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Two reasons
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Why is beauty back in our minds?
17
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Fig. 2: Profile likelihoods (upper right panels) and posterior probabilities (bottom left panels) from a scan over the real parts of
the Wilson coe�cients C7, C9 and C10, expressed in terms of the o�sets ∆Ci from the SM values. The central diagonal shows both
1D posterior probabilities (blue) and profile likelihoods (red) for each parameter. Stars indicate the location of the best fit, filled
circles indicate posterior means, and contours correspond to 1, 2, and 3‡ confidence. The SM prediction lies at the intersection of
the dashed lines in the 2D panels.

and the 1D profile likelihood of tan —. The flavour likeli-
hoods have the most impact at large tan —, as has been
extensively pointed out in the literature (e.g. [72, 124]).
The 2D figure shows a weak preference (at the 1–2‡

level) for lower sparticle masses. At first glance this may
seem surprising, given the lack of hints for SUSY, the
fact that the likelihood at large m0 and m 1

2
essentially

recovers the SM result, and the resulting tendency of
b æ s“ to drive SUSY fits to larger masses to avoid
spoiling the good agreement between the SM prediction
and the observed value of B(B æ Xs“). Indeed, the
likelihood improvement at low mass is driven entirely
by the angular analysis of B

0 æ K
ú
µ

+
µ

≠ decays, with

the fit attempting to account for the deviation from
the SM prediction in this channel by making the new
states light and boosting the (generally small) SUSY
contributions as much as possible. This e�ect is rather
small, providing an improvement in the likelihood con-
tribution from B

0 æ K
ú
µ

+
µ

≠ (b2sll_likelihood) of
∆ ln L = 3.4 relative to the SM. This improvement
is mostly counteracted by a corresponding decrease
of ∆ ln L = ≠2.0 in the likelihood associated with
B(B æ Xs“) (b2sgamma_likelihood).
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Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics

• Integral idea: nano-beams 
• 50 nm vertical spot size

• Major upgrade of existing facilities needed
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A next-generation Super-B-Factory in the making
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Belle II at SuperKEKB
The collaboration

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

● 700+ physicists
● 100+ institutes
● 23 countries

!4

A next-generation Super-B-Factory in the making

850 Physicists

109 Institutes

25 countriesBelle

KEK

DESY KIT
MPI 
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Belle II at SuperKEKB
The collaboration

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

● 700+ physicists
● 100+ institutes
● 23 countries
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Belle II at SuperKEKB

● Located at KEK, Tsukuba.

(Japanese national HEP laboratory)
● �⇥⇤⌅
● ⇧⌃⌥� ⌦↵���✏⇣⌘

The project

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018
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Phases of a Super-B-Factory

• Belle II start progresses in three phases
SuperKEKB luminosity projection
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Phase 1 
w/o QCS/Belle II

Phase 2 
BEAST II, no VXD

Phase 3 
Physics run w/ VXD

≈ 50 × Belle

Goal until 
2026:  

Produce 
100 x 109 
B meson- 

pairs /  
integrated  
Luminosity 

of 50/ab

recorded 
≈ 0.5/fb
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The Belle II Detector
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Belle II
The detector

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018
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Belle II
The detector

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018
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The Belle II Tracking Detectors

Direction of boost
Direction of electron beam

“Forward”
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The detector

Belle II

new (larger)

Silicon vertex 

detector 
double sided Si 

microstrips

new

Two layers of DEPFET 

high granularity pixel 

detector

new (larger)

Drift chamber 

tracking
wires in 50:50 He:C2H6

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018
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The Belle II Phase II Tracking Detectors

Direction of boost
Direction of electron beam

“Forward”
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The detector

Belle II

new (larger)

Silicon vertex 

detector 
double sided Si 

microstrips

new

Two layers of DEPFET 

high granularity pixel 

detector

new (larger)

Drift chamber 

tracking
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Page 13

The detector
In phase 2

Belle II

1/8 vertex detector

(for beam background and 

commissioning)

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Running without 

high-level trigger
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The detector
In phase 2

Belle II

1/8 vertex detector

(for beam background and 

commissioning)

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Running without 

high-level trigger
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Tracking details

Page 15

Tracking details
● Newer, larger wire drift chamber. Improvement from Belle.
● High luminosity: 40% of wire hits from machine background.

– Boosted Decision Tree step to suppress.
● Legendre based signal tracking for wire chamber.

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018
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| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

• Newer, larger wire drift chamber. Improvements from 
Belle


• High luminosity: 40% of wire hits from machine 
background.

• Multivariate methods used to suppress  

• Legendre based tracking for wire chamber.
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• Belle II calorimeter crystals are 
reused from Belle

• 8736 CsI(TI) crystals 
• New readout electronics 

• New clustering → high luminosity 
environment
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Calorimeter details
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Calorimeter details

● Belle II calorimeter crystals are reused from Belle.
– 8736 CsI(Tl) crystals
– New readout electronics.

● New clustering → high luminosity environment.

The “ECL”

Nominal backgrounds 
+ single 2.5 GeV photon

Page 16

Calorimeter details

● Belle II calorimeter crystals are reused from Belle.
– 8736 CsI(Tl) crystals
– New readout electronics.

● New clustering → high luminosity environment.

The “ECL”

Nominal backgrounds 
+ single 2.5 GeV photon



Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics

• Belle II calorimeter crystals are 
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• New clustering → high luminosity 
environment
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Calorimeter details
The “ECL”

Timing and minimal 
cluster energy requirement

● Belle II calorimeter crystals are reused from Belle.
– 8736 CsI(Tl) crystals
– New readout electronics.

● New clustering → high luminosity environment.



 First Belle II collision: 26 April 2018 00:38 GMT+09:00 



First Belle II collision
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Tracking and ECL work well

Page 20

Tracking and ECL work well

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Radiative dimuon events in first data
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Tracking and ECL work well

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Radiative dimuon events in first data

“rediscovery of the Photon”
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More Phase II “rediscovery plots”
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Figure 1: This figure shows the invariant mass distributions of charm candidates in 5 pb�1

of collision data, in the mode D⇤+ ! D0⇡+, D0 ! K�⇡+. On the left is a 2-D plot
of �M and M(K⇡), on the upper right is �M for 1.845 < M(K⇡) < 1.885 GeV/c2

and on the lower right is M(K⇡) for 0.144 < �M < 0.146 GeV/c2. Events are required
to contain at least three good tracks to purity the sample with processes of the type
e+e� ! hadrons, while rejecting beam induced background, Bhabha scattering, and other
low multiplicity background sources. The charged kaon and pion tracks are required to
have impact parameters, |d0| and |z0| less than 0.5 cm and 3.0 cm respectively. No particle
identification criteria are applied. The D⇤ candidates are required to have a centre-of-mass
momentum of greater than 2.5 GeV/c to select cc̄ events. The internal document reference
is BELLE2-NOTE-PH-2018-004.
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Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics !18

Charmonium and SL B-Meson decays
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Figure 1: This figure shows the invariant mass distribution of J/ ! e+e�candidates in
472 pb�1 of collision data. Events are required to contain at least three good tracks to
purify the sample with processes of the type e+e� !hadrons, while rejecting beam induced
background, Bhabha scattering, and other low multiplicity background sources. The e+ and
e� candidates are tracks required to have impact parameters, |d0| and |z0| < 0.5 cm and
3.0 cm respectively. EECL/p � 0.9 is applied to both e+ and e�. Bremsstrahlung photons
with E� < 1.0 GeV are added to e+and e� tracks in a cone < 5�. The J/ candidates are
searched in, 0.4  p⇤J/ 2 GeV. The internal document reference is BELLE2-NOTE-PH-
2018-014.
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Figure 1: The cos ✓BY =
2E⇤

BE⇤
Y �M2

B�m2
Y

2p⇤Bp⇤Y
distribution of B̄0 ! D⇤+e�⌫̄e candidates using

250 pb�1 of collision data, where E⇤
Y , p

⇤
Y , and mY are the CM energy, momentum, and in-

variant mass of the D⇤e system, MB is the nominal B mass, and E⇤
B, p

⇤
B are the CM energy

and momentum of the B, inferred from the CMmachine energy. For correctly reconstructed
B candidates, ignoring mismeasurements and the spread in machine energy, ✓BY is the CM
angle between theB and Y momenta. Here the data (points with error bars) is overlaid with
the combination of MC events, scaled to the same area as the data. D0 candidates are re-
constructed from K�⇡+ pairs, selected without particle identification requirements, within
the invariant mass range 1.85 GeV/c2 < mK⇡ < 1.88 GeV/c2. D⇤+ candidates are recon-
structed from a D0 candidate and a ⇡+ candidate track, with the invariant-mass di↵erence
between the D⇤+ and D0 candidates in the range 0.144 GeV/c2 < �m < 0.148 GeV/c2.
The momentum of D⇤+ candidates is required to satisfy p⇤D⇤+ < 2.5 GeV/c. Continuum
e+e� ! qq̄ background is suppressed with the Fox-Wolfram moment ratio R2 < 0.25.
Electron candidates are selected with requirements on the energy-to-momentum ratio
EECL/p > 0.8 and on the shower width parameter E9/E21 > 0.94, and must have center-
of-mass momentum in the range 1.2 GeV/c < p⇤l < 2.4 GeV/c. The internal document
reference is BELLE2-NOTE-PH-2018-018.
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angle between theB and Y momenta. Here the data (points with error bars) is overlaid with
the combination of MC events, scaled to the same area as the data. D0 candidates are re-
constructed from K�⇡+ pairs, selected without particle identification requirements, within
the invariant mass range 1.85 GeV/c2 < mK⇡ < 1.88 GeV/c2. D⇤+ candidates are recon-
structed from a D0 candidate and a ⇡+ candidate track, with the invariant-mass di↵erence
between the D⇤+ and D0 candidates in the range 0.144 GeV/c2 < �m < 0.148 GeV/c2.
The momentum of D⇤+ candidates is required to satisfy p⇤D⇤+ < 2.5 GeV/c. Continuum
e+e� ! qq̄ background is suppressed with the Fox-Wolfram moment ratio R2 < 0.25.
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• In order to carry out the Belle II physics program, many tools had to 
be reinvented

• Completely new software framework: BASF2

• Completely new tagging algorithms: FEI

• Flavour Tagging with Deep Learning: DFT

• Practice makes perfect: B2BII
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Tools, Tools, Tools
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about traversed detector components; relations are
created if simulated particles are reconstructed as
tracks or clusters.

The average size of an mDST event is a critical
performance parameter for the storage specification and
for the I/O-bound analysis turnaround time. Therefore,
the mDST content is strictly limited to information that
is required by general physics analyses. In particular,
no raw data information is stored. For detailed detector
or reconstruction algorithm performance studies as well
as for calibration tasks a dedicated format, called cDST
for calibration data summary table, is provided.

2 Central Services

2.1 Python Interface and Jupyter Notebooks

2.1.1 Python Interface

To apply the functionality described in Section 1 to a
data processing task – at the most basic level, arranging
appropriate modules into a path and starting the event
processing – basf2 provides a Python interface. Typi-
cally, users perform tasks using Python scripts (called
“steering files” in this context), but interactive use is also
supported. Figure 1 shows a minimal example for the
former, while Section 2.1.2 discusses applications for the
latter.

#!/ usr / bin / env python3
# �⇤� coding : utf�8 �⇤�

# Generate 100 events with event numbers 0 to 99 -
that contain only the event meta data .

import basf2
main = basf2 . create_path ( )
main . add_module ( ’ EventInfoSetter ’ , evtNumList -

=[100 ] )
basf2 . process ( main )

Fig. 1: An example of a basf2 steering file.

Python is a very popular language and provides an
easy-to-understand syntax that new users can rather
quickly deploy to use the framework e�ciently. It allows
us to harness the power of a modern scripting language
for which copious (third-party) packages are available.
We exploit this, for example, to build a higher-level
framework for performing typical analysis tasks in a
user-friendly way. The docstring feature of Python is
used to generate documentation web pages with Sphinx.

We use Boost.Python [20] to expose the basf2 frame-
work features in Python. While steering files can be

executed by passing them directly to the Python in-
terpreter, we also provide the basf2 executable as an
alternative to add framework-specific command line ar-
guments. Among these are options to print versioning
information, list available modules and their description,
and specify input or output file names.

Besides the implementation of modules in C++, the
framework allows the user to execute modules written
in Python. This makes it even easier for users to write
their own module code because it can be embedded in
the steering file. It can also facilitate rapid prototyping.
Even so, the modules provided by the framework are
written in C++ (with a few exceptions for tasks that are
not performance critical) to profit from the advantages
of compiled code.

Using PyROOT [21], Python access to the Data
Store is provided by classes resembling the StoreObjPtr
and StoreArray interfaces. In an equivalent way, inter-
face classes provide access to conditions data, such as
calibration constants (see Section 2.4).

A feature that facilitates development and debugging
is the possibility to interrupt the event processing and
present an interactive Python prompt. In the interactive
session based on IPython [22], the user can inspect or
even modify the processed data.

2.1.2 Jupyter Notebooks

Typical HEP user-level analyses for processing large
data samples are mostly based on the execution of small
scripts written in Python or ROOT macros that call
complex compiled algorithms in the background. Jupyter
notebooks [23] allow a user to develop Python-based ap-
plications that bundle code, documentation and results
(such as plots). They provide an enriched browser-based
working environment that is a front-end to an interac-
tive Python session that might be hosted centrally on
a remote high-performance computing cluster. Jupyter
notebooks include convenient features like syntax high-
lighting and tab-completion as well as integration with
data-analysis tools like ROOT, matplotlib [24] or pan-
das [25].

The integration of Jupyter into basf2 simplifies the
process of creating and processing module paths within
Jupyter notebooks and represents a natural next step be-
yond the integration of Python into basf2. The package
for the interplay between Jupyter and basf2 is encapsu-
lated into a basf2-agnostic hep-ipython-tools project [26]
that can be used with the framework code of other ex-
periments.

The processing of one or more paths is decoupled
into an abstract calculation object, which plays well
with the interactivity of the notebooks, because mul-
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Full Event Interpretation

• Key idea: reconstruct second B-Meson in collision

• Allows to constrain properties of signal decay (kinematic and others)
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1. INTRODUCTION

The reconstruction of the second B-meson is an essential analysis technique at B-factories

to study missing energy decays, e.g. final states with a single or multiple neutrinos in the final

state or more exotic signatures involving dark matter. For Belle II a novel algorithm, the Full

Event Interpretation [1] or short FEI, was developed to reconstruct exclusive tag-candidates.

The algorithm relies machine learning to automatically identify plausible B-meson decay-

chains and can use hadronic and semileptonic tag-side decays to do so. An illustration of

the tag- and signal-side is shown in Figure 1.
2 FEI

�(4S)
Btag Bsig

��

µ
+

�µ

��

signal-sidetag-side

Fig. 1: Schematic overview of a �(4S) decay: (Left)
a common tag-side decay B�

tag ! D0(! K0
S(!

⇡�⇡+)⇡�⇡+)⇡� and (right) a typical signal-side-decay
B+

sig ! ⌧+(! µ+⌫µ⌫� )⌫� . The two sides are overlap
spatially in the detector, therefore the assignment of a
measured track to one of the sides is not known a priori.

[16]. It automatically constructs plausible Btag meson
decay-chains compatible with the observed tracks and
clusters, and calculates for each decay-chain the prob-
ability of it correctly describing the true process. “Ex-
clusive” refers to the reconstruction of a particle (here
the Btag) assuming an explicit decay-channel.

Consequently, exclusive tagging reconstructs the Btag

independently of the Bsig using either hadronic or
semileptonic B meson decay-channels. The decay-
chain of the Btag is explicitly reconstructed and there-
fore the assignment of tracks and clusters to the tag-side
and signal-side is known.

In the case of a measurement of an exclusive branch-
ing fraction like Bsig ! ⌧ ⌫� , the entire decay-chain of
the �(4S) is known. Consequently, all tracks and clus-
ters measured by the detector should be accounted for.
In particular, the requirement of no additional tracks,
besides the ones used for the reconstruction of the
�(4S), is an extremely powerful and efficient way to re-
move most reducible1 background. This requirement is
called the completeness-constraint throughout this
text.

In the case of a measurement of an inclusive branch-
ing fraction like Bsig ! Xu�⌫, all remaining tracks and
clusters besides the ones used for the lepton � and the
Btag meson are identified with the Xu system. Hence,
the branching fraction can be determined without ex-
plicitly assuming a decay-chain for the Xu system.

The performance of an exclusive tagging algorithm
depends on the tagging efficiency (that is the fraction
of �(4S) events which can be tagged), the tag-side-
efficiency (that is the fraction of �(4S) events with a
correct tag) and on the quality of the recovered infor-
mation, which determines the tag-side-purity (that is

1 Reducible background has distinct final state products
from the signal.

the fraction of the tagged �(4S) events with a correct
tag) of the tagged events.

The exclusive tag typically provides a pure sample
(i.e. purities up to 90% are possible), but it suffers from
a low tag-side-efficiency of a few percent, since only a
tiny fraction of the B decays can be explicitly recon-
structed due to the large amount of possible decay-
channels and their high-multiplicity, as well as the im-
perfect reconstruction efficiency of tracks and clusters.

Both the quality of the recovered information and
the systematic uncertainties depend on the decay-channel
of the Btag, therefore we distinguish further between
hadronic and semileptonic exclusive tagging.

Hadronic tagging considers only hadronic B decay-
chains for the tag-side [4, Section 7.4.1]. Hence, the
four-momentum of the Btag is well-known and the tagged
sample is very pure. A typical hadronic B decay has a
branching fraction of O(10�3). In consequence, hadronic
tagging suffers from a low tag-side-efficiency. It is only
possible for a tiny fraction of the recorded events, be-
cause the large combinatorics of high-multiplicity decay-
channels requires tight selection criteria.

Semileptonic tagging considers only semileptonic
B ! D�⌫ and B ! D⇤�⌫ decay-channels [4, Section
7.4.2]. Due to the presence of a high momentum lepton
these decay-channels can be easily identified and the
semileptonic tagging usually yields a higher tag-side-
efficiency compared to hadronic tagging. On the other
hand, the semileptonic tag suffers from missing kine-
matic information due to the neutrino in the final state
of the decay. Hence, the sample is not as pure as in the
hadronic case.

To conclude, the FEI provides a hadronic and semilep-
tonic tag for B± and B0 mesons. This enables the mea-
surement of exclusive decays with several neutrinos and
inclusive decays. In both cases the FEI provides an ex-
plicit tag-side decay-chain with an associated probabil-
ity.

2 Previous work

Previous experiments already developed and success-
fully employed tagging algorithms. In order to compare
the algorithms to one another, the maximum achiev-
able tag-side-efficiency is of particular interest, because
the tag-side-efficiency is directly related to the signal
selection efficiency of the measurement. On the other
hand the achievable tag-side-purity is only of limited
use, because the achievable final purity of the final se-
lection used for the measurement is dominated by the
completeness-constraint. Hence, most of the incorrect
tags can be easily discarded and the final purity de-
pends strongly on the considered signal decay-channel.

FIG. 1: A schematic overview of tag- and signal-side is shown: The ⌥ (4S) decays into a tag-side,
B�

tag ! D0(! KS(! ⇡+⇡�)⇡+⇡�)⇡�, and a signal-side B+
sig ! ⌧+(! µ+⌫µ⌫̄⌧ )⌫⌧ .

2

pinvisible = pbeam � ptag � pvisible
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Full Event Interpretation

• Key idea: reconstruct second B-Meson in collision

• Allows to constrain properties of signal decay (kinematic and others)

1.1. Analysis Strategy

In this note, first studies evaluating the hadronic tagging performance are summarised.

To this end events are reconstructed without any signal-side selection and the Btag kinematic

is studied. A sample enriched in correctly reconstructed candidates is obtained via cutting

on the FEI classifier, and the number of B-meson candidate events is obtained by fitting

the beam-constrained mass, mbc, defined as

mbc =

q
s/4 � |~p ⇤

Btag
|2 , (1)

with ~p ⇤
Btag

denoting the reconstructed three-momentum of the Btag candidate in the ⌥ (4S)
rest frame, and

p
s denotes the beam energy.

2. SELECTION

2.1. Overview

The FEI algorithms reconstructs hadronic tag candidates from over 100 explicit decay

channels, with more than 10000 distinct decay chains. The first objects are by the recon-

struction software are charged tracks, neutral clusters, and displaced vertices. In six distinct

stages, these objects are interpreted as final state particles (e±, µ±, K±, ⇡±, KL, �), com-

bined to firm intermediate particles (J/ , ⇡0, KS, D,D⇤
) and eventually combined to form

the Btag candidate. The procedure is summarised in Figure 2.

At each level, a probability in the form of a multivariate classifier is constructed. This

classifier is built from a set of input features (e.g. four-momentum, vertex information) and

was trained using simulated Phase II ⌥ (4S) ! BB̄ MC events. At the final stage, each

B-meson candidate has an associated signal probability built from the preceding features

and classifiers, which can be used to discriminate correctly identified Btag candidate events

from random combinations. In each event, the candidate with the highest probability is

kept.
4 FEI
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Fig. 2: Schematic overview of the FEI. The algorithm
operates on objects identified by the reconstruction
software of the Belle II detectors: charged tracks, neu-
tral clusters and displaced vertices. In six distinct
stages, these basics objects are interpreted as final state
particles (e+, µ+, K+, ⇡+, K0

L, �) combined to form in-
termediate particles (J/� , ⇡0, K0

S, D, D⇤) and finally
form the tag-side B mesons.

the detector (background) or even consists of a random
combination of hits from beam-background (also back-
ground).

All candidates available at the current stage are
combined to intermediate particle candidates in the
subsequent stages, until candidates for the desired B
mesons are created. Each intermediate particle has mul-
tiple possible decay-channels, which can be used to cre-
ate valid candidates. For instance, a B� candidate can
be created by combining a D0 and a ⇡� candidate, or
by combining a D0, a ⇡� and a ⇡0 candidate. The used
D0 candidate could be created from a K� and a ⇡+, or
from a K0

S and a ⇡0.
The FEI reconstructs more than 100 explicit decay-

channels, leading to more than O(10000) distinct decay-
chains.

3.2 Multivariate Classification

The FEI employs multivariate classifiers to estimate
the probability of each candidate to be correct. Hence,
each candidate created by the FEI (regardless at which
stage) has an associated signal probability �, which
can be used to discriminate correctly identified candi-
dates from background.

For each final state particle and for each decay-
channel of an intermediate particle, a multivariate clas-
sifier is trained which estimates the probability that
the candidate is correct. In order to use all available

information at each stage, a network of multivariate
classifiers is built, following the hierarchical structure.

For instance, the classifier built for the decay of
B� ! D0⇡� would use � of the D0 and ⇡� candidates,
to estimate the � of the B� candidate created by com-
bining the aforementioned D0 and ⇡� candidates.

Additional input features of the classifiers are the
kinematic and vertex fit information of the candidate
and its daughters. The multivariate classifiers used by
the FEI are trained on Monte Carlo (MC) simulated
events. The training is fully automatized and distributed
using a map-reduce approach.

As can be seen in Figure 2 the available information
flows from the data provided by the detector through
the intermediate candidates into the final B meson can-
didates, yielding a single number which can be used
to distinguish correctly from incorrectly identified Btag

mesons. This allows to tune the trade-off between tag-
side-efficiency and tag-side-purity of the algorithm by
requiring a minimal �. However, most exclusive mea-
surements by Belle, which used the previous FR algo-
rithm, chose a working point near the maximum tag-
side-efficiency as described in Section 2.

3.3 Combinatorics

It is not possible to consider all possible B meson candi-
dates created by all possible combinations. The amount
of possible combinations scales with the factorial in the
number of tracks and clusters. This problem is known as
combinatorics in high-energy physics. Furthermore,
it is not worthwhile to consider all possible B meson
candidates, because all of them (except for two in the
best-case scenario) are wrong.

The FEI uses two sets of so-called cuts. A cut is
a criterion a candidate has to fulfill to be considered
further. For instance one could demand that the beam-
constrained mass of the B meson candidate is near
the nominal mass 5.28 GeV of a B meson particle, or
that a µ+ candidate has a large µ likelihood calculated
from the measurements in the particle-identification
sub-detectors.

Directly after the creation of the candidate (either
from a track/cluster, or by combining other candidates),
but before the application of the multivariate classifier,
the FEI uses loose and fast pre-cuts to remove wrongly
identified candidates (background), without loosing sig-
nal. The main purpose of these cuts is to save comput-
ing time and to reduce the memory consumption. These
pre-cuts are applied separately for each decay-channel.

At first, a very loose fixed cut is applied on a quan-
tity which is fast to calculate e.g. the energy for pho-

FIG. 2: Schematic overview of the FEI algorithm.
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Table 2: Summary of the maximum tag-side efficiency of
different setups on simulated data from the last official
Monte Carlo campaign of the Belle experiment. The
maximum tag-side efficiency on recorded data is lower
(see Section 4.1).

B
±

B
0

Hadronic

FEI with FR channels 0.53 % 0.33 %

FEI 0.76 % 0.46 %

Semileptonic

FEI 1.80 % 2.04 %

4.3 Outlook for Belle II

As the Belle II reconstruction software is still being
optimized and no large recorded experimental data set
was available at the time of writing, hence the final tag-
side efficiency cannot be determined reliably for Belle
II at this point. Preliminary results can be found in
[10] which indicate a worse overall performance. This is
likely due to the increased beam background caused by
the higher luminosity of the collider, which does lead to
additional tracks and neutral energy depositions. This
additional detector activity is not yet fully rejected by
the Belle II reconstruction algorithms [10] and future
improvements are likely possible.

5 Discussion

The multivariate classifiers used by the FEI are trained
on Monte Carlo simulated events. Depending on the
training procedure and the type of events provided to
the training, the multivariate classifiers of the FEI are
optimized for different objectives.

In this article, we presented a so-called generic
adaption of the FEI. The generic refers to that the FEI
was trained independently of any specific signal-side us-
ing 180 million simulated ⌥(4S) events. This setup op-
timizes the tag-side efficiency of a “generic” ⌥(4S).

Other versions of the FEI exist which optimize the
tag-side efficiency of specific signal events like B ! ⌧ ⌫.
The so-called specific FEI is trained on the remaining
tracks and clusters after a potential signal B meson was
already identified. The training uses simulated ⌥(4S)
events and simulated signal events. As a consequence,
the classifiers can be specifically trained to identify cor-
rectly reconstructed Btag mesons for signal events and
can focus on reducing non-trivial background which is
not discarded by the completeness constraint. The spe-

cific FEI was first introduced as a proof of concept by
Keck [22] and used in Metzner [20].

Roughly half of the improvements with respect to
the previous algorithm can be attributed to the addi-
tionally considered decay channels. Future extensions
are currently investigated which use semileptonic D me-
son decays, baryonic decays and decays including K0

L

particles.
It should also be noted that the FEI algorithm can

be applied, with little modification, to the ⌥(5S) res-
onance. This resonance decays into a pair of B(⇤)B(⇤)

and B0
s
(⇤)

B0
s
(⇤)

mesons. The powerful completeness con-
straint can still be applied in this situation.

6 Conclusion

The Full Event Interpretation is a new exclusive
tagging algorithm developed for the Belle II experiment
and will be used to measure a wide range of decays
with a minimum of detectable information. The algo-
rithm exploits the unique setup of B factories and sig-
nificantly improves the tag-side efficiency compared to
its predecessor algorithms.

The tag-side efficiency for hadronically tagged B
mesons was validated and calibrated using Belle data.
Furthermore, the hadronic and the semileptonic tag
provided by FEI have already been used in several val-
idation measurements [10, 23, 18] using the full ⌥(4S)
dataset recorded by the Belle experiment. Similar stud-
ies and measurements for Belle II are anticipated as
soon as the experiment records a sufficient amount of
collision events.

There are several ways that the FEI algorithm could
be further refined and applied to so far unexplored ap-
plications. These will provide an exciting and fruitful
area of future research.
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FIG. 17: Fits to the invariant mass distribution of the first daughter of neutral B0
tag candidates.

The fit channels shown are (a) D�
all modes, (b) D� ! K�⇡+⇡+

and J/ ! e+e�

Tag Decay mode N µ �

B+ D0
all modes 5317 ± 146 1.865 ± 0.002 0.0065 ± 0.0002

B+ D0 ! K�⇡+
1838 ± 72 1.866 ± 0.002 0.0064 ± 0.0002

B+ J/ ! e+e� 49 ± 10 3.096 ± 0.003 0.011 ± 0.003

B0 D+
all modes 3343 ± 136 1.869 ± 0.002 0.0057 ± 0.0002

B0 D+ ! K�⇡+⇡� 1553 ± 61 1.869 ± 0.002 0.0052 ± 0.0003

B0 J/ ! e+e� 45 ± 19 3.099 ± 0.002 0.011 ± 0.002

TABLE II: Fit yields for di↵erent channels observed in the invariant mass of the first daughter of

tag-side B candidates.
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<latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit>

Belle II preliminary

NB± = 389 ± 43
<latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit>
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<latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit>

PFEI > 0.2
<latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit>
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<latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit>

Belle II preliminary

Data

Signal

Background

hadronic tagB0/B̄0
<latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit><latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit><latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit><latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit>

NB0/B̄0 = 182 ± 24
<latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit><latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit><latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit><latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit>
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<latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit>
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<latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit>

FIG. 22: Charged and neutral B meson mbcdistributions with a tight cut on the signal probability

of PFEI > 0.2.
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<latexit sha1_base64="dQAtC1z3AZ0KFvT86UGxOCb/Iwc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR5LvXisYD+gXUs2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okmt3O/80S1YYl8sFNFQ4FHksWMYOukTuMx6ysxG5QrftVfAK2TICcVyNEclL/6w4SkgkpLODamF/jKhhnWlhFOZ6V+aqjCZIJHtOeoxIKaMFucO0MXThmiONGupEUL9fdEhoUxUxG5ToHt2Kx6c/E/r5fa+CbMmFSppZIsF8UpRzZB89/RkGlKLJ86golm7lZExlhjYl1CJRdCsPryOmlfVQO/GtxfV+qNPI4inME5XEIANajDHTShBQQm8Ayv8OYp78V79z6WrQUvnzmFP/A+fwBajY+R</latexit><latexit sha1_base64="dQAtC1z3AZ0KFvT86UGxOCb/Iwc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR5LvXisYD+gXUs2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okmt3O/80S1YYl8sFNFQ4FHksWMYOukTuMx6ysxG5QrftVfAK2TICcVyNEclL/6w4SkgkpLODamF/jKhhnWlhFOZ6V+aqjCZIJHtOeoxIKaMFucO0MXThmiONGupEUL9fdEhoUxUxG5ToHt2Kx6c/E/r5fa+CbMmFSppZIsF8UpRzZB89/RkGlKLJ86golm7lZExlhjYl1CJRdCsPryOmlfVQO/GtxfV+qNPI4inME5XEIANajDHTShBQQm8Ayv8OYp78V79z6WrQUvnzmFP/A+fwBajY+R</latexit><latexit sha1_base64="dQAtC1z3AZ0KFvT86UGxOCb/Iwc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR5LvXisYD+gXUs2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okmt3O/80S1YYl8sFNFQ4FHksWMYOukTuMx6ysxG5QrftVfAK2TICcVyNEclL/6w4SkgkpLODamF/jKhhnWlhFOZ6V+aqjCZIJHtOeoxIKaMFucO0MXThmiONGupEUL9fdEhoUxUxG5ToHt2Kx6c/E/r5fa+CbMmFSppZIsF8UpRzZB89/RkGlKLJ86golm7lZExlhjYl1CJRdCsPryOmlfVQO/GtxfV+qNPI4inME5XEIANajDHTShBQQm8Ayv8OYp78V79z6WrQUvnzmFP/A+fwBajY+R</latexit><latexit sha1_base64="dQAtC1z3AZ0KFvT86UGxOCb/Iwc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR5LvXisYD+gXUs2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okmt3O/80S1YYl8sFNFQ4FHksWMYOukTuMx6ysxG5QrftVfAK2TICcVyNEclL/6w4SkgkpLODamF/jKhhnWlhFOZ6V+aqjCZIJHtOeoxIKaMFucO0MXThmiONGupEUL9fdEhoUxUxG5ToHt2Kx6c/E/r5fa+CbMmFSppZIsF8UpRzZB89/RkGlKLJ86golm7lZExlhjYl1CJRdCsPryOmlfVQO/GtxfV+qNPI4inME5XEIANajDHTShBQQm8Ayv8OYp78V79z6WrQUvnzmFP/A+fwBajY+R</latexit>

hadronic tag
�

dt L = 0.5 fb
�1

<latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit>

Belle II preliminary

NB± = 389 ± 43
<latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit><latexit sha1_base64="nbL56XqEMcc4jPgPSBY6x3aJH9w=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpiC9aFUOrGlVSwF2himEwn7dCZJMxMhBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zznMOb8fMyqVZX0bS8srq2vrhY3i5tb2zq65t9+WUSIwaeGIRaLrI0kYDUlLUcVINxYEcZ+Rjj+6yuqdByIkjcI7NY6Jy9EgpAHFSGnLM48cjtRQ8PTGSxv3TswnE3gJK7ULqBlWK55ZssrWVHAR7BxKIFfTM7+cfoQTTkKFGZKyZ1uxclMkFMWMTIpOIkmM8AgNSE9jiDiRbjo9ZAJPtNOHQST0CxWcur8nUsSlHHNfd2Zry/laZv5X6yUqqLkpDeNEkRDPPgoSBlUEs1RgnwqCFRtrQFhQvSvEQyQQVjq7og7Bnj95EdpnZdsq27fVUr2Rx1EAh+AYnAIbnIM6uAZN0AIYPIJn8ArejCfjxXg3PmatS0Y+cwD+yPj8AWKCmD0=</latexit>

[GeV/c2]

Ev
en

ts
 / 

bi
n 

w
id

th
 [c

2 /G
eV

]

mbc
<latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit>

PFEI > 0.2
<latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit>
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<latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit><latexit sha1_base64="cRFPo1XdBD/hGCisHeeSwP54BNM=">AAACH3icbVDLSsNAFJ34rPVVdelmsAgutCTiayMU3bhwUcE+oIllMp20QycPZm7EEvInbvwVNy4UEXf9G6dpFtp6YOBwzrnMvceNBFdgmiNjbn5hcWm5sFJcXVvf2CxtbTdUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdAfXY7/5yKTiYXAPw4g5PukF3OOUgJY6pTObB4BtYE+QdFOs6SG2fQJ9SkRym+JLbFZOMzGLeG76kBxZaadUNitmBjxLrJyUUY5ap/Rtd0Ma+ywAKohSbcuMwEmIBE4FS4t2rFhE6ID0WFvTgPhMOUl2X4r3tdLFXij109tm6u+JhPhKDX1XJ8erq2lvLP7ntWPwLpyEB1EMLKCTj7xYYAjxuCzc5ZJREENNCJVc74ppn0hCQVda1CVY0yfPksZxxTIr1t1JuXqV11FAu2gPHSALnaMqukE1VEcUPaNX9I4+jBfjzfg0vibROSOf2UF/YIx+AGQZoU4=</latexit>

Belle II preliminary

Data

Signal

Background

hadronic tagB0/B̄0
<latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit><latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit><latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit><latexit sha1_base64="BGveiS9sVWRKmTbQTWuxboj88NQ=">AAAB9XicbZBNSwMxEIZn61etX1WPXoJF8FR3RdBjqRePFewHtNsym2bb0Gx2SbJKKf0fXjwo4tX/4s1/Y9ruQVtfCDy8M8NM3iARXBvX/XZya+sbm1v57cLO7t7+QfHwqKHjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGN3O6s1HpjSP5YMZJ8yPcCB5yCkaa3WrXZdckE6AiljsFUtu2Z2LrIKXQQky1XrFr04/pmnEpKECtW57bmL8CSrDqWDTQifVLEE6wgFrW5QYMe1P5ldPyZl1+iSMlX3SkLn7e2KCkdbjKLCdEZqhXq7NzP9q7dSEN/6EyyQ1TNLFojAVxMRkFgHpc8WoEWMLSBW3txI6RIXU2KAKNgRv+cur0Lgse27Zu78qVapZHHk4gVM4Bw+uoQJ3UIM6UFDwDK/w5jw5L86787FozTnZzDH8kfP5A9dqkMY=</latexit>

NB0/B̄0 = 182 ± 24
<latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit><latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit><latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit><latexit sha1_base64="Q7Xh/MQxoDfnxQFay2A4K7M6h+s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRXNWkFOxGKHXjSirYCzQxTKaTduhMEmYmQgl9Aze+ihsXirh16863cdJmoa0/DHz85xzmnN+PGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH3RklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek64+vsnr3gQhJo/BOTWLicjQMaUAxUtryzFOHIzUSPL3x0ua9de74SEAN0ym8hHa9Cp2Yw2rNM8tWxZoJLoOdQxnkannmlzOIcMJJqDBDUvZtK1ZuioSimJFpyUkkiREeoyHpawwRJ9JNZ/dM4Yl2BjCIhH6hgjP390SKuJQT7uvObHu5WMvM/2r9RAV1N6VhnCgS4vlHQcKgimAWDhxQQbBiEw0IC6p3hXiEBMJKR1jSIdiLJy9Dp1qxrYp9Wys3mnkcRXAEjsEZsMEFaIBr0AJtgMEjeAav4M14Ml6Md+Nj3low8plD8EfG5w8h8Jog</latexit>

Ev
en

ts
 / 

bi
n 

w
id

th
 [c

2 /G
eV

]

PFEI > 0.2
<latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit><latexit sha1_base64="Gyr/01gGxsoiXF8ifW7p7wbm+vw=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquQlIEXUlRFN1VsA9oQphMp+3QmSTMTIQS8gNu/BU3LhRx696df+MkzUJbDwxzOOde7r0niBmVyra/jYXFpeWV1cpadX1jc2vb3NltyygRmLRwxCLRDZAkjIakpahipBsLgnjASCcYX+Z+54EISaPwXk1i4nE0DOmAYqS05JuHLkdqJHha/BixtJllfuoKDq+vbjN4Dm2r7ps127ILwHnilKQGSjR988vtRzjhJFSYISl7jh0rL0VCUcxIVnUTSWKEx2hIepqGiBPppcU1GTzSSh8OIqFfqGCh/u5IEZdywgNdme8sZ71c/M/rJWpw5qU0jBNFQjwdNEgYVBHMo4F9KghWbKIJwoLqXSEeIYGw0gFWdQjO7MnzpF23HNty7k5qjYsyjgrYBwfgGDjgFDTADWiCFsDgETyDV/BmPBkvxrvxMS1dMMqePfAHxucPUoibAg==</latexit>
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<latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit><latexit sha1_base64="CerTHulyuyglhAKj8ZuljqAjbLI=">AAAB+HicbVDLSgMxFL3js9ZHR126CRbBVZkRQZdFNy4r2Ae0w5BJM21okhmSjFCHfokbF4q49VPc+Tdm2llo64HA4Zx7uScnSjnTxvO+nbX1jc2t7cpOdXdv/6DmHh51dJIpQtsk4YnqRVhTziRtG2Y47aWKYhFx2o0mt4XffaRKs0Q+mGlKA4FHksWMYGOl0K0NBDZjJXIR5hGZzUK37jW8OdAq8UtShxKt0P0aDBOSCSoN4Vjrvu+lJsixMoxwOqsOMk1TTCZ4RPuWSiyoDvJ58Bk6s8oQxYmyTxo0V39v5FhoPRWRnSxi6mWvEP/z+pmJr4OcyTQzVJLFoTjjyCSoaAENmaLE8KklmChmsyIyxgoTY7uq2hL85S+vks5Fw/ca/v1lvXlT1lGBEziFc/DhCppwBy1oA4EMnuEV3pwn58V5dz4Wo2tOuXMMf+B8/gCMNpOn</latexit>

FIG. 22: Charged and neutral B meson mbcdistributions with a tight cut on the signal probability

of PFEI > 0.2.
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1. INTRODUCTION

The reconstruction of the second B-meson is an essential analysis technique at B-factories
to study missing energy decays, e.g. final states with a single or multiple neutrinos in the
final state or more exotic signatures involving dark matter. For Belle II a novel algorithm, the
Full Event Interpretation [1] (FEI), was developed to reconstruct exclusive tag-candidates.
The algorithm relies on machine learning to identify plausible B-meson decay-chains and
uses hadronic and semileptonic tag-side decays to do so. An illustration of the tag- and
signal-side is shown in Figure 1.2 FEI

�(4S)
Btag Bsig

��

µ
+

�µ

��

signal-sidetag-side

Fig. 1: Schematic overview of a �(4S) decay: (Left)
a common tag-side decay B

�
tag ! D

0
(! K

0
S(!

⇡�⇡+
)⇡�⇡+

)⇡� and (right) a typical signal-side-decay
B

+
sig ! ⌧+

(! µ+⌫µ⌫� )⌫� . The two sides are overlap
spatially in the detector, therefore the assignment of a
measured track to one of the sides is not known a priori.

[16]. It automatically constructs plausible Btag meson
decay-chains compatible with the observed tracks and
clusters, and calculates for each decay-chain the prob-
ability of it correctly describing the true process. “Ex-
clusive” refers to the reconstruction of a particle (here
the Btag) assuming an explicit decay-channel.

Consequently, exclusive tagging reconstructs the Btag

independently of the Bsig using either hadronic or
semileptonic B meson decay-channels. The decay-
chain of the Btag is explicitly reconstructed and there-
fore the assignment of tracks and clusters to the tag-side
and signal-side is known.

In the case of a measurement of an exclusive branch-
ing fraction like Bsig ! ⌧ ⌫� , the entire decay-chain of
the �(4S) is known. Consequently, all tracks and clus-
ters measured by the detector should be accounted for.
In particular, the requirement of no additional tracks,
besides the ones used for the reconstruction of the
�(4S), is an extremely powerful and efficient way to re-
move most reducible1 background. This requirement is
called the completeness-constraint throughout this
text.

In the case of a measurement of an inclusive branch-
ing fraction like Bsig ! Xu�⌫, all remaining tracks and
clusters besides the ones used for the lepton � and the
Btag meson are identified with the Xu system. Hence,
the branching fraction can be determined without ex-
plicitly assuming a decay-chain for the Xu system.

The performance of an exclusive tagging algorithm
depends on the tagging efficiency (that is the fraction
of �(4S) events which can be tagged), the tag-side-
efficiency (that is the fraction of �(4S) events with a
correct tag) and on the quality of the recovered infor-
mation, which determines the tag-side-purity (that is

1 Reducible background has distinct final state products
from the signal.

the fraction of the tagged �(4S) events with a correct
tag) of the tagged events.

The exclusive tag typically provides a pure sample
(i.e. purities up to 90% are possible), but it suffers from
a low tag-side-efficiency of a few percent, since only a
tiny fraction of the B decays can be explicitly recon-
structed due to the large amount of possible decay-
channels and their high-multiplicity, as well as the im-
perfect reconstruction efficiency of tracks and clusters.

Both the quality of the recovered information and
the systematic uncertainties depend on the decay-channel
of the Btag, therefore we distinguish further between
hadronic and semileptonic exclusive tagging.

Hadronic tagging considers only hadronic B decay-
chains for the tag-side [4, Section 7.4.1]. Hence, the
four-momentum of the Btag is well-known and the tagged
sample is very pure. A typical hadronic B decay has a
branching fraction of O(10

�3
). In consequence, hadronic

tagging suffers from a low tag-side-efficiency. It is only
possible for a tiny fraction of the recorded events, be-
cause the large combinatorics of high-multiplicity decay-
channels requires tight selection criteria.

Semileptonic tagging considers only semileptonic
B ! D�⌫ and B ! D

⇤�⌫ decay-channels [4, Section
7.4.2]. Due to the presence of a high momentum lepton
these decay-channels can be easily identified and the
semileptonic tagging usually yields a higher tag-side-
efficiency compared to hadronic tagging. On the other
hand, the semileptonic tag suffers from missing kine-
matic information due to the neutrino in the final state
of the decay. Hence, the sample is not as pure as in the
hadronic case.

To conclude, the FEI provides a hadronic and semilep-
tonic tag for B

± and B
0 mesons. This enables the mea-

surement of exclusive decays with several neutrinos and
inclusive decays. In both cases the FEI provides an ex-
plicit tag-side decay-chain with an associated probabil-
ity.

2 Previous work

Previous experiments already developed and success-
fully employed tagging algorithms. In order to compare
the algorithms to one another, the maximum achiev-
able tag-side-efficiency is of particular interest, because
the tag-side-efficiency is directly related to the signal
selection efficiency of the measurement. On the other
hand the achievable tag-side-purity is only of limited
use, because the achievable final purity of the final se-
lection used for the measurement is dominated by the
completeness-constraint. Hence, most of the incorrect
tags can be easily discarded and the final purity de-
pends strongly on the considered signal decay-channel.

FIG. 1: A schematic overview of tag- and signal-side is shown: The ⌥ (4S) decays into a tag-side,

B�
tag ! D0

(! KS(! ⇡+⇡�
)⇡+⇡�

)⇡�
, and a signal-side B+

sig ! ⌧+
(! µ+⌫µ⌫̄⌧ )⌫⌧ .

1.1. Analysis Strategy

In this note, first studies evaluating the hadronic tagging performance are summarised.
To this end events are reconstructed without any signal-side selection and the Btag kinematic
is studied. A sample enriched in correctly reconstructed candidates is obtained via cutting on
the FEI classifier (or signal probability), and the number of correctly reonstructed tag-side
B-meson candidate events is obtained by fitting the beam-constrained mass, mbc, defined as

mbc =
q
s/4 � |~p ⇤

Btag
|2 , (1)

with ~p ⇤
Btag

denoting the reconstructed three-momentum of the Btag candidate in the ⌥ (4S)
rest frame, and

p
s denotes the beam energy. The hadronic tagging performance is now

evaluated using two metrics:

1. The tag-side e�ciency - defined as the ratio of the number of correctly reconstructed
tag-side B mesons to the total number of ⌥ (4S) candidates.

2. The purity - defined as the ratio of the number of correctly reconstructed tag-side B
mesons to the total number tag-side B candidates.

3

Cut on Signal probability to 

improve purity and fit in



Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics

• Flavour tagging: 

• important tool for time-dependent and time-integrated CPV measurements
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Flavour Tagger with Deep Neural Networks

Ingredients of CPV-Measurements

B0 ! J/ K 0
s : Measurement of sin(2�)

reconstruct the signal-side

measure distance between vertices
�t = �z/��c

important aspect:
determine the Flavor of the tag-side

Jochen Gemmler B-meson Flavor Tagging with Deep Neural Networks at Belle (II) 27.06.2018 5/20
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Golden mode

Flavor Tagging Categories

flavor-specific categories
Primary Leptons

Secondary Leptons

Slow Pion

Fast Strange Particles

Slow Strange Particles

decay processes

b̄ ! c̄ `+⌫

b̄ ! c̄ ! s̄ `�⌫̄

B0 ! D⇤�X ,D⇤� ! D̄0⇡�

B0 ! K+Xcc̄

b̄ ! c̄ ! s̄
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• Current approaches use categories




Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics

• Great playground for deep learning: 

• Human made high-level categories versus full set of input observables
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Flavour Tagger with Deep Neural Networks

Flavor Tagging - New Approach

Architecture: 9 layer perceptron

nodes

x(k+1)
i = �(k+1)

⇣P
j=1 w(k)

ij x(k)
j + w(k)

i0

⌘
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Flavor Tagging - Input Features

Features
10 charged tracks at maximum

sorted by momentum, grouped
by charge

pCMS , cos(✓CMS), �CMS

electron, pion, muon, kaon,
proton ID

hit count of the Belle II-tracking
detectors (3)

track perigee (dr, dz)

pValue

overall 140 input features

Jochen Gemmler B-meson Flavor Tagging with Deep Neural Networks at Belle (II) 27.06.2018 13/20

8 layers with 300 nodes each

DNN
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• Great playground for deep learning: 

• Human made high-level categories versus full set of input observables
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Flavour Tagger with Deep Neural Networks

Receiver Operating Characteristic

false positive rate
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Classifier
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Effective Tagging Efficiency on Monte Carlo

CP Asymmetry

Aobs
CP = (1 � 2w)Ames

CP

Q =
6X

i=1

✏i(1 � 2wi)
2

ri = 1 � 2wi

Category Based Deep Neural Network

Belle J/ K 0
S 0.293 ± 0.01 1 0.3442±0.0009

1DOI: 10.1016/j.nima.2004.06.159
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Feature Representation - Hidden Layers

Visualization with T-distributed Stochastic Neighbour Embedding (TSNE)
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T-distributed Stochastic Neighbour Embedding (TSNE) 



Feature Representation - Hidden Layer
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Feature Representation - Hidden Layer
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Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics

• Imagine you build a new experiment, but you have plenty of similar 
data lying around from a previous run.

• But computing system completely changed; but old data invaluable tool to train 

PhD students and Postdoc


•
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Practice makes perfect: B2BII



Florian Bernlochner Beauty is back: Belle II status and how we (hopefully) will find new physics

• Imagine you build a new experiment, but you have plenty of similar 
data lying around from a previous run.

• But computing system completely changed; but old data invaluable tool to train 

PhD students and Postdoc


• B2BII: Belle to Belle II conversions made easy

• Converts Belle files into Belle II format

!31

Practice makes perfect: B2BII

B2BII 3

Belle
mDST-files

Belle
database

Panther
tables

B2BII
MdstInput

„fixed” Panther
tables

B2BII
FixMdst

B2BII
ConvertMdst

Belle II
mDST-files

Belle II beam
parameters

Belle II
database

belle_legacy library

Fig. 1: Schematic view of the conversion process of Belle (light blue) to Belle II (blue) mDST files using the BASF2
modules (gray) provided by the b2bii package and the original Belle software provided by the belle_legacy
library (gray).

The B2BIIMdstInput module opens the PANTHER-based
Belle mDST files and reads the data event-by-event
into the main memory. The data of the current event
is represented in the memory by a series of PANTHER
tables.

The B2BIIFixMdst module applies various calibration
factors onto the PANTHER tables, for instance on the
beam-energy, the momenta and error matrices of the
fitted tracks, the energy deposition in the ECL, and
the particle identification information of the CDC
and TOF. It also performs standard cuts to ensure
that the selection of the detector data and simulated
events is identical to the one obtained with BASF.
Finally, ⇡0 candidates are reconstructed from the �
particle objects and the corrected ECL clusters. An
equivalent module named FixMdst was already used
by BASF.

The B2BIIConvertMdst module converts the informa-
tion stored in the Belle PANTHER tables into the cor-
responding Belle II ROOT objects. The beam-energy
and IP-profile is collected in the BASF2
BeamParameters object and stored in the condition
Database of Belle II.

2.1 Data Formats

The Belle data format is based on a custom serialization
format called PANTHER. It consists of tables compressed
by the zlib library. The table formats are defined by
ASCII header files. Each table consists of multiple rows,
called entries. The index of each entry can be used
to relate entries to other entries, for instance, to ex-
press a mother–daughter relationship between particles
(a particle which decays inside the detector is called the
mother of its decay-products, which are the daughters).

BASF processes the data event-by-event, meaning the in-
memory representation of the PANTHER tables contains
only a single event at a given point. After each event
the tables are flushed and filled with the next event.

The Belle II data format is based on ROOT. The
ROOT framework takes care of serialization including
potential migrations to ensure backward-compatibility.
Conceptually we distinguish different types of ROOT ob-
jects. Array objects are the equivalent to the tables
used by PANTHER. The entries of different array objects
can be connected by adding so-called relations, which
are stored in a separate array object. The relations al-
low the expression of many-to-many connections be-
tween arbitrary entries of the array objects, for instance
the relation between a track and the associated clus-
ters: this allows the analyst to easily access all clusters
which are associated to a given track. Single objects
are used to store the remaining event-wise information,
for instance the meta data of each event, or particle
lists created by the analyst. A particle list is a list of
Particle array entries used to organize the reconstruc-
tion of decay-chains in BASF2. BASF2 processes the data
event-by-event, meaning the in-memory representation
of most ROOT objects contains only a single event at a
given point. After each event the objects are filled with
the next event. Some ROOT objects are persistent in the
sense that they are only stored and loaded once per file,
for instance, the meta data of each file or statistics of
the execution time and memory consumption used for
profiling.

2.2 Implementation Details

The detailed matching between PANTHER tables and cor-
responding BASF2 data-objects is shown in Figure 2. In
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Figure 4.1.: Validation plot of the z momentum component of charged tracks, based on a
sample of simulated b æ c decays. The migration of single tracks between
two neighboring bins and the di�erent treatment of special values can be
observed at the bin around zero and the overflow bin.

The conversion is divided into three modules in the b2bii package. In the first
step, a module reads the PANTHER tables from the mdst files into the memory, it
consists predominantly of re-used BASF code. The second module applies di�erent
corrections to the events, e.g. experiment and run dependent calibration factors
to the beam energy, and applies some low-level cuts on the events to remove
background events (see also Section 5.2.1); this is also done with BASF code. The
actual conversion is done with the last module, mapping the reconstructed objects
from PANTHER tables to their corresponding representation in BASF2.
The mapping can be illustrated on the conversion of KLM information: The
Mdst_klm_cluster and Mdst_klong PANTHER tables contain reconstructed KLM
clusters and K0

L candidates, respectively. These BASF objects are mapped to the
corresponding BASF2 objects, the KLMCluster and the K_L0:mdst ParticleList,
respectively. No dedicated MC matching algorithm for K0

L was available in BASF
and it was therefore handled by the analyst. Hence, a vague MC matching is
performed, where the K0

L MC particles are matched to the closest reconstructed
K0

L candidates within a range of 15 degrees in the ◊ and „ planes.
During the development of b2bii a thorough validation of the conversion was
necessary. This was done by comparing histograms in more than three hundred
di�erent physical quantities on simulated and recorded events, processed with BASF
and BASF2. By comparing these quantities, possible deviations can be investigated.
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of charged tracks

Conversion flow
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• Rare decays excellent testing ground for B2BII & FEI

• B →𝓁νɣ with Eɣ  > 1 GeV is expected to have BF of O(10-6)

• Incredibly difficult signature for LHCb                                    

(Single Photon, Lepton and missing energy)
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Figure 1. Leading contribution to B ! �`⌫`.

For large photon energies the form factors can be written as [9]

FV (E�) =
eufBmB

2E��B(µ)
R(E� , µ) + ⇠(E�) +�⇠(E�) ,

FA(E�) =
eufBmB

2E��B(µ)
R(E� , µ) + ⇠(E�)��⇠(E�) . (2.7)

The first term is equal in both expressions and represents the leading-power contribution

in the heavy-quark expansion (HQE). It originates only from photon emission from the

light spectator quark in B meson (Fig. 1). In the above, fB is the decay constant of B

meson, and the quantity �B is the first inverse moment of the B-meson LCDA,

1

�B(µ)
=

Z 1

0

d!

!
�+(!, µ) . (2.8)

The factor R(E� , µ) in (2.7) takes into account radiative corrections (see [9] for details)

and equals one at the tree level.

The remaining terms in (2.7) are the power-suppressed, 1/mb and 1/(2E�), corrections.

They are written as a sum of the “symmetry-preserving” part, i.e. the same for the both

form factors FV and FA, and the “symmetry-breaking” part which has opposite sign. The

leading contributions to the symmetry-breaking part are [9]

�⇠(E�) =
ebfBmB

2E�mb

+
eufBmB

(2E�)2
. (2.9)

The equality of the two form factors at leading power in the heavy-quark and large

photon energy (E� ⇠ mb) expansion is a consequence of the left-handedness of the weak

interaction current and helicity-conservation of the quark-gluon interaction in the high-

energy limit. In terms of the helicity form factors F⌥ ⌘ (FV ± FA)/2, the above implies

that F+ = �⇠ vanishes at leading power, while ⇠ represents the power correction to the

non-vanishing helicity form factor F�. Our aim is to provide improved estimates of ⇠(E�)

and �⇠(E�), for which currently factorization formulae are not available. We split the

calculation into “higher-twist corrections” of order ⇤/E� and ⇤/mb from the region where

the currents in (2.2) are separated by a small light-cone distance x2 ⇠ 1/(mb⇤), and the

– 4 –

• Partial BF proportional to first inverse 
moment of leading twist B-Meson light-
cone distribution function

• Important input for non-leptonic 
factorisation predictions
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We present the result of the search for the rare B meson decay of B+ ! `+⌫̀ � with ` = e, µ. For
the search the full data set recorded by the Belle experiment of 711 fb�1 integrated luminosity near
the ⌥(4S) resonance is used. Signal candidates are reconstructed for photon energies E� larger
than 1GeV using a novel multivariate tagging algorithm. The novel algorithm fully reconstructs
the second B meson produced in the collision using hadronic modes and was specifically trained
to recognize the signal signature in combination with hadronic tag-side B meson decays. This
approach greatly enhances the performance. Background processes that can mimic this signature,
mainly charmless semileptonic decays and continuum processes, are suppressed using multivariate
methods. The number of signal candidates is determined by analyzing the missing-mass squared
distribution as inferred from the signal-side particles and the kinematic properties of the tag-side
B meson. No significant excess over the background-only hypothesis is observed and upper limits
on the partial branching fraction �B with E� > 1GeV individually for electron and muon final
states as well as for the average branching fraction of both lepton final states are reported. We
find a Bayesian upper limit of �B(B+ ! `+⌫̀ �) < 3.0 ⇥ 10�6 at 90% CL and also report an
upper limit on the first inverse moment of the light-cone distribution amplitude of the B meson of
�B > 0.24GeV at 90% CL.

PACS numbers: 13.20.He, 14.40.Nd6

I. INTRODUCTION7

The precision study of leptonic B meson decays o↵ers
a unique path to test the Standard Model (SM) of par-
ticle physics: new heavy mediators or sterile neutrinos
could contribute to the decay amplitudes and lead, for
instance, to lepton flavor universality breaking e↵ects.
In the SM, however, leptonic transitions are helicity sup-
pressed, making an observation in final states involving
electrons or muons challenging. The helicity suppression
can be lifted, if one considers final states which involve
an additional photon in the final state, emitted for in-
stance from the light u quark. The decay rate for such
B+

! `+⌫`� processes [? ] is suppressed by a factor
of ↵em and the resulting decay amplitude[? ] may be
expressed as

A(B+
! `+⌫`�) =

GFVub

4
p
2

h¯̀⌫�|`�µPL⌫̄ · u�µPLb |B i ,

(1)

with the projection operator PL = (1 � �5)/2, GF de-
noting Fermi’s constant, ` denotes either an electron
or a muon field, u and b as quark fields and Vub de-
notes the relevant CKM matrix element of the transition.
The hadronic transition can be fully described by two
form factors parameterizing the axial-vector and vector
hadronic currents, denoting by FA and FV, respectively.
The di↵erential decay rate as a function of these two form

factors and the photon energy E� is given by

d�(B+
! `+⌫`�)

dE�
=
↵emG

2

F|Vub|
2

6⇡2
mBE

3

�

✓
1�

2E�

mB

◆

⇥

✓ ���FV

���
2

+
���FA +

e`fB
E�

���
2
◆

, (2)

with e` denoting the charge of the lepton and mB the B
meson mass. At high photon energies of E� > 1GeV,
both form factors can be expanded [1] as

FV(E�) =
eufBmB

2E��B (µ)
R(E� , µ) + ⇠(E�) +�⇠(E�) , (3)

FA(E�) =
eufBmB

2E��B (µ)
R(E� , µ) + ⇠(E�)��⇠(E�) , (4)

with fB denoting the B meson decay constant and eu the8

charge of the u quark line. The factor R(E� , µ) accounts9

for photon emissions from the light spectator quark in the10

B meson and is unity at tree level. The ⇠ and �⇠ terms11

are power suppressed by 1/mb and 1/(2E�) and contain12

a symmetry conserving and breaking part for both form13

factors FA and FV. In Refs. [2, 3] the leading contribu-14

tions to ⇠ and �⇠ were evaluated and predictions with15

an accuracy of O(20%) were presented. The parameter16

�B is related to the first inverse moment of the leading-17

twist B meson light-cone distribution amplitude �+ in18

the high energy limit, ��1

B =
R1
0

dw �+(w) with w de-19

noting the light-cone momentum. This parameter is of20
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Introduction

• B meson pair is produced at the ⌥(4S) resonance
with no additional particles

• Measurement of missing energy modes possible

• New tagging algorithm for Belle II developeda

• Opposite B meson can now be reconstructed with
higher efficiency compared to the Belle approach

• New method applied to (converted) Belle MC/data
and later Belle II

• Update of the Belle hadronically tagged B+ ! `+⌫`�
analysisb

• Determination of the first inverse moment �B of the
light-cone distribution amplitude of the B meson

aarXiv:1807.08680 (2018)
bPhys. Rev. D 91, 112009 (2015)
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• First reconstruct signal side. 
Then use hadronic FEI to 
reconstruct rest of event

3

the event (ROE): The tag-side B meson (B
tag

) is recon-
structed using 29 explicit hadronic decay channels, lead-
ing to O(10000) final states. An optimized implemen-
tation of gradient-boosted decision trees [22] is used for
multivariate classification at the individual stages of the
B

tag
reconstruction, which progresses by forming inter-

mediate particles for (J/ ,⇡0 ,K0
S ,D ,Ds ,Ds

⇤,D⇤
s ) from

stable particle candidates for (e+, µ+,K+,⇡+,K0
L , �) to

reconstruct B candidates in six distinct stages. To each
reconstructed candidate a signal probability PFEI is as-
signed, which is calculated by the respective classifier
on the properties of the candidate (such as the invari-
ant mass or vertex fit information) to discriminate signal
from background candidates. A detailed description of
the entire algorithm can be found in Ref. [8] and refer-
ences therein. By reconstructing the signal-side first, the
FEI trains specifically to recognize B+

! `+⌫`� decays
in conjunction with hadronic B meson decays. Using the
kinematic information of the B

tag
, the four-momenta of

the signal-side B meson (B
sig

) and thus the missing neu-
trino can be reconstructed in the center-of-mass frame
as

pBsig
=

 p
s/2

�~pBtag

!
and p⌫ =

⇣
pBsig

� p` � p�
⌘
,

where
p
s denotes the center-of-mass energy of the col-124

liding e+e� pair, and px and ~px are the four- and three-125

momentum of a given particle x.126

Only events with not more than 12 tracks are se-127

lected as the signal-side consists of only one charged128

track and signal events typically have a low track129

multiplicity. Photons are identified as energy de-130

positions in the calorimeter without an associated131

track. Only photons with an energy deposition of132

E� > 100MeV, 150MeV, and 50MeV in the forward133

end-cap, backward end-cap and barrel part of the134

calorimeter, respectively, are considered. Charged tracks135

are required to have a distance of closest approach to136

the nominal interaction point transverse to and along137

the beam axis of |dr| < 2 cm and |dz| < 4 cm, respec-138

tively. Charged tracks are identified as electron or muon139

candidates by combining the information of multiple sub-140

detectors into a likelihood ratio, the lepton identification141

(LLID). For electrons the identifying features are the ra-142

tio of the energy deposition in the ECL with respect to143

the reconstructed track momentum, the energy loss in the144

CDC, the shower shape in the ECL, the quality of the145

geometrical matching of the track to the shower position146

in the ECL, and the photon yield in the ACC [23]. Muon147

candidates are identified from charged track trajectories148

extrapolated to the outer detector. The identifying fea-149

tures are the di↵erence between expected and measured150

penetration depth as well as the transverse deviation of151

KLM hits from the extrapolated trajectory [24]. Charged152

tracks are identified as pions or kaons using a likelihood153

classifier using information from the CDC, ACC, and154

TOF sub-detectors. Candidate K0
L mesons are selected155

from ECL and/or KLM hit patterns that are not asso-156

ciated with any charged tracks and consistent with the157

presence of a shower induced by a K0
L meson [? ].158

Electrons can radiate sizable fractions of their kinetic159

energy through bremsstrahlung and FSR processes. Can-160

didates for such photons are identified in the ECL using161

a cone of 5 degrees around the initial trajectory of the162

electron candidate, such that only photons radiated near163

the interaction region can be found. The bremsstrahlung164

and FSR photons are required to have an energy of E�165

< 1GeV and if several photon candidates are identi-166

fied, only the photon with the highest energy is used.167

The four-momentum of the signal-side electron candidate168

is then corrected by adding the photon energy accord-169

ingly. The prompt signal photon candidates from the170

B+
! `+⌫`� decay are required to have E� > 1GeV in171

the rest-frame of the B
sig

meson. Further, signal photon172

candidates must provide R9/25 > 0.9, which is defined173

as the ratio of the energies deposited in the 3 ⇥ 3 with174

respect to the energy deposited in the 5⇥5 CsI(Tl) crys-175

tals around the maximal energy deposition. LLID > 0.8 is176

required for electron and muon candidates. Since the ef-177

ficiencies of the LLID requirement can di↵er between MC178

and data, an e�ciency correction is applied, measured on179

four-lepton and inclusive B ! XJ/ (! `+`�) decays in180

bins of lepton momentum in the laboratory frame and181

the polar angle. Furthermore, the invariant mass MB182

of the reconstructed lepton-photon pair has to be within183

(1.0, 6.0)GeV.184

Before the FEI tagging algorithm is applied, the cor-185

responding tag-side is cleaned to remove events which186

do not allow for a reasonable tag-side reconstruction.187

Photon candidates must provide R9/25 > 0.9. In ad-188

dition, a cut on the di↵erence between the beam energy189

and the energy of the ROE calculated in the center-of-190

mass frame, �EROE < 2.0GeV, is applied. The beam-191

constrained mass Mbc,ROE =
q
(
p
s/2)2 � ~p 2

ROE of the192

ROE calculated in the center-of-mass frame has to be193

larger than 4.8GeV.194

After the reconstruction of both B
sig

and B
tag

, the195

⌥(4S ) candidate can be reconstructed. A best-candidate196

selection based on PFEI (of the B
tag

candidate) is per-197

formed, if more than one candidate per event is recon-198

structed. Further combinatoric background is removed199

with cuts on the reconstructed invariant mass of the200

⌥(4S ) candidate of M⌥(4S) 2 (7.5, 10.5)GeV (consid-201

ering the missing neutrino), and the di↵erence between202

the beam energy and the energy of the B
tag

candi-203

date, �E 2 (�0.15, 0.1)GeV. The beam-constrained204

mass Mbc =
q

(
p
s/2)2 � ~p 2

Btag
of the B

tag
candidate205

has to be within (5.27, 5.29)GeV. Only events with no206

unassigned tracks (either for B
sig

or B
tag

) and EECL 207

0.9GeV, where EECL is the sum of the remaining unas-208

signed energy depositions in the ECL, are retained. Con-209

tinuum background is removed by applying an additional210

cut PFEI > 0.01, whose value was chosen by studying the211

Mbc sideband, defined as Mbc 2 (5.24, 5.27)GeV.212

• Allows reconstruction of 
neutrino four-momentum

• Major background: charmless 
semileptonic decays with 𝜋0 or η

Suppressed via dedicated MVA

Three times larger signal efficiency
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• FEI efficiency different in data and 
simulation

• Needs to be calibrated using a 

standard candle process

!34
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with ⌫j the total number of events of type j and fij276

denoting the expected fraction of events of type j in the277

ith bin. The fractions fij are obtained from the MC278

simulation and the event types for the B+
! D0 `+⌫`279

and B+
! ⇡0 `+⌫` fits are further detailed in Sections IV.280

For the search for the rare B+
! `+⌫`� decay the yield281

of four event types are used as free parameters in the fit:282

i. B+
! `+⌫`� signal events.283

ii. B+
! ⇡0 `+⌫` normalization events.284

iii. B ! Xu`
+⌫` background events.285

iv. Other B meson or continuum background events.286

The B+
! ⇡0 `+⌫` normalization mode is linked between

the B+
! `+⌫`� and B+

! ⇡0 `+⌫` categories and the
global likelihood function L is maximized to determine
the estimates for the number of signal events. Confi-
dence intervals are constructed using the profile likeli-
hood method

�(⌫j) = ln
L(⌫j , b⌫⌫ , b✓⌫)

L(b⌫j , b⌫, b✓)
, (10)

where b⌫j , b⌫ and b✓ are the values of the normalization
of interest, the remaining normalizations, and nuisance
parameters that unconditionally maximize the likelihood
function while b⌫⌫ and b✓⌫ are the values of the other nor-
malizations and nuisance parameters which maximize the
likelihood under the condition that the observable of in-
terest is kept fixed at a given value ⌫j . In the asymptotic
limit, approximate confidence intervals (CI) can be con-
structed using

1� CI =

Z 1

�2�(⌫j)

f�2(x; 1 dof) dx , (11)

with f�2(x; 1 dof) denoting the �2 distribution with one287

degree of freedom. In case of two parameters of inter-288

est a two dimensional confidence level (CL) can be con-289

structed via Eq. 11 by modifying �(⌫j) to a likelihood290

ratio depending on two parameters, ⌫j and ⌫k, �(⌫j , ⌫k),291

and with f�2 correspondingly then having two degrees of292

freedom.293

In case we observe no significant signal, we set a
Bayesian limit by converting the likelihood Eq. 8, L =
L(n|⌫j), into a probability density function F of the pa-
rameter of interest ⌫i using a flat prior ⇡(⌫j) such that

F(⌫j |n) =
L(n|⌫j)⇡(⌫j)R1

0
L(n|⌫j)⇡(⌫j) d⌫j

, (12)

with ⇡(⌫j) = constant for ⌫j > 0 and zero otherwise. In294

Eq. 12, n denotes the vector of observed event yields in295

the given bins in all channels.296

The fit procedure was validated using ensembles297

of pseudo-experiments generated with di↵erent input298

branching fractions for B+
! `+⌫`� and B+

! ⇡0 `+⌫`299

decays. No biases or under-coverage of CI are observed.300

FIG. 1: Extracted calibration factors for the applied
tagging algorithm found for the three di↵erent semileptonic
calibration channels. The inner and outer interval represents
the statistical and systematic uncertainty, respectively. The
blue band depicts the 1� uncertainty band of the averaged

calibration factor.

IV. HADRONIC TAGGING EFFICIENCY301

CALIBRATION AND B+ ! ⇡0`+⌫` BRANCHING302

FRACTION303

The multivariate classifiers that enter the hadronic304

tagging algorithm of the FEI are trained on simulated305

events. Due to imperfections in these simulations, e.g.306

due to inadequate modeling of hadronic decays or experi-307

mentally poorly constrained branching fractions, the tag-308

ging algorithm exhibits a di↵erent performance on sim-309

ulated and recorded events. Due to this, the tagging310

algorithm has to be calibrated on data using well known311

processes. In this analysis, such a calibration is derived312

using three semileptonic B channels with di↵erent mul-313

tiplicities,314

i. B�
! D0 (! K�⇡+) `�⌫`315

ii. B�
! D0 (! K�⇡+⇡0 ) `�⌫`316

iii. B�
! D0 (! K�⇡+⇡+⇡�) `�⌫`,317

where ` = e, µ. The tag-side selection is identical with318

the nominal analysis. The signal-side selects electron and319

muon candidates using the criteria detailed in Section II.320

Charged pion tracks are required to originate near the IP321

with |dz| < 4 cm and |dr| < 2 cm. Charged kaons and322

pions are separated using a likelihood ratio, PK⇡ , which323

combines the relevant information from the ACC, TOF324

and CDC sub-detectors. We require PK⇡ < 0.4 for pion325

and PK⇡ > 0.6 for kaon candidates, respectively. Neutral326

pions are reconstructed from the combination of two pho-327

tons with an invariant mass of M�� 2 (117.8, 152)MeV.328

B� ! D0 ` ⌫̄`
<latexit sha1_base64="5DkGXsJI9DA0QBq2b96199OWJyo=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxQJUgJBirwsBYJPqQmjRyXKe16jiR7SBVUf8AC3+FhQGEWNnZ+Dc4aQZoOcny6e77ZN/5MaNSWda3UVpaXlldK69XNja3tnfM3b22jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzxdeZ3HoiQNOL3ahITN0RDTgOKkdKSZx41+mfQURG86VvQOYUOYSy/fSSgwxMvEzyzatWsHHCR2AWpggJNz/xyBhFOQsIVZkjKnm3Fyk2RUBQzMq04iSQxwmM0JD1NOQqJdNM8zRQea2UAg0jowxXM1d8bKQqlnIS+ngyRGsl5LxP/83qJCq7clPI4UYTj2UNBwqBOn1UDB1QQrNhEE4QF1X+FeIQEwkoXWNEl2PORF0n7vGZrfndRrTeKOsrgAByCE2CDS1AHt6AJWgCDR/AMXsGb8WS8GO/Gx2y0ZBQ7++APjM8fY4yZQg==</latexit><latexit sha1_base64="5DkGXsJI9DA0QBq2b96199OWJyo=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxQJUgJBirwsBYJPqQmjRyXKe16jiR7SBVUf8AC3+FhQGEWNnZ+Dc4aQZoOcny6e77ZN/5MaNSWda3UVpaXlldK69XNja3tnfM3b22jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzxdeZ3HoiQNOL3ahITN0RDTgOKkdKSZx41+mfQURG86VvQOYUOYSy/fSSgwxMvEzyzatWsHHCR2AWpggJNz/xyBhFOQsIVZkjKnm3Fyk2RUBQzMq04iSQxwmM0JD1NOQqJdNM8zRQea2UAg0jowxXM1d8bKQqlnIS+ngyRGsl5LxP/83qJCq7clPI4UYTj2UNBwqBOn1UDB1QQrNhEE4QF1X+FeIQEwkoXWNEl2PORF0n7vGZrfndRrTeKOsrgAByCE2CDS1AHt6AJWgCDR/AMXsGb8WS8GO/Gx2y0ZBQ7++APjM8fY4yZQg==</latexit><latexit sha1_base64="5DkGXsJI9DA0QBq2b96199OWJyo=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxQJUgJBirwsBYJPqQmjRyXKe16jiR7SBVUf8AC3+FhQGEWNnZ+Dc4aQZoOcny6e77ZN/5MaNSWda3UVpaXlldK69XNja3tnfM3b22jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzxdeZ3HoiQNOL3ahITN0RDTgOKkdKSZx41+mfQURG86VvQOYUOYSy/fSSgwxMvEzyzatWsHHCR2AWpggJNz/xyBhFOQsIVZkjKnm3Fyk2RUBQzMq04iSQxwmM0JD1NOQqJdNM8zRQea2UAg0jowxXM1d8bKQqlnIS+ngyRGsl5LxP/83qJCq7clPI4UYTj2UNBwqBOn1UDB1QQrNhEE4QF1X+FeIQEwkoXWNEl2PORF0n7vGZrfndRrTeKOsrgAByCE2CDS1AHt6AJWgCDR/AMXsGb8WS8GO/Gx2y0ZBQ7++APjM8fY4yZQg==</latexit><latexit sha1_base64="5DkGXsJI9DA0QBq2b96199OWJyo=">AAACDXicbVA7T8MwGHTKq5RXgJHFoiAxQJUgJBirwsBYJPqQmjRyXKe16jiR7SBVUf8AC3+FhQGEWNnZ+Dc4aQZoOcny6e77ZN/5MaNSWda3UVpaXlldK69XNja3tnfM3b22jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzxdeZ3HoiQNOL3ahITN0RDTgOKkdKSZx41+mfQURG86VvQOYUOYSy/fSSgwxMvEzyzatWsHHCR2AWpggJNz/xyBhFOQsIVZkjKnm3Fyk2RUBQzMq04iSQxwmM0JD1NOQqJdNM8zRQea2UAg0jowxXM1d8bKQqlnIS+ngyRGsl5LxP/83qJCq7clPI4UYTj2UNBwqBOn1UDB1QQrNhEE4QF1X+FeIQEwkoXWNEl2PORF0n7vGZrfndRrTeKOsrgAByCE2CDS1AHt6AJWgCDR/AMXsGb8WS8GO/Gx2y0ZBQ7++APjM8fY4yZQg==</latexit>

• Calibration Factor(s):

Calibration of the Tagging Algorithm

Why calibration?

Difference in tagging efficiency on data and MC:

• Hadronic branching ratios

• Dynamics of hadronic decays

• Detector simulation

• ...

Procedure

1) Reconstruct Bsig in well-known channel

2) Apply tagging algorithm

3) Extract the number of events on MC and
data via a fit on M2

miss

4) Calculate the correction factor for calibra-
tion channel:

✏ =
NData

NMC

✏ = 0.825 ± 0.014 ± 0.049

✏ incorporates all corrections on the

tag-side B
tag

.
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Calibration of the Tagging Algorithm

Why calibration?

Difference in tagging efficiency on data and MC:

• Hadronic branching ratios

• Dynamics of hadronic decays

• Detector simulation

• ...

Procedure

1) Reconstruct Bsig in well-known channel

2) Apply tagging algorithm

3) Extract the number of events on MC and
data via a fit on M2

miss

4) Calculate the correction factor for calibra-
tion channel:

✏ =
NData

NMC

✏ = 0.825 ± 0.014 ± 0.049

✏ incorporates all corrections on the

tag-side B
tag

.
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The calibration pamphlet
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Missing mass squared

M2
miss = p2⌫ = (pbeam � ptag � p` � p�)

2
<latexit sha1_base64="VvaSZ/FgU9HVNrpMGEbA8Fnmkc4="></latexit><latexit sha1_base64="VvaSZ/FgU9HVNrpMGEbA8Fnmkc4="></latexit><latexit sha1_base64="VvaSZ/FgU9HVNrpMGEbA8Fnmkc4="></latexit><latexit sha1_base64="VvaSZ/FgU9HVNrpMGEbA8Fnmkc4="></latexit>

Fit on Data
B+ ! e+⌫e� B+ ! µ+⌫µ�

` B(B+ ! ⇡0`+⌫`) (10�5) � �B(B+ ! `+⌫`�) (10�6) �
e 8.3+0.9

�0.8 ± 0.9 8.0 1.7+1.6
�1.4 ± 0.7 1.1

µ 7.5 ± 0.8 ± 0.6 9.6 1.0+1.4
�1.0 ± 0.4 0.8

e, µ 7.9 ± 0.6 ± 0.6 12.6 1.4 ± 1.0 ± 0.4 1.4

Previous results for B+ ! ⇡0`+⌫`

B(B+ ! ⇡0`+⌫`) (⇥10�5)
Belle excl. (2013) 8.0 ± 0.8 ± 0.4
PDG 7.80 ± 0.27

Moritz J. Gelb – B+ ! `+⌫`� 10
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Back to physics: Breaking out of the SM

b-Quark momentum dist.
mb

R(D)

R
(D
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Figure 7: Future prospects for measurements of R(D) and R(D⇤). The SM and future ex-

pected uncertainties at milestone III are combined to predict the significance with which a

given point can be excluded if the current central values remain the same (red lines). The

expected uncertainties from Belle II (green) and LHCb (blue) alone are shown as the shaded

bands. The relatively small size of the SM uncertainty compared to the current experimental

constraints can be seen in Fig. A.10, where the uncertainties are shown separately.

uncertainties are assumed to be negligible in this study. The development of
theoretical uncertainties is much harder to predict. For quantities accessible
to lattice QCD, the expected improvment in computing power allows to safely
assume significant improvements on the five to ten year time scale considered
here. In semi-leptonic decays, this concerns in particular the hadronic form
factors. Even though current lattice calculations of B ! K

⇤ form factors also
face systematic uncertainties due to the finite K

⇤ lifetime, a solution of this
challenge is realistic in the near future [55]. For B ! K form factors, this
problem is absent. It thus seems realistic to assume a reduction of all form
factor uncertainties by a factor of two by the time of reaching milestone II [28]
and we assume this in our numerics. For the remaining uncertainties, in par-
ticular systematic uncertainties due to non-factorizable hadronic contributions,
we conservatively assume they will stay the same as at present, even though
data-driven methods might allow to reduce them in the future [56, 57].

For b! s`
+
`
� and radiative b! s� transitions, the effective Hamiltonian

can be expressed as

He↵ = �
4GF
p

2
�t

X

i

(CiOi + C
0
iO

0
i) + h.c., (1)

where GF is the Fermi constant and �t = VtbV
⇤
ts is a CKM factor. In a large

class of new physics models, the most important new physics effects in these
transitions appear in the Wilson coefficients Ci of the following dimension-6
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Figure 8: In the two-dimensional scans of pairs of Wilson coefficients, the current average

(not filled) as well as the extrapolations to future sensitivities (filled) of LHCb at milestones

I, II and III (exclusive) and Belle II at milestones I and II (inclusive and exclusive) are given.

The central values of the extrapolations have been evaluated in the NP scenarios listed in

Table 5. The contours correspond to 1� uncertainty bands. The Standard Model point (black

dot) with the 1�, 3�, 5� and 7� exclusion contours with a combined sensitivity of LHCb’s

50 fb
�1

and Belle II’s 50 ab
�1

datasets is indicated in light grey. The primed operators show

no tensions with respect to the SM; hence no SM exclusions are provided.
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• It’s clear that with the data recorded in the next years by Belle II 
and LHCb we will confirm or rule out the present day anomalies

• Belle II tools ready; only thing missing is data :-)

• Preparations for next years physics run ongoing. 

arXiv:1709.10308
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The next years will be exciting!

!37

Back to physics: Breaking out of the SM

b-Quark momentum dist.
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