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BellePISA



The Flavour Frontier
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• The Standard Model has been tremendously successful at describing 
phenomena recorded at collider experiments.


• However there are several that the SM does not explain, such as:

• The larger than expected matter-antimatter asymmetry; 

• Neutrino masses;

• The hierarchy of CKM matrix elements and fermion masses;

• ...and more.


• Tensions and anomalies e.g. in Lepton Flavour Universality point at the SM 
being an incomplete picture.



What can an e+e- collider contribute?
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• High luminosity colliders can provide unique insight in these problems by 
providing a clean environment with closed event kinematics.


• Several interesting channels are unique to B-factories:

• Channels rich in neutral particles (π⁰, KL, η...) or neutrinos.

• Modes with hard-to-suppress backgrounds where full knowledge of 

kinematics is required.

• Independent confirmation of physics results e.g. from LHCb.

• Especially important in case of future discovery claims.



Talk Outline
• SuperKEKB and Belle II

• Dataset and Timeline


• Charm lifetimes

• CKM: Vub/Vcb puzzle

• Unitarity triangle

• First tests of LFUV

• Tau physics and LFV in tau.
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Mainly new results from ICHEP

+ projections for the future.



The Setup for a B-Factory
• Collide e⁺e⁻ at center of mass energy slightly above ~2x B-meson mass:
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s = 10.58 GeV
e+ Υ(4S) e−⟨bb̄⟩

• Large, relatively clean samples of  
B-mesons, D-mesons and τ-leptons.


• Well known initial state + 
Large solid angle coverage (>90%) 
→ Well constrained decay kinematics 

• Advantage in studies with neutral or 
missing particles.

σ(e⁺e⁻→ϒ(4S)) 1.05 nb

σ(e⁺e⁻→τ⁺τ⁻) 0.92 nb

σ(e⁺e⁻→cc)̅ 1.33 nb
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Vertex	Detector

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

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)The Belle II Experiment

Belle II TDR, arXiv:1011.0352

• Belle II/SuperKEKB succeed Belle detector and KEKB collider.

• SuperKEKB: Nano-beam scheme to achieve high luminosity.

• Belle II: new detector with improved vertex reconstruction and particle identification.

e- (7 GeV)

e+ (4 GeV)



Belle II Timeline
• Roll-in in 2017 followed by commissioning.

• Full detector operation started in 2019. 
• Achieved world record luminosity  

of 4.65x1034 cm-2 s-1 (June 8th, 2022)

• x2 Belle instantaneous luminosity

• Aiming one order higher 

• Long Shutdown 1 (LS1) started this summer 
to replace PXD + detector maintenance 
and improvement.


• 424 fb-1 at LS1 (~190 fb-1 analyzed so far) can already match BaBar (~550 fb-1) 
and challenge Belle (~1 ab-1) thanks to improved reconstruction performance.
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Base: Conservative extrapolation  
          from 2021 run parameters

Target: Extrapolation from 2021  
            with expected improvements



SuperKEKB and Belle II
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• SuperKEKB: asymmetric energy          collider 

• Squeeze the beam at collision point: (x=10, y=0.2, 
z=250) μm compared to (100, 1, 6000) μm at Belle. 

• Charm hadrons produced in                    with large 
boost; large center-of-mass momentum              
required to select promptly produced charm hadrons 

• Belle II detector capabilities:

• Good vertex resolution (~15 μm): 2x better than Belle

• Precise alignment of vertex detector

• Precise calibration of final state particle momenta

• Belle II can measure absolute lifetimes         

e+e− → cc̄

D

Λ+
c & Ω0

c

e+e−

424 fb−1 data collected so far

World record instantaneous luminosity:
                            (June 2022)4.7 × 1034 cm−2s−1

( ≳ 2.5 GeV/c)

• Important test of effective theory models e.g.  
strong corrections to weak decays at low energy


• Requires high resolution, carefully controlled systematics


• New detector offers 2x decay time resolution of Belle and BaBar thanks to 
smaller interaction region and vertex detector located closer to the IP.


• 2D fit to signal and sideband regions with BG fraction constrained by mass fit.
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Charm Lifetimes @Belle II

      lifetime 

• Low-background sample of

• 116k signal with 7.5% background in the signal region

• Potential bias due to

• veto applied and corrected for remaining contamination 

• Resolution modeling and vertex detector alignment                  
are dominant source of systematics                                           
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Λ+
c → pK−π+

Λ+
c

Ξ0/+
c → Λ+

c π−/0

      lifetime 

• World’s best measurement of the      lifetime 

• Consistent with current world averages 

• Slight tension with CLEO measurement remains

• Benchmark for future baryon lifetime 
measurements 
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Λ+
c

Λ+
c

Belle II preliminary result

τ(Λ+
c ) = 203.2 ± 0.9(stat.) ± 0.8(syst.) fs

Signal region

Sideband region

arXiv: 2206.15227[hep-ex]      lifetime 
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• Benchmark for future baryon lifetime 
measurements 
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Λ+
c

Λ+
c

Belle II preliminary result

τ(Λ+
c ) = 203.2 ± 0.9(stat.) ± 0.8(syst.) fs

Signal region

Sideband region

arXiv: 2206.15227[hep-ex]
arXiv: 2206.15227 Example:  lifetimeΛ+

c



Charm Lifetimes @Belle IIConclusion

• Absolute lifetime measurements of charm hadrons from Belle II:

• Improved knowledge of D lifetimes, with world-best measurements, after ~20 years 

• World’s best      lifetime measurement 

• Independent confirmation of LHCb's finding that      is not the shortest-lived weakly decaying charm baryon    
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τ(D0) = 410.5 ± 1.1 ± 0.8 fs

τ(Λ+
c ) = 203.2 ± 0.9 ± 0.8 fs

Λ+
c

τ(Ω0
c) = 243 ± 48 ± 11 fs

Ω0
c

Belle II preliminary, new at ICHEP2022 

Belle II preliminary, arXiv: 2206.15227[hep-ex] 

Phys. Rev. Lett. 127 21801(2021)
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τ(D+) = 1030.4 ± 4.7 ± 3.1 fs

Nisar Nellikunnummel 

@ICHEP 2022



-Essential references for the standard model quark dynamics
Determination of CKM parameters

Exclusive: B→π/ρ ℓν, B→D(*)ℓν etc. Inclusive: B→Xuℓν, B→Xcℓν

-|Vcb| and |Vub| are measured precisely with semileptonic B decays   

Parameter Exclusive Inclusive

|Vcb| ×10-3 39.10±0.50 42.19±0.78
|Vub| ×10-3 3.51±0.12 4.19±0.12

discrepancy between
inclusive and exclusive

HFLAV, arXiv:2206.07501
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• Tremendous progress in the last 20 years in understanding quark flavour 
dynamics thanks to BaBar, Belle, LHCb and theory advances.


•  

• Potential for Belle II to go even further by combining unprecedented data set 
with well controlled kinematics and backgrounds.

The CKM Triangle
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2

Landscape

Belle II has the potential to go further. Not only by improving existing knowledge but also by searching 
for observable signatures of virtual contributions from non-SM particles in processes uniquely 
accessible to Belle II: 

• Large data set (50x Belle data set) 
• Constrained kinematics and lower-background environment with respect LHC experiments 

Last ~20 years: tremendous progresses in understanding flavor dynamics mainly thanks to Belle and BaBar and 
LHCb along with lattice and pheno advances 

And year by year the constraints on the UT improved…. 

α = φ2

β = φ1γ = φ3

-Essential references for the standard model quark dynamics
Determination of CKM parameters

Exclusive: B→π/ρ ℓν, B→D(*)ℓν etc. Inclusive: B→Xuℓν, B→Xcℓν

-|Vcb| and |Vub| are measured precisely with semileptonic B decays   

Parameter Exclusive Inclusive

|Vcb| ×10-3 39.10±0.50 42.19±0.78
|Vub| ×10-3 3.51±0.12 4.19±0.12

discrepancy between
inclusive and exclusive

HFLAV, arXiv:2206.07501
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• Longstanding tension (~3σ) between inclusive and exclusive measurements


• Crucial input for SM rare decay BF, limits power of CKM unitarity tests

|Vub| and |Vcb| Puzzles
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Youngjoon Kwon (Yonsei U.)                                                                               SUSY 2021                                                                                        Aug. 26, 2021 3

in the measurements of  between inclusive and exclusive approaches|Vcb | , |Vub |
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Inclusive vs exclusive V
xb

Long standing tension between inclusive and exclusive V
xb

 determinations:

We need to attack the problem 

from as many sides as possible!

M. Bauer @ HQL 2021

Moritz Bauer @HQL 2021
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|V
ub

| and |V
cb

| at Belle (II)
● |V

ub
| and |V

cb
| are fundamental inputs for the CKM fit;

● They are measured from tree-level 
processes, and thus they are assumed to 
be unaffected by New Physics;

● Fundamental advantage of Belle II: we can 
perform a very wide spectrum of measurements:

➔ inclusive vs exclusive;

➔ untagged (high statistics) vs tagged (high 
purity);

● Developed a more powerful tool, based on machine learning, 
for tagged analyses: the Full Event Interpretation.

b

d
d

q

V
qb

l-

nW-

B0

X
q

T. Keck et al., Comput. Softw. Big Sci. 3 (2019), 6

• Measured from tree level semileptonic decays  
assumed to be free of NP.


• Belle II can measure |Vxb| in multiple ways: 
inclusive and exclusive, tagged (high purity) and untagged (high statistics)  
                                                                                      → unique advantage

|Vxb| Determination at Belle II
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FEI 3

multiplicity decay channels further complicate the re-
construction and require tight selection criteria.

Semileptonic tagging considers only semileptonic
B ! D`⌫ and B ! D⇤`⌫ decay channels [3, Section
7.4.2]. Due to the presence of a high-momentum lepton
these decay channels can be easily identified and the
semileptonic tagging usually yields a higher tag-side ef-
ficiency compared to hadronic tagging due to the large
semileptonic branching fractions. On the other hand,
the semileptonic tag will miss kinematic information
due to the neutrino in the final state of the decay.
Hence, the sample is not as pure as in the hadronic
case.

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

2 Method

The FEI algorithm follows a hierarchical approach with
six stages, visualized in Figure 2. Final-state parti-
cle candidates are constructed using the reconstructed
tracks and clusters, and combined to intermediate par-
ticles until the final B candidates are formed. The prob-
ability of each candidate to be correct is estimated by
a multivariate classifier. A multivariate classifier maps
a set of input features (e.g. the four-momentum or the
vertex position) to a real-valued output, which can be
interpreted as a probability estimate. The multivariate
classifiers are constructed by optimizing a loss-function
(e.g. the mis-classification rate) on Monte Carlo simu-
lated ⌥(4S) events and are described later in detail.

All steps in the algorithm are configurable. There-
fore, the decay channels used, the cuts employed, the
choice of the input features, and hyper-parameters of
the multivariate classifiers depend on the configuration.
A more detailed description of the algorithm and the
default configuration can be found in Keck [4] and in
the following we give a brief overview over the key as-
pects of the algorithm.

2.1 Combination of Candidates

Charged final-state particle candidates are created from
tracks assuming different particle hypotheses. Neutral
final-state particle candidates are created from clus-
ters and displaced vertices constructed by oppositely
charged tracks. Each candidate can be correct (sig-
nal) or wrong (background). For instance, a track used

Tracks Displaced Vertices Neutral Clusters

⇡
0

K
0
L

K
0
S

⇡
+

e
+

µ
+

K
+ �

D
⇤0

D
⇤+

D
⇤
s

B
0

B
+

D
0

D
+

Ds

J/ 

K
0
S

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

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

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

to create a ⇡+ candidate can originate from a pion
traversing the detector (signal), from a kaon traversing
the detector (background) or originates from a random
combination of hits from beam-background (also back-
ground).

All candidates available at this stage are combined
to intermediate particle candidates in the subsequent
stages, until candidates for the desired B mesons are
created. Each intermediate particle has multiple possi-
ble decay channels, which can be used to create valid
candidates. For instance, a B� candidate can be created
by combining a D0 and a ⇡� candidate, or by combin-
ing a D0, a ⇡� and a ⇡0 candidate. The D0 candidate
could be created from a K� and a ⇡+, or from a K0

S

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

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

2.2 Multivariate Classification

The FEI employs multivariate classifiers to estimate the
probability of each candidate to be correct, which can
be used to discriminate correctly identified candidates
from background. For each final-state particle and for
each decay channel of an intermediate particle, a mul-
tivariate classifier is trained which estimates the signal
probability that the candidate is correct. In order to
use all available information at each stage, a network

• Full Event Interpretation (Comput Softw Big Sci 3, 6 (2019)):  
New tool for B-tag reconstruction with increased efficiency 
(0.5 (0.3)% for B⁺(B⁰)) using a multivariate classifier.



FIG. 4. Di↵erential width of B ! D`⌫ and result of the combined fit to experimental and lattice

QCD (FNAL/MILC and HPQCD) data. The fit results are shown separately for the charged and

neutral channels and the electron and muon samples.

Table VII of Ref. [7]. The form factors determined by HPQCD [8] are presented as a fit385

result in the Bourrely, Caprini and Lellouch (BCL) parameterization [27] and have been386

transformed into synthetic measurements of f+ and f0 at w = 1, 1.08 and 1.16 in Ref. [28].387

We use this synthetic dataset for the fit described in this section.388

Following Ref. [28] we truncate the BGL series at N = 3 and obtain the fit result shown389

in Table VI and Figs. 4 and 5. A weighted average over the four samples (B� ! D0e�⌫e,390

B� ! D0µ�⌫µ, B0 ! D�e+⌫e, B0 ! D�µ+⌫µ) conservatively assuming full correlation of391

uncertainties yields ⌘EW|Vcb| = (38.53± 1.15)⇥ 10�3.392

6. SUMMARY393

We have measured the decay B ! D`⌫ (B0 ! D�`+⌫ and B+ ! D̄0`+⌫ [5]) in394

⌥ (4S) events and performed a determination of the CKM matrix magnitude |Vcb| based395

on 189.2 fb�1 of Belle II experimental data. We extract the partial decay rates in ten bins396
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• |Vcb| from fit of the differential decay width with a given parametrization:

Tagged |Vcb|

13

Exclusive Measurements of |Vub| and |Vcb|

Measuring |Vcb| from B0 ! D⇤�`+⌫` (` = e, µ)

d�
dw

/ F
2(w)|Vcb|

2⌘2
EW

w =
(m2

B +m2
D(⇤) � q2)

2mBmD(⇤)

Under HQET a single form
factor F2(w)

F
2(w) parametrised by F (1),

⇢2, R1(1) and R2(1)
CLN param. [Nucl. Phys. B530, 153 (1998)]

⌥(4S)

B0
tag✏D⇤+e�⌫̄ ⇠ 0.1%

B̄0

D
0

K
�

⇡+

D
⇤+

⇡+

`�

⌫̄l

e+e�

measure ⌘EWF (1)|Vcb| and ⇢2.

M2
miss = (pe+e� � pBtag � p` � pD⇤)2

q2 = (pe+e� � pBtag � pD⇤)2

William Sutcli↵e on behalf of Belle II Semileptonic B decays at Belle II 14 March 2022, Moriond EW 6 / 12
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Untagged |Vcb|
• B⁰→D*⁻l⁺ν  

D*⁻→D̅⁰π⁺, D̅⁰→K⁺π⁻ 
with B̅⁰-tag→hadronic

• B⁰→D⁻l⁺ν,   D⁻→K⁺π⁻π⁻ 
B⁺→D̅⁰l⁺ν,  D̅⁰→K⁺π⁻Normalised momentum transfer

ηEW|Vcb|×103 = 38.2 ± 2.8 (stat+syst) ηEW|Vcb|×103= 38.53 ± 1.15 (stat+syst)
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W. Sutcliffe

@Moriond EW 2022

T. Koga  
@ICHEP 2022

CLN BGL+lattice

ηEW = 1.00662 ± 0.00016



Untagged |Vub|
• B⁰→π⁻l⁺ν: challenging due to large background from 

continuum and B decays → rejected with MVA.


• ν momentum is inferred from visible rest-of-event.


• Signal extracted with fit to , 

  and 


• Branching fraction measurement


  


• Which after input from BCL+lattice QCD becomes

q2 = (pe + pν)2

MBC =
s
4

− p*2
B ΔE = E*B −

s
2
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Belle

R.	de	Sangro	(LNF-INFN) Aug	30	-	Sep	10,	2022 ICFNP	2022	-	Kolymbari,	Crete	Greece

Untagged Vub

10August 15th 2022 A. Gaz 12

Untagged |V
ub

|
● Untagged measurement of B0 → p-l+n (l = e, m);

● The other B is not reconstructed, but 
the kinematics of the “rest of the event” 
is used to infer the n momentum;

● The signal is extracted from a ML fit in 
bins of DE, M

bc
, and q2;

● Total branching ratio:

● From the partial branching fractions 
(and lattice QCD inputs), we extract: 

T. Koga @ ICHEP 2022

T. Koga @ ICHEP 2022

T. Koga  
@ICHEP 2022



Belle

R.	de	Sangro	(LNF-INFN) Aug	30	-	Sep	10,	2022 ICFNP	2022	-	Kolymbari,	Crete	Greece

Tagged Vub
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Tagged |V
ub

|
Using the FEI, we can measure the B → p l n branching ratios with much less background, 

and tackle the more challenging B → r l n modes:

arXiv:2206.08102 [hep-ex]

T. Koga @ ICHEP 2022

• With a tagged approach the background component can be reduced and it 
becomes possible to study the more challenging B→ρlν modes.

Belle

R.	de	Sangro	(LNF-INFN) Aug	30	-	Sep	10,	2022 ICFNP	2022	-	Kolymbari,	Crete	Greece

Tagged Vub
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Tagged |V
ub

|
Using the FEI, we can measure the B → p l n branching ratios with much less background, 

and tackle the more challenging B → r l n modes:

arXiv:2206.08102 [hep-ex]

T. Koga @ ICHEP 2022

Tagged |Vub|
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T. Koga  
@ICHEP 2022
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Tagged Vub
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Tagged |V
ub

|
Using the FEI, we can measure the B → p l n branching ratios with much less background, 

and tackle the more challenging B → r l n modes:

arXiv:2206.08102 [hep-ex]

T. Koga @ ICHEP 2022

arXiv:2206.08102
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Time Dependent Analyses
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Dz

<Dz> ~ 130 mm at Belle II

J / y

Time dependent analyses

Flagship measurement of the B 

Factories, still very important at 

Belle II;

Quite complicated analysis, several ingredients must be in place:

1)  ability to identify the flavor (B
0
 or B

0
) of the 

unreconstructed B (flavor tagging);

2)  B-decay vertices resolution;

3)  signal side efficiency, background modeling.

Eur. Phys. J 82, 283 (2022)

S

f

 : time dependent asymmetry

A

f

 : time integrated (or direct) asymmetry

Measuring sin2φ₁: Time Dependent Analyses

16

3

Why a sin2!1 measurement?

• with “tree” decays ( B0→J/ψ K0 ) ⟹ to further constrain possible non-SM physics in B0 mixing (well constrained) 

• with “penguin” decays ( B0→K0K0K0 ) ⟹ to probe non-SM in decay by comparing with tree determinations

•  Unique impact of Belle II on several penguin-dominated modes 

•  Today: sin2!1 with B0→J/ψ K0 ⟹ for precise comparison and to perfect all the tools for these measurements

φ1 = arg[-V*cb Vcd/(V*tb Vtd)] is the B0 mixing phase

• Flagship B-Factory measurement of the B⁰-mixing phase.


• B⁰-tag flavour must be accurately identified 
→ dedicated flavour tagging algorithm 
     (Eur. Phys. J. C 82, 283(2022))


• Needs precise B-decay vertex reconstruction


• Comparison between tree and penguin modes could reveal NP:



10

NEW

Milestone: tools are ready for an impactful sin2!1 measurement

SCP =  0.720 ± 0.062 (stat.) ± 0.016 (syst.) 

ACP = 0.094 ± 0.044 (stat.)                (syst.) 
+0.042

-0.017

sin2!1 results
Signal yield: 2774 ± 55

Apply analysis to B0→J/ψ Ks
0 sample

• B⁰→J/ψ Ks: Fit of ΔE with resolution function parameters 
calibrated with B⁰→ D(*)⁻π⁺ events


• Other channels e.g. KL, ψ(2S), ... can be added in the future.


• B⁰→Ks Ks Ks: Unique Belle II sensitivity. 
Challenging vertexing with no prompt tracks.


• Validated using B⁺→ K⁺ Ks Ks


• Both analyses still dominated by statistical uncertainties.
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CP violation in B0→K0sK0sK0s
Unique sensitivity. Vertexing challenging

SCP
 =  -1.86             (stat.) ± 0.09 (syst.) 

ACP = -0.22           (stat.) ± 0.04 (syst.) 

NEW

• Signal extraction fit with 3 variables (Mbc, invariant 

mass M, CS classifier) 

• χc0 Ks is rejected 

• Main background comes from random combinations 

of tracks from e+e- → uu, dd, ss, cc events 

suppressed with a multivariate technique  

• Analysis validated using B+→K
+

K
0

sK
0

s   

Signal yield:  

53 ± 8

+0.91

-0.46

+0.30

-0.27
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B� ! ⇡�⇡� Result
Results competitive with Belle with a data set of less than one third!

ACP= �.�� ± �.�6 (stat) ± �.�� (syst)
B =(�.�� ± �.�� (stat) ± �.�� (syst))·���6

WA: ACP = �.��± �.��, B = (�.��± �.�6) · ���6
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CKM angle φ₂ : B⁰→π⁰π⁰
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• φ₂ can be measured from isospin analysis of B→ππ (or B→ρρ)  

• Belle II can access all channels, including neutrals e.g. B⁰→π⁰π⁰


• Requires dedicated MVA to suppress photon background.


• Flavour tagging is required to determine ACP


• Calibration factors from B⁰→D⁰(→K⁻π⁺π⁰)π⁰


• Signal yields from maximum likelihood fit of ΔE,  
Mbc, and continuum-suppression BDT output.



• B⁺ → K⁺π⁰ and B⁺ → π⁺π⁰ reconstructed using common selection.


• B⁺ → K⁺π⁰ is an input for the "Kπ puzzle", large isospin violation in 
B→Kπ (see backup)


• ML fit of ΔE, Mbc, and continuum-suppression BDT output.


• Fit shapes controlled from off-resonance data and B→D(Kπ)π decays 
→ leading systematic uncertainty from size of control samples.
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B+ ! K+⇡� and B+ ! ⇡+⇡� Result

N(K+⇡�) = 88�± ��, N(⇡+⇡�) = ���± ��

ACP
K+⇡�= �.��� ± �.��� (stat) ± �.��� (syst)

BK+⇡� = (��.�� ± �.6� (stat) ± �.�� (syst))·���6

ACP
⇡+⇡�=��.�8� ± �.�8� (stat) ± �.��� (syst)

B⇡+⇡� = (6.�� ± �.�� (stat) ± �.�� (syst))·���6

WA: ACP
K+⇡� = �.���± �.���, ACP

⇡+⇡� = �.��± �.��

B precision limited by systematic uncertainties associ-
ated to size of control samples.
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CKM angle φ₂ : B⁺→h⁺π⁰



• Measured from interference of b→cu̅s (favored) and b→ucs̅ (suppressed)


• Tree level process → SM benchmark mode, input for CKM fit.


• Competing with LHCb in this channel is difficult but still very important.


• Several techniques to extract the weak phase exist.


• First combined Belle (711 fb−1) and Belle II (128 fb−1) analysis 


• Using the BPGGSZ technique: model independent Dalitz plot.


• Most sensitive single analysis, dominates at Belle/Belle II.

20

Figure 1. Binning schemes used for (left) B+ ! D
�
K0

S⇡
+⇡��K+ decays and (right) B+ !

D
�
K0

SK
+K��K+ decays.

The values of xDK
± , yDK

± , xD⇡
⇠ , yD⇡

⇠ and Fi are determined simultaneously from a fit to
the B+ ! Dh+ candidates. The advantages of this parameterisation are the inclusion
of the �3 sensitivity from B+ ! D⇡+ in the determination of xDK

± and yDK
± as well as

much improved fit stability [7]. Further, the determination of Fi by simultaneously fitting
B+ ! Dh+ removes a source of systematic uncertainty in this analysis compared to that
reported in Ref. [20]. The previous Belle analysis [20] determined the values of Fi from
a sample of D⇤+ ! D0⇡+ decays. The differing kinematic properties of the B+ ! D⇡+

and D⇤+ ! D0⇡+ decays resulted in different ⌘
�
m2

�,m
2
+

�
acceptance functions for the two

samples, which was a source of systematic uncertainty.
There are three binning schemes, for both D0 ! K0

S⇡
+⇡� and D0 ! K0

SK
+K� decays,

for which ci and si have been measured [16, 17]. We adopt the N = 8 optimal binning
for B+ ! D

�
K0

S⇡
+⇡��h+ decays, which has been shown to have approximately 90% of

the statistical sensitivity of an unbinned analysis [15, 25]. We adopt the N = 2 equal-
strong-phase binning for B+ ! D

�
K0

SK
+K��h+ decays, which has better fit stability

than the N = 3 and 4 schemes [17] given the limited size of B+ ! D
�
K0

SK
+K��K+

event sample. Figure 1 shows the two binning schemes used. The measurements of ci and
si ignore the effects of D-mixing and assume CP-conservation in D decay. Ignoring both
these effects in the strong-phase and model-independent B+ ! D

�
K0

Sh
+h�

�
h+ analyses,

as in this paper, results in negligible bias [26]. The potential bias of ignoring K0 CP-
violation and regeneration has also been extensively studied [27] and a bias of (0.4± 0.1)�

on �3 is reported. This bias is negligible in comparison to the current statistical precision
and is not considered further.

3 Belle and Belle II detectors

The Belle detector [28, 29] was located at the interaction point (IP) of the KEKB asymmetric-
energy e+e� collider [30, 31]. The energies of the electron and positron beams were 8.0GeV

– 5 –

CKM angle φ₃@Belle+BelleII

current status:  (66.2+3.4)°-3.6

JHEP 02, 063 (2022)
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Belle + Belle II f
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JHEP 2022, 63 (2022)
preliminary preliminary

preliminarypreliminary

(third error comes from external 
measurements on the D strong phase)

Results
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δB[∘] = 124.8 ± 12.9 (stat) ± 0.5 (syst) ± 1.7 (ext)
rDK

B = 0.129 ± 0.024 (stat) ± 0.001 (syst) ± 0.002 (ext)
γ[∘] = 78.4 ± 11.4 (stat) ± 0.5 (syst) ± 1.0 (ext)

Improvements wrt previous Belle 
equivalent to doubling statistics.


Latest inputs on strong-phase from 
BESIIII highly reduces systematics.


Expect < 3° uncertainty with 10 ab-1, 
including also more D final state.

Uncertainty will still be dominated by 
the size of the data sample.

JHEP 02, 063 (2022)

Luminosity [ab-1]

ɣ s
en

si
tiv

ity
 [°

]

• δB[°]  = 124.8 ± 12.9 (stat)   ± 0.5 (syst)     ± 1.7 (ext)  
rB      = 0.129 ± 0.024 (stat) ± 0.001 (syst) ± 0.002 (ext)   
φ3[°] = 78.4   ± 11.4 (stat)  ± 0.5 (syst)     ± 1.0 (ext) 

• Previous Belle (711 fb-1) result: φ₃[°] = 77.3 +15.1  ± 4.1 ± 4.3  

• Total improvements equivalent to doubling statistics.  

• Better Ks selection, bkg suppression, analysis strategy.


• Improved systematics from BES III external input. 

• Expect <3° uncert. at 10 ab-1 by including more D final states:


• Measurement is still statistically dominated.

21

-14.9
Phys. Rev. D 85, 112014 (2012)

CKM angle φ₃@Belle+BelleII
JHEP 02, 063 (2022)
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Fig. 225: sin 2�1 versus Br(B ! ⌧⌫) derived from the global fit (contour) and direct mea-

surements (data points) for current world average values (left) and Belle II projections

(right).
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Fig. 226: UT fit today is extrapolated to the 50 ab�1 scenario for an SM-like scenario (left)

and world average values (right).

616/688

Projection for Belle II at 50 ab-1

High luminosity prospects
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-Essential references for the standard model quark dynamics
Determination of CKM parameters

Exclusive: B→π/ρ ℓν, B→D(*)ℓν etc. Inclusive: B→Xuℓν, B→Xcℓν

-|Vcb| and |Vub| are measured precisely with semileptonic B decays   

Parameter Exclusive Inclusive

|Vcb| ×10-3 39.10±0.50 42.19±0.78
|Vub| ×10-3 3.51±0.12 4.19±0.12

discrepancy between
inclusive and exclusive

HFLAV, arXiv:2206.07501

2

Present

Uncertainties from arXiv: 2203.11349

10.1093/ptep/ptz106



Lepton Flavour Universality
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• EW coupling of gauge bosons is expected to be lepton-flavour-independent.


• Hints of LFU violation in charged 
current decays, e.g.: 
 

 

 
 




• ...and b→sll

R(D(*)) =
BF(B → D(*)τντ)
BF(B → D(*)ℓνℓ)

RK =
BF(B → Kμ+μ−)
BF(B → Ke+e−)



• EW coupling of gauge bosons is expected to be lepton-flavour-independent.


• Hints of LFU violation in charged 
current decays, e.g.: 
 

 

 
 




• ...and b→sll anomalies in angular observables.

R(D(*)) =
BF(B → D(*)τντ)
BF(B → D(*)ℓνℓ)

RK =
BF(B → Kμ+μ−)
BF(B → Ke+e−)

Lepton Flavour Universality
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ARTICLES NATURE PHYSICS

decay modes, a total shift on RK is computed for each of the vari-
ables examined. The resulting variations are typically at the permille 
level and hence well within the estimated systematic uncertainty on 
RK. Similarly, computations of the rJ/ψ ratio in bins of two kinematic 
variables also do not show any trend and are consistent with the 
systematic uncertainties assigned on the RK measurement.

In addition to B+ → J/ψK+ decays, clear signals are observed from 
B+ → ψ(2S)K+ decays. The double ratio of branching fractions, Rψ(2S), 
defined by

3
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	�


provides an independent validation of the double-ratio analysis 
procedure and further tests the control of the efficiencies. This 
double ratio is expected to be close to unity2 and is determined to 
be 0.997 ± 0.011, where the uncertainty includes both statistical 
and systematic effects, the former of which dominates. This can be 
interpreted as a world-leading test of lepton flavour universality in 
ψ(2S) → ℓ+ℓ− decays.

The fit projections for the m(K+ℓ+ℓ−) and mJ/Ψ(K+ℓ+ℓ−) distribu-
tions are shown in Fig. 2. The fit is of good quality, and the value of 
RK is measured to be

3

,

(��� � R

�

� ���(F7

�
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+�����+�����
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where the first uncertainty is statistical and the second systematic. 
Combining the uncertainties gives 

3

,

= �����

+ �����

− �����

. This is the 
most precise measurement to date and is consistent with the SM 
expectation, 1.00 ± 0.01 (refs. 3–7), at the level of 0.10% (3.1 standard 
deviations), giving evidence for the violation of lepton universality 
in these decays. The value of RK is found to be consistent in sub-
sets of the data divided on the basis of data-taking period, differ-
ent selection categories and magnet polarity (Methods). The profile 
likelihood is given in Methods. A comparison with previous mea-
surements is shown in Fig. 4.

The 3,850 ± 70 B+ → K+μ+μ− decay candidates that are observed 
are used to compute the B+ → K+μ+μ− branching fraction as a 
function of q2. The results are consistent between the different 
data-taking periods and with previous LHCb measurements37. 
The B+ → K+e+e− branching fraction is determined by combining 
the value of RK with the value of EB (#+

→ ,

+
Ȋ

+
Ȋ

−)�ER� in the 
region 1.1 < q2 < 6.0 GeV2 c−4 (ref. 37), taking into account correlated 
systematic uncertainties. This gives
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The 1.9% uncertainty on the B+ → J/ψK+ branching fraction2  
gives rise to the dominant systematic uncertainty. This is the most 
precise measurement of this quantity to date and, given the large 
(O(��%)) theoretical uncertainty on the predictions7,66, is consis-
tent with the SM.

A breaking of lepton universality would require an extension of 
the gauge structure of the SM that gives rise to the known funda-
mental forces. It would therefore constitute a significant evolution 
in our understanding and would challenge an inference based on 
a wealth of experimental data in other processes. Confirmation of 
any effect beyond the SM will clearly require independent evidence 
from a wide range of sources.

Measurements of other RH observables with the full LHCb data-
set will provide further information on the quark-level processes 
measured. In addition to affecting the decay rates, new physics can 

pT(B+) (MeV c–1)
0 5,000 10,000 15,000

Ca
nd

ida
te

s (
ar

bit
ra

ry
 u

nit
s)

0

0.5

1.0

1.5

B+ → J/ψ(µ+µ−)K+  

B+ → J/ψ(e+e−)K+  

B+ → K+µ+µ− 

B+ → K+e+e−LHCb
simulation

0 5,000 10,000 15,000

r J/
ψ/〈

r J/
ψ〉

0.90

0.95

1.00

1.05

1.10
LHCb

pT(B+) (MeV c–1)

Fig. 3 | Differential rJ/ψ measurement. The distributions of the B+ transverse momentum (pT, left) and the ratio rJ/ψ (right) relative to its average 
value � S
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� as a function of pT. The pT spectrum of the B+!→!J/ψK+ decays is similar to that of the corresponding B+!→!K+ℓ+ℓ− decays such that the 
measurement of rJ/ψ tests the kinematic region relevant for the RK measurement. The lack of any dependence of the value of S
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of B+ pT demonstrates control of the efficiencies. Uncertainties on the data points are statistical only and represent one standard deviation.
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Fig. 4 | Comparison between RK measurements. In addition to the LHCb 
result, the measurements by the BaBar15 and Belle13 collaborations, which 
combine B+!→!K+ℓ+ℓ− and #� → ,

�

4

!+!− decays, are also shown. The 
vertical dashed line indicates the SM prediction. Uncertainties on the data 
points are the combination of statistical and systematic and represent one 
standard deviation.
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Independent test of LFU: R(Xe/μ)
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Test of LFU
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Test of LFU
● We measure:                                                                     in semileptonic B decays;

● Template fit on CM frame lepton momentum p*
l
, with p*

l
 > 1.3 GeV;

● Two main sources of background:

1) continuum, constrained with                  

off-resonance data;

2) other B decays (fake leptons, leptons    

arising from decay of charmed          

hadrons, …), constrained from     

background enriched control regions;

● Result:

● This paves the way to the first measurement of:

To date the most precise measurement, in 

good agreement with the SM.

Dominant systematic uncertainty from lepton 

identification (1.8%).

H. Junkerkalefeld @ ICHEP 2022

•  with hadronic tag.


• Binned template fit on CM lepton momentum.


• Backgrounds fixed from off-resonance data 
and sidebands while Xlν floats freely.  


• Result:


• Most precise measurement, in agreement with SM and previous Belle measurement.


• Systematically dominated → can be improved with better lepton ID


• Paves the way for a measurement of 

R(Xe/μ) =
BF(B → Xeν)
BF(B → Xμν)

R(Xτ/ℓ) = BF(B → Xτν)/BF(B → Xℓν)



Preparing to measure R(K*)

26

Eldar Ganiev 

@ICHEP2022

• Intermediate step: measure


• Tree level, process, so no violation expected. 


• Validates RK measurement and lepton identification.


• Simultaneous fit of Mbc and ΔE.


• Systematics (dom. by Lepton ID) improved w.r.t. Belle


• Belle II can provide independent check with a few ab-1.

Belle

R.	de	Sangro	(LNF-INFN) Aug	30	-	Sep	10,	2022 ICFNP	2022	-	Kolymbari,	Crete	Greece

Prepare to measure R(K(*))

22
August 15th 2022 A. Gaz 16

R(K) in B  J/� y K
● Hot topic: potential LFU violation in B → K(*) l+l- decays, 

which proceed through loop diagrams;

● Approaching step: measure R(K) in B → J/y K 

decays (tree level process, no LFU violation is 

expected):

● Results:

● Also, no sign of isospin 

symmetry violation:

arXiv:2207.11275 [hep-ex] 

TENCHINI

Preparing for  (II)R(K(*))
Belle II measurement of !→#/$% decays with 189 fb-1 

Not an EW penguin process but a control channel for !→%&+&- 

=> Validate '% measurement, lepton identification 

• Reconstruct !+→%+#/$ and !0→%0S#/$ decays (#/$→(+(-, )+)-) 

• Signal yield extracted from the fit of  and  Mbc ΔE

8

NEW!

Lepton identification systematic uncertainty improved wrt Belle

RK(J/ψ) = ℬ(B → KJ/ψ( → μ+μ−))
ℬ(B → KJ/ψ( → e+e−))

Preparing for  (II)R(K(*))
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Not an EW penguin process but a control channel for !→%&+&- 
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• Reconstruct !+→%+#/$ and !0→%0S#/$ decays (#/$→(+(-, )+)-) 

• Signal yield extracted from the fit of  and  Mbc ΔE

8

NEW!

Lepton identification systematic uncertainty improved wrt Belle

RK(J/ψ) = ℬ(B → KJ/ψ( → μ+μ−))
ℬ(B → KJ/ψ( → e+e−))



𝞽 physics @ Belle II
• 𝞽 mass and lifetime → crucial inputs for lepton flavour universality tests.

27
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Figure 5. The pseudomass (Mmin) distribution in the data sample (black points) and the results

of the fit (blue line).

1773 1774 1775 1776 1777 1778 1779 1780 1781

]2 [MeV/cτm

Belle II (2020) 2 0.33 MeV/c± 0.75 ±1777.28 

BaBar (2009) 2 0.41 MeV/c± 0.12 ±1776.68 

Belle (2007) 2 0.35 MeV/c± 0.13 ±1776.61 

ARGUS (1992) 2 1.4 MeV/c± 2.4 ±1776.3 

BES III (2014) 2 0.13 MeV/c± 0.12 ±1776.91 

PDG average 2 0.12 MeV/c±1776.86 

 

Figure 6. The comparison of the ⌧ mass measurements obtained in this analysis (in blue text)

with the PDG average and measurements from various experiments. The green and blue bands

indicate the systematic and total uncertainties, respectively.

The leading source of systematic uncertainty is the momentum scale factor, which
is expected to be reduced in the near future. With the present level of the systematic

15

arXiv:2008.04665 • Mass systematics already comparable to  
Belle/BaBar in preliminary studies.


→ Improve statistics with 2022 luminosity.


• Similarly to charm, improved vertex 
reconstruction (x2 of Belle)  
allows precise lifetime measurements and 
study of CP violation in τ→Ksπν.


• Wide range of other observables e.g. 
lepton universality, Vus from hadronic 
decays, anomalous moments, etc.

σ(e⁺e⁻→ϒ(4S)) 1.05 nb

σ(e⁺e⁻→τ⁺τ⁻) 0.92 nb



Over the decade of their operation, Belle and BaBar experiments improved the sensi-
tivity of LFV ⌧ decay modes by ⇠2 orders of magnitude w.r.t. CLEO experiment at CESR
e+e� collider. Stringent bounds on LFV decays are set, the most recent result being the
ones reported by Belle in search for the decays ⌧� ! `�� (` = e, µ). No significant excess
over background predictions was observed and upper limits were set on LFV branching
fractions ranging between 10�7

� 10�8 at the 90% confidence level.

Figure 2: Projection of expected upper limits at the Belle II experiment [54] and cur-
rent status of observed upper limits at CLEO, BaBar, Belle, ATLAS, CMS and LHCb
experiments [55] on LFV, LNV and BNV processes in ⌧ decays.

Current experimental status on the observed bounds on LFV in the 52 benchmark ⌧
decay channels are shown in Figure 2. Belle II will collect an immense amount of data from
e+e� annihilation at the upgraded SuperKEKB facility. This will be one of the factors
pushing up the sensitivity of LFV probes at Belle II. Equally important is the increase of
the signal detection e�ciency which directly translates into enhancement in sensitivity.
At Belle and BaBar, the signal e�ciencies lied between 3% and 12% depending on the
decay channel. At Belle II an increase in the signal e�ciency will be achieved due to
anticipated higher trigger e�ciencies; improvements in the vertex reconstruction, charged
track and neutral meson reconstructions, particle identification; as well as from a better
understanding of the physics backgrounds and refinements in the analysis techniques.

Projections for two illustrative scenarios of luminosity L = 5 ab�1 and 50 ab�1 for Belle
II are shown in Figure 2, and listed in the Table 1 in Section 6. The extrapolations are done
from the expected limits obtained at the Belle experiment, assuming similar e�ciencies of
the individual channels. The presence of irreducible backgrounds for ⌧� ! `�� decays is

5

Lepton Flavour Violation in the 𝞽 Sector

28arXiv:2203.14919

Belle II Projections

• Significant progress in the search 
for charged LFV from Belle/BaBar

 Limits approach the region  
 sensitive to NP.

• Belle II can probe this region 
with a few ab-1

Projections

Data



0     0.5  0.7   1  1.2  1.4  1.6
]2 [GeV/cαM

0

5

10

15

20

25

30

35

40
3−10×

) τν eν -
 e

→ - τ (
B)/

α-
 e

→ - τ (
B

Belle II preliminary

ARGUS

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

ex
0

2000

4000

6000

8000

10000

12000

14000

16000

Ev
en

ts
 / 

0.
01

7

Data 
MC total uncertainty 

 ννe→τ

Other 
  2 = 1.6 GeV/cα, Mαe→τ
  2 = 1.2 GeV/cα, Mαe→τ

  2 = 0 GeV/cα, Mαe→τ

 PreliminaryBelle II
∫ -1dt = 62.8 fbL

𝞽→𝓵+𝞪 (invisible)
• Invisible LFV particles can emerge from 

new physics models e.g.  
light ALP (JHEP 09 (2021) 173)


• Not searched since ARGUS.


• Tag e⁺e⁻→𝞽⁺𝞽⁻ using 𝞽→3π𝞶, then search for 
excess above the 𝞽→𝓵𝞶𝞶 spectrum.


• Requires careful control of lepton ID  
→ measure ratio B(𝞽→𝓵𝞪)/B(𝞽→𝓵𝞶𝞶) to 
allow partial systematics cancellation.


• 95% CL UL is the most stringent to date.
ARGUS: Z. Phys. C 68 (1995) 25

(62.8 fb-1)

Preliminary 
@ICHEP2022



• Belle II started its journey and offers a unique and fertile environment for flavour physics.


• With 424 fb-1 LS1 data Belle II can already provide physics output on the level of its predecessors, 
as well as joint results with Belle.


• We have started producing high quality analyses and will soon see the impact on world averages.


• Many more topics I wasn't able to cover:


• FCNC (e.g. B→K(*)νν);


• Hadron spectroscopy at energies above Υ(4S);


• B⁰ lifetime and mixing measurement;


• B→ρρ, etc.

Summary

30



BACKUP
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Belle II Luminosity
• Total integrated luminosity: 424 fb-1 

• At the Y(4S) resonance: 363 fb-1 

• Below Y(4S) resonance:  42 fb-1 

• Above Y(4S) resonance:  19 fb-1

32
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Sample Pion-enhanced Kaon-enhanced
D decay Component Belle Belle II Belle Belle II

D ! K0
S⇡

+⇡� B+ ! D⇡+ 21325± 162 4193± 70 1764± 64 308± 23

B+ ! DK+ 140± 29 62± 11 1467± 53 280± 21

BB̄ background 5040± 155 1223± 68 1309± 85 387± 42

qq̄ background 9022± 172 1657± 69 6295± 122 1021± 47

D ! K0
SK

+K� B+ ! D⇡+ 2740± 56 519± 21 211± 18 50± 10

B+ ! DK+ 17± 4 2.1± 0.2 194± 17 34± 7

BB̄ background 333± 31 77± 12 110± 18 22± 7

qq̄ background 409± 37 124± 14 309± 28 92± 11

Table 2. Signal and background yields obtained from the two-dimensional combined fit.
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Figure 2. Distributions of (left) �E and (right) C 0 for (top) B+ ! D(K0
S⇡

�⇡+)⇡+ and (bottom)
B+ ! D(K0

S⇡
�⇡+)K+ candidates restricted to the signal-enhanced region in the Belle data set

with fit projections overlaid. The black points with error bars represent data and the solid blue
curve is the total fit. The large-dotted magenta, long-dashed red, small-dotted blue and short-
dashed green curves represent B+ ! D⇡+, B+ ! DK+, qq̄ and combinatorial BB̄ background
components, respectively. Differences between fit function and data normalised by the uncertainty
in data (pull) are shown under each panel.

are extracted directly from the fit. As these fractions must satisfy
P

Fi = 1, Fi 2 [0, 1], a fit
instability can be induced due to large correlations between the Fi parameters [7]. Hence,
following Ref. [7], we reparameterise Fi as a series of 2N � 1 recursive fractions Ri that are

– 13 –

0

50

100

150

200

250

300

350

400

E
ve

n
ts

 /
 (

5
 M

e
V

)

Data
+π D→ +B
+ DK→ +B

 backgroundBB

 backgroundqq

+π)+π−π0

S
 D(K→ +BBelle II

1−
L dt = 128 fb∫

0.1− 0.05− 0 0.05 0.1 0.15

E [GeV]∆

5−

0

5

P
u
ll

0

50

100

150

200

250

E
ve

n
ts

 /
 (

0
.0

2
)

+π)+π−π0

S
 D(K→ +BBelle II

1−
L dt = 128 fb∫

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

C’

5−

0

5

P
u
ll

0

5

10

15

20

25

30

35

40

E
ve

n
ts

 /
 (

5
 M

e
V

)

+)K+π−π0

S
 D(K→ +BBelle II

1−
L dt = 128 fb∫

0.1− 0.05− 0 0.05 0.1 0.15

E [GeV]∆

5−

0

5

P
u
ll

0

20

40

60

80

100

E
ve

n
ts

 /
 (

0
.0

2
)

+)K+π−π0

S
 D(K→ +BBelle II

1−
L dt = 128 fb∫

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

C’

5−

0

5

P
u
ll

Figure 4. Distributions of (left) �E and (right) C 0 for (top) B+ ! D(K0
S⇡

�⇡+)⇡+ and (bottom)
B+ ! D(K0

S⇡
�⇡+)K+ candidates restricted to the signal-enhanced region in the Belle II data set

with fit projections overlaid. The black points with error bars represent data and the solid blue
curve is the total fit. The large-dotted magenta, long-dashed red, small-dotted blue and short-
dashed green curves represent B+ ! D⇡+, B+ ! DK+, qq̄ and combinatorial BB̄ background
components, respectively. Differences between fit function and data normalised by the uncertainty
in data (pull) are shown under each panel.

for CP violation is seen in the Belle kaon-enhanced sample as in the earlier Belle analysis
[20]. We assess the significance of the observed CP violation by comparing the likelihood
to that from a fit under the no CP-violation hypothesis of xDK

+ = xDK
� and yDK

+ = yDK
� .

Considering only the statistical uncertainties we find the significance is 5.8 standard devi-
ations.

7 Systematic uncertainties

Several possible sources of systematic uncertainties are considered, which are listed in Ta-
ble 3. This section explains each source and the methodology adopted to compute the
systematic uncertainties. The only correlated sources of systematic uncertainty between
Belle and Belle II are the input ci and si values, as well as the fit bias. All other sys-
tematic uncertainties are assessed independently for Belle and Belle II, and are summed in
quadrature.

– 15 –

• Simultaneous fit of B→Dπ, B→DK  
to extract K-π efficiencies and 
misidentification rates from data.
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Signal yield determination

11

PID cut isolates B→DK  
candidates: ~8% mis-ID 
B→Dπ contamination.

K-π efficiencies and mis-ID 
rates directly from data with 
simultaneous fit of disjoint 
B→DK and B→Dπ samples.


Belle: 
KS0ππ: 1467 ± 53

KS0KK: 194 ± 17

Belle II : 
KS0ππ: 280 ± 21

KS0KK: 34 ± 7

D0 → K0
SK+K−

D0 → K0
Sπ+π−

+ BDT output

CKM angle φ₃@Belle+BelleII

Belle 
711 fb-1

Belle II 
128 fb-1

DK Dπ

Dπ

Dπ-enriched

DK-enriched



• Model independent test of new physics.


• Null sum in SM from isospin rule:


• Challenge: need good neutral reconstruction,  
precise beam spot knowledge to reconstruct Ks decay 
→ unique to B-Factories. 

• 4D unbinned maximum likelihood fit in ΔE, Δt, Mbc, BDT out

B0 æ KSfi0
and Kfi puzzle

B æ Kfi decay are rare, therefore sensitive to New Physics. In particular, long-standing

discrepancy in Isospin sum rule:
1

2ACP(B0 æ K+fi≠
) + 1.3ACP(B+ æ KSfi+

) ≠ 1.2ACP(B+ æ K+fi0
) ≠ ACP(B0 æ KSfi0

) ¥ 0

Uncertainty on this null test dominated by ACP(B0 æ KSfi0
), only feasible at Belle II.

e� e+

⇡0

⇡�

⇡+

KS

B0
sig

Need good performance with neutrals and beam spot constraint.

1
More accurate formula takes into account branching fractions and lifetimes

12 Moriond EW 2022 Thibaud Humair

34

The Kπ Puzzle 
New KSfi0 ACP measurement

Perform 4D fit (including �t and �E )

Use B0 æ J/Â(µ+µ≠
)KS to calibrate �t shapes

Wrong-tag fraction measured from mixing measurement

Constrain SCP using previous measurements to maximise

precision on ACP.

Result:

ACP = ≠0.41
+0.30

≠0.32
(stat.) ± 0.09 (syst.)

B = (11.0 ± 1.2 (stat.) ± 1.0 (syst.)) ◊ 10
≠6

World average: ACP = 0.00 ± 0.13.

�E [GeV]

�t [ps]

13 Moriond EW 2022 Thibaud Humair

B0 æ KSfi0
and Kfi puzzle

B æ Kfi decay are rare, therefore sensitive to New Physics. In particular, long-standing

discrepancy in Isospin sum rule:
1

2ACP(B0 æ K+fi≠
) + 1.3ACP(B+ æ KSfi+

) ≠ 1.2ACP(B+ æ K+fi0
) ≠ ACP(B0 æ KSfi0

) ¥ 0

Uncertainty on this null test dominated by ACP(B0 æ KSfi0
), only feasible at Belle II.

e� e+

⇡0

⇡�

⇡+

KS

B0
sig

Need good performance with neutrals and beam spot constraint.

1
More accurate formula takes into account branching fractions and lifetimes

12 Moriond EW 2022 Thibaud Humair

dominant uncertainty

@Moriond 2022

190 fb-1
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Branching Fraction of B⁰→Ksπ⁰γ @Belle II
• b→sγ is only possible at loop level in SM.


• Flavour-specific polarization: B⁰→Ksπ⁰γ(RH) and B̅⁰→Ksπ⁰γ(LH)


• we do not expect time-dependent asymmetry in SM


• possible in NP with different chiral structure


• B⁰→Ksπ⁰γ is only measurable at B-Factories 

• In preparation of a time-dependent analysis, 
we measure the BF:

New B0 æ K 0

Sfi0“ branching fraction measurement

In the SM, “ is RH in B0 æ K 0

S fi0“ and LH in B0 æ K 0

S fi0“
∆ expect no time-dependent asymmetry in B0 æ K 0

S fi0“.

However, can occur in BSM models with di�erent chirality structure.

Belle II unique place where to measure asymmetry.

In preparation for time-dependent analysis,

performed branching fraction measurement:

B = (7.3 ± 1.8 (stat.) ± 1.0 syst) ◊ 10
≠6

Compatible with world average

B = (7.0 ± 0.4) ◊ 10
≠6

14 Moriond EW 2022 Thibaud Humair

New B0 æ K 0

Sfi0“ branching fraction measurement

In the SM, “ is RH in B0 æ K 0

S fi0“ and LH in B0 æ K 0

S fi0“
∆ expect no time-dependent asymmetry in B0 æ K 0

S fi0“.

However, can occur in BSM models with di�erent chirality structure.

Belle II unique place where to measure asymmetry.

In preparation for time-dependent analysis,

performed branching fraction measurement:

B = (7.3 ± 1.8 (stat.) ± 1.0 syst) ◊ 10
≠6

Compatible with world average

B = (7.0 ± 0.4) ◊ 10
≠6

14 Moriond EW 2022 Thibaud Humair

NEW @Moriond

190 fb-1
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B⁺→ρ⁺ρ⁰ @ Belle II

• Can access CKM angle φ₂ by combining 
measurements of B⁺→ρ⁺ρ⁰, B⁰→ρ⁰ρ⁰,B⁰→ρ⁺ρ⁻


• Direct CPV measurement only possible at B-factories

14

B+ → ρ+ρ0

Can access CKM angle  using combination of three decays: 
           

Measurements unique to Belle II. Need to measure direct  where  and  
are longitudinally polarised: 
• Longitudinal polarization fraction ( ) 
• Asymmetry in rate  and  ( )

ϕ2
B+ → ρ+(π+π0)ρ0(π+π−), B0 → ρ0ρ0, B+ → ρ+ρ−

CPV ρ+ ρ0

fL
B+ → ρ+ρ0 B− → ρ−ρ0 ACP

Analysis overview: 
•  suppression using multivariate algorithm output ( ) 
• 6D template fit using variables: Helicity angles, , dipion masses  

e+e− → qq̄ CS
CS, ΔE

Results:

• First measurement of  in  decays reported by Belle II
• Results show performance superior to early Belle results 

ACP B+ → ρ+ρ0

New for Moriond

 ACP = − 0.069 ± 0.068 ± 0.060
BF (10−6) = 23.2+2.2

−2.1 ± 2.7
fL = 0.943+0.035

−0.033 ± 0.027

New B+ æ fl+fl0
angular analysis

I Large background from e+e≠ æ uu, dd , cc , ss.

∆ Reduced with multavariate algorithm

I 6D template fit taking correlations into account

∆ Templates from MC, calibrated using control channels

I Instrumental asymmetry measured with D+ æ K 0

S fi+
:

∆ Adet = 0.0040 ± 0.0048

Result compatible with previous measurements:

ACP = ≠0.069 ± 0.068 (stat.) ± 0.060 (syst.)

B(B+ æ fl+fl0
) =

!
23.2+2.2

≠2.1 (stat.) ± 2.7 (syst.)
"

◊ 10
≠6

fL = 0.943
+0.035

≠0.033
(stat.) ± 0.027 (syst.)

World average: ACP = ≠0.05 ± 0.05

�E = Eú
B ≠ Eú

beam
[GeV]

cos ◊fl+

6 Moriond EW 2022 Thibaud Humair

Preliminary @Moriond



• Hermetic detector offers unique opportunity to study this channel

• FCNC strongly suppressed -  SM expectation: (4.6±0.5)x10-6 

• New inclusive tagging approach with heavy usage of machine learning. 

• Validated using B⁺→J/ψ(→μμ)K⁺

• Soon: more statistics and remaining K(*)νν modes

37

B→Kνν @Belle II

Measured: 1.9+1.6
−1.5 × 10−5

>3.5x better than hadronic tag, 
~20% better than semileptonic tag  
at similar luminosities.

PRL 127, 181802 (2021)
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Major upgrade in Long Shutdown 1
Belle II detector upgrade
• Exchange of PXD (pixel detector) with the full 2nd layer
• TOP conventional MCP-PMT replacement (TBD)
• Migration to new back-end readout (COPPER → PCIe40)
Beam background mitigation
• Additional shield on the QCS(*) bellows
• Additional shield for neutron background
• Installation of a non-linear collimator
Protection of machine and Belle II
• Collimator heads of more robust material
• Faster beam abort system
Improvement of beam injection 
• Enlarged beam pipe at the HER injection
• Pulse-by-pulse beam control for Linac

Beam kick by skew sextupole:
Δ𝑝𝑦 =

𝑆𝐾2
2

𝑦2 − 𝑥2 ,  Δ𝑝𝑥 = 𝑆𝐾2𝑥𝑦

Skew 
sextupole

Skew 
sextupoleCollimator

Beam channel 
for injectionQCS: Final focusing system

11(from July 2022 until October 2023) Kodai Matsuoka


