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SuperKEKB and Belle II: 2nd generation B Factory

cc̄, uū, dd̄, `+`�  e+e� ! ⌥(nS) ! B(⇤)B̄(⇤)
 2

7 GeV e–
4 GeV e+

~1 km

Animation © KEK

New positron 
damping ring

New final focus

Why unequal beam energies? 
Why a positron damping ring?



Integrated luminosity at the

first-generation B factories

O� resonance/scan:

On resonance:

�(5S) : 121 fb�1

�(4S) : 711 fb�1

�(3S) : 3 fb�1

�(1S) : 6 fb�1

155 fb�1

1.02 ab�1

�(2S) : 25 fb�1
550 fb�1

BELLE

 3stop 2008 stop 2010
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SuperKEKB luminosity profile vs time

Calendar year
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Instantaneous luminosity is 40 times that of KEKB

e�

e+

22mrad

83mradKEKB

� = 4.5mm

e+

e�

� = 0.55mm

Belle 1999

SuperKEKB

Nano-beam scheme invented by 
Pantaleo Raimondi for Italian SuperB Factory

✓ Beam currents ≈doubled → x2 
✓ Much smaller      → x20�⇤

y

↕ 50 nm 

Why 83 mrad crossing angle? 
# electrons/bunch? (see backup 
slide for machine parameters)
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SuperKEKB operates at/near the           resonances  ⌥(nS)

BB̄ B =

⇢
b̄d

b̄u

Cross sections @ ⌥(4S)

e+e� ! bb̄ 1.1 nb
! cc̄ 1.3 nb
! ss̄ 0.3 nb
! dd̄ 0.3 nb
! uū 1.4 nb

! ⌧+⌧� 0.9 nb

⌥(nS) = bb̄ bound state (3S1, JPC = 1��)

Rice et al (CUSP Collaboration), PRL 48, 906 (1982)

What about e+e– to unbound bb?



Bottomonium

=

BB  th reshold

(4S )

(3S )

(2S )

(1S )

(10860)

(11020)

hadrons

hadrons

hadrons

γ

γ

γ

γ

ηb(3S )

ηb(2S )

χb1(1P) χb2(1P)

χb2(2P)

hb(2P)

ηb(1S )

J PC 0 −+ 1 −− 1 +− 0 ++ 1 ++ 2 ++

χb0(2P)
χb1(2P)

χb0(1P)
hb (1P)

Mass

... a bound state of a 
    b quark and an anti-b quark 
    with a mass of  ~10 protons

Ground state

☜ we use this excited state: decays to BB meson pair

b

b–

_

Why aren’t the non-𝛶 states 
produced in e+e– collisions?



electron 
(7 GeV)

positron 
(4 GeV)

A canonical BB Event
_



electron 
(7 GeV)

positron 
(4 GeV)

Υ(4S)
resonance

A canonical BB Event
_



Υ(4S)
resonance

B2

B1

A canonical BB Event
_



Tag 

A canonical BB Event
_

Why does µ+ tag a B0? 
Why does K+ tag a B0?



Tag 

Signal 

A canonical BB Event
_



J/Ψ

Ks

µ+

µ−�

µ+

K+

� �

� �

ν

π+

π�−

z~200µm

B2

t = 0

B1
D0

B0

B0
t > 0

electron 
(7 GeV)

positron 
(4 GeV)

Υ(4S)
resonance

A canonical BB Event: “Golden Mode”

Tag 

Signal 

_
from beginning to end

�z = �� c�t

ACP (�t) =
�[B̄0(�t) ! f ]� �[B0(�t) ! f)

�[B̄0(�t) ! f ] + �[B0(�t) ! f)
= Sf sin(�md �t)+Af cos(�md �t)

Measured asymmetry:

might oscillate before decay

Draw Feynman diagram 
for this signal decay. 
Repeat for B0 golden-
mode decay.



A canonical BB Event
_
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electrons (7GeV)

positrons (4GeV)

KL and muon detector:
Resistive Plate Counter (barrel outer layers) 
Scintillator + WLS fiber + MPPC (end-caps 
& inner 2 barrel layers)

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), small cells, long 
lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling 
Pure CsI (part of end-caps)

Vertex Detector
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe
2cm diameter

Belle II is a significant upgrade of Belle
✓ Improved vertexing and tracking 
✓ Improved particle identification 
✓ Better background insensitivity 
✓ Higher event rate

Belle II Technical Design Report 
arXiv:1011.0352

Why no backward particle ID?



beryllium beam pipe at interaction point

assembled SVD

Vertex Detector
Component r (mm)
Beam pipe 10

Pixels – layer 1 14
Pixels – layer 2 22
Strips – layer 3 39
Strips – layer 4 80
Strips – layer 5 104
Strips – layer 6 135

assembled PXD
�16Why the conical shape at the forward end of SVD?



S��S�Ks track

IP profile
B vertex

J

J

J

Larger radial 
coverage of SVD

Less Coulomb
scattering

Pixel detector close
to the beam pipe
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Vertexing performance improves significantly vs Belle

B decay-point reconstruction using 
intersection of back-projected KS with 
the interaction-point profile

with Belle II SVD

�S(KS⇡
0�)

Improved vertexing is vital for a key time-dependent CP-violation measurement 

😊 Less Coulomb
scattering

Pixel detector
closer to

interaction point
😊

Larger outer radius of
the vertex detector

😊
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mirror 

prism 

bar 

bar 

270 cm 

45 cm 

+03,' -4$%%!3)#4(,(,02!

c

multi-anode 

Particle ID: measure the Čerenkov cone
Barrel PID uses imaging time-of-propagation counter (16 quartz staves) 

Čerenkov photons from kaon 
vs pion arrive at photosensors 

at different location and time

charged track
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Čerenkov light in the TOP (barrel particle ID)
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Measure the Čerenkov cone in barrel PID (TOP)

✘ pion-like hypothesis ✓ kaon-like hypothesis 😃 ✘ proton-like hypothesis



Aerogel

Hamamatsu HAPDs

Test Beam setup
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Particle ID: measure the Čerenkov cone
Forward-endcap PID uses aerogel RICH with two-layer radiator (“focusing”)

Graded-n 
aerogel 
radiator 
focuses 
light onto 

photosensors

pi
xe

la
te

d 
ph

ot
os

en
so

rs
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Čerenkov light in the ARICH (forward particle ID)
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April 26, 2018: SuperKEKB/Belle II joins DORIS/ARGUS, 
CESR/CLEO, PEP-II/BaBar, and KEKB/Belle 

rejoicing first collisions in the Belle II control room
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First hadronic event in April 2018 (Phase 2 day 1)

e+e� ! qq̄
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First        event in April 2018 (Phase 2 day 1)BB̄
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Event activates CDC, TOP, ECL, KLM
tracking 
chamber

particle 
identifier

calorimeter KL – muon 
identifier
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First results from Phase 2: neutrals
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First results from Phase 2: charged-track combos

)2) (GeV/c-e+M(e
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-1 L dt = 472 pb∫
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First results from Phase 2: D0 candidates

6e+e− →

)2) (GeV/c+π-π0
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-1L dt = 472 pb∫
D0 ! KS⇡�⇡+
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Belle II 2018 (preliminary)

-1L dt = 250 pb

D0 ! K�⇡+

D0 ! KS⇡0 D0 ! KS⇡0

�M = M(D⇤)�M(D) (GeV/c2) M(KS⇡
0) (GeV/c2)

Why ∆M as alternative to M for these D0 mesons?
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First results from Phase 2: B mesons

expectation expectation
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Belle II physics program is broad and deep

Belle II Theory Interface Platform (B2TIP) 
Workshop series, 2015-2018: 

WG1
Semileptonic & Leptonic B decays

WG2
Radiative & Electroweak Penguins

WG3
α/φ2   β/φ1

WG4
γ/φ3

WG5
Charmless Hadronic B Decay

WG6
Charm

WG7 
Quarkonium(-like)

WG8
Tau, low multiplicity

WG9
New Physics

689 pages 
arXiv: 1808.10567
submitted to PTEP

… a fruitful collaboration among theorists and experimentalists

Emi Kou and Phill Urquijo, editors
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Belle II, like other particle-physics experiments, 
is looking for evidence of New Physics

Image credit: A. Casas (Moriond 2017)



But since then, the silence from the 
energy frontier has been ominous. 
“The feeling in the field is at best one of 
confusion and at worst depression,” 
Adam Falkowski, a particle physicist at 
the Laboratoire de Physique Théorique 
d’Orsay in France, wrote recently in an 
article for the science journal Inference. 
“These are difficult times for the 
theorists,” Gian Giudice, the head of 
CERN’s theory department, said. “Our 
hopes seem to have been shattered. 
We have not found what we wanted.”

from Tom Browder’s 2017 B2SS presentation

June 19, 2017

http://inference-review.com/article/higgs-on-the-moon
http://inference-review.com/article/higgs-on-the-moon


Stay calm. Don’t panic !!
The intensity frontier will save you – again! – 
as it has done in the past. (KL → μμ, B mixing, 
AFB(e+e– → μ+μ–), electroweak corrections, …

“The legend is reborn”

from Tom Browder’s 2017 B2SS presentation



Belle II is looking for evidence of New Physics

Unique new physics capabilities 
and unique detector capabilities 
(“single B meson beam,” 
neutrals, neutrinos), clean 
environment with good 
systematics, which are critical 
for New Physics searches: 
charged Higgs, new weak 
couplings and phases, lepton 
flavor violation, …

SuperKEKB/Belle II is the Intensity Frontier facility for 
beauty mesons, charm mesons and τ leptons.

�35

Photo credit: Ron Lipton, Fermilab

2014 US P5 report: This provides unique sensitivity to physics at 
energy scales far higher than can be accessed directly at colliders.

from Tom Browder’s 2017 B2SS presentation
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Belle II Physics:  confluence.desy.de/display/BI/Physics+WebHome

Semileptonic &
Missing Energy
Decay

@ Florian Bernlochner , 
@ Racha Cheaib

Radiative &
Electroweak
Penguin

@ Saurabh Sandilya , 
@ Simon Wehle

Time Dependent
CP Violation

@ Alessandro Gaz , 
@ Yusa Yosuke

Hadronic B to
Charmless

@ Pablo Goldenzweig , 
@ Diego Tonelli

Hadronic B to
Charm

@ James Frederick Libby
, @ Trabelsi Karim

Bottomonium @ Bryan Fulsom , 
@ Umberto Tamponi

Charmonium @ Chengping Shen , 
@ Elisabetta Prencipe

Charm @ Vishal Bhardwaj , 
@ Giulia Casarosa

Low Multiplicity &
Dark Sector

@ Torben Ferber , 
@ Enrico Graziani

@ Kenji Inami , 
@ Armine Rostomyan

Analysis Groups

Physics Coordinator:
 

@ Phillip Urquijo ➠ Alessandro Gaz (on August 31)

http://confluence.desy.de/display/BI/Physics+WebHome
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Belle II Physics Analysis Groups and their mandates:
 confluence.desy.de/display/BI/Physics+Working+Groups

Semileptonic and Missing Energy
Decay WG

Inclusive and Exclusive Semileptonic b c, b u transitions: |Vub|, |Vcb|,
New physics.
Semileptonic b c and b u transitions with  leptons
Charged leptonic decays, B+  e/ µ/  
Neutral leptonic decays, B0    , B(s)0 ,
EWP with neutrinos, B  K(*)  bar, B  bar

Radiative and Electroweak Penguin
WG

Inclusive radiative decays: b  s  via inclusive, partial and full
reconstruction tagging methods.
Inclusive radiative decays: b  s  and b  d  via sum of exclusive
methods.
Exclusive radiative decays (polarisation and asymmetries):

b  s: B  K1  , K* 
b  d: B    ,  

Bd,Bs   
Exclusive dilepton decays with a focus on electron modes at low q^2 : B
K(*) e+ e-
Inclusive dilepton decays via sum of exclusive, and fully inclusive methods:
B  Xs l+ l-
LFV B ll', K(*)ll'

http://confluence.desy.de/display/BI/Physics+Working+Groups
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Belle II Physics Analysis Groups and their mandates:
 confluence.desy.de/display/BI/Physics+Working+Groups

Time Dependent CP Violation WG 2: B    ,   , a1 
1: New phases in b  s anti-q q transitions, B   Ks
1 gluonic penguins: B   'Ks, KsKsKs
 1 EWP: TCPV in Radiative decays, e.g. B  Ks 0  ,   (overlap with

above)
CPT violation

Hadronic B to Charmless Decay
WG

Two-body B(s)  h h(') decays
Full angular analyses and triple product asymmetries in B(s)  VV decays
Three-body decays with Dalitz methods
Baryonic B decays
Direct CP Violation
Tests of QCD factorisation; flavour symmetry breaking

Hadronic B to Charm Decay WG Direct CP Violation
3 from time integrated methods, e.g. Dalitz
3 from time dependent methods

http://confluence.desy.de/display/BI/Physics+Working+Groups
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Belle II Physics Analysis Groups and their mandates:
 confluence.desy.de/display/BI/Physics+Working+Groups

Bottomonium WG Bottomonia Y(nS), n=1,2,3,4,5,6
b-Hadron production at 5S
Searches for dark matter and light Higgs in Y transitions
Energy scan studies of bottomonia

Charmonium WG Charmonia, exotic, charmonium-like
below the open-charm threshold
above the open-charm threshold
ISR

Charm Spectroscopy

Charm WG D0 mixing
TCPV in Charm
Direct CPV in Charm
Rare/Forbidden charm decays and NP: D  , D  e e
Leptonic and Semileptonic charm decays
Charm production
Light meson production

http://confluence.desy.de/display/BI/Physics+Working+Groups
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Belle II Physics Analysis Groups and their mandates:
 confluence.desy.de/display/BI/Physics+Working+Groups

Low Multiplicity and Dark Sectors
WG

Dark sector searches in low multiplicity events
Dark Photons
ALPs
iDM/SIMPs
Magnetic Monopoles
LLPs

Precision low multiplicity measurements
Fragmentation

Tau WG Lepton flavour violating  decays
Radiative   l 
Leptonic  l l l
Lepton plus pseudo-scalar,   l P0
Lepton plus vector,   l V0
Lepton plus 2-hadrons,   l h h'
Lepton plus 3-hadrons,   l h

 properties and SM decays
 Lepton universality
 CP Violation

http://confluence.desy.de/display/BI/Physics+Working+Groups
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New Physics in B Decays

Semileptonic &
Missing Energy
Decay

@ Florian Bernlochner , 
@ Racha Cheaib

Radiative &
Electroweak
Penguin

@ Saurabh Sandilya , 
@ Simon Wehle

Time Dependent
CP Violation

@ Alessandro Gaz , 
@ Yusa Yosuke

Hadronic B to
Charmless

@ Pablo Goldenzweig , 
@ Diego Tonelli

Hadronic B to
Charm

@ James Frederick Libby
, @ Trabelsi Karim

B Physics Analysis Groups

New Physics strategy: look for deviations from 
Standard-Model expectations in precision measurements 



* B0 ® J/y KS
B0 ® J/y KL
B0 ® y’ KS
B0 ® cc KS
B0 ® hc KS
B0 ® D (*)

CP h0

* B0 ® (f/h’/p0/f0)K0

* B0 ® (KSKS
/r0/w)KS

* B ® p+p- /p+p0 /p0p0

** B ® r+r- /r+r0 /r0r0

B0 ® r p
B0 ® a1(rp)+ p-

B- ® D(*)
CP K(*)-

** B0 ® DCP K*0

B- ® D(*)(K+p-) K(*)-

B- ® D(*)0 p-

* B- ® D(*)(KS p+p-) K(*)-

B- ® D(p0p+p-) K-

* B- ® D(KS K+p-) K-

Belle/BaBar

LHCb

* = recent update

* = 3 fb-1 result

V ∗
ubVud + V ∗

cbVcd + V ∗
tbVtd = 0
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Measuring the CKM-matrix unitarity-triangle angles

Unitarity:

Sf = ± sin(2�1)

= ± sin(2�)

Draw the other CKM-matrix unitarity triangles. 
(Use Wolfenstein parameterization for the matrix values.)
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Measuring the CKM-matrix angle 

B0 ® J/y KS (the “Golden” mode): 

Acc̄s = V ∗
cbVcsT + V ∗

ubVusP

B0 ® f KS ,h’KS ,wKS ,p0KS (“penguin” modes): 

Aqq̄s = V ∗
cbVcsP + V ∗

ubVusT
′

B̄0

J/ψ

KS

b

c c̄

s̄

d̄
W

u

B̄0

J/ψ

KS

b

c c̄

s̄

d̄
W

B̄0

φ

KS

b

s s̄

s̄

d̄
W

t, c, u

t (ps)D
10- 5- 0 5 10

As
ym

m
et

ry

0.4-

0.2-

0

0.2

0.4
Belle II -1 L = 50 abò

  (S = 0.70)
S

 KyJ/
     (S = 0.55)

S
' Kh

WA (2017) 5 ab−1 50 ab−1

Channel σ(S) σ(A) σ(S) σ(A) σ(S) σ(A)

J/ψK0 0.022 0.021 0.012 0.011 0.0052 0.0090

φK0 0.12 0.14 0.048 0.035 0.020 0.011

η′K0 0.06 0.04 0.032 0.020 0.015 0.008

ωK0
S 0.21 0.14 0.08 0.06 0.024 0.020

K0
Sπ

0γ 0.20 0.12 0.10 0.07 0.031 0.021

K0
Sπ

0 0.17 0.10 0.09 0.06 0.028 0.018

expected 50 ab-1 uncertainty: df1  = 0.4o

(cf: current theory error is 1-2o)

ACP = A cos(∆M∆t) + S sin(∆M∆t)

�1 [�]
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B0® D(*)l n
B0® Xc l n (l energy, hadron

mass moments)
B0® Xs g (g energy moments) 

B0® p l + n 
B0® Xu l n
B+® t+ n
Lb ® p l+n

B0® r0g
Bs–Bs mixing 

Belle
LHCb

Measuring the CKM-matrix unitarity-triangle sides
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222 ± 50
(all channels) 
3.8s

Excess calorimeter energy (GeV)

µnn

enn

Measuring           via |Vub| B+ ! ⌧+⌫⌧

Leveraging fully-reconstructed tag B, 
there should be zero excess energy 
in the calorimeter.

a missing-energy mode

BELLE

PRD 92, 051102 (2015)

Today

Belle II  50 ab–1

There is some tension at the CKM triangle apex 
from this measurement vs sin2𝜙1
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Precise measurements of CKM unitarity triangle

Now

with 50 ab–1

�1 $ �
�2 $ ↵
�3 $ �

Unitarity triangle from CKM 
matrix elements (cols 1 & 3):
V ⇤
ubVud + V ⇤

cbVcd + V ⇤
tbVtd = 0

φ
3

Here, the axes are labelled rho-bar and 
eta-bar; on slide 44, by the CKM-matrix 
elements. Show the mapping from the 
latter to the former.
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Selected 
New Physics 

Topics
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u c 
u c 

_ 
_ 

_ 

 

   
u d 

u 
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d 
_  u d 

u 
s 
d s 
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u c 

_ 
_ 

_ 
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QCD allows many color singlets: baryons, mesons, exotics.

dibaryon pentaquark glueball

diquark + di-antiquark dimeson molecule         hybridq q̄ g

�

g

g

 
u d  
u

 c c  
_ 

 
baryon meson

Which of these might be found in Belle II?

How is this different from “meson”?



Charmonium-like exotica ... 
2003:  the X(3872) is found in 

by Belle; confirmed by CDF, DØ, BaBar, LHCb, CMS

B ! K (J/ ⇡+⇡�)

Steve Olsen snags a big one!

X(3872)

M(⇡⇡J/ )�M(J/ ) (GeV)

 0

X(3872)
PRL 91, 262001 (2003)

10
This is Belle’s most famous paper: 1640 citations.



Charmonium(-bearing) states including exotica

11
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η
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χ
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c1
χ
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c2

χ

(1D)ψ
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2
ψ

(2D)ψ

X(3872)
X(3915)X(3940)
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Y(4220) X(4274)

Y(4360)
Y(4390)

X(4500)
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Y(4660)

(3900)
+,0
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(4020)
+,0
cZ

(4200)+Z

(4430)+Z

(4050)+Z

(4250)+Z

(4380)+
cP
(4450)+

cP

-+0
--1 +(-)

1 ++0 ++1 ++2  & other--2

DD

*DD

*DD*

γ

π

p

ω,0ρ

φ

η

ππ

like |cc̄ud̄i

from RMP 90, 015003 (2018)
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                                     and

proceed via        and      
�(5S)� hb(nP )�+��

Z+
b2Z+

b1

hb

⌥(5S)

Z+
b2

Z+
b1

hb(1P)
hb(2P)

JPC = 1�� JPC = 1+� JP = 1+

⇡�

⇡+⇡�

⇡+

Z+
b

⇡+

⇡�

|bb̄ud̄i

spin-flip 
suppressed

⌥(2S)

⌥(1S)

⌥(3S)

�(5S)� �(nS)�+��
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Belle II prospects for New Physics
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Theo
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it (D
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ry)

[ab
�

1 ]

vs
LHCb

vs
Belle

Anom
aly

NP

• B ! ⇡`⌫l |Vub| ? ? ? 10-20 ? ? ? ? ? ? ?? ?• B ! Xu`⌫` |Vub| ?? 2-10 ? ? ? ?? ? ? ? ?• B ! ⌧⌫ Br. ? ? ? >50 (2) ? ? ? ? ? ? ? ? ? ?• B ! µ⌫ Br. ? ? ? >50 (5) ? ? ? ? ? ? ? ? ? ?• B ! D(⇤)`⌫` |Vcb| ? ? ? 1-10 ? ? ? ?? ?? ?• B ! Xc`⌫` |Vcb| ? ? ? 1-5 ? ? ? ?? ?? ??• B ! D(⇤)⌧⌫⌧ R(D(⇤)) ? ? ? 5-10 ?? ? ? ? ? ? ? ? ? ?• B ! D(⇤)⌧⌫⌧ P⌧ ? ? ? 15-20 ? ? ? ? ? ? ?? ? ? ?• B ! D⇤⇤`⌫` Br. ? - ?? ? ? ? ?? -

in (semi-)leptonic B decays



Example of a                    decay in Belle data

Clean e+e– environment and kinematic constraints (known 
initial 4-momentum, hadronic tag decay) make this possible

�53

B+ ! ⌧+⌫
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W
QW

b
u

W/Hr

Search for NP (e.g., charged Higgs) in B+ ! ⌧+⌫⌧

B Factory exclusion plot (white=allowed) 

r =
Bmeas (B ! ⌧⌫)

BSM (B ! ⌧⌫)
=

✓
1� m2

B

m2
H

tan2 �

◆2

For example, in MSSM 2HDM Type II,

Now

50 ab–1

What if measured r is larger than SM expectation?

See last backup slide



)2/c2 (GeV2q
4 5 6 7 8 9 10 11 120

200

400

600

800

1000

1200

50 ab-1 projection of the  
subtracted q 2 spectrum 

in B  D*   (HT)
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b c

q q

νW+

⇡�

⌧+, µ+, e+

D(⇤)

Is there new physics in                       ?B ! D(⇤)`⌫

Standard Model:
✓ lepton universality 
✓ hadronic uncertainties  

≈cancel (manageable)

Tagged analysis:
★ full or partial reconstruction 
★ measure q2 distribution, 

angular distribution,  
𝜏 polarization, …

missing-energy mode: multiple neutrinos in final state

hadronic 
or 
leptonic 
𝜏 decays

2HDM Type II with tan�/MH± = 0.5/(GeV/c2)
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Is there new physics in                       ?

0.2 0.3 0.4 0.5 0.6
R(D)

0.2

0.25

0.3

0.35

0.4

0.45

0.5

R
(D

*) BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, PRL120,171802(2018)
Average

Average of SM predictions

 = 1.0 contours2χΔ

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

) = 74%2χP(

σ4

σ2

HFLAV
Summer 2018

R(D(⇤)) =
B
�
B̄ ! D(⇤)⌧�⌫̄⌧

�

B
�
B̄ ! D(⇤)`�⌫̄`

�

4𝜎 discrepancy between SM and measurements

B ! D(⇤)`⌫
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Is there new physics in                       ?

R(D(⇤)) =
B
�
B̄ ! D(⇤)⌧�⌫̄⌧

�

B
�
B̄ ! D(⇤)`�⌫̄`

�

B ! D(⇤)`⌫
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Belle II New-Physics potential in b → s transitions

17 Physics beyond the Standard Model

Table 147: A snapshot of the discovery potential of the selected new physics model for Belle II

observables: electroweak penguin and radiative B decays, including lepton flavour violating

channels. See caption of Table 145 for what the symbols stand for.
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S
u
m

B ! K(⇤)`` angular ?? ⇥ ⇥ ?? ?? ⇥ ?? ⇥ ? ? ? ?? ⇥ 13

R(K⇤), R(K) ?? ⇥ ⇥ ⇥ ?? ⇥ ?? ⇥ ? ? ? ?? ⇥ 11

B(B ! Xs``) ? ? ? ⇥ ⇥ ? ? ? ?? ⇥ ?? ⇥ ? ? ? ?? ⇥ 15

R(Xs) ? ? ? ⇥ ⇥ ⇥ ?? ⇥ ?? ⇥ ? ? ? ?? ⇥ 12

B(B ! K(⇤)⌧⌧) ? ? ? ? ? ? ⇥ ? ? ⇥ ? ⇥ ? ? ? ? ⇥ 13

B(B ! Xs⌧⌧) 2 ? ? ? ⇥ ? ? ⇥ ? ⇥ ? ? ? ? ⇥ 10

B(B ! K(⇤)⌫⌫) ? ? ? ⇥ ⇥ ? ? ⇥ ? ⇥ ? ? ? ? ⇥ 10

B(B ! Xs⌫⌫) 2 ⇥ ⇥ ? ? ⇥ ? ⇥ ? ? ? ? ⇥ 7

Semileptonic b ! d Penguin Decays:

B ! ⇡`` angular ?? ⇥ ⇥ ?? ?? ⇥ ?? ⇥ ? ? ? ? ⇥ 12

R(⇢), R(⇡) ?? ⇥ ⇥ ⇥ ?? ⇥ ?? ⇥ ? ? ? ? ⇥ 10

B(B ! Xd``) ? ? ? ⇥ ⇥ ? ? ? ?? ⇥ ?? ⇥ ? ? ? ? ⇥ 14

R(Xd) ? ? ? ⇥ ⇥ ⇥ ?? ⇥ ?? ⇥ ? ? ? ? ⇥ 11

B(B ! ⇡⌧⌧) 2 ? ? ? ⇥ ? ? ⇥ ? ? ? ? ? ? ⇥ 11

B(B ! ⇡⌫⌫) ? ? ? ⇥ ⇥ ? ? ⇥ ? ⇥ ? ? ? ? ⇥ 10

Semileptonic LFV B Decays:

B(B ! Xe±µ⌥) ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 ⇥ 10

B(B ! K(⇤)⌧`) ? ? ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 ⇥ 8

B(B ! ⇡⌧`) ? ? ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 ⇥ 8

Radiative Penguins:

B(B ! Xs �) ? ? ? ? ? ? ? ? ? ? ? ? ? ?? ? ? ? ? ? ? ⇥ 17

ACP (B ! Xs+d �) ? ? ? ? ? ? ? ? ? ⇥ ? ? ? ?? ? ? ⇥ 16

SCP (B0

d ! KS⇡0 �) ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?? ? ? ? ? ⇥ 21

SCP (B0

d ! ⇢ �) ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?? ? 2 ⇥ 18

B0
s ! ⌘(0)� lifetime ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?? ? 2 ⇥ 18

Due to a power suppression of the leading SM contribution to the e↵ective bs� coupling, 15452

it was found [1816] in the late 1980s that logarithmic corrections from H+ loop can have a 15453

significant impact. In addition, due to the dipole or �µ⌫mbR form of the bs� coupling, one 15454

567/681
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Table 149: A snapshot of the discovery potential of the selected new physics model for Belle

II observables: D decays and Dark Sector. See caption of Table 145 for what the symbols

stand for.
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Charm tree Decays

B(D+
! `⌫)/B(D+

s ! `⌫) ? ? ? ? ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ? ? ? 2 ? 8

B(D+
s ! ⌧⌫) ? ? ? ?? ⇥ ? ⇥ ⇥ ⇥ ⇥ ? ? ? 2 ? 10

B(D+
! ⌧⌫)/B(D+

s ! ⌧⌫) ? ? ? ?? ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ? ? ? 2 ? 9

ACP (D+
! ⇡+⇡0) ? ? ? ? ? ⇥ ?? ⇥ ?? ?? ⇥ 2 ⇥ 11

ACP (D0
! ⇡0⇡0) ? ? ? ⇥ ? ⇥ ? ⇥ ? ? ⇥ 2 ⇥ 7

Charm FCNC Decays

D0
! �� ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ? 2 ⇥ 8

D0
! µ+µ� ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ?? 2 ⇥ 9

D0
! e+e� ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ?? 2 ⇥ 9

D0
! invisible ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ?? 2 ⇥ 9

A second powerful constraint on H+ comes from a tree level e↵ect in B+ ! ⌧+⌫⌧ , as 15463

discussed in Sec. 8.3.1. It is rather interesting that [238] B2HDM�II/BSM[B+ ! ⌧+⌫⌧ ] = rH , 15464

where 15465

rH =
�
1 � tan2 m2

B+/m2
H+

�
, (574)

involves only physical parameters, with no dependence on hadronic quantities. Measurements 15466

of B ! ⌧⌫ came much later than B ! Xs� and provided another strong constraint on mH+ 15467

and tan �, as already discussed in Sec. 8.3, which has been a main driver for the Belle II 15468

upgrade, especially in earlier years. 15469

569/681

? ? ? Belle II ⇥ unlikely

?? Belle II+ LHCb 2 not studied

? LHCb
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New-physics sensitivity in b ! s`+`�

` 2 {e, µ}Lepton-universality test:

Belle II has strong capabilities for electrons and muons.

`+ `+

`� `�
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New-physics sensitivity in b ! s`+`�

Year
2017 2018 2019 2020 2021 2022 2023 2024

) [
%

] U
nc

er
ta

in
ty

2
<6

 G
eV

/c
2

R
(K

*)
 (1

<q

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

70% data Y(4S), 6 months, slow ramp-up

70% data Y(4S), full 9 months 

LHCb estimate

Belle II Projection (Feb 2018)

NP 5  

R(K(⇤)) =
B
�
B ! K(⇤)µµ

�

B
�
B ! K(⇤)ee

�
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The effective Hamiltonian leading contribution for the 
           transition isb ! s

He↵ = �
4GF
p
2
VtbV

⇤
ts

X

i

Ci Oi

✓ GF is the Fermi constant 

✓ Vij are quark mixing matrix (CKM) elements 

✓ Ci are the Wilson coefficients and Oi the corresponding 
effective operators 
๏ i = 1, 2   tree 
๏ i = 3–6, 8  gluon penguin 
๏ i = 7    photon penguin  
๏ i = 9, 10  electroweak penguin 
๏ i = S, P   scalar or pseudoscalar penguin 

✓                  is sensitive to C7 

✓                                              are sensitive to C7, C9, C10

B ! Xs�

B ! Xs`
+`� and K(⇤)`+`�
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New-physics sensitivity in b ! s`+`�

9
>=

>; inclusive modes
9
>=

>;
exclusive modes

` 2 {e, µ}

Prepared by D. Straub et al. 
for the Belle II Physics Book

 arXiv: 1808.10567 

Lepton-universality test

Belle II has strong 
capabilities for electrons 
and muons.

What is the current discrepancy?
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How to establish New Physics in                   ?b ! s`+`�

“Observe and measure the rate 
for                and thereby isolate 
the Z penguin (C9).”
                              – Buras et al.

b ! s⌫⌫̄

Solid curves: Belle II 68% CL allowed

B ! K⌫⌫ (BR+ pol)

B ! K⇤⌫⌫ (BR+ pol)

B ! K⇤⌫⌫ (BR only)
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? ? ? Belle II ⇥ unlikely

?? Belle II+ LHCb 2 not studied

? LHCb

Table 148: A snapshot of the discovery potential of the selected new physics model for Belle

II observables: ⌧ decays. See caption of Table 145 for what the symbols stand for.
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⌧ tree decays:

B(⌧ ! K⌫)/B(⌧ ! ⇡⌫) ? ? ? ?? ⇥ ⇥ ⇥ ⇥ ⇥ ? ? ? ? 2 ??

B(⌧ ! K⇤⌫)/B(⌧ ! ⇢⌫) ? ? ? ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ? ? ? ? 2 ??

⌧ ! µ decays:

⌧ ! µ� ? ? ? ? ? ? ? ? ? ? ? ⇥ ? ? ? ? 2

⌧ ! µ⇡0 ? ? ? ? ?? ⇥ ? ? ? ⇥ ? ? ? ⇥ ? ? ? 2 2

⌧ ! µKS ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 2

⌧ ! µ⇢0 ? ? ? ⇥ ?? ⇥ ? ? ? ⇥ ? ? ? ⇥ ? ? ? 2 2

⌧ ! µK0⇤ ? ? ? ⇥ ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 2

⌧�
! µ�`�`+ ?? ?? ? ⇥ ? ? ? ? ? ? ? ? ? ⇥ ? ? ? ? 2

⌧�
! µ�µ�e+ ?? ? ⇥ ⇥ ? ? ? ? ? ⇥ ⇥ ? ? ? 2

⌧ ! e� ? ? ? ? ? ? ? ? ? ? ? ⇥ ? ? ? ? 2

⌧ ! e⇡0 ? ? ? ? ?? ⇥ ? ? ? ⇥ ? ? ? ⇥ ? ? ? 2 2

⌧ ! eKS ? ? ? ? ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 2

⌧ ! e⇢0 ? ? ? ⇥ ?? ⇥ ? ? ? ⇥ ? ? ? ⇥ ? ? ? 2 2

⌧ ! eK0⇤ ? ? ? ⇥ ? ⇥ ? ⇥ ? ⇥ ? ? ? 2 2

⌧�
! e�`�`+ ?? ?? ? ⇥ ? ? ? ? ? ? ? ? ? ⇥ ? ? ? ? 2

⌧�
! e�e�µ+ ?? ? ⇥ ⇥ ? ? ? ? ? ⇥ ⇥ ? ? ? 2

⌧ CP violation:

⌧ EDM ? ? ? 2 2 ⇥ 2 2 2 2 2 2 2

ACP (⌧ ! KS⇡⌫) ? ? ? ? ? ⇥ ⇥ ⇥ ⇥ ? ? ? ? 2 2

could have a cot � factor from the coupling to top at one side of the loop compensating a

tan � factor at the other side needed for mb factor. There is thus a tan �-independent H+

e↵ect that turns out to be constructive with the SM contribution, which makes B ! Xs� a

powerful tool to constrain mH+ . Of course, QCD corrections and other sophisticated e↵ects

have to be taken into account, which have seen a dramatic progress over the past two decades,

as discussed briefly in Sec. 9.2.1. The recent Belle update [410] of B ! Xs� is slightly lower

than the SM expectation in central value, giving rise to the stringent bound mH+ > 570

GeV [1830].

592/707

Belle II New-Physics potential in 𝜏 decays
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Belle II will improve sensitivity for many LFV 𝜏 decays

⌧ ! µ�
Signal

Tag
⌧ ! e⌫⌫̄Standard Model ⇒ negligible!

What is SM expectation?
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Belle II New-Physics potential in the dark sector

17 Physics beyond the Standard Model

Table 147: A snapshot of the discovery potential of the selected new physics model for Belle II

observables: electroweak penguin and radiative B decays, including lepton flavour violating

channels. See caption of Table 145 for what the symbols stand for.
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Semileptonic b→ d Penguin Decays:

B → angular × × × × × 12

R(ρ), R(π) × × × × × × 10

B(B → Xd ) × × × × × 14

R(Xd) × × × × × × 11

B(B → πττ) × × × 11

B(B → πνν) × × × × × 10

Semileptonic LFV B Decays:

B(B → Xe±µ∓) × × × × 10

B(B → K(∗) ) × × × × 8

B(B → ) × × × × 8
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Table 149: A snapshot of the discovery potential of the selected new physics model for Belle

II observables: D decays and Dark Sector. See caption of Table 145 for what the symbols

stand for.
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Charm tree Decays

B(D+ → )/B(D+s → ) × × × × × × 8

B(D+s → τν) × × × × × 10

B(D+ → τν)/B(D+s → τν) × × × × × × 9

ACP (D+ → π+π0) × × × × 11

ACP (D0 → π0π0) × × × × × 7

Charm FCNC Decays

D0 → γγ × × × × 8

D0 → µ+µ− × × × × 9

D0 → e+e− × × × × 9

D0 invisible 9

Dark boson A , fermion χ

e+e− → A → invisible × × × × × × × × 6

e+e− → A → × × × × × 9

e+e− → A γ × × × × × 9

B → invisible × × × × × 11

B → KA × × × × × × × × 6

B → πA × × × × × × × × 6

B+ → µ+χ × × × × × × × × 6

B+ → µ+νA × × × × × × × × 6

Υ (3S)→ γA × × × × × × × × 6

? ? ? Belle II ⇥ unlikely

?? Belle II+ LHCb 2 not studied

? LHCb



𝒆+𝒆− → 𝜸𝑨′�,   𝑨′� → 𝝌𝝌

𝛾 𝝌

𝝌
𝑨′�
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A′ = dark photon 
𝜒 = dark matter

Dark-photon search requires single-photon trigger

Belle II 50 ab–1

since the event contains exactly one photon … and nothing else
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Axion-like pseudoscalars coupling to bosons 

JHEP(2017)17:94.JHEP(2017)17:94.

3-photon signature in ALP-strahlung 

(1-photon signature if a → 𝜒𝜒)

9
>=

>;
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using publicly available 
LHCb projections

Belle II time-dependent CP sensitivity projections
B ! J/ KS B ! �KS

B ! ⌘0 KS
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Belle II direct CP sensitivity projections

B+ ! KS ⇡+

B0 ! K� ⇡+

using publicly available 
LHCb projections

CKM �3 [�]
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using publicly available 
LHCb projections

Belle II semileptonic-decay sensitivity projections

|Vub| R(D⇤)

R(K⇤)
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Belle II new-physics prospects vs time

based on HFLAV 2017 + B2TiP report projections
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Summary
• Belle II will explore New Physics and make 

precision measurements of SM physics 
with 50x more data than Belle. 

• Belle II Physics Book (arXiv:1808.10567) 
provides a wealth of detail on the machine, 
detector, analysis tools and physics. 

• Belle II will be complementary to LHCb.  
Any NP measurement in one will have to 
be confirmed in some way by the other. 
“Symbiotic” 

• The world is waiting for your results!

Animations from the Belle II virtual reality app: see www.phys.vt.edu/~piilonen/VR/
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Backup
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Belle II collaboration
• 948 collaborators, of whom 15% are women and 32% are graduate students 
• 115 institutions 
• 25 countries/regions



Currently,                  rules out 
mH+ below  ~480 GeV/c2  at 95% 
CL (for any tanβ), M. Misiak et al. 
(assuming no other NP) – arxiv:
1503.01789

Complementarity of e+ e– and LHC for MSSM

The current combined               limit places 
a stronger constraint than direct searches 
from LHC experiments for next few years.
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Thanks to Luis Pesantez and Phil Urquijo

B ! ⌧⌫

B ! Xs�

Adapted from Adrian Bevan
mH+ (GeV/c2)
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Full-reconstruction tag for missing-energy B decays
>5000 distinct decay modes

Etag =
X

i,tag

Ei ( = Ebeam)

~ptag =
X

i,tag

~pi

9>=>;

Beam-constrained mass:

Mbc =
q

E2
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BELLE

PRD 97, 012005 (2018)

~2.4 x 106 B± tags 
Total efficiency ≈0.3%

B+ modes B0 modes

B+ → D0π+ B0 → D−π+
B+ → D0π+π0 B0 → D−π+π0
B+ → D0π+π0π0 B0 → D−π+π+π−
B+ → D0π+π+π− B0 → D+s D−
B+ → D+s D0 B0 → D∗−π+
B+ → D∗0π+ B0 → D∗−π+π0
B+ → D∗0π+π0 B0 → D∗−π+π+π−
B+ → D∗0π+π+π− B0 → D∗−π+π+π−π0
B+ → D∗0π+π+π−π0 B0 → D∗+s D−
B+ → D∗+s D0 B0 → D+s D∗−
B+ → D+s D∗0 B0 → D∗+s D∗−
B+ → D0K+ B0 → J/ψK0S
B+ → D−π+π+ B0 → J/ψK+π+
B+ → J/ψK+ B0 → J/ψK0Sπ+π−
B+ → J/ψK+π+π−
B+ → J/ψK+π0

D+, D∗+, D+s modes D0,D∗0 modes

D+ → K−π+π+ D0 → K−π+
D+ → K−π+π+π0 D0 → K−π+π0
D+ → K−K+π+ D0 → K−π+π+π−
D+ → K−K+π+π0 D0 → π−π+
D+ → K0Sπ+ D0 → π−π+π0
D+ → K0Sπ+π0 D0 → K0Sπ0
D+ → K0Sπ+π+π− D0 → K0Sπ+π−
D∗+ → D0π+ D0 → K0Sπ+π−π0
D∗+ → D+π0 D0 → K−K+
D+s → K+K0S D0 → K−K+K0S
D+s → K+π+π− D∗0 → D0π0
D+s → K+K−π+ D∗0 → D0γ
D+s → K+K−π+π0
D+s → K+K0Sπ+π−
D+s → K−K0Sπ+π+
D+s → K+K−π+π+π−
D+s → π+π+π−
D∗+s D+s π

0

B̄tag

Bsig
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Full-reconstruction tag for missing-energy B decays

Fully-reconstructed Btag

B̄tag

Bsig

All remaining particles (detected or not) belong to Bsig

Esig = Ebeam ~psig = �~ptag

➠ missing-energy decays, absolute branching fractions, inclusive rates, …  
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eeFACT Hong Kong 2018 Phillip URQUIJO

B-full reconstruction in 2018
• Recursive reconstruction 

algorithm (FEI):  
> 5000 B decay modes! 

• Boosted decision tree 
classifier.
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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>
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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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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. 26: Charged and neutral B mbc distributions 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>
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PFEI > 0.2
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FIG. 26: Charged and neutral B mbc distributions with a tight cut on the signal probability of

PFEI > 0.2

29

FIG. 4: Comparison of Log Signal Probability distributions in data and MC for charged B+
tags

where MC is not normalised (left) and normalised to data (right). Here events are selected in the

signal region mbc > 5.27

FIG. 5: Comparison of Log Signal Probability in data and MC for neutral B0
tags where MC is

not normalised (left) and normalised to data (right).
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2. SELECTION

2.1. Overview

The FEI algorithm reconstructs hadronic tag candidates from over 100 explicit decay
channels, with more than 10000 distinct decay chains. The first objects provided by the
reconstruction software are the charged tracks, neutral clusters, and displaced vertices. In six
distinct stages, these objects are interpreted as final state particles (e±, µ±, K±, ⇡±, KL, �),
combined to form intermediate particles (J/ , ⇡0, KS, D,D⇤) and eventually combined to
form the Btag candidate. The procedure is illustrated in Figure 2.

At each level, a probability of 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.

2.2. Basic particle cuts

Table II shows some basic selection cuts which are applied to charged tracks and �
candidates before applying their respective classifiers.

2.3. Classifier features

The classifiers of charged particles use as features electronID, kaonID, protonID, muonID,
p, pT, pz, dr, dz, chiProb, and a pre cut ranking based on PID variable of the particle
in consideration. Meanwhile, the classfier trained to select � candidates uses as features
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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

+, ⇡+, K
0
L, �) combined to form in-

termediate particles (J/ , ⇡0, K
0
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 D

0 and a ⇡� candidate, or
by combining a D

0, a ⇡� and a ⇡0 candidate. The used
D

0 candidate could be created from a K
� and a ⇡+, or

from a K
0
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

� ! D
0⇡� would use � of the D

0 and ⇡� candidates,
to estimate the � of the B

� candidate created by com-
bining the aforementioned D

0 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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Consumer’s Guide to the Charged Higgs

• Higgs	doublet	of	type	I	(φ1	couples	to	upper	(u-
type)	and	lower	(d-type)	generations.	No	fermions	
couple	to	φ2)	

• Higgs	doublet	of	type	II	(φu	couples	to	u	type	
quarks,	φd	couples	to	d-type	quarks,	u	and	d	
couplings	are	different;	tan(β)	=	vu/vd)	[favored	NP	
scenario	e.g.	MSSM,		generic	SUSY]	

• Higgs	doublet	of	type	III	(not	type	I	or	type	II;	
anything	goes.		

				“FCNC	hell”àmany	FCNC	signatures)
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