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K. Hara,"' Y. Horii,® T. Tijima,>*>? I. Adachi,'' H. Aihara,’> D. M. Asner,** T. Aushev,'® T. Aziz,** A. M. Bakich,*’
M. Barrett,'® V. Bhardwaj,34 B. Bhuyan,13 A. Bondar,® G. Bonvicini,”’ A. Bozek,*® M. Bracko,®!° T. E. Browder,'°
V. Chekelian,”® A. Chen, P. Chen,”” B. G. Cheon,” K. Chilikin,'® .-S. Cho,” K. Cho,* Y. Choi,*® D. Cinabro,”’

J. Dalseno,>”* J. Dingfelder,2 7. Dolezal,* Z. Drasal,* A. Drutskoy,lg’31 D. Dutta,'® S. Eidelman,’ D. Epifanov,3 S. Esen,’
H. Farhat,”” A. Frey,® V. Gaur,*”® N. Gabyshev, S. Ganguly,’” R. Gillard,”’ Y. M. Goh,? B. Golob,**'? J. Haba,"" T. Hara,""
K. Hayasaka,33 H. Hayashii,34 T. Higuchi,22 Y. Hoshi,”® K. Inami,?? A. Ishikawa,’' R. Itoh,"" Y. Iwasaki,'' T. Iwashita,>*
T. Julius,*® J. H. Kalng,59 T. Kawasaki,*° C. Kiesling,29 H.O. Kim,? J.B. Kim,>* J.H. Kim,*> K. T. Kim,?* M. J. Kim,?
Y.J. Kim,23 K. Kinoshita,5 J. Klucar,19 B.R. Ko,24 P. Kodyé,4 S. Korpar,zg’]9 R.T. Kouzes,42 P. KriZan,ﬁO’19 P. Krokovny,3
B. Kronenbitter,”! T. Kuhr,?' T. Kumita,>* A. Kuzmin,’ Y.-J. Kwon,*® J. S. Lange,® S.-H. Lee,?* J. Li,*> Y. Li,*® J. Libby,"*
C. Lin,* Y. Liv, Z. Q. Liu," D. Liventsev,'® D. Matvienko,> K. Miyabayashi,34 H. Miyata,40 R. Mizuk, '8!
G.B. Mohanty,48 A. Moll,”>* T. Mori,*> N. Muramatsu,*® E. Nakano,*! M. Nakao,'! H. Nakazawa,>> Z. Natkaniec,*®
M. Nayak,]4 C. Ng,52 N.K. Nisar,48 S. Nishida,ll K. Nishimura,m 0. Nitoh,55 T. Nozaki,ll T. Ohshima,32 S. Okun0,20
S.L. Olsen,* C. Oswald,” H. Ozaki,'! P. Pakhlov,'®*' G. Pakhlova,'® C. W. Park,*® H. K. Park,?> T. K. Pedlar,*’

R. Pestotnik,'® M. Petri&,'® L. E. Piilonen,*® M. Prim,?! M. Réhrken,>! S. Ryu,45 H. Sahoo,'® K. Sakai,'! Y. Sakai,'!
S. Sandilya,48 D. Santel,’ T. Sanuki,”! Y. Sato,’" O. Schneider,?® G. Schnell,""'?> C. Schwanda,'® A.J. Schwartz,’

K. Senyo,”® O. Seon,*> M. E. Sevior,”® M. Shapkin,'” C.P. Shen,*? T.-A. Shibata,”* J.-G. Shiu,>’ B. Shwartz,’

A. Sibidanov,*” F. Simon,*** P. Smerkol,"® Y.-S. Sohn,” A. Sokolov,'” E. Solovieva,'® M. Stari¢,'® M. Sumihama,’
T. Sumiyoshi,54 G. Tatishvili,** Y. Teramoto,*' K. Trabelsi,'! T. Tsuboyama,11 M. Uchida,>® S. Uehara,'' Y. Unno,’
S. Uno,'' P. Urquijo,2 Y. Ushiroda,!' Y. Usov,® C. Van Hulse,' P. Vanhoefer,>® G. Varner,'° K. E. Varvell,*’ V. Vorobyev,3
M.N. Wagner,6 C.H. Wang,36 M.-Z. Wang,?’ P. Wang,'> M. Watanabe,*’ Y. Watanabe,*°
K. M. Williams,*® E. Won,?* B.D. Yabsley,47 H. Yamamoto,”! Y. Yamashita,> Y. Yusa,*° Z.P. Zhang,44
V. Zhilich,? V. Zhulanov,® and A. Zupanc21

(Belle Collaboration)

YWniversity of the Basque Country UPV/EHU, 48080 Bilbao
2University of Bonn, 53115 Bonn
3Budker Institute of Nuclear Physics SB RAS and Novosibirsk State University, Novosibirsk 630090
4Faculty of Mathematics and Physics, Charles University, 121 16 Prague
SUniversity of Cincinnati, Cincinnati, Ohio 45221
6Justus—Liebig—Universitc'it Gieflen, 35392 Gieflen
"Gifu University, Gifu 501-1193
811. Physikalisches Institut, Georg-August-Universitiit Gottingen, 37073 Géttingen
9Hcmycmg University, Seoul 133-791
lOUniversity of Hawaii, Honolulu, Hawaii 96822
YHigh Energy Accelerator Research Organization (KEK), Tsukuba 305-0801
2Jkerbasque, 48011 Bilbao
BIndian Institute of Technology Guwahati, Assam 781039
Yndian Institute of Technology Madras, Chennai 600036
YStustitute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049
1nstitute of High Energy Physics, Vienna 1050
Y nstitute of High Energy Physics, Protvino 142281
BInstitute for Theoretical and Experimental Physics, Moscow 117218
7. Stefan Institute, 1000 Ljubljana
PKanagawa University, Yokohama 221-8686
2 nstitut fiir Experimentelle Kernphysik, Karlsruher Institut fiir Technologie, 76131 Karlsruhe
2Kavli Institute for the Physics and Mathematics of the Universe, University of Tokyo, Kashiwa 277-8583
BKorea Institute of Science and Technology Information, Daejeon 305-806
**Korea University, Seoul 136-713
25Kyungpook National University, Daegu 702-701
XEcole Polytechnique Fédérale de Lausanne (EPFL), Lausanne 1015
2 Luther College, Decorah, lowa 52101
BUniversity of Maribor, 2000 Maribor

0031-9007/13/110(13)/131801(6) 131801-1 © 2013 American Physical Society



PRL 110, 131801 (2013)

week ending

PHYSICAL REVIEW LETTERS 29 MARCH 2013

2Max-Planck-Institut fiir Physik, 80805 Miinchen
0School of Physics, University of Melbourne, Victoria 3010
3 Moscow Physical Engineering Institute, Moscow 115409
2Graduate School of Science, Nagoya University, Nagoya 464-8602
3 Kobayashi-Maskawa Institute, Nagoya University, Nagoya 464-8602
**Nara Women’s University, Nara 630-8506
3National Central University, Chung-li 32054
36National United University, Miao Li 36003
3 Department of Physics, National Taiwan University, Taipei 10617
BH. Niewodniczanski Institute of Nuclear Physics, Krakow 31-342
39Nippon Dental University, Niigata 951-8580
“ONiigata University, Niigata 950-2181
' Osaka City University, Osaka 558-8585
“2pacific Northwest National Laboratory, Richland, Washington 99352
“Research Center for Electron Photon Science, Tohoku University, Sendai 980-8578
“University of Science and Technology of China, Hefei 230026
4SSeoul National University, Seoul 151-742
“SSungkyunkwan University, Suwon 440-746
4School of Physics, University of Sydney, NSW 2006
®Tata Institute of Fundamental Research, Mumbai 400005
OExcellence Cluster Universe, Technische Universitit Miinchen, 85748 Garching
OTohoku Gakuin University, Tagajo 985-8537
S'Tohoku University, Sendai 980-8578
>2Department of Physics, University of Tokyo, Tokyo 113-0033
53Tokyo Institute of Technology, Tokyo 152-8550
S4Tokyo Metropolitan University, Tokyo 192-0397
STokyo University of Agriculture and Technology, Tokyo 184-8588
SCNP, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
57Wayne State University, Detroit, Michigan 48202
BYamagata University, Yamagata 990-8560
PYonsei University, Seoul 120-749
Faculty of Mathematics and Physics, University of Ljubljana, 1000 Ljubljana
(Received 16 November 2012; published 25 March 2013)

We measure the branching fraction of B~ — 7~ », using the full Y(4S) data sample containing
772 X 10° BB pairs collected with the Belle detector at the KEKB asymmetric-energy e*e™ collider.
Events with BB pairs are tagged by reconstructing one of the B mesons decaying into hadronic final states,
and B~ — 7~ v, candidates are detected in the recoil. We find evidence for B~ — 7~ p_ with a significance
of 3.0 standard deviations including systematic errors and measure a branching fraction B(B~—71~ )=

[0.727531 (stat) = 0.11(syst)] X 1074

DOI: 10.1103/PhysRevLett.110.131801

The purely leptonic decay B~ — 7~ v, [1] is of high
interest since it provides a unique opportunity to test
the standard model (SM) and search for new physics
beyond the SM. A recent estimate of the branching fraction
based on a global fit to the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements [2] is (0.7370:}3) X 107 [3]. In
the absence of new physics, a measurement of B~ — 7~ 7,
provides a direct experimental determination of the
product of the B meson decay constant and the magnitude
of the CKM matrix element fz|V,,|. Physics beyond the
SM, however, could significantly suppress or enhance
B(B~ — 7~ p,) via exchange of a new charged particle
such as a charged Higgs boson from supersymmetry or
from two-Higgs doublet models [4,5].

Experimentally, it is challenging to identify the
B~ — 77 v, decay because it involves more than one

PACS numbers: 13.20.He, 14.40.Nd

neutrino in the final state and therefore cannot be kine-
matically constrained. At ete™ B factories, one can recon-
struct one of the B mesons in the e*e™ — Y(4S) — BB
reaction, referred to hereafter as the tag side (B,,), either
in hadronic decays or in semileptonic decays. One then
compares properties of the remaining particle(s), referred
to as the signal side (By;,), to those expected for signal and
background. The method allows us to suppress strongly the
combinatorial background from both BB and continuum
ete” — qq (g = u, d, s, c) processes.

The first evidence of B~ — 77 ¥, was reported
by the Belle collaboration with a significance of
3.5 standard deviations (o) including systematic
uncertainty and a measured branching fraction of
[1.797035 (stat) *0-28(syst)] X 10~* [6]. This measurement
used hadronic tags and a data sample corresponding to
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449 X 10% BB events. This was followed by measurements
by Belle using the semileptonic tagging method [7] and
also by the BABAR collaboration using both hadronic [8]
and semileptonic [9] tagging methods. The four results are
consistent. An average branching fraction is found to be
(1.67 = 0.30) X 10~* [10], which is nearly 3o higher than
the estimate based on a global fit. Therefore, it is important
to improve the precision of the measurement.

In this Letter, we present a new measurement of
B~ — 77 v, using a hadronic tagging method and the
full data sample of the Belle experiment. The analysis
described here has a number of significant improvements,
including an increased data sample (a factor of 1.7), sig-
nificantly improved hadronic tagging efficiency (a factor of
2.2), and improved signal efficiency due to less restrictive
selection requirements (a factor of 1.8). The combined
effect of these improvements and the accompanying
change in the signal to background ratio due to the looser
selection criteria results in a reduction of the expected error
by a factor of 2. The new analysis has also improved
systematic uncertainties.

We use a 711 fb~! data sample containing 772 X 10°
BB pairs collected with the Belle detector [11] at the
KEKB e"e™ collider operating at the Y(4S) resonance
[12]. About 80% of the data sample has been reprocessed
using improved track finding and photon reconstruction.
We use a dedicated Monte Carlo (MC) simulation based
on GEANT [13] to determine the signal selection efficiency
and study the background. In order to reproduce the effect
of beam background, data taken with random triggers
for each run period are overlaid on simulated events.
The B~ — 7~ v, signal MC events are generated by the
EVTGEN package [14], with the radiative effects based on
the PHOTOS code [15]. To model the backgrounds from
continuum processes, b — ¢ processes, semileptonic
b — u processes, and other rare b — u, d, s processes,
we use large MC samples corresponding to 6, 10, 20, and
50 times the integrated luminosity of the data sample,
respectively.

The By,, candidates are reconstructed in 615 exclusive
charged B meson decay channels using an improved
full-reconstruction algorithm [16]. An output full-
reconstruction-quality variable N, ranges from zero
for combinatorial background and continuum events to
unity if an unambiguous By, is obtained from the hier-
archical neural network. We also use the energy difference
AE=E Buy E../2 and the beam-energy-constrained

mass My, = \/(Ec,m./Z)z/c“ = |pp,, 17/ c?, where Ep, is

the et e™ center-of-mass (c.m.) energy, and E By and p Bug

are the energy and the momentum, respectively, of the B,
candidate defined in the c.m. frame. Charged B,, candi-
dates with N, > 0.03, —0.08 GeV < AE < 0.06 GeV,
and 5.27 GeV/c? < M,. < 5.29 GeV/c? are selected. The
tag efficiency (0.24%) and the purity (65%) are improved

by factors of 1.7 and 1.2, respectively, compared to
Ref. [6]. The number of B,,’s obtained for the full data
setis 1.8 X 10°. In the case of B~ — 7~ ¥, signal, in which
the BB event has lower than average particle multiplicity,
the tag efficiency is 0.31%. This tag efficiency is 2.2 times
higher than that in the previous analysis [6].

In events where By, candidates are reconstructed, we
search for B~ — 77 7, decays. The 7~ lepton is identified
in the e~ 7,v,, u~ P, v,, ™ v, and 7~ 7y, decay chan-
nels. Candidate events are required to have one track with
charge opposite that of the By, candidate. The charged
tracks are required to satisfy dz <3 cm and dr < 0.5 cm,
where dz and dr are unsigned impact parameters relative
to the interaction point along and perpendicular to the
beam axis, respectively. Charged tracks are classified as
electron, muon, and pion candidates after rejecting kaon
and proton candidates [11]. Candidate 7~ — 7 7'v,
events are required to have one 70 candidate reconstructed
from 770 — v in which neither daughter photon was used
in the By,, reconstruction. The invariant mass of the 7~ 0
state is required to be within 0.15 GeV of the nominal p~
mass [17]. Multiple neutrinos in the final state are distin-
guished using the missing mass squared variable M2, =
(Eem. — Eg,, — EBSig)Z/CA - |‘5B‘ag + Pg,, [/c?, where Ep,,
and p B, are the energy and the momentum, respectively,
of the B, candidate in the c.m. frame. To avoid potential
backgrounds from e~ 7,, u~7,, m K9, and p~K?, we
require M2, > 0.7 GeV?/c*.

After removing the particles from the By,, candidate and
the charged tracks and 7%’s from the B, candidate, there
should be no other detected particles. We require that there
be no extra charged tracks with dz <75 cm and dr <
15 cm nor extra 77 candidates (““‘7r° veto™) nor K9 candi-
dates (“K? veto”). The K? veto is based on the hit patterns
in the Kg detection system [11] that are not associated with
any charged tracks. We define the extra energy Egcy [6],
which is the sum of the energies of neutral clusters detected
in the electromagnetic calorimeter that are not associated
with either the By, or the 7° candidate from the 7~ —
7~ v, decay. The signal has either zero or a small value
of Egcr, while background events tend to have larger
values due to the contributions from additional neutral
clusters. The selection criteria for By, and extra charged
tracks are optimized to maximize the sensitivity in a signal
enhanced region Egcr < 0.2 GeV. We retain candidate
events in the range Egcp, < 1.2 GeV, where the correlation
between Epcp and M2, is small for each background
component.

The signal detection efficiency is estimated based on
MC samples after applying a correction for the B,
reconstruction efficiency. The correction factor is obtained
by fitting the M, distribution for an FEgcp sideband
sample defined by 0.4 GeV < Egcp < 1.2 GeV, for which
the kinematics is expected to be similar to the signal.

oo
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TABLE 1. Results of the fit for B~ — 77 7, yields (Ng,),
detection efficiencies (€), and branching fractions (B). The

efficiencies include the branching fractions of the 7~ decay
modes. The errors for N, and B are statistical only.

Submode Ngig € (1074 B (1074
T > e D, 16111 3.0 0.68"047
T p Y, 26713 3.1 1.0679:83
T T, gr10 1.8 0.57+51%
= a 7'y, 14112 34 0.527972
Combined 62723 11.2 0.72+931

The resulting efficiencies are summarized in Table I. The
validity of the efficiency estimation is checked by using a
semileptonic decay sample in which By, is reconstructed
in the decay chain B~ — D*°¢~ 5, (£ = e or u) followed
by D** - D79 and D° — K~ 7™

The signal yield is extracted from a two-dimensional
extended maximum likelihood fit to Egcp and M2. . The
likelihood is

Zn

N
1'[2 nif j(E, M), (1)
i=1 j

where j is an index for the signal and background contri-
butions, n; and f; are the yield and the probability density
function (PDF), respectively, of the jM contribution, E;
and M7 are the Egcp and M2, values in the i event,
respectively, and N is the total number of events in the
data. The signal component in 7~ — 7 v, candidate
events includes large cross feed contributions from 7= —
¢ v,v, and 7 — 7 7'v, decays. The dominant back-
ground contribution is from b — ¢ decays. The small
backgrounds from charmless B decays and continuum
processes are also included in the fit. In the final sample,
the fractions of the backgrounds from b — c decays,
charmless B decays, and continuum processes are esti-
mated from MC simulations to be 89.8%, 9.7%, and
0.5% for leptonic 7~ decays and 75.1%, 6.5%, and 18.4%
for hadronic 7~ decays. The PDFs are constructed by
taking products of one-dimensional histograms in Egcy,
and M2, . obtained from MC simulations for all contribu-
tions except for cross feed from 7= — 7~ 7°v, decays in
7~ — 7 v, candidate events; for this component, a two-
dimensional histogram PDF is used to take into account the
correlation originating from the misreconstructed 77°.

The B decays in which only one charged particle is
detected can make a peak near zero Egc;, and mimic
the signal. These are predominantly B~ — D¢~ 7, and
BY — D®* ¢~ p, decays, where the D decays semileptoni-
cally or to a final state with one or more K9’s. Charmless B
decays such as B~ — 7€~ vy, K vv, Kd7~, K*y, and
p~ P,y can also contribute. The fraction in the signal
enhanced region Egcp, < 0.2 GeV of these peaking decay

160 F & 80F
> 140} < 70:
(&) 120 ¢ 8 60; H
g S0 )
St sk
2 eo; ++ S %0 # #
g 40- T, £ 200 f "
Wogop My S 10p ++ W
of e vl w ¢ Bttt AL
0 0.5 1 -04 02 0 02 04
Egc, (GeV) M2, (GeVZ/c*)

FIG. 1 (color online). Distributions of Egc; (left) and Mﬁ“Ss

(right) for B~ — D**¢~ p,. The dots with error bars show the
data. The rectangles show the normalized MC simulation, where
the MC size is five times larger than the data.

modes over the total background is 32%, according to the
MC simulation.

The Egcp, and MmlSS distributions in MC simulations are
validated using various control samples. A nonzero Egcp
value for the B~ — 77 p, signal component is due to beam
background and split-off showers originating from B,,, and

Bg;, decay products. The average contributions from these
sources are 0.04, 0.12, and 0.08 GeV, respectively, per
event in the signal MC sample. The simulated Egcp, distri-
bution is checked with the B~ — D**¢~ &, sample, which
has a final state similar to the B~ — 7~ »_ signal if the D*°
decay products are removed. We also check the difference
between the detector resolution in data and MC simula-
tions for M2, = with the B~ — D**¢~ i, sample. We con-
firm that the Egcp distributions and M2, resolutions of
data and MC simulations are consistent for the B~ —

D¢, sample as shown in Fig. 1. The background
Egcy and M2 descriptions by MC simulations are
checked using sidebands in M. and Egcp, events with
the By, reconstructed in a B° mode, and events with the
same B, charge as the By,,. The K detection efficiency is
calibrated using a D° — ¢Kg data sample by comparing
the yields of ¢ — KYK? and ¢ — K"K~ decays. We
confirm the MC expectations for the Egcp and Mmlss shapes
and verify that the normalization agrees with data after the
calibrations of the B, and K reconstruction efficiencies.

In the final fit, five parameters are allowed to vary: the
total signal yield and the sum of the backgrounds from
b — ¢ decays and continuum processes for each 7~ decay
mode. The ratio of the b — ¢ and continuum backgrounds
is fixed to the value obtained from MC simulations after
the By, efficiency correction has been applied. The back-
ground contributions from charmless B decays are fixed
to the MC expectation. We combine 7~ decay modes by
constraining the ratios of the signal yields to the ratios of
the reconstruction efficiencies obtained from MC simula-
tions including the branching fractions of 7~ decays [17].

Figure 2 shows the result of the fit to the Egcp and M2,
distributions for all the 7~ decay modes combined. The
signal yield is 62733 (stat) = 6(syst), where the first and
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FIG. 2 (color online). Distributions of Egcp (top) and M2,
(bottom) combined for all the 7~ decays. The Mﬁ]iss distribution
is shown for a signal region of Egcp < 0.2 GeV. The solid
circles with error bars are data. The solid histograms show the
projections of the fits. The dashed and dotted histograms show

the signal and background components, respectively.

second errors correspond to statistical and systematic
uncertainties, respectively. The significance of the signal
is estimated by 4/ —21n(Ly/ L ax), Where L., and L are
the maximum likelihood and the likelihood obtained
assuming zero signal yield, respectively. The likelihoods
are obtained after convolving with a Gaussian distribution
that corresponds to the systematic error. We obtain a signi-
ficance of 3.00 including systematic uncertainties. The
branching fraction is calculated by B=N,/(2eNg+-),
where N, is the signal yield, € is the efficiency, and N+ -
is the number of B* B~ events. Equal production of neutral
and charged B meson pairs in Y(4S) decay is assumed.
We obtain

BB~ — 7 p,) = [0.7270 7] (stat) = 0.11(syst)] X 107*.
2)

The result is summarized in Table I.

As a check, we fit the Er and M?mss distributions while
floating the yield for each of the four 7~ decay modes. The
resulting yields, as well as the efficiencies and the branch-
ing fractions, are listed in Table I. We include the e” 7, v,
n Py, and 77 v, cross feeds in the 7~ v, candidate
eventsinthe e” v, v, u~ v, v, and v, signal yields.
The branching fractions are in good agreement between
different 7= decays. We also check the result after

removing the K9 veto, and obtain Ng, = 653](stat) and
BB~ — 77 p,) = [0.657)3(stat)] X 10~*. These checks
are consistent with the nominal result. In addition, we
perform one-dimensional fits to Egcp, and MIZniss and divide
the data sample into several subsets. All results are in good
agreement with the nominal result within the statistical
eITOrS.

Systematic errors for the measured branching fraction
are associated with the uncertainties in the signal yield, the
efficiencies, and the number of B* B~ pairs. The system-
atic error from MC statistics of the PDF histograms is
evaluated by varying the content of each bin by its statis-
tical uncertainty. To estimate the systematic error due to
the possible signal Egcp shape difference between MC
simulations and data, the ratio of data to MC simulations
for the Egcy histograms of the B~ — D*¢~ 9, sample is
fitted with a first-order polynomial and the signal Egcy,
PDF is modified within the fitted errors. The uncertainties
for the branching fractions of the B decays that peak near
zero Egcp, are estimated by changing the branching frac-
tions in MC simulations by their experimental errors [17]
if available, or by *=50% otherwise. The sizes of these
backgrounds also depend on the fractions of the events
with correctly reconstructed By,,, and related systematic
uncertainties are obtained by using the statistical errors for
the fractions in the MC simulation. To estimate the uncer-
tainty associated with the By, efficiency for the signal,
B(B~ — D*¢~ ;) obtained from the B~ — D*%¢ ",
sample is compared to the world average value [17]. The
results are consistent and the uncertainty of the measure-
ment is assigned as the systematic error. The systematic
errors in the signal-side efficiencies arise from the uncer-
tainty in tracking efficiency, particle identification effi-
ciency, 7¥ reconstruction efficiency, branching fractions
of 7~ decays, and MC statistics. The systematic uncer-
tainty related to the K9 veto efficiency is estimated from
the statistical uncertainties of the D°— ¢K) control
sample and the fraction of events with K9 candidates in
the B~ — D*°¢~ i, sample. The total systematic error is
calculated by summing the above uncertainties in quad-
rature. The estimated systematic errors are summarized
in Table II.

The branching fraction measured here is lower than the
previous Belle result with a hadronic tagging method [6].
Using the first sample of 449 X 10°BB pairs, which corre-
sponds to the data set used in Ref. [6] after reprocessing,
we obtain B(B~ — 7 ,) =[1.08703(stat)] X 10~*. Note
that 89% of the events in the final sample in this analysis is
not included in the final sample in Ref. [6] mainly due to
the loosened selection, the different B, reconstruction
method, and the K? veto. Using the last 323 X 10°BB pairs,
we obtain B(B~ — 17~ ,)=[0.24*53](stat)] X 10~#, which
is statistically consistent with the result for the first
449 X 10°BB data set within 1.60. Our results are also
consistent with other publications within the errors [7-9].
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TABLE II. Summary of the systematic errors for the

B~ — 17 p_ branching fraction measurement.

Source B systematic error (%)
Signal PDF 42
Background PDF 8.8
Peaking background 3.8
B, efficiency 7.1
Particle identification 1.0
70 efficiency 0.5
Tracking efficiency 0.3
7 branching fraction 0.6
MC efficiency statistics 0.4
KY efficiency 73
Np+p- 1.3
Total 14.7

In summary, we measure the branching fraction of the
decay B~ — 7~ v, with hadronic tagging using Belle’s
final data sample containing 772 X 10° BB pairs. We find
evidence for B~ — 7~ v, with a signal significance of 3.00
including systematic uncertainties and measure a branch-
ing fraction of [0.727531(stat) = 0.11(syst)] X 107, By
employing a neural network-based method for hadronic
tagging and a two-dimensional fit for signal extraction,
along with a larger data sample, both statistical and sys-
tematic precisions are significantly improved compared
to the previous analysis [6]. The result presented in this
Letter supersedes the previous result reported in Ref. [6].
Combined with the Belle measurement based on a semi-
leptonic B tagging method [7] taking into account all the
correlated systematic errors, the branching fraction is
found to be BB~ — 7 ,) = (0.96 = 0.26) X 1074,
with a 4.0 signal significance including systematic uncer-
tainties. This value is consistent with the SM expectation
obtained from other experimental constraints. Using this
result and parameters found in Ref. [17], we obtain
FlVius| =[7.4 £ 0.8(stat) * 0.5(syst)] X 10~* GeV. Our
result provides stringent constraints on various models of
new physics including charged Higgs bosons.
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