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Very clean theoretically…
…very hard experimentally
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• Helicity suppression by a factor of 𝑚!
"

• being a 𝑏 → 𝑢 transition sensitive to 
(and suppressed by) |Vub|

• Hadronic uncertainty in the decay costant fB

(calculated with lattice QCD)

B meson purely leptonic decays 𝐵 → 𝑙 𝜈
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B meson purely leptonic decays 𝐵 → 𝑙 𝜈
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Possible test of Lepton Flavor Universality  with:  
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Γ(B→τν)
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Rτe =
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Γ(B→τν )

Sensitive to NP contribution (for example: a charged Higgs)
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How to search for leptonic decays 𝐵 → 𝜏 𝜈 with e+ e- B factories

Signal is searched through 𝝉 decays (1-prong):

• 𝝉 → 𝒆𝝂𝒆𝝂𝝉
• 𝝉 → 𝝁𝝂𝝁𝝂𝝉
• 𝝉 → 𝝅𝝂𝝉
• 𝝉 → 𝝆𝝂𝝉 with 𝝆 → 𝝅±𝝅𝟎

~71% of the 𝜏
Brancing Fraction

𝐵&
𝐵'

Signal side𝜏#
𝜈$

𝜈$
l(𝜈l),𝜋, 𝜌

(l = 𝑒, 𝜇)

the other B

Weak experimental signature: a single charged particle on the signal

Experimental features to exploit:

• Large missing momentum and energy from many (2 or 3) neutrinos
• Particle Identification of the charged particle decay product
• Kinematics constraints from two body decays in sequence for 

hadronic channels, mass contraint for r channel

…evidence of the companion B meson and nothing else…
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Belle II detector and its unique features

ICHEP Seoul 2018 Phillip URQUIJO  26

Detector layout (Belle -> Belle II)

Belle 

RPC 
->Scintillator

(Endcap and inner two layer of Barrel for neutron BG)

Belle II VXD
R=14-140mm
(Ks acceptance)
Belle SVD
R=20-88mm
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(Better K/p separation)

The Belle II Experiment: Status and Prospects

Exactly 2 (quantum correlated) B meson produced 
at Y(4S) and trigger efficiency close to 100%

Belle II will accumulate by 2035 (5 x 1010 B pairs)

Excellent efficiency and resolution in tracking as 
well as in detecting photons, p0, KL

Electrons and muon performances both excellent

e+ e- environment is “clean” enoughà see next 
slide

𝑩 → 𝝉𝝂 can be measured only in a clean environment as the one in Belle II
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A Challenge to Lepton Universality in B Meson Decays — 3/10

Figure 2. Belle (a) and LHCb (b) single event displays illustrating the reconstruction of semileptonic B meson decays: Trajectories
of charged particles are shown as colored solid lines, energy deposits in the calorimeters are depicted by red bars. The Belle display is
an end view perpendicular to the beam axis with the silicon detector in the center (small orange circle) and the device measuring the
particle velocity (dark purple polygon). This is a ° (4S) ! B

+
B
� event, with B

� ! D
0t�n̄t , D

0 ! K
�p+ and t� ! e

�nt n̄e, and the
B

+ decaying to five charged particles (white solid lines) and two photons. The trajectories of undetected neutrinos are marked as
dashed yellow lines. The LHCb display is a side view with the proton beams indicated as a white horizontal line with the interaction
point far to the left, followed by the dipole magnet (white trapezoid) and the Cherenkov detector (red lines). The area close to the
interaction point is enlarged above, showing the tracks of the charged particles produced in the pp interaction, the B

0 path (dotted
orange line), and its decay B̄0 ! D

⇤+t�n̄t with D
⇤+ ! D

0p+ and D
0 ! K

�p+, plus the µ� from the decay of a very short-lived t�.

typically produced at small angles to the beam and with high
momenta, features that determined the design of the LHCb detec-
tor [25, 26], a single arm forward spectrometer, covering the polar
angle range of 3�23 degrees. The high momentum and relatively
long B hadron lifetime result in decay distances of several cm.
Very precise measurements of the pp interaction point, combined
with the detection of charged particle trajectories from B decays
which do not intersect this point, are the very effective, primary
method to separate B decays from background.

All three experiments rely on several layers of finely seg-
mented silicon strip detectors to locate the beam-beam interaction
point and decay vertices of long-lived particles. A combination
of silicon strip detectors and multiple layers of gaseous detec-
tors measure the trajectories of charged particles, and determine
their momenta from the deflection in a magnetic field. Examples
of reconstructed signal events recorded by the LHCb and Belle
experiments are shown in Figure 2.

For a given momentum, charged particles of different masses,
primarily pions and kaons, are identified by their different ve-
locities. All three experiments make use of devices which sense
Cherenkov radiation, emitted by particles with velocities that ex-
ceed the speed of light in a chosen radiator material. For lower
velocity particles, Belle complements this with time-of-flight
measurements. BABAR and Belle also measure the velocity-
dependent energy loss due to ionization in the tracking detectors.
Arrays of cesium iodide crystals measure the energy of photons

and identify electrons in BABAR and Belle. Muons are identified
as particles penetrating a stack of steel absorbers interleaved with
large area gaseous detectors.

Measurements of B
� ! t�nt decays

The decays B
� ! t�nt with two or three neutrinos in the final

state have only been observed by BABAR and Belle. These
two experiments exploit the BB pair production at the ° (4S)
resonance via the process e

+
e
� !° (4S) ! BB. These BB pairs

can be tagged by the reconstruction of a hadronic or semileptonic
decay of one of the two B mesons, referred to as Btag. If this
decay is correctly reconstructed, all remaining particles in the
event originate from the other B decay.

BABAR and Belle have independently developed two sets of
algorithms to tag BB events. The hadronic tag algorithms [27, 28]
search for the best match between one of more than a thousand
possible decay chains and a subset of all detected particles in
the event. The efficiency for finding a correctly matched Btag is
unfortunately quite small, 0.3%. The benefit of reconstructing
all final state particles is that the total energy, Emiss, and vector
momentum, ~pmiss, of all undetected particles of the other B decay
can be inferred from energy and momentum conservation. The
invariant mass squared of all undetected particles, m

2
miss = E

2
miss�

~p2
miss, is used to distinguish events with one neutrino (m2

miss ⇡ 0)
from events with multiple neutrinos or other missing particles
(m2

miss > 0).

Beauty 2020 Phillip URQUIJO

Experiments @ Beauty 2020
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Nature 546, 227–233 (2017)
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� Inclusive on the rest of the event 
when the signal signature 
strong enough

� B à p l n
� Loose neutrino reconstruction

� B à µ n
� Monochromatic muon in the 

final state in B rest frame
� Smeared in the CM frame

B- B+
ϒ(4S)

νμ

μ+

Apply PID, measure p

Ignore the detail
Measure inclusive observables
Test for consistency with a B hypothesis

High efficiency and large backgrounds, too

Untagged analyses still doable (𝐵 → 𝜇𝜈 and 𝐵 → 𝑒𝜈 )
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� For signal with weak signature like
� Decay with missing momentum

(many neutrinos in the final state)
� Inclusive analyses 

� background rejection improved fully 
reconstructing the companion B (tag)

� Tag with semileptonic decays
� PRO: Higher efficiency εtag ∼ 1.5%

CON: more backgrounds, B momentum not 
measured

� Tag with hadronic decays 
� PRO: much cleaner events,

B momentum reconstructed
CON: smaller efficiency εtag ∼ 0.2-0.5% 

ν
l-

D(*)0

B- B+
ϒ(4S)

ντ

τ+

ντ

νμ, νe

e+,μ+

ντ

τ+
ντ

νμ, νe

e+,μ+

X-

D(*)0

B+B-
ϒ(4S)

X0

Fully reco Look for signal 

Full event reconstruction (tagged analyses)
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Tag with B semileptonic decays

Hadronic/Semileptonic(SL) tag
ͻ Unique and powerful tools at ܤ factories to analysis final states with multiple ߥ.

Tagging Techniques 4

݁ି ݁ା

Signal side
� Signal decay

Tag side
� Hadronic decay ܤ : ՜ ሻܺǡכሺܦ Ȁ͕߰ܺ�͙ܬ
� Semileptonic decay ܤ : ՜ ሻκɋכሺܦ

ܑܛ

܉ܜ

ȯሺͶܵሻ Reconstruct ܉ܜ from know decays.

NIMA 654, 432 (2011)

 ՜ ࣇሻरכሺࡰ
ݍݍ

ܤ തܤ

ିܤାܤ

PRD 82, 071101(R) (2010)

��� Ʌିሺכሻ

ሻκכሺࡰିࣂܛܗ܋ ൌ
ሻκכሺܧୠୣୟ୫ܧʹ െ ݉

ଶ െ ݉ሺכሻκ
ଶ

ʹȁ Ԧ ȁ ȉ ȁ Ԧሺכሻκȁ

ሻκכሺܦ

ܤߥ
.ሻरHad-tagכሺࡰିࣂ SL-tag.

ࢉ࢈ࡹ ൌ ୠୣୟ୫ଶܧ െ Ԧ౪ౝ
ଶ ࡱࢤ ൌ ୠୣୟ୫ܧ െ ౪ౝܧ

cos ✓B�D(⇤)l =
2EbeamED(⇤)l �m2

B �m2
D(⇤)l
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n
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Hadronic/Semileptonic(SL) tag
ͻ Unique and powerful tools at ܤ factories to analysis final states with multiple ߥ.

Tagging Techniques 4

݁ି ݁ା

Signal side
� Signal decay

Tag side
� Hadronic decay ܤ : ՜ ሻܺǡכሺܦ Ȁ͕߰ܺ�͙ܬ
� Semileptonic decay ܤ : ՜ ሻκɋכሺܦ

ܑܛ

܉ܜ

ȯሺͶܵሻ Reconstruct ܉ܜ from know decays.

NIMA 654, 432 (2011)

 ՜ ࣇሻरכሺࡰ
ݍݍ

ܤ തܤ

ିܤାܤ

PRD 82, 071101(R) (2010)
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ࢉ࢈ࡹ ൌ ୠୣୟ୫ଶܧ െ Ԧ౪ౝ
ଶ ࡱࢤ ൌ ୠୣୟ୫ܧ െ ౪ౝܧ

Babar and Belle pioneered a tag reconstruction
technique 
• reconstructing D/D* mesons in as many as

possible decay trees
• Combining the seed D/D* with an hadronic

system of charged and neutral pions to make fully
reconstructed B candidates.

Many combinations per event!

BaBar determined the purity on experimental data 
to rank the B decay modes

Belle used a NN tool to determine the quality of the 
tag (output of the classifer)

This has been refined in Belle II 

Tag with B hadronic decays
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• Input variables used to train the multivariate classifiers: 
- PID, tracks momenta, impact parameters (charged FS particles); 
- cluster info, energy and direction (photons);
- invariant mass, angle between photons, energy and direction (π0);

- released energy, invariant mass, daughter momenta and vertex quality (D(*)
(s), J/ψ);

- the same as previous step plus vertex position, ΔE (B);

- additionally, for each particle the classifier output of the daughters are also used as discriminating variables.

ν
l-

D(*)0

ϒ(4S)

B+B-

ντ

τ+
ντ

νμ, νe
e+,μ+

-> multivariate method to separate the two B mesons 
-> hierarchical reconstruction of the B and D decay chains
(e.g. 𝑩 → 𝑫𝒏𝝅, 𝑩 → 𝑫∗ 𝒏𝝅,𝑩 → 𝑱/𝝍𝑲,… )

Belle II Full Event Interpretation (FEI)

Keck, T., Abudinén, F., Bernlochner, F.U. et al. The Full Event Interpretation.
Comput Softw Big Sci 3, 6 (2019).

T. Keck et al., "The Full Event Interpretation",
Comput. Softw. Big Sci. 3, 6(2019)
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Currently we are using this in Belle II for 𝑩 → 𝝉𝝂

Tag MVA output > 0.01
(tight requirement to select a sample enriched in good tags)

𝑴𝒃𝒄 > 5.27 GeV

Tag side reconstruction

𝑩% 𝑩𝟎

𝜖'() 0.30% 0.23%

• Beam energy-constrained mass

𝑴𝒃𝒄 = 𝑬𝒃𝒆𝒂𝒎𝟐 − 𝒑𝑩𝟐

Continuum 
Background

Peaking and Combinatorial B+ 

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

Combinatorial B0

Classifier output

Belle II Coll.,  arXiv:2008.06096
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Most discriminating signal (Babar, Belle and Belle II analyses) 

*after removing the signal t decays product and 
and the tag B decay product

𝑬𝑬𝑪𝑳𝒆𝒙𝒕𝒓𝒂 between 0 and 1 GeV is used to extract the
BR(𝑩 → 𝝉𝝂) in our current Belle II analysis

Belle II MC
No activity expected  in the electromagnetic 
calorimeter is expected*

Most discriminating variable for signal:
→ 𝑬𝑬𝑪𝑳𝒆𝒙𝒕𝒓𝒂, the extra energy not associated with the 𝑩𝒕𝒂𝒈 and 
𝑩𝒔𝒊𝒈 (Rest of Event or ROE). 

Signal would peak at low 𝑬𝑬𝑪𝑳𝒆𝒙𝒕𝒓𝒂, background smooth
increasing function of 𝑬𝑬𝑪𝑳𝒆𝒙𝒕𝒓𝒂.

potential peaking background at low energy must be 
suppressed / correctly estimated.
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Belle Hadronic tag
PRL 110 131801

Belle SL tag
PRD 92 051102
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(a) (a)

(b) (b)

(c) (c)

(d) (d)

(e) (e)

FIG. 2. Distributions for (a) ⌧+ ! µ+⌫̄⌧⌫µ, (b) ⌧
+ ! e+⌫̄⌧⌫e,

(c) ⌧+ ! ⇡+⌫̄⌧ , (d) ⌧+ ! ⇢+⌫̄⌧ , and (e) the sum of them.
The left and right columns show the distributions of EECL

and p⇤sig projected in the region EECL < 0.2 GeV, respec-
tively. The markers show the data distribution, the solid line
the total fitted distribution, and the dashed line the signal
component. The orange (red) filled distribution represents
the BB̄ (continuum) background.

originates from the error on the slope; the signal recon-
struction e�ciency; the branching fractions of the dom-
inant background decays peaking in the EECL signal re-
gion, e.g., B+ ! D̄0`+⌫` followed by D0 ! KLKL or
D0 ! KLKLKL; the correction of the tagging e�ciency,
obtained from the double-tagged samples and assumed to
be 100% correlated among the four ⌧ decay modes; and
the branching fractions of the ⌧ lepton. For branching
fractions of D mesons with multiple KL mesons in the

TABLE II. Signal yields and branching fractions, obtained
from fits for the ⌧ decay modes separately and combined.
Errors are statistical only.

Decay mode Nsig B(10�4)

⌧+ ! µ+⌫̄⌧⌫µ 13±21 0.34±0.55
⌧+ ! e+⌫̄⌧⌫e 47±25 0.90±0.47
⌧+ ! ⇡+⌫̄⌧ 57±21 1.82±0.68
⌧+ ! ⇢+⌫̄⌧ 119±33 2.16±0.60
Combined 222±50 1.25±0.28

TABLE III. List of systematic uncertainties.

Source Relative uncertainty (%)

Continuum description 14.1
Signal reconstruction e�ciency 0.6
Background branching fractions 3.1
E�ciency calibration 12.6
⌧ decay branching fractions 0.2
Histogram PDF shapes 8.5
Best candidate selection 0.4
Charged track reconstruction 0.4
⇡0 reconstruction 1.1
Particle identification 0.5
Charged track veto 1.9
Number of BB̄ pairs 1.4
Total 21.2

final state, we use the values for corresponding decays
with KS and take 50% of the value as the uncertainty.
To estimate the e↵ect of the uncertainty on the shape

of the histogram PDFs due to the statistical uncertainty
in the MC, the content of each bin is varied following a
Poisson distribution with the initial value as the mean.
This is repeated 1000 times and the standard deviation
of the distribution of branching fractions is taken as sys-
tematic uncertainty. For the systematic uncertainty re-
lated to the best-candidate selection, we repeat the fit
without applying this selection. The result is divided
by the average multiplicity of 1.07 and compared to the
nominal fit result. The uncertainties on the e�ciency
of the reconstruction of charged tracks and neutral pi-
ons and on the e�ciency of the particle identification
have been estimated using high-statistics control sam-
ples. The charged-track veto is tested using the D0⇡+

double-tagged sample by comparing the number of addi-
tional charged tracks in MC and data events. We find
that it agrees well and so take the relative statistical un-
certainty on the control sample as the systematic un-
certainty. We also test an alternative description of the
continuum background in EECL by using a polynomial of
second order but the deviation is well covered by the re-
lated systematic uncertainty so we do not include it sep-
arately. The quadratic sum of all contributions is 21.2%.
We find evidence for B+ ! ⌧+⌫⌧ decays with a signifi-

cance of 3.8�, by convolving the likelihood profile with a
Gaussian whose width is equal to the systematic uncer-

BaBar Hadronic tag
PRD 88 031102
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is due to the statistical uncertainty on the data and MC
simulation, and we treat it as a systematic uncertainty.
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FIG. 1: Distribution of Eextra in double-tagged events. The
data (black points) and MC simulated events (gray rectan-
gles) are normalized to unit area. The rectangles represent
the MC simulation uncertainty.

The remaining systematic uncertainties on εsig come
from tracking efficiency (0.36% per signal track), π0 re-
construction for the τ+ → ρ+ντ mode (0.984 ± 0.030),
and particle identification. These are evaluated using
control samples of well-characterized particles. The par-
ticle identification efficiency corrections and systematic
uncertainties are 0.953±0.003 (0.97±0.04) for identified
electrons in the B+ → τ+ντ (B+ → e+νe) analysis and
0.92 ± 0.05 (1.016 ± 0.022) for identified muons in the
B+ → τ+ντ (B+ → µ+νµ) analysis.

TABLE III: The corrected tag and signal efficiencies. The first
uncertainty is the MC statistical uncertainty, and the second
is the systematic uncertainty from sources described in the
text. Branching fractions are included (e.g. τ+ → e+νν).
The last column is the total systematic uncertainty on each
efficiency as a percent of its value.

Channel Efficiency (%) Uncertainty (%)

Tag Efficiencies

B+ → τ+ντ (1.514 ± 0.003 ± 0.107) 7.1

B+ → µ+νµ (0.937 ± 0.003 ± 0.066) 7.1

B+ → e+νe (0.974 ± 0.003 ± 0.069) 7.1

Signal Efficiencies

τ+ → e+νeντ (1.58 ± 0.04 ± 0.07) 4.5

τ+ → µ+νµντ (1.45 ± 0.03 ± 0.11) 7.4

τ+ → π+ντ (2.44 ± 0.05 ± 0.11) 4.5

τ+ → ρ+ντ (0.83 ± 0.03 ± 0.05) 5.4

B+ → τ+ντ (6.31 ± 0.07 ± 0.34) 5.4

B+ → µ+νµ (28.65 ± 0.34 ± 1.75) 6.1

B+ → e+νe (37.01 ± 0.38 ± 1.84) 5.0
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FIG. 2: Eextra after all selection criteria have been applied
for each final state. Shown are data (black points), back-
ground MC simulation (gray shaded), and signal MC sim-
ulation (dotted line) normalized to 10 times the expected
branching fraction (106 times for B+ → e+νe). The back-
ground 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.

The Eextra distributions for each channel are given in
Fig. 2 and results given in Table IV. We use the method
of Feldman and Cousins [15] to interpret the yields in
each channel. When computing the level at which we
exclude the null hypothesis, we include systematic er-
rors as a Gaussian convolution with the nominal Pois-
son distribution. Our results in the B+ → µ+νµ and
B+ → e+νe channels are consistent with the background
expectation and we obtain only one-sided 90% confidence
intervals. For B+ → τ+ντ , we obtain a two-sided 68%
confidence interval and exclude the null hypothesis at
the level of 2.3σ. This result supersedes that of the pre-
vious work [10]. The statistical consistency test of the
results over the four B+ → τ+ντ channels has a χ2 per
degree-of-freedom of 2.02/3, or a probability of 57%, and
is performed using branching fractions computed with
Equation 2. In the context of the SM we determine that
f2

B = (62± 31)× 103 MeV2, where the uncertainty arises
dominantly from this measurement and |Vub|.

BaBar SL tag
PRD 81 051101

Analysis Measurement (10-4)

BABAR Had 1.8 ± 0.5 ± 0.2

BABAR SL 1.7 ± 0.8 ± 0.2

Belle Had 0.7 ± 0.3 ± 0.1

Belle SL 1.25 ± 0.28 ± 0.27

BaBar and Belle past measurements
BaBar and Belle measurements
used very same approach
for both hadronic and 
semileptonic tags 

Belle results more SM-like, 
Babar a bit in excess. 

Actually both consistent with each
other because of the large 
uncertaintites 14



• Particle identification criteria and p0 reconstruction define four different signal cathegories (𝑒, 𝜇, 𝜋, 𝜌 =
𝜋𝜋2)

• Exploit signal kinematics with requirements on missing momentum, charged particle momentum, missing 
mass

• Continuum suppression exploiting event topology

All  the cuts have been optimized:

Signal Events Selection

minimize a figure of merit (FOM) obtained through 𝑬𝒙𝒕𝒆𝒏𝒅𝒆𝒅𝑴𝒂𝒙𝒊𝒎𝒖𝒎 𝑳𝒊𝒌𝒆𝒍𝒊𝒉𝒐𝒐𝒅 𝒇𝒊𝒕𝒔 on the 
variable 𝑬𝒆𝒙𝒕𝒓𝒂 through a study with 10,000 pseudo-experiments (ToyMC study).

𝑭𝑶𝑴 =
%𝝈𝑺
%𝑵𝑺

where 1𝑁: and 3𝜎: are the mean signal yield and error of the ToyMC.



Continuum Suppression

Continuum 𝑩H𝑩

Several observables describing the event shape are combined
in a BDT

(pre-cut at 0.9 applied)

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

cosTBTO: cosine of angle between thrust
axis of 𝑩𝒔𝒊𝒈 and thrust axis of ROE.

Exploit the different topology between event shapes of continuum and 𝑩H𝑩, i.e. the momentum-
weighted distribution of all particles in the detector



• Input Variables: R2, Cos𝜃th , Cleo Cones and Kakuno Super Fox-Wolfram 
(KSFW) moments: 30 variables

• R2: where 
are the Fox-Wolfram moments

• Cos𝜃th : where T is the thrust axis of the rest of the event

• Cleo Cones: momentum flow around the B thrust axis in 9 angular bins

• KSFW:

l odd

l even

c: charged, 
n: neutral, 
m: missing

l odd

l even

scalar sum of the transverse 
momentum of each particle

so: particles from b-tag 
and ROE are considered
oo: particles from ROE 
only are considered

17

Many observables available



Few examples showing separation

Signal: 𝐵 → 𝜏𝜈
Background: 𝑞)𝑞

18



Continuum Suppression FBDT
We train a multivariate classifier, a Fast Boosted Decision Tree (FBDT), with ones with the highest
separation power

Samples
• Sig → MC 𝑞M𝑞 + 𝜏'𝜏&(Continuum) • Train/Test → 80%/20%
• Bkg → MC 𝐵 M𝐵

Background Acceptance

Si
gn

al
 E

ffi
ce

nc
y

ImportanceFBDT output

• Sig/Bkg events ratio = 1
No overtaining and 
good performance.
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Signal Events Selection optimization by grid search
Best Cuts:

Electron (similar for muon)

𝑒 ID 𝝁 ID sigProb(FEI) 𝑀𝒃𝒄 (GeV) pt candidate (GeV) ContSupp Miss𝑴𝟐 (GeV2) FOM

𝑒 >0.9 >0.01 >5.27 >0.5 <0.85 >12 0.59

𝜇 >0.9 >0.01 >5.27 >0.5 <0.7 >11 0.74

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

𝑚𝑖𝑠𝑠𝑀": missing Mass2 associated to ROE.
t
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Signal Events Selection

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

𝑳 = 𝟑𝟔𝟐 𝐟𝐛!𝟏
MC Simulation

Best Cuts:

𝑒 ID 𝝁 ID sigProb(FEI) 𝑀𝒃𝒄 (GeV) p candidate (GeV) ContSupp Miss𝑴𝟐 (GeV2) FOM

𝜋 <0.9 <0.9 >0.01 >5.27 >1.5 <0.4 >1 1.11

𝜌 <0.9 <0.9 >0.01 >5.27 >1.5 <0.4 >1 1.45

Rho (similar for pion)
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𝐵𝑅(𝐵 → 𝜏𝜈) Extraction

• PDFs of signal and background are taken from the MC simulation.
• Largest source of systematics are MC mismodelling of signal efficiency (including the tag B 

reconstruction) and PDF shapes.
• Data control sample are used to study this effects and extract correction factor with systematics 

uncertainties

The Branching ratio BR is estimated by means of a maximum likelihood fit on 𝐸6789: simultaneously on 
the four t decay modes (the BR being a common parameter)

The Likelihood for each k-mode:

𝑳𝒌 =
𝒆&(𝒏𝒔,𝒌'𝒏𝒃,𝒌)

𝒏𝒔,𝒌 + 𝒏𝒃,𝒌 !
R
𝒊@𝟏

𝒏𝒔,𝒌'𝒏𝒃,𝒌

𝒏𝒔,𝒌 ⋅ 𝑷𝒌𝒔 𝑬𝒆𝒙𝒕𝒓𝒂
𝒊,𝒌 + 𝒏𝒃,𝒌 ⋅ 𝑷𝒌𝒃 𝑬𝒆𝒙𝒕𝒓𝒂

𝒊,𝒌 𝑛;,= e  𝑛>,= sig and bkg yields.

Where:

𝒏𝒔,𝒌 = 𝑵𝑴𝑬𝑨𝑺𝑼𝑹𝑬𝑫 𝝉 → 𝒌 −𝒎𝒐𝒅𝒆 = 𝑵𝑩𝑩 ⋅ 𝝐𝒌 ⋅ 𝑩𝑹 𝑩 → 𝝉𝝂

(k = e, µ, π, ρ)
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Tag side MC / data corrections Belle II Coll.,  arXiv:2008.06096

Control sample of inclusive 
semileptonic decays

Mostly used for extract tag B 
reconstruction efficiency from 
data 
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Two 𝐵'() (opposite charge) - Reconstruction of  Υ 4S → 𝐵%𝐵#.
Loose cuts:
• 𝑀>? > 5.24 𝐺𝑒𝑉
• Δ𝐸 < 0.3 𝐺𝑒𝑉
• TagProb > 0.001
• cos θthrust < 0.9

Best Candidate selection with respect to the Tag Probability of  the first 𝐵'()
0 Extra Tracks in the rest of  event.

Off-resonance data – no B expected On-resonance data – fully reconstructed 𝑌 4𝑆 → 𝐵%𝐵#

Double tags
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Phyiscs photons Cluster split off  from charged
tracks (reconstruction defects)

clusters from beam
background

Extra cluster characterization from double tag study

Energy of un-assigned clusters in the electromagnetic calorimeter from
MC simulation augmented with beam backgrounds from experimental data
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𝑩𝑹(𝑩 → 𝝉𝝂) extraction with ToyMC

The Likelihood for each k-mode:

𝑳𝒌 =
𝒆&(𝒏𝒔,𝒌'𝒏𝒃,𝒌)

𝒏𝒔,𝒌 + 𝒏𝒃,𝒌 !
R
𝒊@𝟏

𝒏𝒔,𝒌'𝒏𝒃,𝒌

𝒏𝒔,𝒌 ⋅ 𝑷𝒌𝒔 𝑬𝒆𝒙𝒕𝒓𝒂
𝒊,𝒌 + 𝒏𝒃,𝒌 ⋅ 𝑷𝒌𝒃 𝑬𝒆𝒙𝒕𝒓𝒂

𝒊,𝒌 𝑛;,= e  𝑛>,= sig and bkg yields.

Where:

𝒏𝒔,𝒌 = 𝑵𝑴𝑬𝑨𝑺𝑼𝑹𝑬𝑫 𝝉 → 𝒌 −𝒎𝒐𝒅𝒆 = 𝑵𝑩𝑩 ⋅ 𝝐𝒌 ⋅ 𝑩𝑹 𝑩 → 𝝉𝝂

𝑩𝑹𝑷𝑫𝑮(𝑩 → 𝝉𝝂) = (𝟏. 𝟎𝟗 ± 𝟎. 𝟐𝟒)×𝟏𝟎$𝟒• 𝑩𝑹 set to the PDG value.
• PDFs from the MC.

The sensitivity is estimated by producing 10,000 pseudo-datasets by a 𝑆𝑖𝑚𝑢𝑙𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑓𝑖𝑡 on 𝐸6789:
between 0 and 1 𝐺𝑒𝑉.

(k = e, µ, π, ρ)

𝐿 = 362𝑓𝑏!#
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ToyMC result for 362 fb-1 :

𝑩𝑹𝒔𝒊𝒎𝒖𝒍𝒕𝒂𝒏𝒆𝒐𝒖𝒔 = 𝟏. 𝟎𝟗 ± 𝟎. 𝟒𝟑 ×𝟏𝟎#𝟒
The Bias (𝑩𝑹𝑰𝒏𝒑𝒖𝒕 −𝑩𝑹𝒇𝒊𝒕) is negligible.
Statistical uncertainty ∼ 𝟑𝟗%.

Belle ∼ 𝟑𝟖%.
BABAR ∼ 𝟐𝟗%.

𝑩𝑹(𝑩 → 𝝉𝝂) extraction with ToyMC

𝑩𝑹𝑷𝑫𝑮(𝑩 → 𝝉𝝂) = (𝟏. 𝟎𝟗 ± 𝟎. 𝟐𝟒)×𝟏𝟎$𝟒• 𝑩𝑹 set to the PDG value.

The sensitivity is estimated by producing 10,000 pseudo-datasets by a 𝑆𝑖𝑚𝑢𝑙𝑡𝑎𝑛𝑒𝑜𝑢𝑠 𝑓𝑖𝑡 on 𝐸6789:
between 0 and 1 𝐺𝑒𝑉.
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362 fb-1∼ 39%

1 ab-1∼ 24%

5 ab-1∼ 11%

50 ab-1∼ 3%

Toward a 5𝝈measurment with a 
single measurement around 1 ab-1

5% systematics*

At ∼ 50 ab-1 the systematics dominate 
the uncertainty*

systematics uncertainty extrapolation from Belle II 
Physics Book: 
Belle II Coll., Prog. Theor. Exp. Phys. 2019, 123C01
arXiv:1808.10567

Extrapolation of statistical uncertainty
with toy MC assumimng PDG branching ratio

𝑩𝑹(𝑩 → 𝝉𝝂) extrapolation with ToyMC

28
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Conclusions

• It's important to have a measurement of the purely leptonic decay 𝑩𝑹(𝑩 → 𝝉𝝂)
from Belle II
• Complements on-going determinations of semileptonic decays with t lepton

branching ratio from Belle II and LHCb
• Belle and BaBar measurements a bit in tension and call for an improvement in 

precision.
• It appears to be possible only at Belle II

• A Belle II analysis with hadronic B tags is on-going and we are aming at a public 
result by summer 2023
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