pos-
sible disagreement in the EECL distributions between data
and MC calculations is checked using wrong-flavor com-
binatorial events, and an uncertainty of 0.1–2.0 events is
included. Possible backgrounds from rare B decays are
examined using a large MC sample corresponding to 50
times the data luminosity. We change the relative normal-
izations of rare B components by !50%, and the variation
in the background yield (0.1–1.8 events) is included as a
systematic uncertainty.

Various sources of uncertainties are considered for the
signal normalization and are summarized in Table III. The

TABLE I. A summary of the number of observed events in the
signal box (Nobs) and sideband regions (Nside), expected back-
ground yields (Nb) in the signal box, reconstruction efficiencies
including both Btag and Bsig ('), and the upper limits (U.L.) on
the branching fractions at 90% C.L.

Mode Nobs Nside Nb '&*10#5( U.L.

K'0" !" 7 16 4:2! 1:4 5:1! 0:3 <3:4* 10#4

K'"" !" 4 18 5:6! 1:8 5:8! 0:7 <1:4* 10#4

! K0
S#

" 1 7 2:3! 1:2 2:8! 0:3

! K"#0 3 11 3:3! 1:4 3:0! 0:4
K"" !" 10 60 20:0! 4:0 26:7! 2:9 <1:4* 10#5

K0" !" 2 8 2:0! 0:9 5:0! 0:3 <1:6* 10#4

#"" !" 33 149 25:9! 3:9 24:2! 2:6 <1:7* 10#4

#0" !" 11 15 3:8! 1:3 12:8! 0:8 <2:2* 10#4

!0" !" 21 46 11:5! 2:3 8:4! 0:5 <4:4* 10#4

!"" !" 15 66 17:8! 3:2 8:5! 1:1 <1:5* 10#4

$" !" 1 9 1:9! 0:9 9:6! 1:4 <5:8* 10#5

TABLE II. Summary of the uncertainties associated with the background yields (in the number of events).

Uncertainties K'0" !" K'"" !" K"" !" K0" !" #"" !" #0" !" !0" !" !"" !" $" !"

Sideband statistics 1.0 1.3 2.6 0.7 2.1 1.0 1.7 2.2 0.6
MC statistics 0.9 1.2 2.6 0.6 2.0 0.8 1.3 1.6 0.6
MC/data difference 0.3 0.3 1.5 0.2 2.0 0.3 0.9 1.4 0.1
Rare B 0.1 0.3 0.2 0.2 1.8 0.1 0.1 0.9 0.3

Total 1.4 1.8 4.0 0.9 3.9 1.3 2.3 3.2 0.9
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