
Search for B0(d) → τ∓ l±  (l=e, µ) with Hadronic 
Tagging Method at Belle

Hülya Atmacan, Alan Schwartz, Kay Kinoshita 
University of Cincinnati 

Belle II Summer Workshop 2021 

July 13, 2021
1

Evidence of the decay 
B0ÆȘʌ0

1CIPANP 2015

Bilas Pal, University of  Cincinnati
On behalf  of  the Belle Collaboration



Se
ar

ch
 fo

r B
0 →

 τ
∓

 l±
 w

ith
 H

ad
ro

ni
c 

Ta
gg

in
g 

M
et

ho
d 

at
 B

el
le

 —
 H

ül
ya

 A
TM

A
C

A
N

 —
D

PF
20

21

2

Search for Lepton Flavor Violating (LFV) B0(d) → τ∓ l± (l=e,µ) Decays

• Forbidden in the Standard Model (SM) without neutrino oscillations, but in principle it can occur via 
 neutrino mixing. The rate is significantly below current and future experimental sensitivities.  

(a) (b)

(c)

Figure 2: Feynman diagrams for the signal process via (a) Higgs mediated decay and (b) neutrino
oscillation. (c) represents one of the lepton flavor violating processes present in the Seesaw models.

1.3 Reconstruction Method

Over 95% of the time the Υ (4S) resonance decays into a pair of B mesons. A collection of the
tracks and clusters, recorded by the detector, are combined in order to fully reconstruct one of
the B mesons (only fully hadronic modes involving D or D∗ are considered). The combination of
particles with an energy closest to the nominal B energy, resulting from the given beam energy, is
chosen as the Btag candidate. The B selection criteria is detailed further in section 2.1.

Since the BB̄ pair’s center of mass is known from the beam energy measurements, the re-
construction of the Btag fully determines the signal B 4-vector. In particular, since the lepton is
monoenergetic and is at the kinematic endpoint of the signal decay, we are provided with a dis-
tinctive signature. Figure 3 illustrates this process and figure 4 shows a comparison of the lepton
momentum distributions in the signal B (Bsignal) rest frame and the Υ (4S) CM frame.

As shown in previous analyses utilizing the same technique (BAD#1303), the semiexclusive
reconstruction method is expected to give lower signal efficiencies than inclusive studies. While
this yields statistically-limited results, the high purity of the resulting sample and a strong signa-
ture for the signal would yield a high significance result if signal candidates were to be observed.
Furthermore, with the reconstruction we are better suited for dealing with the many decay modes
of the τ involving one or more neutrinos.

2 Data and Monte Carlo samples

Monte Carlo (MC) simulated samples are produced for both signal and background events. Addi-
tional cocktail samples, in which one B is required to decay in certain hadronic modes, are generated
to offer better statistics. The sample sizes, cross sections and corresponding luminosities for each
MC sample are shown in table 1.

2.1 Event Reconstruction

The events are analyzed using the BRecoilUser package of Analysis-32 (release 18.6.xx) in its
default configuration. The tags used with the BRecoilUser package are listed in table 2. The
BRecoilUser is a package configured for analyses with a reconstructed B, and retrieves required
event information from the BSemiExcl Skim in the Event Store. In R18b BSemiExcl skimmed
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• New physics models such as leptoquarks [Mod. Phys. Lett. A 33, 1850019 (2018)] or Higgs-mediation in 
supersymmetric seesaw models  [Phys. Lett. B 549, 159 (2002)] predict higher rates (~10-9 - 10-10). 


Higgs-mediated LFV processes

MOTIVATION
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Current Experimental Limits for B0(d,s) → τ∓ l± Branching Fractions

τ→eντ νe 
τ→µντ νµ

τ→π− π+ π− ντ

Muon identification is provided by resistive plate chambers
(partially replaced by limited streamer tubes for a subset of
the data that is used in this analysis) interleaved with the
passive material comprising the solenoid magnetic flux
return. Signal efficiencies and background rates are esti-
mated using a Monte Carlo (MC) simulation of the BABAR
detector based on GEANT4 [18]. The BABAR detector is
described in detail in Ref. [19].

Reconstructed charged tracks are assigned a particle
hypothesis based on information from detector subsys-
tems. K0

s candidates are selected by combining oppositely
charged ! candidates and requiring that the !þ!" invari-
ant mass satisfies 0:47 GeV=c2 <m!þ!" < 0:52 GeV=c2.
!0 candidates are obtained from the combination of EMC
clusters with no associated tracks, each with a !ð4SÞ
center-of-mass (CM) rest frame energy greater than
20 MeV, for which the "" invariant mass satisfies
115 MeV=c2 <m"" < 150 MeV=c2.

Over 96% of the time, the!ð4SÞ resonance decays into a
pair of B mesons [20]. Since the CM energy is precisely
known at PEP-II, exclusive reconstruction of one of the
two B mesons, which we denote Btag, fully determines the

momentum four-vector of the other B meson in the event.
Charged and neutral B meson candidates are reconstructed
in hadronic final states of the form B ! Dð%ÞXhad [21]. The

reconstruction procedure begins with aDð%Þ0 orDð%Þ& seed,
to which charged and neutral pions and kaons (which form
the Xhad system) are then added. The combination of the

Dð%Þ and Xhad with the lowest value of "E ¼ jEB " Ebeamj
that satisfies the condition "E< 0:2 GeV is chosen as the
Btag candidate, where EB is the energy of the reconstructed

B meson and Ebeam is the beam energy, both evaluated in
the CM frame. We reconstructD%þ in theDþ!0 andD0!þ

channels, and D%0 in the D0!0 and D0" channels. The Dþ

is reconstructed in the modes K"!þ!þ, K0
s!

þ, K0
s!

þ!0,
K"!þ!þ!0, and K0

s!
þ!þ!". For D0 we consider the

modes K"!þ, K"!þ!0, K"!þ!þ!", and K0
s!

þ!".
Although multiple Dð%ÞXhad combinations may be

present in a single event, this procedure permits, at most,
a single Btag candidate to be retained in any given event.

For the Btag candidate, we define the energy substituted

mass, mES ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam " ~p2

B

q
, where ~pB is the momentum of

the Btag candidate in the CM frame. Btag candidates that are

correctly reconstructed peak in mES near the nominal B
meson mass, while incorrectly reconstructed Btag candi-
dates produce a combinatorial distribution. The signal
events are required to lie within the range 5:270 GeV=c2 <
mES < 5:288 GeV=c2. This reconstruction procedure re-
sults in a yield of approximately 2500 (2000) correctly
reconstructed B& (B0) candidates per fb"1 of data.

Because the two B mesons are produced with very little
momentum in the CM frame, B #B events typically produce
a more isotropic distribution of particles in the detector
than nonresonant (‘‘continuum’’) backgrounds. Such back-

grounds (eþe" ! f #f, where f represents u; d; s; c or any
charged lepton) are suppressed by requiring R2 < 0:5,
where R2 is the ratio of the second to the zeroth Fox-
Wolfram moment [22] computed using all charged and
neutral particles in the event. Further suppression is
achieved by requiring j cos#Tj< 0:90, where #T is the
angle between two thrust axes in the CM frame, the first
computed using the particles from the Btag, and the second

using all other particles in the event.
All particles that are not used in the Btag reconstruction

are considered candidates to be included in the reconstruc-
tion of the signal B meson. Since the CM energy is pre-
cisely known, reconstruction of the Btag fully determines

the Bsignal 4-vector. This permits the 2-body kinematics of

the signal decays to be exploited. In particular, these
decays are expected to contain an electron or a muon
with a momentum p%, in the Bsignal rest frame, of about

2:64 GeV=c (2:34 GeV=c) for the Bþ ! ‘þ$ (B0 !
‘þ%") channels, very close to the kinematic endpoint for
B decays.
Signal candidate events are initially selected by requir-

ing the highest momentum track in the event (excluding
tracks from the Btag reconstruction) to have a momentum

of 1:7 GeV=c < p% < 3:0 GeV=c and to satisfy particle
identification (PID) criteria for either an electron or a
muon. In events with a charged Btag, the charge of the

track is required to be opposite that of the Btag, while for a

neutral Btag the high-p% lepton is permitted to have either

positive or negative charge.
Once the Btag and the signal lepton candidate are iden-

tified, Bþ ! ‘þ$ events should ideally have no other
particles in the detector, while B0 ! ‘þ%" events should
additionally contain only the %" decay daughters. For the
latter, the %-rest frame is calculated from the observed
signal lepton, assuming the nominal energy and momen-
tum of the %" for a 2-body B0 decay. The six % decay
modes considered are listed in Table I. The second highest
momentum track in the event (again, excluding Btag recon-

struction) is assumed to be a % daughter, and is required to
have a charge opposite to the primary signal lepton. If this
track satisfies electron or muon PID, the event is consid-
ered to be a leptonic % decay. Otherwise, the track is
assumed to be a pion and the quantity "E% is calculated

TABLE I. The % decays considered are listed with their
branching fractions, in percent [23].

% decay mode Branching Fraction

e" #$e$% 17:84& 0:05
&" #$&$% 17:36& 0:05
!"$% 10:90& 0:07
!"!0$% 25:50& 0:10
!"!0!0$% 9:25& 0:12
!"!"!þ$% 9:33& 0:08

SEARCHES FOR THE DECAYS B0 ! l&%( . . . PHYSICAL REVIEW D 77, 091104(R) (2008)

RAPID COMMUNICATIONS

091104-5

BABAR CLEO

378 M BB 
(90% CL)

BABAR 
Phys. Rev. D 77, 091104(R) 

(2008)

CLEO 
PRL 93, 241802 (2004) 

LHCb 
Phys. Rev. Lett. 123, 211801 

(2019) 

B(s)0 → τ∓ e± − − −

B(s)0 → τ∓ µ± − − < 3.4×10−5

B(d)0 → τ∓ e± < 2.8×10−5 < 1.3×10−4 −

B(d)0 → τ∓ µ± < 2.2×10−5 < 3.8×10−5 < 1.2×10−5

LHCb

3fb−1 of pp collisions  

(90% CL)
9.6 M BB 
(90% CL)
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ANALYSIS TECHNIQUE
• In the Υ(4S) CM frame (Υ(4S)→BB):

• energy (E) and Momentum (p) of the other B (signal side) is known.

• Using E and p conservation, we can reconstruct τ mass (missing mass) without seeing any τ daughters. 

Fully 
reconstructed B 
meson (Btag)

The other B in 
the event (Bsig)

pmiss
! "!!!

pl
!"

pBSIG
! "!!!

pmiss
! "!!!

pl
!"

pBSIG
! "!!!

pBSIG
! "!!!

= −pBTAG
! "!!!

,
pmiss
! "!!!

= pBSIG
! "!!!

− pl
!"

Emiss = EBEAM −El

EBSIG = EBEAM

Mmiss = Emiss
2 − pmiss
! "!!!( )2

• In an event

• Reconstruct a B meson decaying hadronically (Btag).

• Exclude tracks coming from Btag,

• In the other B (Bsig) side,


• calculate Mmiss for each lepton candidate and

• obtain the missing mass distribution. 
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EVENT SELECTION

• ONN > 0.082 → B0 → τ µ , ONN > 0.095 → B0 → τ e .
• (Btag) |ΔE| < 0.05 GeV .
• (Btag) MBC > 5.272 GeV/c2 .

• Exclude tracks coming from Btag side.

• µ ID > 0.9 → B0 → τ µ, e ID > 0.9 → B0 → τ e

• 1.4 GeV/c2 < Mmiss < 2.2 GeV/c2 .

• Every lepton candidate is a Bsig candidate.
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• Btag side is reconstructed in one of 1104 hadronic decay channels using a hierarchical algorithm based on the Neural 
Network (NN) package in BASF. [M. Feindt, F. Keller, M. Kreps, T. Kuhr, S. Neubauer, D. Zander, A. Zupanc  Nucl. Instrum. Methods Phys. Res., Sect. A 654, 432 (2011)] 

Window [1.65-1.90] GeV/c2 
is used to hide the number 
of events on the data.

ΔE = EB −EBEAMEnergy difference:

MBC = EBEAM
2 − !pB

2Beam-constrained mass:

ONN: A single classifier output.

        Significantly suppresses e+e− → qq  
        continuum events.
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BACKGROUND STUDY
B0 → τ e

• Background originates mainly from b→c and b→ulν decays smoothly falling in the Mmiss distributions.


• B0 → τ µ : Because  π+ is misidentified as µ+ , two small peaks are observed: one at Mmiss ≈1.869 GeV/c2 (D meson) 

and the other Mmiss ≈ 2.010 GeV/c2 (D* meson).
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B0 → τ µ
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UNBINNED MAXIMUM LIKELIHOOD (ML) FIT DESCRIPTION

Fit Components

Fit Window

• Mmiss [1.4 - 2.2] GeV/c2

Fit Variables

• Missing Mass (Mmiss)

• signal, background and B0 →D π / B0 →D* π  

background yields,


• background shape parameters.

• Signal B0 →  τ µ events that contain correctly identified 
µ’s (true signal) [95%]


• Signal self-cross-feed (SxF) events defined as events 
containing mis-identified µ’s [5%], 

• Background (Combinatoric BG (qq), b→ulν, rare B 
decays)

• Peaking BG-1 (B0 →D π)


• Peaking BG-2 (B0 →D* π)

• Signal B0 →  τ e events that contain correctly identified 
e’s (true signal) [86%]


• Signal self-cross-feed (SxF) events defined as events 
containing mis-identified e’s [14%], 

• Background (Combinatoric BG (qq), b→ulν, rare B 
decays)

Floating Parameters:

• signal, background yields,


• background shape parameters.

B→ τ μ B→ τ e
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 Validation of Analysis Method with Control Sample B0 → D(*)  π 

10 Validation of Analysis Method with Control Sample197

B0 → D(∗)− π+
198

To validate the analysis technique and investigate possible discrepancies between data and MC, we199

reconstruct a control sample of B0 → D(∗)− π+ decays. To select this sample, we identify a π±
200

track not associated with Btag, rather than a µ± or e± track. We select π candidates if they satisfy201

the requirement of K ID < 0.9, where K ID is defined in the atc pid class [17]. We also require202

e ID < 0.9 and µ ID < 0.9 to veto leptons in π selection. All other selection criteria such as those203

used to suppress e+e− → qq̄ continuum background are the same as those used for B0 → µ± τ∓.204

The mmiss distributions for signal MC B0 → D− π+ and B0 → D∗− π+ obtained using MC205

truth π’s are shown in Figure 21 (a) and (b), respectively. In the MC true π selection, Bsig decay206

must be a two body decay, the mother of true π must be Bsig and sister must be D(∗). MC signal207

efficiencies are calculated by counting and fitting methods as (1.69±0.04)×10−3 for B0 → D− π+
208

and (1.55± 0.04)× 10−3 for B0 → D∗− π+ using the one million events of each B0 → D(∗)− π+
209

MC sample. The signal efficiencies are obtained without including any data/MC corrections.210
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Figure 21: The missing mass distributions (top) and fits to the distributions (bottom) of (a)
B0 → D− π+ and (b) B0 → D∗− π+ signal MC after selecting MC truth events.

29

Same B0 → τ∓ µ± event selection criteria

  B0 → D π 
(MC using true π)

• (Btag) |ΔE| < 0.05 GeV .
• (Btag) MBC >5.272 GeV/c2 .
• ONN > 0.082.
• Exclude tracks coming from Btag side. 
• 1.4 GeV/c2 < Mmiss < 2.2 GeV/c2.
• (1 - KID) ≥ 0.1, µ ID < 0.9, e ID < 0.9. 

• Every π candidate is a Bsig candidate.
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MC (B0, B+,  qq , b→ulν, rare B decays)
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Fit Window

• Mmiss [1.4 - 2.2] GeV/c2

Fit Variables
• Missing Mass (Mmiss)

Floating Parameters: 

• signal, background yields,


• means and widths of core Gaussians of B0 → Dπ  and B0 → D*π  PDF functions,


• background shape parameters.

Fit Components
• Signal B0 → D(*)  π events that contain correctly identified π’s (true signal) [95%]
• Signal self-cross-feed (SxF) events defined as events containing mis-identified π’s [5%], 

• Background (Combinatoric BG (qq), b→ulν, rare B decays)

B0 → D(*)  π  Unbinned ML Fit Description
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B0 → D(*)  π  ML Fit Results

Figure 27 shows the missing mass distribution for data with fit result with signal and back-264

ground component. Table 17 summarizes the result of branching fractions of B0 → D(∗)− π+
265

in comparison with world average. Note that only the statistical uncertainty is assigned for this266

measurement. Our measurements differ by world average about 0.1σ and 0.4σ for B0 → D− π+
267

and B0 → D∗− π+, respectively268
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Figure 27: mmiss projection plot for B0 → D(∗)− π+ obtained by Belle data.

Mode World average This measurement Difference
B0 → D− π+ 2.52± 0.13 (stat+sys) 2.54± 0.11 (stat) 0.1σ
B0 → D∗− π+ 2.74± 0.13 (stat+sys) 2.67± 0.12 (stat) 0.4σ

Table 17: Result of the measurement of B (B0 → D(∗)− π+) and comparison with world average
(×10−3).

To study data and MC simulation differences we check the peak positions and resolutions269

of mmiss distribution. We define scale factor (σdata/σMC) and shift parameter (µdata − µMC) for270

B0 → D− π+ and B0 → D∗− π+. The scale factor is used to adjust the width of the core271

Gaussian used to model B0 → l±τ∓ signal PDFs and shift parameter is used to modify the mean272

of the same core Gaussian. In ideal case, the scale factor and the shift parameter are expected to273

be 1 and 0, respectively. In our measurement, the scale factors are 1.30± 0.04 for B0 → D− π+
274

and 1.15± 0.05 for B0 → D− π+ modes. We observe −2.0± 1.54 MeV/c2 shift in B0 → D− π+
275

and 0.6±1.44 MeV/c2 in B0 → D∗− π+ peak positions. These shifts are very small, especially for276

B0 → D∗− π+ mode the uncertainty is larger than the shift itself. Therefore, we won’t apply any277

mean shift correction for the B0 → D∗− π+ mode. Table 18 summarizes mean and sigma values278

of mmiss distributions and MC correction factors. The scale factors for both modes and the shift279

37

BR =
Nsig

2×NBB × f
00 × ε

f 00 = BR(ϒ(4S)→B0B
0
)= (48.6±0.6)%NBB = (771±10.6)×106
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B→ τ μ
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Conclusion
• We have searched for the lepton-flavor violating B0 → τ∓ l±  (l=e, µ) decays using the full Belle data 

set. 

• We find no evidence for these decays and set the following upper limits on the branching fractions 

at 90% C.L. using frequentist method:

Mode ε 
(x 10-4) Nsig NsigUL

BRUL (x 10-5) 
90% C.L. 
BELLE 

preliminary 
771 M BB

BRUL (x 10-5) 
90% C.L. 
BABAR 

378 M BB

BRUL (x 10-5) 
90% C.L. 

LHCb 
3 fb-1 of pp 
collisions

B(d)0 → τ∓ e± −

B(d)0 → τ∓ µ± 1.8−7.6
+8.2

9.8

11.0

0.3−8.2
+8.8

12.4

11.6 1.6

1.5

2.8

2.2 1.2
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Extra
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• To identify B decays, kinematic variables are used: MBC and ΔE

MBC : beam-constrained mass ΔE : energy difference

Analysis techniques
y Use precise kinematical information (ܯ௕௖�ሺ݉ாௌሻ and οܧ) from beam and 

two B-vertices. (Belle/BaBar)

y Use loose selections (flight distance/direction) of B and NeuroBayes
Multivariate discriminator for the identification of secondary vertices 
consistent with ܾ hadron decays. (LHCb)

y Combined event topology variables in a Neural Network or Fisher 
Discriminant for continuum (݁ା݁ି ՜ .ത) suppressionݍݍ

y Use vetos to reduce large BB backgrounds contributions.

5

signal

௕௖�ሺ݉ாௌሻܯ
ሻࡿࡱ࢓ሺࢉ࢈ࡹ

ൌ ૛࢓ࢇࢋ࢈ࡱ െ ૛࡮࢖
οࡱ ൌ ࡮ࡱ െ ࢓ࢇࢋ࢈ࡱ

beam-constrained massenergy difference

signal
οܧ

Isotropic Jet-like

continuum suppression

݁ି ݁ା
ȟݖ

തܤ

ܤ

B meson vertex
MBC (GeV/c2)

Analysis techniques
y Use precise kinematical information (ܯ௕௖�ሺ݉ாௌሻ and οܧ) from beam and 

two B-vertices. (Belle/BaBar)

y Use loose selections (flight distance/direction) of B and NeuroBayes
Multivariate discriminator for the identification of secondary vertices 
consistent with ܾ hadron decays. (LHCb)

y Combined event topology variables in a Neural Network or Fisher 
Discriminant for continuum (݁ା݁ି ՜ .ത) suppressionݍݍ

y Use vetos to reduce large BB backgrounds contributions.

5

signal

௕௖�ሺ݉ாௌሻܯ
ሻࡿࡱ࢓ሺࢉ࢈ࡹ

ൌ ૛࢓ࢇࢋ࢈ࡱ െ ૛࡮࢖
οࡱ ൌ ࡮ࡱ െ ࢓ࢇࢋ࢈ࡱ

beam-constrained massenergy difference

signal
οܧ

Isotropic Jet-like

continuum suppression

݁ି ݁ା
ȟݖ

തܤ

ܤ

B meson vertexΔE (GeV)

E⇤
B p⇤B

E⇤
BEAM

•         and         are energy and momentum of B candidate, and

                     is the beam energy in the ϒ(4S) center-of-mass frame.

• continuum events [e+ e− → qq (q = u,d,s,c)]


Scalar sum

EB �
�
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4

EB =
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i

⇥
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i + (pi)2

! faking K

pick-up 
wrong track

!E =

correct

Two B mesons 
decays in detector

mES-!E

5.28 GeV/c2

0

Far from 0

Smooth 
scatter

mES

!E

Scatter plot

Tae Min Hong, UCSB, Caltech HEP Seminar
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pi

⇥2

Vector sum

mES =

correct

incorrect

! faking K
5.20 5.29

-0.1

0.1

MBC

ΔE

TWO KINEMATIC VARIABLES USED IN B-FACTORIES TO IDENTIFY B MESON

MBC = EBEAM
2 − !pB

2 ΔE = EB −EBEAM
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Linearity Plots   B0 → µ  τ   B0 → e  τ

UPPER LIMIT ESTIMATION 
(systematic uncertainties are not included) 
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•Fit the generated toy experiments and, for each input signal value, calculate the fraction of the ensemble 
which gives a fitted signal yield less than what we observe in the Belle data set.
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UPPER LIMIT ESTIMATION 
(systematic uncertainties are not included) 

BR =
Nsig
UL

2×NBB × f
00 × ε

•Generated 10 K experiments with different number of possible signal yields (Nsiggen) varying from 0 to 16.
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SYSTEMATIC UNCERTAINTIES

5

TABLE I. Summary of the fit results for Nsig, and the result-
ing 90% C.L. upper limits NUL

sig and B
UL (see text).

Mode ε Nsig NUL
sig B

UL

(×10−4) (×10−5)

B0
→ τ±µ∓ 11.0 1.8+8.2

−7.6 12.4 1.5

B0
→ τ±e∓ 9.8 0.3+8.8

−8.2 11.6 1.6

used for the signal are evaluated by varying all fixed pa-327

rameters by ±1σ; the resulting change in the signal yield328

is taken as the systematic uncertainty. The fixed pa-329

rameters that are varied include the correction factors to330

the shapes as obtained from the B+ → D(∗)0π+ control331

samples. The fraction of self-cross-feed signal is fixed to332

the MC value. We vary this fraction by ±50% and take333

the resulting change in the signal yield as the systematic334

uncertainty.335

The reconstruction efficiency for Btag is evaluated via336

MC simulation. However, there is uncertainty arising337

from branching fractions for tagging modes that are not338

well-measured, and from unknown decay dynamics of339

(multi-body) hadronic decays. To account for these ef-340

fects, a correction factor to the reconstruction efficiency is341

applied. This correction is evaluated as done in Ref. [25],342

by comparing the number of events containing both a343

Btag and a semileptonic B → D(∗)#ν decay in data and344

MC. As the branching fractions for B → D(∗)#ν are pre-345

cisely known, and their reconstruction efficiencies can be346

separately calculated, the difference between data and347

MC for Btag reconstruction can be extracted. The re-348

sulting correction factor is 0.64 ± 0.03. The uncertainty349

in this value is taken as a systematic uncertainty.350

The systematic uncertainty due to charged track recon-351

struction is evaluated using D∗+ → D0π+ decays, with352

D0 → K0
S π+π− and K0

S → π+π−. The resulting uncer-353

tainty is 0.35% per track. The uncertainty due to lepton354

identification is evaluated using e+e− → e+e−γ∗γ∗ →355

e+e−#+#− events. The resulting uncertainties are 1.6%356

for muons and 1.8% for electrons.357

The systematic uncertainty in the signal reconstruction358

efficiency due to limited MC statistics is < 0.1% for both359

signal modes. The systematic uncertainty arising from360

the number of BB pairs is 1.4%. The world average361

value of B[Υ(4S) → B0B0] is (48.6 ± 0.6)% [19], which362

corresponds to a systematic uncertainty of 1.2% in the363

fraction f00.364

The total additive (in number of events) and multi-365

plicative (in percent) systematic uncertainties are ob-366

tained by adding in quadrature all systematic uncertain-367

ties of that type.368

TABLE II. Systematic uncertainties for the branching fraction
measurement. Those listed in the upper section (“additive”)
arise from fitting for the signal yield and are listed in number
of events; those in the lower section (“multiplicative”) arise
from the number of reconstructed B decays and are listed in
percent.

Source B0
→ τ±µ∓ B0

→ τ±e∓

PDF shapes 0.7 0.3

Self-cross-feed fraction < 0.1 0.1

Total (events) 0.7 0.3

Btag 4.5 4.5

Track reconstruction 0.3 0.3

Lepton identification 1.6 1.8

MC statistics < 0.1 < 0.1

Number of BB Pairs 1.4 1.4

f00 (BB → B0B0 fraction) 1.2 1.2

Total (%) 5.1 5.2

VII. SUMMARY369

We have searched for the lepton-flavor-violating decays370

B0 → τ±#∓ using the full Belle data set. We find no371

evidence for these decays and set the following upper372

limits on the branching fractions at 90% C.L.:373

B(B0 → τ±µ∓) < 1.5× 10−5 (3)374

B(B0 → τ±e∓) < 1.6× 10−5 . (4)375

Our result for B0 → τ±µ∓ is very similar to a recent376

result from LHCb [11]. Our result for B0 → τ±e∓ is the377

most stringent limit to date, improving upon the previous378

limit by almost a factor of two. We find no indication of379

lepton flavor violation in these decays.380
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UL =12.4 Nsig

UL =11.6

Br(B0→ eτ )<1.6×10−5Br(B0→ µτ )<1.5×10−5

FINAL RESULTS  
UPPER LIMIT ESTIMATION 

(systematic uncertainties are included) 


