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Outline

• The case for probing non Standard Model physics in Belle II


• Introduction to Belle II 


• Recent results 


• Charm lifetimes


• CKM unitarity triangle angle  and   (B to charm and charmless decays)


•  and  (Rare decays)


• Inclusive , Exclusive  (Semileptonic B decays)


• Outlook 

ϕ2/α ϕ3/γ

B+ → K+ℓ+ℓ− B+ → K+νν̄

B → Xcℓν B → D(*)ℓν
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The case for probing non SM Physics in Belle II

Issues addressable at flavour factory


• Baryon asymmetry in cosmology  
→ New sources of CPV in quarks and charged leptons


• Finite neutrino masses 
→ Tau LFV.


• Quark and lepton flavour & mass hierarchy 
→ higher symmetry, massive new particles, extended 
gauge sector


• Hidden and dark sectors at the GeV scale.

3

→ NP beyond the direct reach 
of the LHC

BaBar + Belle experiments collected ~1.5 ab-1 at the first generation of B 
factories led to many discoveries

• Direct production at energy frontier 
(LHC) yielded no non-SM Physics 
evidence at the TeV scale 


• But indirect searches at the intensity 
frontier (Belle/BaBar) probe higher 
scales. 
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SuperKEKB 

• Asymmetric collider with main center-of-mass energy 
at  threshold  (10.58 GeV)


• Upgrade of KEKB 


• Aims at an integrated luminosity of  (50  Belle) 
Challenging harsh beam background conditions


• 30  KEKB best instantaneous luminosity is achieved by


•  1.5 beam current  increase


•  20 beam size decrease

e+e−

BB̄

50 ab−1 ×
→

×

×

×
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The SuperKEKB Collider

e+, 4 GeV
I+ = 2.8 A (design)

e-, 7 GeV
I- = 2.0 A (design)

KEKB

SuperKEKB

Improvements over KEKB:

  x20 by ‘nanobeam scheme’;

  x1.5 by increasing beam currents.

Goals:

  Instantaneous lumi: ~6 x 1035 cm-2s-1

  Integrated lumi: 50 ab-1 

positr
on rin

g 

(
 4 GeV

)

e+electron ring 
(   7 GeV)e−
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Introduction

SuperKEKB

77

Upgrade to KEKB

● Asymmetric e+e− collider at 10.58 GeV [𝛶(4S)]

● Increase instantaneous luminosity by 30

● Largely accomplished via nanobeam scheme

○ 𝜎
y

*: 940 → ~50 nm 

Belle Belle II 
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 collisions very clean compared to pp collisionse+e−



Projections+of+Integrated+Luminosity+Delivered+by+SuperKEKB to+Belle+II

o Target+scenario:+extrapolation+from+
early+2021+run+including+expected+
improvements

o Base+scenario:+conservative+
extrapolation+of+SuperKEKB
parameters+from+early+2021+run

800fbE1

1300fbE1

600fbE1

900fbE1

Long+Shutdown+1+(LS1)+is+currently+scheduled+to+start+January+2023

If+SuperKEKB performance+indicates+that+insufficient+integrated+luminosity+will+be
collected+before+LS1+or+COVIDE19+travel+restrictions+persist,+the+option+exists+to+
postpone+the+start+of+LS1+to+July+2023

EPS-HEP 2021:   Belle II Highlights and Flavour Physics in e+e-

Status of Integrated Luminosity and Long-term Operation Plan

Very successful data taking throughout the pandemic
- overall data taking efficiency of 89.5%
- collected up to 12 fb-1 per week: Super-B factory mode

Current working plan follows the KEK Roadmap2020
- LS1 in 2022 for PXD & TOP-PMT replacement
- options for a possible IR upgrade � 2026 under study ≳

�11

LS1: 
TOP PMT 

PXD

LS2: 
RF upgrade 

IR(QCS)

Remodelling  
of Linac

Tentative long-term operation plan

 34.5 fb-1

 65.8 fb-1

Eiasha WAHEED

Data Taking at Belle II 

Data taking till Summer run 2021: 213.49 fb-1 
with ~90% data taking efficiency 

• Operation started in 2019


• Plan peak luminosity of  


• 	 Peak luminosity 


•  
(World record set on 22nd June 2021) 

6.5 × 1035cm−2s−1

ℒKEKB
peak = 2.1 × 1034 cm−2s−1→ ℒSKEKB

peak = 3.1 × 1034 cm−2s−1

nBB̄ = 1011

Processed 
data = 213fb-1
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Data taking plan for next 5 years

Belle II has started taking after summer 2021 break ..
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Belle II Detector [735 collaborators, 101 institutes, 
23 nations]electrons  (7 GeV)

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +  
4 layers Si double sided strip DSSD

Belle II TDR, arXiv:1011.0352

EM Calorimeter
CsI(Tl), waveform sampling electronics

Central Drift Chamber
Smaller cell size, long lever arm

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

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC  
(end-caps , inner 2 barrel layers)

'SBOL .FJFS 	%VLF 6OJWFSTJUZ
 3FDFOU #FMMF ** SFTVMUT BOE QSPKFDUJPOT ���������� � � ��
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The Belle II Detector 

• Designed to operate with a performance better than Belle despite 
higher beam backgrounds

• Belle II enables us


• High reconstruction efficiency with very low 
trigger bias


• Uniform performance in reconstruction of final 
states containing photons from π0, 𝛒±, η,  etc


• Good vertex resolution


• Analyses of missing mass since initial state 
perfectly known


•  Production of large sample of charm mesons 
and τ leptons

Ks
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Belle II physics program: not just flavor anomalies

1111
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The Belle II Physics Program 
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Results discussed in this talk
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Charm Lifetimes

- Select high-purity samples of D*-tagged  
D0→K–π+ and D+→K–π+π+ decays. 
Avoid any cut that biases the decay time. 

- Get the decay-time (and its uncertainty) from the 
displacement between the decay vertex and the 
interaction region (and the D momentum).    

- Fit the distribution of the decay time with 
accurate modelling of the resolution 

- Check, check and check… any systematic bias 
associated to the measurement 

At a glance

⟨dD0⟩ ∼ 200 μm
⟨dD+⟩ ∼ 500 μm
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- High-purity samples, selected to limit background-related systematic uncertainty.  

Signal decays

~171K D*+→D0(→K–π+)π+ ~59k D*+→D+(→K–π+π+)π0

0.2%  
bkg

9%  
bkg

Preliminary Preliminary
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- High-purity samples, selected to limit background-related systematic uncertainty.  

Signal decays

~171K D*+→D0(→K–π+)π+ ~59k D*+→D+(→K–π+π+)π0

0.2%  
bkg

9%  
bkg

Preliminary Preliminary
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• High-purity samples, large BF decay modes selected to 
limit background-related systematic uncertainty.


• Reconstructed and       
 from tagged.


• Removing  from  decays (originating from a secondary 
vertex) with  requirement avoids 
bias in  production vertex position 

D*+ → D0( → K−π+)π+

D*+ → D+( → K−π+π+)π0 D*−

D B
p(D*+) > 2.5(2.6) GeV

D0(D+)

e+e− → cc̄
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• High-precision measurement of  lifetimes rely on 


• excellent vertex-detector alignment, 


• Precise calibration of final state particle momenta 


• Early Belle II dataset already competitive → Challenge 
is to control systematics 

D0/+

• Lifetimes measurements test non-perturbative QCD and provide 
guidance to describe strong interactions



- Fit to unbinned (t,σt) distribution 

- Background neglected for 
D0→K–π+, while it is modelled 
using data sidebands for 
D+→K–π+π+ 

- Resolution function  
(2 gaussian for D0,  
gaussian for D+)  
determined directly in data. 
Width of ~60-70 fs.

Lifetime fit Preliminary Preliminary

Preliminary Preliminary
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Fit Strategy for Lifetime Measurement 

- Fit to unbinned (t,σt) distribution 

- Background neglected for 
D0→K–π+, while it is modelled 
using data sidebands for 
D+→K–π+π+ 
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• Unbinned maximum-likelihood fits to the (t, σt)


• [1.855, 1.833] GeV/c2  for  


• [1.851, 1.878] GeV/c2 for 

m(K−π+π+)

m(K−π+)

• Resolution function: → (2 gaussians for ,  
 1 gaussian for )  determined directly from fit


• For  : background neglected in the fit → 
systematic assigned.


• For : background included in fit → modeled 
using data sidebands


•  Width: ~60-70 fs. 


• Systematics: 


• Mostly from misalignment of vertex detector


•  Background modeling of 

D0

D+

D0

D+

D+

9
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•  Most precise and consistent with previous 
measurements


• Few-per-mille accuracy excellent vertexing capability

• Assuming systematic uncertainties fully correlated → correlation 
coefficient is 18%


                       
τ(D+)
τ(D0)

= 2.510 ± 0.013(stat) ± 0.007(syst)

τ(D0) = 410 ± 1.1(stat) ± 0.8(syst) fs

τ(D+) = 1030.4 ± 4.7(stat) ± 3.1(syst) fs

10

Phys, Rev. Lett. 127 (2021) 211801

Expected excellent vertexing performance is established and will guarantee improved precision of 
time-dependent measurement, beyond the increase of luminosity

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801
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FIG. 3. Distributions of (top left) �E, (top right) continuum-suppression decision-tree output,
(middle left) m(⇡+⇡0), (middle right) m(⇡+⇡�), cosine of the helicity angle of (bottom left) ⇢+

and (bottom right) ⇢0 for B+ ! ⇢+⇢0 candidates reconstructed in 2019–2020 Belle II data selected
through the baseline criteria with an optimized continuum-suppression and pion-enriching selection,
and further restricted to Mbc > 5.27GeV/c2. Vetoes for peaking backgrounds are applied. Fit
projections are overlaid.
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Eiasha WAHEED

Towards  ϕ2/α
• Accessible via  transitions with large contribution from penguin ( ) 

diagrams


• Unique Belle II capability to determine  by ,   


•  is very challenging due to four photons in final state


• Main background is from continuum 


• Dedicated MVA for photon selection


•

b → u b → d

ϕ2/α B0 → π0π0 B+ → ρ+ρ0

B0 → π0π0

π0

ℬ(B0 → π0π0) = [0.98+0.48
−0.39(stat) ± 0.27(syst)] × 10−6
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Belle Towards Belle II Measurement of ϕ2(=α)

"9

• Accessible via b→u transitions, but b→d penguin diagrams contribute significantly. 
• Penguin pollution from an isospin analysis of B →ππ and B →ρρ.

B0 →π0π0  
• Unique to Belle II : four photons in the final state. 
• Dedicated MVA for optimized photon selection. 
• Dominant background is coming from continuum π0. 

• Suppressed with another MVA.

B(B0 ! ⇡0⇡0) = [0.98+0.48
�0.39(stat)± 0.27(syst)]⇥ 10�6

<latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit><latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit><latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit><latexit sha1_base64="ZKyjRFRnX/3Qswgi+I8m8uvRM+0="></latexit>

[arXiv:2107.02373]

B+ →ρ+ρ0 
• pion only (π+π0)(π+π−) final state. 
• Large background because of broad ρ mass width. 
• 6D fit including helicity angles.

B(B+ ! ⇢+⇢0) = [20.6± 3.2(stat)± 4.0(syst)]⇥ 10�6

fL(B
+ ! ⇢+⇢0) = 0.936+0.049

�0.041(stat)± 0.021(syst)
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• 20% better precision than Belle on 78 fb−1 [PRL 91, 221801 (2003)].
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FIG. 4. Distributions of �E (top), Mbc (middle), and Tc (bottom) for B0 ! ⇡0⇡0 reconstructed in
2019–2020 Belle II data. The distributions are shown in signal-enriched regions of 5.275 < Mbc <
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[arXiv:2109.11456]

Belle II ∫Ldt = 62.8 fb−1

•   is pion only final state 


• Main background due to  mass width


• Branching ratio is compatible with WA 


•

B+ → ρ+ρ0

ρ

ℬ(B+ → ρ+ρ0) = [20.6 ± 3.2(stat) ± 4.0(syst)] × 10−6

arXiv:2107.02373 

arXiv:2109.11456v2
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The CKM Unitarity Triangle
● Dividing 1) by V

cd
V*
cb
, we obtain:

which de-nes the “standard” CKM Unitarity Triangle:

● We can (over)constrain the position of the apex (r, h), by performing 
independent measurements of the magnitude of the sides R

u
 and R

t
, and of the 

angles f
1
, f

2
, and f

3
.

(0,0) (1,0)

(r,h)Im

Re

R
u

R
t

f
1
b

f
2
a

f
3
g

ΔE = E*B − Ebeam

Mbc = E2
beam − ⃗p 2

B

First reconstruction in Belle II data preparing for measurement of 𝛼/φ2 →

https://arxiv.org/abs/2107.02373
https://arxiv.org/abs/2109.11456v2


Eiasha WAHEED

 Measurement with Combined Belle + Belle II Dataϕ3/γ
•  is the golden mode for  measurement for Belle/Belle II.

• Using BPGGSZ model independent approach 

B− → D0(K0
Sπ+π−)K− γ/ϕ3

• Dominant and clean decay  
and   provide good control 
sample. 
Signal enhanced with 

 and PID to  from 
signal B


•Unbinned ML fit in  and MVA output 
(with event shape variables). 

B− → D(*)0π−

B0 → D(*)+π−

Mbc > 5.27 GeV/c2 K/π
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Belle ϕ3(=") Extraction on the Combined (Belle and Belle II) Data Set
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)

)
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<latexit sha1_base64="Zpi3wAkt15C1e2fpxZgZc2rL/vk=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2W3CHosevFYwX5Au5bZNNsNzWZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3QA05UzQlmGG065UFOKA004wvpn5nUeqNEvEvZlI6scwEixkBIyVHvoyYoN6tQ9cRnA+KFfcmjsHXiVeTiooR3NQ/uoPE5LGVBjCQeue50rjZ6AMI5xOS/1UUwlkDCPas1RATLWfza+e4jOrDHGYKFvC4Ln6eyKDWOtJHNjOGEykl72Z+J/XS0145WdMyNRQQRaLwpRjk+BZBHjIFCWGTywBopi9FZMIFBBjgyrZELzll1dJu17z3Jp3d1FpXOdxFNEJOkVV5KFL1EC3qIlaiCCFntErenOenBfn3flYtBacfOYY/YHz+QOWz5Hn</latexit><latexit sha1_base64="Zpi3wAkt15C1e2fpxZgZc2rL/vk=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2W3CHosevFYwX5Au5bZNNsNzWZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3QA05UzQlmGG065UFOKA004wvpn5nUeqNEvEvZlI6scwEixkBIyVHvoyYoN6tQ9cRnA+KFfcmjsHXiVeTiooR3NQ/uoPE5LGVBjCQeue50rjZ6AMI5xOS/1UUwlkDCPas1RATLWfza+e4jOrDHGYKFvC4Ln6eyKDWOtJHNjOGEykl72Z+J/XS0145WdMyNRQQRaLwpRjk+BZBHjIFCWGTywBopi9FZMIFBBjgyrZELzll1dJu17z3Jp3d1FpXOdxFNEJOkVV5KFL1EC3qIlaiCCFntErenOenBfn3flYtBacfOYY/YHz+QOWz5Hn</latexit><latexit sha1_base64="Zpi3wAkt15C1e2fpxZgZc2rL/vk=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2W3CHosevFYwX5Au5bZNNsNzWZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3QA05UzQlmGG065UFOKA004wvpn5nUeqNEvEvZlI6scwEixkBIyVHvoyYoN6tQ9cRnA+KFfcmjsHXiVeTiooR3NQ/uoPE5LGVBjCQeue50rjZ6AMI5xOS/1UUwlkDCPas1RATLWfza+e4jOrDHGYKFvC4Ln6eyKDWOtJHNjOGEykl72Z+J/XS0145WdMyNRQQRaLwpRjk+BZBHjIFCWGTywBopi9FZMIFBBjgyrZELzll1dJu17z3Jp3d1FpXOdxFNEJOkVV5KFL1EC3qIlaiCCFntErenOenBfn3flYtBacfOYY/YHz+QOWz5Hn</latexit><latexit sha1_base64="Zpi3wAkt15C1e2fpxZgZc2rL/vk=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2W3CHosevFYwX5Au5bZNNsNzWZDklXK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3QA05UzQlmGG065UFOKA004wvpn5nUeqNEvEvZlI6scwEixkBIyVHvoyYoN6tQ9cRnA+KFfcmjsHXiVeTiooR3NQ/uoPE5LGVBjCQeue50rjZ6AMI5xOS/1UUwlkDCPas1RATLWfza+e4jOrDHGYKFvC4Ln6eyKDWOtJHNjOGEykl72Z+J/XS0145WdMyNRQQRaLwpRjk+BZBHjIFCWGTywBopi9FZMIFBBjgyrZELzll1dJu17z3Jp3d1FpXOdxFNEJOkVV5KFL1EC3qIlaiCCFntErenOenBfn3flYtBacfOYY/YHz+QOWz5Hn</latexit>

�1(�)
<latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit><latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit><latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit><latexit sha1_base64="1UiGBvZocN0wwoqbf1G+tU1E0e4=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8cK9gOaUDbbbbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWO7mZ+a8y1EbF6xEnCg4gOlOgLRtFKgZ8MRder+CFHetEtld2qOwdZJV5OypCj3i19+b2YpRFXyCQ1puO5CQYZ1SiY5NOinxqeUDaiA96xVNGImyCbHz0l51bpkX6sbSkkc/X3REYjYyZRaDsjikOz7M3E/7xOiv2bIBMqSZErtljUTyXBmMwSID2hOUM5sYQyLeythA2ppgxtTkUbgrf88ippXlY9t+o9XJVrt3kcBTiFM6iAB9dQg3uoQwMYPMEzvMKbM3ZenHfnY9G65uQzJ/AHzucPysmRcg==</latexit>

⌘
<latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit><latexit sha1_base64="4nknDajtZ803KFEst6OfUOxP4fw=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9DGMpnetEMnmTAzUUrof7hxoYhb/8Wdf+OkzUJbDwwczrmHe+cEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bWqaKYZNJIVUnoBoFj7FpuBHYSRTSKBDYDsY3ud9+RKW5jO/NJEE/osOYh5xRY6WHnrRmniU9NLRfqbo1dwayTLyCVKFAo1/56g0kSyOMDRNU667nJsbPqDKcCZyWe6nGhLIxHWLX0phGqP1sdvWUnFplQEKp7IsNmam/ExmNtJ5EgZ2MqBnpRS8X//O6qQmv/IzHSWowZvNFYSqIkSSvgAy4QmbExBLKFLe3EjaiijJjiyrbErzFLy+T1nnNc2ve3UW1fl3UUYJjOIEz8OAS6nALDWgCAwXP8ApvzpPz4rw7H/PRFafIHMEfOJ8/fHuSfA==</latexit>

⇢
<latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit><latexit sha1_base64="WWo8OT3vxmxGubSC+vuACCMpm+8=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIUJdFNy4r2Ad0xpJJM21oJhmSjFKG/ocbF4q49V/c+Tdm2llo64HA4Zx7uDcnTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaTm9zvPlKlmRT3ZprQIMYjwSJGsLHSgy+tmWeRr8ZyUK25dXcOtEq8gtSgQGtQ/fKHkqQxFYZwrHXfcxMTZFgZRjidVfxU0wSTCR7RvqUCx1QH2fzqGTqzyhBFUtknDJqrvxMZjrWexqGdjLEZ62UvF//z+qmJroKMiSQ1VJDFoijlyEiUV4CGTFFi+NQSTBSztyIyxgoTY4uq2BK85S+vks5F3XPr3t1lrXld1FGGEziFc/CgAU24hRa0gYCCZ3iFN+fJeXHenY/FaMkpMsfwB87nD5NFkos=</latexit>

VtdV
⇤
tb

<latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit><latexit sha1_base64="F/pKlYRn4zWrlhK8vY+qHzQ1YSU=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVQY9BLx4jmAckmzA7mU2GzD6Y6VXCsv/hxYMiXv0Xb/6Ns8keNLGgm6Kqm+kpL5ZCo21/Wyura+sbm6Wt8vbO7t5+5eCwpaNEMd5kkYxUx6OaSxHyJgqUvBMrTgNP8rY3uc399iNXWkThA05j7gZ0FApfMIpG6rcGKQ6zvHtZ/3xQqdo1ewayTJyCVKFAY1D56g0jlgQ8RCap1l3HjtFNqULBJM/KvUTzmLIJHfGuoSENuHbT2dUZOTXKkPiRMhUimam/N1IaaD0NPDMZUBzrRS8X//O6CfrXbirCOEEesvlDfiIJRiSPgAyF4gzl1BDKlDC3EjamijI0QZVNCM7il5dJ66Lm2DXn/rJavyniKMExnMAZOHAFdbiDBjSBgYJneIU368l6sd6tj/noilXsHMEfWJ8/pLeSlg==</latexit>

VudV
⇤
ub

<latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit><latexit sha1_base64="S+4c1f0mpZoRUoM1tehhWsdE1yI=">AAAB9XicbVDLSsNAFL2pr1pfVZduBosgLkoiBV0W3bisYB/QpmUymbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw/cy+Gce5k7x4s5U9q2v63S2vrG5lZ5u7Kzu7d/UD086qgokYS2ScQj2fOwopwJ2tZMc9qLJcWhx2nXm97mfveRSsUi8aBnMXVDPBYsYARrIw07ozTxs7x72fBiVK3ZdXsOtEqcgtSgQGtU/Rr4EUlCKjThWKm+Y8faTbHUjHCaVQaJojEmUzymfUMFDqly0/nVGTozio+CSJoSGs3V3xspDpWahZ6ZDLGeqGUvF//z+okOrt2UiTjRVJDFQ0HCkY5QHgHymaRE85khmEhmbkVkgiUm2gRVMSE4y19eJZ3LumPXnftGrXlTxFGGEziFc3DgCppwBy1oAwEJz/AKb9aT9WK9Wx+L0ZJV7BzDH1ifP6fNkpg=</latexit>
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rB : magnitude of the ratio of amplitudes 
δB : strong phase difference

•  “Golden” mode: B−→D0(→K0s h+h −) K−

Asuppr.(B� ! D0K�)

Afavor.(B� ! D0K�)
= rBe

i(�B+�3)

<latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit><latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit><latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit><latexit sha1_base64="1WgphPHOhfr5MraFsQn9lAUPU0Q="></latexit>
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Belle  (∫Ldt = 711 fb−1) Belle II (∫Ldt = 128 fb−1)

• BPGGSZ model-independent approach
[Phys. Rev. D 68, 054018 ]

• : magnitude of the ratio of amplitudes 

• : strong phase difference

rB
δB

12

October 4th 2019 A. Gaz 6

The CKM Unitarity Triangle
● Dividing 1) by V

cd
V*
cb
, we obtain:

which de-nes the “standard” CKM Unitarity Triangle:

● We can (over)constrain the position of the apex (r, h), by performing 
independent measurements of the magnitude of the sides R

u
 and R

t
, and of the 

angles f
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, and f
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Niharika Rout B→DK decays at Belle II17

Signal extraction: Belle data
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• 2D ( ) simultaneous fit 
of  and 
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is directly extracted from 
data
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40% increase in signal yield 
as compared to previous 
best result of Belle

B → Dπ
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Niharika Rout B→DK decays at Belle II18

Signal extraction: Belle II data

Nsignal: Belle II
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the appropriate statistical coverage. We also find that the uncertainties on measured CP-
violating parameters in data lie within the distribution of uncertainties generated by the
simplified-simulated experiments.

8 Determination of �3, rDK
B and �DK

B

The parameters obtained from the fit are

xDK
� = ( 9.24± 3.27± 0.17± 0.23)⇥ 10�2,

yDK
� = ( 10.00± 4.20± 0.23± 0.67)⇥ 10�2,

xDK
+ = (�11.28± 3.15± 0.18± 0.22)⇥ 10�2,

yDK
+ = ( �4.55± 4.20± 0.11± 0.55)⇥ 10�2,

xD⇡
⇠ = (�11.09± 4.75± 0.51± 0.73)⇥ 10�2,

yD⇡
⇠ = ( �7.90± 5.44± 0.19± 0.82)⇥ 10�2,

(8.1)

where the first uncertainty is statistical, the second is the total experimental systematic
uncertainty, and the third is the systematic uncertainty due to the external strong-phase
difference inputs [16, 17].

The parameters �3, rDK
B and �DK

B are determined from xDK
± and yDK

± , using a fre-
quentist approach implemented in the GammaCombo package [53]. Generally, there is a
two-fold ambiguity in the results of these physics parameters as Eqs. (2.3) are invariant
under the simultaneous substitutions of �3 = �3+180� and �B = �B +180�. We choose the
solution in the range 0� < �3 < 180�, which is favoured by other measurements [5]. The
results are

�3 = (78.4± 11.4± 0.5± 1.0)� ,

rDK
B = 0.129± 0.024± 0.001± 0.002,

�DK
B = (124.8± 12.9± 0.5± 1.7)� .

(8.2)

The statistical confidence intervals for �3 and rDK
B are illustrated in Fig. 10, while Fig. 11

shows the two-dimensional statistical confidence regions obtained for the (�3, rDK
B ) and

(�3, �B) parameter combinations. The �3 result is consistent with the previous Belle anal-
ysis [20] but the statistical precision on �3 is improved from 15� due to improved K0

S

reconstruction and background suppression. The uncertainty related to strong-phase in-
puts has also decreased from 4� because of the new measurements reported by the BESIII
collaboration [16, 17]. Furthermore, the experimental systematic uncertainty is decreased
from 4� primarily from the improved background suppression and the use of the B+ ! D⇡+

sample to determine the acceptance.

9 Conclusion

The results of the first Belle and Belle II combined model-independent measurement of the
CKM unitarity triangle angle �3 are presented. The analysis uses B+ ! D(K0

Sh
�h+)h+

– 20 –

[arXiv.2110.12125]  
submitted to JHEP

• Statistical uncertainty on ϕ3 improved by 4° over Belle.  

• Experimental systematics reduced from 4° to 0.5°. 

• Input-related systematic reduced from 4° to 1° due to recent 
values provided by BESIII. 

• Future analysis corresponding to 10 ab−1 will provide 
measurements with a precision of ~4° or so.

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

�3 = (77.3+15.1
�14.9 ± 4.1± 4.3)
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°
Belle previous analysis with 711 fb−1 : [Phys. Rev. D 85, (2012) 112014]

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

Eiasha WAHEED

 Measurement with Combined Belle + Belle II Dataϕ3/γ

• First Belle and Belle II combined  measurement
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the appropriate statistical coverage. We also find that the uncertainties on measured CP-
violating parameters in data lie within the distribution of uncertainties generated by the
simplified-simulated experiments.

8 Determination of �3, rDK
B and �DK

B

The parameters obtained from the fit are

xDK
� = ( 9.24± 3.27± 0.17± 0.23)⇥ 10�2,

yDK
� = ( 10.00± 4.20± 0.23± 0.67)⇥ 10�2,

xDK
+ = (�11.28± 3.15± 0.18± 0.22)⇥ 10�2,

yDK
+ = ( �4.55± 4.20± 0.11± 0.55)⇥ 10�2,

xD⇡
⇠ = (�11.09± 4.75± 0.51± 0.73)⇥ 10�2,

yD⇡
⇠ = ( �7.90± 5.44± 0.19± 0.82)⇥ 10�2,

(8.1)

where the first uncertainty is statistical, the second is the total experimental systematic
uncertainty, and the third is the systematic uncertainty due to the external strong-phase
difference inputs [16, 17].

The parameters �3, rDK
B and �DK

B are determined from xDK
± and yDK

± , using a fre-
quentist approach implemented in the GammaCombo package [53]. Generally, there is a
two-fold ambiguity in the results of these physics parameters as Eqs. (2.3) are invariant
under the simultaneous substitutions of �3 = �3+180� and �B = �B +180�. We choose the
solution in the range 0� < �3 < 180�, which is favoured by other measurements [5]. The
results are

�3 = (78.4± 11.4± 0.5± 1.0)� ,

rDK
B = 0.129± 0.024± 0.001± 0.002,

�DK
B = (124.8± 12.9± 0.5± 1.7)� .

(8.2)

The statistical confidence intervals for �3 and rDK
B are illustrated in Fig. 10, while Fig. 11

shows the two-dimensional statistical confidence regions obtained for the (�3, rDK
B ) and

(�3, �B) parameter combinations. The �3 result is consistent with the previous Belle anal-
ysis [20] but the statistical precision on �3 is improved from 15� due to improved K0

S

reconstruction and background suppression. The uncertainty related to strong-phase in-
puts has also decreased from 4� because of the new measurements reported by the BESIII
collaboration [16, 17]. Furthermore, the experimental systematic uncertainty is decreased
from 4� primarily from the improved background suppression and the use of the B+ ! D⇡+

sample to determine the acceptance.

9 Conclusion

The results of the first Belle and Belle II combined model-independent measurement of the
CKM unitarity triangle angle �3 are presented. The analysis uses B+ ! D(K0
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• Statistical uncertainty on ϕ3 improved by 4° over Belle.  

• Experimental systematics reduced from 4° to 0.5°. 

• Input-related systematic reduced from 4° to 1° due to recent 
values provided by BESIII. 

• Future analysis corresponding to 10 ab−1 will provide 
measurements with a precision of ~4° or so.

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

�3 = (77.3+15.1
�14.9 ± 4.1± 4.3)
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Belle previous analysis with 711 fb−1 : [Phys. Rev. D 85, (2012) 112014]
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the appropriate statistical coverage. We also find that the uncertainties on measured CP-
violating parameters in data lie within the distribution of uncertainties generated by the
simplified-simulated experiments.

8 Determination of �3, rDK
B and �DK

B

The parameters obtained from the fit are

xDK
� = ( 9.24± 3.27± 0.17± 0.23)⇥ 10�2,

yDK
� = ( 10.00± 4.20± 0.23± 0.67)⇥ 10�2,

xDK
+ = (�11.28± 3.15± 0.18± 0.22)⇥ 10�2,

yDK
+ = ( �4.55± 4.20± 0.11± 0.55)⇥ 10�2,

xD⇡
⇠ = (�11.09± 4.75± 0.51± 0.73)⇥ 10�2,

yD⇡
⇠ = ( �7.90± 5.44± 0.19± 0.82)⇥ 10�2,

(8.1)

where the first uncertainty is statistical, the second is the total experimental systematic
uncertainty, and the third is the systematic uncertainty due to the external strong-phase
difference inputs [16, 17].

The parameters �3, rDK
B and �DK

B are determined from xDK
± and yDK

± , using a fre-
quentist approach implemented in the GammaCombo package [53]. Generally, there is a
two-fold ambiguity in the results of these physics parameters as Eqs. (2.3) are invariant
under the simultaneous substitutions of �3 = �3+180� and �B = �B +180�. We choose the
solution in the range 0� < �3 < 180�, which is favoured by other measurements [5]. The
results are

�3 = (78.4± 11.4± 0.5± 1.0)� ,

rDK
B = 0.129± 0.024± 0.001± 0.002,

�DK
B = (124.8± 12.9± 0.5± 1.7)� .

(8.2)

The statistical confidence intervals for �3 and rDK
B are illustrated in Fig. 10, while Fig. 11

shows the two-dimensional statistical confidence regions obtained for the (�3, rDK
B ) and

(�3, �B) parameter combinations. The �3 result is consistent with the previous Belle anal-
ysis [20] but the statistical precision on �3 is improved from 15� due to improved K0

S

reconstruction and background suppression. The uncertainty related to strong-phase in-
puts has also decreased from 4� because of the new measurements reported by the BESIII
collaboration [16, 17]. Furthermore, the experimental systematic uncertainty is decreased
from 4� primarily from the improved background suppression and the use of the B+ ! D⇡+

sample to determine the acceptance.

9 Conclusion

The results of the first Belle and Belle II combined model-independent measurement of the
CKM unitarity triangle angle �3 are presented. The analysis uses B+ ! D(K0

Sh
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• Statistical uncertainty on ϕ3 improved by 4° over Belle.  

• Experimental systematics reduced from 4° to 0.5°. 

• Input-related systematic reduced from 4° to 1° due to recent 
values provided by BESIII. 

• Future analysis corresponding to 10 ab−1 will provide 
measurements with a precision of ~4° or so.

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

�3 = (77.3+15.1
�14.9 ± 4.1± 4.3)
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°
Belle previous analysis with 711 fb−1 : [Phys. Rev. D 85, (2012) 112014]

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

• Statistical uncertainty improved by with just  
more data


• Experimental systematics reduced from 4° to 0.5°

• Systematics associated with inputs reduced from 4° to 

1° due to recent updates from by BESIII
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the appropriate statistical coverage. We also find that the uncertainties on measured CP-
violating parameters in data lie within the distribution of uncertainties generated by the
simplified-simulated experiments.

8 Determination of �3, rDK
B and �DK

B

The parameters obtained from the fit are

xDK
� = ( 9.24± 3.27± 0.17± 0.23)⇥ 10�2,

yDK
� = ( 10.00± 4.20± 0.23± 0.67)⇥ 10�2,

xDK
+ = (�11.28± 3.15± 0.18± 0.22)⇥ 10�2,

yDK
+ = ( �4.55± 4.20± 0.11± 0.55)⇥ 10�2,

xD⇡
⇠ = (�11.09± 4.75± 0.51± 0.73)⇥ 10�2,

yD⇡
⇠ = ( �7.90± 5.44± 0.19± 0.82)⇥ 10�2,

(8.1)

where the first uncertainty is statistical, the second is the total experimental systematic
uncertainty, and the third is the systematic uncertainty due to the external strong-phase
difference inputs [16, 17].

The parameters �3, rDK
B and �DK

B are determined from xDK
± and yDK

± , using a fre-
quentist approach implemented in the GammaCombo package [53]. Generally, there is a
two-fold ambiguity in the results of these physics parameters as Eqs. (2.3) are invariant
under the simultaneous substitutions of �3 = �3+180� and �B = �B +180�. We choose the
solution in the range 0� < �3 < 180�, which is favoured by other measurements [5]. The
results are

�3 = (78.4± 11.4± 0.5± 1.0)� ,

rDK
B = 0.129± 0.024± 0.001± 0.002,

�DK
B = (124.8± 12.9± 0.5± 1.7)� .

(8.2)

The statistical confidence intervals for �3 and rDK
B are illustrated in Fig. 10, while Fig. 11

shows the two-dimensional statistical confidence regions obtained for the (�3, rDK
B ) and

(�3, �B) parameter combinations. The �3 result is consistent with the previous Belle anal-
ysis [20] but the statistical precision on �3 is improved from 15� due to improved K0

S

reconstruction and background suppression. The uncertainty related to strong-phase in-
puts has also decreased from 4� because of the new measurements reported by the BESIII
collaboration [16, 17]. Furthermore, the experimental systematic uncertainty is decreased
from 4� primarily from the improved background suppression and the use of the B+ ! D⇡+

sample to determine the acceptance.

9 Conclusion

The results of the first Belle and Belle II combined model-independent measurement of the
CKM unitarity triangle angle �3 are presented. The analysis uses B+ ! D(K0
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• Statistical uncertainty on ϕ3 improved by 4° over Belle.  

• Experimental systematics reduced from 4° to 0.5°. 

• Input-related systematic reduced from 4° to 1° due to recent 
values provided by BESIII. 

• Future analysis corresponding to 10 ab−1 will provide 
measurements with a precision of ~4° or so.

Belle+Belle II  ∫Ldt = (711 + 128) fb−1

�3 = (77.3+15.1
�14.9 ± 4.1± 4.3)
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Overview and First Results
Study of   BELLE2-NOTE-PL-2020-014B± → K±ℓ+ℓ−

• Important to have independent measurement of FCNC decay  (with 
) to shed more light onto results from LHCb arXiv:2103.11769 (submitted to Nature Physics) 

• Rediscovery of :

B± → K±ℓ+ℓ−

ℓ=e, μ

B± → K±ℓ+ℓ−

• Available data not enough to determine key observables like branching fraction, isospin 
asymmetry,  (ratio of BRs of muon and election channel) 

• Prepare/rehearse analysis using   (with ) control sample 
(same final state but large BR)

RK
B → J/Ψ(ℓ+ℓ−) K K=K±, K0

S

Observed 
 

(stat./syst.) 
signal events in 
2D fit ( , )

8.6+4.3
−3.9 ± 0.4

Mbc ΔE

ΔE = EB
* − s /2

Mbc = s/(4c4) − p*B
2/c2

Eiasha WAHEED

 B+ → K+ℓ+ℓ−

• Important FCNC decay measurement 
(l = e, µ) sensitive to many SM extensions. 


• BDT (event shape, vertex related and missing energy 
variables) to suppress background from light quark 
and inclusive B decays. 


• First look with 63 fb-1 data 

B+ → K+ℓ+ℓ−
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Overview and First Results
Study of   BELLE2-NOTE-PL-2020-014B± → K±ℓ+ℓ−

• Important to have independent measurement of FCNC decay  (with 
) to shed more light onto results from LHCb arXiv:2103.11769 (submitted to Nature Physics) 

• Rediscovery of :

B± → K±ℓ+ℓ−

ℓ=e, μ

B± → K±ℓ+ℓ−

• Available data not enough to determine key observables like branching fraction, isospin 
asymmetry,  (ratio of BRs of muon and election channel) 

• Prepare/rehearse analysis using   (with ) control sample 
(same final state but large BR)

RK
B → J/Ψ(ℓ+ℓ−) K K=K±, K0

S

Observed 
 

(stat./syst.) 
signal events in 
2D fit ( , )

8.6+4.3
−3.9 ± 0.4

Mbc ΔE

ΔE = EB
* − s /2

Mbc = s/(4c4) − p*B
2/c2

• 2D fit to  and 

 distribution


• Signal Yield :  events

ΔE = E*B − Ebeam

Mbc = E2
beam − ⃗p 2

B

8.6+4.3
−3.9 ± 0.4

B . F ∼ 10−7
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Searching for New Physics in b ® sl+l-
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Searching for New Physics in b ® sl+l-

15

R(K) and R(K*) – testing lepton universality

16

Any significant 
deviation is hint for 
non-SM Physics!!

More data needed for  and  
measurement

ℬ RK



Eiasha WAHEED

B+ → K+νν̄

• Not observed yet


• SM prediction:  


• but BSM could enhance its B.F


• Experimentally very challenging with two neutrinos 


• Previously measured using tagging (semileptonic, hadronic) approach 


• Belle II approach: measured using inclusive tagging


• Exploit distinct topology and kinematics to achieve higher signal 
efficiency (~4%) → better compared to earlier approaches


• Two nested boosted decision tree classifiers, to suppress various 
backgrounds 

ℬ(B+ → K+νν̄) = (4.6 ± 0.5) × 10−6

| Search for  and other electroweak/radiative penguin processes at Belle II | Simon Kurz, July 2021B± → K±νν̄

• Complementary probe of BSM physics scenarios 
proposed to explain anomalies observed in   

transitions arXiv:2005.03734, including recent measurement 
of  by LHCb arXiv:2103.11769 (submitted to Nature Physics) 

• … but does not suffer from charm-loop contributions 
 arXiv:1606.00916 

(uncertainty dominated by  form factor, 
simulation weighted with FFs arXiv:1409.4557) 

• Flavour-changing neutral current process  
not observed yet 

• Many other BSM models can be constrained like dark 
matter PRD 98, 055003 (2018), leptoquarks PRD 102, 015023 

(2020), axions PRD 101, 095006 (2020)
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B  K→ νν

Y(4S)
B

tag

B
sig

D

π

π

K
ν

ν

K

● Kaon candidate selection

● Inclusive tag  rest of event→

● BDTs inputs: kaon mom., rest 
of event, event shape, D veto

● B+  K→ +J/ψ( µµ) control sample→

arXiv:2104.12624
submitted to PRL

• Complementary probe of BSM physics scenarios proposed to 
explain anomalies observed in  transitions b → sll̄
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 B+ → K+νν̄

• Select highest   track as signal kaon candidate 


• Use off-resonance data to constrain yields from continuum 
processes ( ) 


• Validate BDT: using data of   decays  
where the muons can be removed to mimic signal

pT

qq̄, ττ̄

B+ → K+J/ψ( → μ+μ−)

Planck 2021, 30.06.2021Thomas Kuhr Page 19
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● BDTs inputs: kaon mom., rest 
of event, event shape, D veto

● B+  K→ +J/ψ( µµ) control sample→

arXiv:2104.12624
submitted to PRL

| Search for  and other electroweak/radiative penguin processes at Belle II | Simon Kurz, July 2021B± → K±νν̄ 11

Validation Channel: B+ → K+ + J/ψ(→μ+μ−)

• Compare response of BDTs in data and simulation: 

• Reconstruct  from two muons and remove them to mimic signal neutrinos 

• Correct kaon momentum using simulated signal events (2- vs 3-body decay) 

• High level of agreement: 

• Fraction of events in signal region ( , data/simulation) =

J/ψ

BDT2 > 0.95 1.06 ± 0.10

BG-like 
sample 
(no muon 
removal)

Signal-like 
sample 
(muon removal, 
momentum 
correction)

Search for   arXiv:2104.12624B± → K±νν̄

• Compare response of BDTs in data and simulation


• Correct kaon momentum using simulated signal


• Fraction of events in signal region (BDT2 > 0.95, 
data/simulation) =1.06 ± 0.10 

16
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 Results  B+ → K+νν̄

• No signal observed; CLs limit (assuming SM signal) 

| Search for  and other electroweak/radiative penguin processes at Belle II | Simon Kurz, July 2021B± → K±νν̄ 13

Results

No signal observed; setting upper limit on BR using CLs method (assuming SM signal)

•  

• For reinterpretation: signal efficiency as a function 
of the invariant mass of the dineutrino system

ℬ(B± → K±νν̄) < (4.1 ± 0.5) × 10−5 @90 % CL

Supplemental material 
arXiv:2104.12624

• When converted to the same luminosity, 
our measurement is better*) than semi-
leptonic tagging by 10-20% 

• … and than hadronic tagging by a 
factor 3.5!

Our result!

*) assuming the total uncertainty on the branching-fraction scales with 1/ L

Search for   arXiv:2104.12624B± → K±νν̄

SM expectation: 
ℬ(B± → K±νν̄) = (4.6 ± 0.5) × 10−6

• better than 

• semileptonic tagging by 

• hadronic tagging by a factor 3.5

10 − 20 %

• Future prospects: 

• more data 

• additional channels  


• improved technique (neural net) 
B0 → K*0νν̄, B0 → K0

Sνν̄, B+ → K*+νν̄

Planck 2021, 30.06.2021Thomas Kuhr Page 20

B  K→ νν
arXiv:2104.12624

➢ Same sensitivity as Belle hadronic tag
analysis with 10 times more data

➔ Also sensitive to B  KX→
dark

undetected particles

Work in progress to improve the inclusive tag method and employ the 
same strategy for other modes  b → sνν̄
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Inclusive B → Xcℓν

• Measure -moments (moments of lepton energy or hadronic mass) 
to simultaneously determine non perturbative elements and |Vcb| 


• Belle II performed both the untagged and the hadronic tagged 
analyses. 

q2

• Untagged analysis


• Require one well identified lepton 


• Exploit missing mass and momentum to reject backgrounds


• Measure the branching fraction  with a fit to p*l

• Total decay rate expressed as expansion of non-perturbative matrix elements
(heavy quark expansion, HQE)

• Measure the spectral moments (moments of lepton energy or hadronic mass) in
order to simultaneously determine the non perturbative elements and |Vcb| (see
Kevin Olschewsky’s talk for the determination using q2 moments)

• Belle II performed both the untagged and the hadronic tagged analyses

10

Inclusive B → Xcℓn
JHEP02(2019)177

electron momentum

Untagged analysis
• Require one well identified lepton
• Exploit missing mass and momentum to 

reject backgrounds  
• Measure the BF with a fit to p*

Main uncertainty is the knowledge of  
B → Xcℓn branching fractions

Belle II Preliminary

(average of  muon and electron channels)ℬ(B → Xcℓν) = (9.75 ± 0.03(stat) ± 0.47(syst)) %

18

arXiv: 2109.01685

• Different strategies may help resolve the inclusive/exclusive discrepancy in  and b → cℓν b → uℓν

Next:  from  moments|Vcb | q2

https://arxiv.org/pdf/2109.01685.pdf


Exclusive B → D(∗)ℓn

13

Untagged analysis
• qBY angle between the B flight

direction and the direction of the D*ℓ
or D0ℓ system (Y):

• Fit to cosqBY distribution in data
to measure the branching fraction

"! → $"%&

"" → $∗'&

consistent with the SM within 1s

BELLE2-CONF-PH-2020-008 

In progress: extraction of  |Vcb| from partial branching 
fractions in bins of  hadron recoil parameter spectrum

(average of  muon and electron channels)

Eiasha WAHEED

Exclusive B → D(*)ℓν
•  has been explored with both tagged and untagged approachesB → D(*)ℓν

• Tagged analysis


• Almost zero background after tag 


• Signal selection from  and  invariant 
masses, and lepton momentum 

D* D0

• Untagged analysis


• Signal selection from  where  
is angle b/w  and direction of /

system 

cos θB,Y θB,Y

B D*ℓ
D0ℓ

• FEI hadronic tagged and untagged approaches explored
• Decays reconstructed in the channels )∗" → )#+$", )# → -+

Exclusive B → D(∗)ℓn

12

arXiv:2008.10299

Tagged analysis ( '+& → ,∗(ℓ)/̅)
• Almost background free after tag and
signal selection (,∗, ,& invariant masses,
(!∗ > 1456)

• Main systematics: tracking of ps and MC
modelling

• In agreement with world average

• FEI hadronic tagged and untagged approaches explored
• Decays reconstructed in the channels )∗" → )#+$", )# → -+

Exclusive B → D(∗)ℓn

12

arXiv:2008.10299
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Untagged analysis
• qBY angle between the B flight

direction and the direction of the D*ℓ
or D0ℓ system (Y):

• Fit to cosqBY distribution in data
to measure the branching fraction

"! → $"%&

"" → $∗'&

consistent with the SM within 1s

BELLE2-CONF-PH-2020-008 

In progress: extraction of  |Vcb| from partial branching 
fractions in bins of  hadron recoil parameter spectrum

(average of  muon and electron channels)

|Vcb| measurement in progress …
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Conclusions 

• Belle II in great shape, has already >200 fb-1 of data being analyzed → more new results coming soon 


• Established excellent vertexing performance with world’s best  lifetimes measurement


• Belle II preparing for a leading role in   measurement and first combined Belle + Belle II   measurement


• First observation of  and   with just 63 fb-1 data with prospects to do full 
measurement


• Within the next years Belle II will be able to address the inclusive/exclusive |Vcb|/|Vub| tension by precisely 
measuring semileptonic B decays


• Very active and wide range program of searches for dark sector; Belle II will be leading the field of light 
Dark Matter searches in the GeV range in the coming years


• SuperKEKB has set a new world record in peak luminosity and is entering the regime of a “Super B factory”


• We have restarted data taking for winter 2021-2022 from mid October

D

ϕ2 ϕ3

B+ → K+ℓ+ℓ− B+ → K+νν̄

Looking forward to an exciting era of discoveries and a healthy competition and 
complementarity of Belle II and LHCb

20
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Thank You 
21
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Backup
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Tagging Techniques at Belle II

One B reconstructed completely in a known b→c mode 
without ν.  “B-meson Beam” 


Provide background suppression

Tagged Measurement Untagged Measurement

• High purity, very small background  
• Low Efficiency , large stat. errors 

• High efficiency  
• Low purity, large background

Initial 4 momentum known, missing 4-momentum = ν

Reconstructed B → Xq lν

Other side information to constrain B flight direction 

⌥(4S) BB̄

D⇤

`+

⌫`

D+

⇡+

⇡+

⇡+

⇡�

K�

⇡+

Tag Side 

Signal

⌥(4S) BB̄

D⇤

`+

⌫`

Rest to reconstruct v

Signal
Tagging	techniques	for	Y(4S)	events	

•  Tagging	provides:	
–  Background	
suppression	

–  Informa3on	on	Bsig	
(4-momentum)	

23	

PURITY	

EFFICIENCY	

Untagged	
• No	requirement	on	Btag	
• High	efficiency,	
	low	purity	

Semileptonic	tag	
• Btag	→	D*lν	
• Efficiency		~O(0.2%)	

Hadronic	tag	
• Btag	→	hadrons	
• Efficiency		~O(0.1%)	

Efficiency 

Purity 
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Summary of the Sensitivities: B+ → K+νν̄

The Belle II Physics Book, PTEP 2019 (2019) 12

https://academic.oup.com/ptep/article/2020/2/029201/5766205
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Comparison with LHCb


