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physics in B-factory

2

• Approach in flavor physics experiments is to search for new physics 
through quantum effect

• all quarks appear in B-factory
• study coupling between new physics particles and each quark

• include 3rd generation which is the key of CP violation

• heavy lepton, tau
• B-factory is also tau-factory

• Belle II collect large sample of tau-pair event

u c t

e μ τ
d s b

νe νμ ντ

�

b t s
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KEKB → SuperKEKB

3

KEK, Tsukuba KEKB SuperKEKB

electron/positron 8.0/3.5 GeV 7.0/4.0 GeV

beam size at IP
(vertical β-function)

~6mm ~0.3mm

beam currents 1.4/1.7A 2.6/3.6A

Luminosity(cm-2s-1) 2.1x1034 60x1034

• SuperKEKB is unique ee collider at 
Y(4S) mass energy at this moment

• aiming to luminosity of 1035

• squeeze beam size at IP

• increase beam currents

• change beam energy to compensate 
beam life time
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multi-purpose detector
It is required to achieve higher performance at higher 

trigger rate and higher background condition

background tolerance is improved by finer 
segment, higher time resolution
Trigger rate (500 Hz → 30kHz at Max.)
← pipe-line signal readout is implemented 
new vertex detector: Pixel detector 
provide excellent vertexing with Si strip 
detector
new particle ID detectors: Time Of 
Propagation and Aerogel Ring Image 
Cherenkov counter

all detectors and systems 
are upgraded

Belle



Highlight
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• 2019: physics run started
• 2020: updated luminosity record of 

KEKB(2x1034)

• 2022: L=4.7x1034. new world record

• integrated luminosity 427/fb until 
2022 summer
• competitive with Babar, almost half of 

Belle-1

• long shutdown until 2023 autumn
• installation of pixel detector with full 

2nd layer

• many updates and maintenance works 
of machine and detector are ongoing

20
19
-0
1

20
20
-0
1

20
21
-0
1

20
22
-0
1

New and difficult accelerator. 
Additional operational complexity 

during the pandemic



Belle II physics program

7

• Belle (1999 - 2010) : was constructed to substantiate KM 
model (~1/ab) achieved!! 

• Belle II (2018 - ) : is designed to find new physics beyond 
KM model (~50/ab) 

• Belle II contribute in many sectors 
• B, charm, tau, dark, hadron



Belle II physics program
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I will show some highlight in the next slides
Some results are reported in the KEK-FF

• Belle (1999 - 2010) : was constructed to substantiate KM 
model (~1/ab) achieved!! 

• Belle II (2018 - ) : is designed to find new physics beyond 
KM model (~50/ab) 

• Belle II contribute in many sectors 
• B, charm, tau, dark, hadron



search for new physics in Mixing

9

• After era of Belle and Babar, CKM elements become a precision 
test of the SM

• only Belle II can measure all six observables (sides and angles of 
unitarity triangle) precisely 

• discrepancy between Tree and Loop → clear evidence of new 
physics !

↵ = �2

� = �1� = �3

(0, 0) (1, 0)

(⇢̄, ⌘̄)

����
VudVub

⇤
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⇤
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V ⇤
ubVud + V ⇤

cbVud + V ⇤
tbVtd+V ⇤

XbVXd = 0

difference from  
Kaon system(2nd generation) not triangle ?



Φ1(β) measurement
• Φ1 is known as first observed CP violation in B meson 
• CP violation is caused by interference between direct decay and  decay via mixing

• B→J/ψKS decay allow to measure CKM angle Φ1 precisely
• Time dependent CP asymmetry.  Amplitude ~ sin2Φ1

10
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Φ1(β) measurement

11
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• Thanks to excellent performance of vertex 
detector,  vertex resolution is improved

• factor 2 better than Belle

• small radius of beam pipe(1.5cm→1cm) recover 
precision on Δz since detector can close to IP

• smaller beam size give advantage on measurement 
of decay vertex

⌥(4S)

e� e+

B̄0
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D̄0

⌫µ

⇡�µ�

⇡�
K+

J/ Ks

�Z ⇠ 200µm
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Belle

• Φ1 is known as first observed CP violation in B meson 
• CP violation is caused by interference between direct decay and  decay via mixing

• B→J/ψKS decay allow to measure CKM angle Φ1 precisely
• Time dependent CP asymmetry.  Amplitude ~ sin2Φ1



9

B0→J/ψ Ks
0 reconstruction

1- B0→D(*)- π+ events from lifetime and mixing 
measurement used as calibration 

2- ΔE distribution of signal events fitted and 

background subtracted 

3- time-dependent fit on signal events performed with 

all flavor tagger and resolution function parameters 
fixed from step 1

Apply analysis to B0→J/ψ Ks
0 sample

NEW

Signal yield: 2774 ± 55

Φ1 measurement
• Belle II first measurement

• consistent result with Belle
• systematic error is comparable with 

Belle, thanks to improvement of 
detector performance

• further improvement is expected 
as integrated luminosity increase

12

V. FIT RESULTS AND CROSS-CHECKS268

The sWeighted �t distributions for the BCP ! J/ K0
S sample are shown in Fig. 2 sepa-269

rately for B
0
tag and B0

tag events. The fit result is superimposed to the distribution and the raw270

asymmetry is also shown. Tab. I shows the fit results for the BCP ! J/ K0
S sample and the271

BCP ! J/ (ee)K0
S and BCP ! J/ (µµ)K0

S subsamples. It also contains the result of the272

fit performed using the B+ ! J/ K+ control channel. In the fit to the B+ ! J/ K+ �t273

distribution, the lifetime is fixed to the known B+ lifetime value, and the oscillation frequency274

is kept the same as in the neutral modes to provide a sensitivity to the SCP term.275

The uncertainties quoted in Tab. I are statistical only and are estimated from the profile of276

the pseudo-likelihood of Eq. 2. The CP parameters in the control modes are compatible with277

0, and the fit results across the sub-samples are in statistical agreement.278

FIG. 2. sWeighted �t distributions of B+ ! J/ K+ (left) and BCP ! J/ K0
S (right) decays,

separated by flavor of the Btag. The fit curve is shown with solid lines and the asymmetry, defined as

(N(B+
tag) � N(B�

tag))/(N(B+
tag) + N(B�

tag)) for the or (N(B0
tag) � N(B

0
tag))/(N(B0

tag) + N(B
0
tag)), is

displayed underneath.

TABLE I. Number of events Nevts, signal purity P in the signal region |�E| < 0.05 GeV, total
reconstruction and selection e�ciency ", and fit results for ACP and SCP in the BCP ! J/ K0

S and
B+ ! J/ K+ samples. Results are also shown separately for signal B mesons reconstructed using
J/ ! µµ or J/ ! ee decays. The uncertainties are statistical only.

Sample Nevts P (%) "(%) SCP ACP

B0 ! J/ K0
S 2755 98.6 40.6 0.720± 0.060 0.094± 0.044

B0 ! J/ (µµ)K0
S 1615 99.2 47.6 0.776± 0.078 0.042± 0.057

B0 ! J/ (ee)K0
S 1140 98.0 33.6 0.676± 0.093 0.185± 0.068

B+ ! J/ K+ 9973 98.1 40.3 0.016± 0.029 0.021± 0.021

B+ ! J/ (µµ)K+ 5760 99.0 46.6 �0.015± 0.039 0.008± 0.028
B+ ! J/ (ee)K+ 4213 96.7 34.1 0.058± 0.045 0.040± 0.033

The B0 lifetime and B0-B
0
oscillation frequency measurement using B0 ! D(⇤)�⇡+decays of279

Ref. [25], compatible with the world average, indicates that the resolution model used describes280

the data well. In addition, the B0 and B+ lifetimes are measured using B0 ! J/ K0
S, B

+ !281

8

B0 ! J/ K0
S

sin2�1 (J/ K0
S)

+0.720± 0.062(stat)± 0.016(syst) 190/fb(Belle II)
+0.670± 0.029(stat)± 0.013(syst) 771/fb(Belle)

Belle



Belle II prospect
• At Belle II (50/ab),  angles and sides are expected to be 

measured with ~1deg. and 1-2% uncertainties respectively

• extrapolating the world average of 2017, clear discrepancy 
between tree and loop is expected

13
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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

angles : Δ ~1 deg. at Belle II 50/ab
sides : Δ 1-2% at Belle II 50/ab
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Belle II prospect for NP
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Assuming new physics contribution to B mixing

M12 = (M12)SM ⇥ (1 + hde
2i�d)

mixing amplitude

deviation from SM
h ' |CNP

bd |2

|Vtb
⇤Vtd|2

✓
4.5 TeV

⇤NP

◆coupling

energy scale of new physics (NP) in Bd mixing
NP flavor mixing is CKM-like : O(1)-O(10)TeV
coupling is 1  : O(100)-O(1000)TeV
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FIG. 2. The past (2003, top left) and present (top right) constraints on hd − σd in Bd mixing. The lower plots show future
sensitivities for Stage I and Stage II described in the text, assuming measurements consistent with the SM. The dotted curves
show the 99.7%CL contours.

as it may receive NP contributions unrelated to Bd and
Bs mixings in the general case considered in this section.
Figure 1 shows the evolution of the constraints on (ρ̄, η̄)

in the presence of NP in both Bd and Bs meson mixings,
for 2003, 2013, Stage I, and Stage II.1 The main con-
straints on ρ̄ and η̄ come from the tree-level inputs γ and
|Vub|, and also from the combination γ(α) = π − β − α
which is not affected by NP in ∆F = 2 [2]. This con-
straint is more precise than γ itself until Stage I, but of
similar precision by Stage II. The γ and γ(α) measure-
ment constraints are known modulo π, leading to a sign

1 Considering anticipated results from only one experiment, plots
similar to Fig. 1, and with a different parameterization, Fig. 2,
appear in Refs. [17, 22].

ambiguity in the determination of ρ̄ and η̄.2 The inter-
section of the γ, γ(α) and |Vub| constraints yields two
95.5%CL regions in Fig. 1 (yellow for positive ρ̄ and η̄,
mauve for negative ρ̄ and η̄) symmetric with respect to
the origin. This degeneracy is lifted by the addition of
the other experimental inputs, in particular Ad

SL, leading
to a single and small 95.5%CL region (in yellow) for ρ̄
and η̄. (In 2013, the degeneracy is only partially lifted:

2 In 2013, the combined constraint from the ππ, πρ and ρρ data
allows a second solution for α near 0, with a lower significance
than the SM solution in Table I [4]. This second solution is
shown as the negative-slope γ(α) wedge in Fig. 1, and is ruled out
once combined with the γ constraint. We assume that this low-
significance solution will disappear with more data by Stage I.
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FIG. 2. The past (2003, top left) and present (top right) constraints on hd − σd in Bd mixing. The lower plots show future
sensitivities for Stage I and Stage II described in the text, assuming measurements consistent with the SM. The dotted curves
show the 99.7%CL contours.

as it may receive NP contributions unrelated to Bd and
Bs mixings in the general case considered in this section.
Figure 1 shows the evolution of the constraints on (ρ̄, η̄)

in the presence of NP in both Bd and Bs meson mixings,
for 2003, 2013, Stage I, and Stage II.1 The main con-
straints on ρ̄ and η̄ come from the tree-level inputs γ and
|Vub|, and also from the combination γ(α) = π − β − α
which is not affected by NP in ∆F = 2 [2]. This con-
straint is more precise than γ itself until Stage I, but of
similar precision by Stage II. The γ and γ(α) measure-
ment constraints are known modulo π, leading to a sign

1 Considering anticipated results from only one experiment, plots
similar to Fig. 1, and with a different parameterization, Fig. 2,
appear in Refs. [17, 22].

ambiguity in the determination of ρ̄ and η̄.2 The inter-
section of the γ, γ(α) and |Vub| constraints yields two
95.5%CL regions in Fig. 1 (yellow for positive ρ̄ and η̄,
mauve for negative ρ̄ and η̄) symmetric with respect to
the origin. This degeneracy is lifted by the addition of
the other experimental inputs, in particular Ad

SL, leading
to a single and small 95.5%CL region (in yellow) for ρ̄
and η̄. (In 2013, the degeneracy is only partially lifted:

2 In 2013, the combined constraint from the ππ, πρ and ρρ data
allows a second solution for α near 0, with a lower significance
than the SM solution in Table I [4]. This second solution is
shown as the negative-slope γ(α) wedge in Fig. 1, and is ruled out
once combined with the γ constraint. We assume that this low-
significance solution will disappear with more data by Stage I.

tension

SM

�d

hd

�d

hd

2013 Belle II (50/ab)

no tension

B̄d Bd

b

b̄d̄

d
t

t̄

W W

Vtb

Vtd
⇤

Vtd
⇤

Vtb

if center value doesn’t change,
signs of NP can be detected.



Flavor Changing Neutral Current process

• Flavor changing neutral current b→s(d)
• loop diagram is dominant in SM → good probe for BSM

• contribution of BSM appear as deviation from SM prediction

• photon or leptons in final state → uncertainty of theoretical calculation is 
small
• however, large uncertainty of hadronization (e.g. B→K*) in exclusive branching 

fraction(BF) measurement

• inclusive measurement 
• theoretically clean

• experimentally difficult
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Inclusive B.F(B→Xsγ) measurement

16

• Hadronic-tag 
• fully reconstruct Btag→DX
• higher background reduction, 

but signal efficiency is small 
O(0.01)%Inclusive BF( ) (II)B → Xsγ

• Suppress "+"-→## ̅background by combining event-topology,  
%tag kinematics, and vertexing variables in a BDT. 

• Determine number of well-reconstructed %tag mesons in data and 

simulation* by fitting the Mbc distribution in bins of . 

*%→&'( is excluded from simulation 

• From  distributions obtained in data subtract those in simulation 

=> Obtain number of %→&'( decays. 

• Calculate partial branching fractions in bins of 

EB
γ

EB
γ

EB
γ

13

NEW!

- unfolding factor  - number of %→&)( eventsNB→Xdγ
i

- signal efficiency  - number of %%̅ pairsNB

 ( ) - number of events in data (simulation)NDATA
i NBKG,MC

i

Inclusive BF( ) (II)B → Xsγ
• Suppress "+"-→## ̅background by combining event-topology,  

%tag kinematics, and vertexing variables in a BDT. 

• Determine number of well-reconstructed %tag mesons in data and 

simulation* by fitting the Mbc distribution in bins of . 

*%→&'( is excluded from simulation 

• From  distributions obtained in data subtract those in simulation 

=> Obtain number of %→&'( decays. 

• Calculate partial branching fractions in bins of 

EB
γ

EB
γ

EB
γ

13

NEW!

- unfolding factor  - number of %→&)( eventsNB→Xdγ
i

- signal efficiency  - number of %%̅ pairsNB

 ( ) - number of events in data (simulation)NDATA
i NBKG,MC

i

Belle II (189/fb)

EB
� threshold(GeV) B(B ! Xs�)(10�4)

1.8 3.54 ± 0.78 (stat.) ± 0.83 (syst.)
2.0 3.06 ± 0.56 (stat.) ± 0.47 (syst.)
1.9 3.66 ± 0.85 (stat.) ± 0.60 (syst.)Babar (210/fb)

• Leptonic-tag 
• require high momentum lepton of 

B→D(*)lν
• flavor (B or anti-B) is determined by 

a charge of lepton (l =e,μ)
• measurement of Acp(B→Xsγ) is 

possible

Belle

B̄0

�

Xs+d
B0

信号側タグ側tag signal

Belle II measure B.F of inclusive b→sγ with hadronic tag.



prospect of inclusive B.F(B→Xsγ) 
measurement

17

1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

Belle 2015 (711/fb)
semi-incl.

Belle 2009 (605/fb)
Inclusive

BaBar 2012 (429/fb)
semi-incl.

BaBar 2012 (347/fb)
Inclusive. lepton-tag

BaBar 2008 (210/fb)
Inclusive. hadron-tag

WA
HFLAV 2021

SM 3.40 ± 0.17 (M.Misiak, 2020)

B(B ! Xs�)E�>1.6GeV
⇥10�4

3.49± 0.19

HFLAV2021

• World average is consistent with SM 
prediction

• theoretical and experimental errors are 
competitive ~ 5%

• systematic error is dominant in measurements
• Belle II expect to improve 5→3% 

• dominant systematic error in lepton-tag 
come from fake signal due to neutral 
hadron

• Theoretical uncertainty is also expected to 
become comparable

• New physics scale
• constraint on charged Higgs mass. 
• M(H+) > ~900GeV at Belle II (~580GeV by Belle)

Belle II result is not included in this plot

https://hflav-eos.web.cern.ch/hflav-eos/rare/Paper2021/html/radll/Badmix/BR_Badmix_Xs_gamma.html


electroweak penguin
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RK(⇤) =
B(B ! K(⇤)µµ)

B(B ! K(⇤)ee)

R=1 in SM(assuming universality of lepton)

deviation from R=1 was observed

https://cerncourier.com/a/new-data-strengthens-rk-flavour-anomaly/

RK

q2 bin RK⇤ compatibility with SM

low 0.66+0.11
�0.07 ± 0.03 2.1� 2.3�

central 0.69+0.11
�0.07 ± 0.05 2.4� 2.5�

Table 1: RK⇤ measured values in the two q2 intervals taken into account, along with their compatibility
with the SM. The spread in the significances is due to small di↵erences in the theory predictions from the
models considered. The first uncertainties are statistical and the second are systematic.

Several di↵erent cross-checks have been performed to ensure the absence of biases in the analysis. The
most stringent one is the measurement of the ratio

rJ/ =
B(B0

! K⇤0J/ (! µ+µ�))

B(B0 ! K⇤0J/ (! e+e�))
(5)

which is expected to be 1 due to the domination of the SM contribution from the J/ resonance. rJ/ is
found to be consistent with unity and constant with respect to the kinematics of the decay.

The measured values of RK⇤ are reported in Table 1 along with their compatibility with the SM.
The results are found to be in good agreement between the three trigger categories. Furthermore, the
branching fraction of the decay B0

! K⇤0µ+µ� is also measured and found to be in good agreement with
Ref. [19].

Comparisons with previous measurements from the B-factories and theory predictions are shown in Fig-
ure 3.

Figure 3: Comparison of the measurements of RK⇤ from LHCb with (left) SM predictions and (right) BaBar
[13] and Belle [14].

3 Interpretations

Both RK and RK⇤ measurements have raised interest in the world of particle physics theory and phenomenol-
ogy. Several global fits taking into account observables from di↵erent experiments, including results from
LFU searches and b ! s`` angular analyses, have been performed in an attempt to interpret these anomalies

3

arXiv:1708.02515v1 [hep-ex] 8 Aug 2017 

• electroweak penguin decays are further suppressed
• BF~10-6 = BF(b→sγ)x10-2

• charged lepton can be detected 
• experimentally clean measurement 
• inclusive measurement is possible in Belle II
• At Belle II, electron and muon modes have similar 

efficiency
• electron mode is challenging at LHCb

• both low and high-q2(=Mll) regions are possible

arXiv:2212.09153

recent results of LHCb agree with SM

Test of Lepton Flavor Universality

2022
20172021

b ! s``

RK⇤



electroweak penguin
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Figure 1. Distributions of Mbc (left) and �E (right) for B ! K⇤µ+µ� (top), B ! K⇤e+e�

(middle), and B ! K⇤`+`� (bottom). Points with error bars are superimposed on the blue (solid)
curve, which shows the total fit function, while red (solid) and black (dotted) lines represent
the signal and background components, respectively. Candidates shown in the �E distributions
are restricted to Mbc 2 [5.27, 5.29] GeV/c2 range and the Mbc distributions are restricted to
�E 2 [�0.05, 0.05] GeV.

We summarize the systematic uncertainties in Table I. The individual sources of uncer-
tainties are assumed to be independent and the corresponding uncertainties are added in
quadrature to determine the total uncertainty.
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Figure 1. Distributions of Mbc (left) and �E (right) for B ! K⇤µ+µ� (top), B ! K⇤e+e�

(middle), and B ! K⇤`+`� (bottom). Points with error bars are superimposed on the blue (solid)
curve, which shows the total fit function, while red (solid) and black (dotted) lines represent
the signal and background components, respectively. Candidates shown in the �E distributions
are restricted to Mbc 2 [5.27, 5.29] GeV/c2 range and the Mbc distributions are restricted to
�E 2 [�0.05, 0.05] GeV.

We summarize the systematic uncertainties in Table I. The individual sources of uncer-
tainties are assumed to be independent and the corresponding uncertainties are added in
quadrature to determine the total uncertainty.
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B ! K⇤µµ

B ! K⇤ee

22± 8

18± 6

B(B ! K⇤µµ) = (1.19± 0.31+0.08
�0.07)⇥ 10�6

B(B ! K⇤ee) = (1.42± 0.48± 0.09)⇥ 10�6

B ! K⇤``

Belle
(189/fb)

similar performance for muon and 
electron channels

R(K(*)) perspective

● Belle and Belle II performance 
for R(K) and R(K*) is similar

● Uncertainties are dominated 
by statistics

● Scaling uncertainties to 
different luminosities, about 
3% precision is possible for q2 
bin [1-6] GeV2/c4 for 50 ab-1 
data sample. 
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Based on Belle PRL 126, 161801 (2021)

S. Glazov(DESY) KEK-FF 2023



electroweak penguin
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• K(*)νν 
• no observation
• small theoretical uncertainty compared with sll
• challenging due to 2 neutrinos in the final state.
• Belle II is a only experiment to observe this 

mode.  
• Δ(B.F) ~ 10% at 50/ab

Signal from maximum likelihood fit in bins of pT(!+) and BDT output 

- Branching fraction BF("+→!+##)̅ =  

- Corresponding upper limit @ 90% CL BF("+→!+##)̅  

Signal strength comparable with the SM at 1% and with background 

only hypothesis at 1.3% 

Inclusive method offers 20%—350% sensitivity improvement over 
previous approaches

(1.9+1.6
−1.5) × 10−5

< 4.1 × 10−5

10

PRL 127, 181802

Search for  (II)B+ → K+νν̄

105 ⇥ B(B+ ! K+⌫⌫̄)

B(B+ ! K+⌫⌫̄) < 4.1⇥ 10�5(90% CL)

similar accuracy to Belle 711/fb Hadron-tag

• new analysis approach:  inclusive tag.
• Signal Kaon

• require charged track with highest Pt
• particle identification

• All remaining tracks and clusters are 
associated to other B in the event

• higher reconstruction efficiency, but higher 
background → suppressed with 
BDT(boosted decision tree) classifiers that 
identify the distinctive characteristic of 
signal

semi-leptonic tag : ε=O(0.1)% Belle
hadronic tag : ε=O(0.01)% BaBar
inclusive tag : ε=O(1)% Belle II 

search in Belle II (63/fb)B ! K⌫⌫

B+
B�

K+

⌫
⌫̄

q q0 q00W
q q0 q00

W

⌫

⌫̄

Z

W

⌫⌫̄



• Belle II collect large sample of tau-pair event

• Belle II can provide rich physics program of 
high precision measurement
• lifetime and mass 

• Lepton Flavor Violation

• Lepton Flavor Universality Violation

• τ → ℓα(invisible)

• Vus measurement (τ→Xsν, Kν..)

tau physics

21

⌥(4S) : 1.05(nb)

⌧+⌧� : 0.919(nb)

not only B but also tau factory !

advantages at Belle II
• tau produces in pairs
• well defined initial state energy
• clean environment
• high hermeticity of detector

consistency test of SM

direct NP 
search

4

Table I: Requirements on event thrust, missing momentum
polar angle, and tag hemisphere particles’ total center-of-mass
energy and mass.

⌧� ! e�↵ ⌧� ! µ�↵

Thrust [0.90, 0.99] [0.90, 1.00]

✓miss [20�, 160�] [20�, 160�]

ECM
3h [1.2, 5.3] GeV [1.1, 5.3] GeV

M3h [0.5, 1.7] GeV/c2 [0.4, 1.7] GeV/c2

tributions of x` for events belonging to the signal region
are shown in Fig. 1.

We model each x` spectrum as a sum of contributions
from the signal decay, the standard-model leptonic decay,
and all other sources of background,
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Figure 1: Spectra of x` for electrons (top) and muons (bot-
tom) in simulation and experimental data. Simulated spec-
tra for standard-model processes are shown stacked, with the
grey band indicating the total uncertainty, which is dominated
by the lepton-identification e�ciency uncertainty. Remaining
background processes other than ⌧� ! `�⌫̄`⌫⌧ contributing
to the spectrum are combined together and collectively re-
ferred to as “Other”. The distributions for ⌧� ! `�↵ are
shown for three ↵ masses assuming branching-fraction ratios
of 5%.

N(x`) = N`⌫̄⌫
✏`↵
✏`⌫⌫

B`↵

B`⌫̄⌫
f`↵(x`)

+ N`⌫̄⌫ f`⌫̄⌫(x`) +Nb fb(x`) , (2)

where the probability density functions f`↵, f`⌫̄⌫ , and
fb are binned distributions taken from simulations, N`⌫̄⌫

and Nb are the observed yields, and ✏`↵/✏`⌫⌫ is the e�-
ciency of observing ⌧� ! `�↵ decays relative to that for
observing ⌧� ! `�⌫̄`⌫⌧ .
We use RooStats [31] and HistFactory [32] to fit our

model to binned data using extended maximum likeli-
hoods that are functions of the branching-fraction ratio
B`↵/B`⌫̄⌫ , and of N`⌫̄⌫ and Nb.
The leading systematic uncertainties originate from

the corrections to the lepton-identification e�ciency and
particle misidentification rate, based on comparison of
calibration samples in data and simulated events. These
corrections depend on momentum and polar angle; their
typical ranges are summarized in Table II. The resulting
uncertainties are asymmetric and strongly depend on x`;
their ranges and averaged values over the standard-model
yields are also reported in the same table. The contri-
bution from lepton-identification e�ciency partially can-
cels in the ratio between signal and normalization chan-
nels; while the contribution from particle misidentifica-
tion rates does not, as it only a↵ects other background
sources.

Table II: Typical ranges for corrections to the lepton-
identification e�ciencies and misidentification rates, together
with ranges for their respective uncertainties and their aver-
age values.

Corr. range Uncert. range Average uncert.

Electron id. 0.84 � 1.06 0.9% � 12.6% +5.3%,�2.9%

Muon id. 0.63 � 1.02 1.3% � 32.8% +11.7%,�1.6%

Electron mis-id. 0.6 � 6.0 4.3% � 34.6% +17.6%,�14.7%

Muon mis-id. 0.3 � 1.5 1.4% � 37.0% +18.0%,�18.2%

Uncertainties from the trigger and ⇡0 reconstruction
e�ciency corrections are also taken into account. Trigger
uncertainties range in 0.1% � 4% for the electron chan-
nel and in 0.2%� 1.5% for the muon channel, depending
on x`. Neutral pion reconstruction e�ciency is evaluated
from studies on independent samples to be 0.914±0.020.
Each of these systematic uncertainties is included in the
likelihood as an additional shape-correlated nuisance pa-
rameter that is assumed to follow a Gaussian distribu-
tion. Other sources of uncertainty from track reconstruc-
tion e�ciency, beam-energy determination, relative re-
construction e�ciency, and momentum-scale correction
have negligible impact on the results.
Inspection of events in the signal region shows that

asymmetrical uncertainties yield unreliable results. We
therefore revise our definitions and symmetrize their dis-
tributions using their greater variation in each bin.
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Table I: Requirements on event thrust, missing momentum
polar angle, and tag hemisphere particles’ total center-of-mass
energy and mass.

⌧� ! e�↵ ⌧� ! µ�↵

Thrust [0.90, 0.99] [0.90, 1.00]

✓miss [20�, 160�] [20�, 160�]

ECM
3h [1.2, 5.3] GeV [1.1, 5.3] GeV

M3h [0.5, 1.7] GeV/c2 [0.4, 1.7] GeV/c2

tributions of x` for events belonging to the signal region
are shown in Fig. 1.

We model each x` spectrum as a sum of contributions
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Figure 1: Spectra of x` for electrons (top) and muons (bot-
tom) in simulation and experimental data. Simulated spec-
tra for standard-model processes are shown stacked, with the
grey band indicating the total uncertainty, which is dominated
by the lepton-identification e�ciency uncertainty. Remaining
background processes other than ⌧� ! `�⌫̄`⌫⌧ contributing
to the spectrum are combined together and collectively re-
ferred to as “Other”. The distributions for ⌧� ! `�↵ are
shown for three ↵ masses assuming branching-fraction ratios
of 5%.

N(x`) = N`⌫̄⌫
✏`↵
✏`⌫⌫

B`↵

B`⌫̄⌫
f`↵(x`)

+ N`⌫̄⌫ f`⌫̄⌫(x`) +Nb fb(x`) , (2)

where the probability density functions f`↵, f`⌫̄⌫ , and
fb are binned distributions taken from simulations, N`⌫̄⌫

and Nb are the observed yields, and ✏`↵/✏`⌫⌫ is the e�-
ciency of observing ⌧� ! `�↵ decays relative to that for
observing ⌧� ! `�⌫̄`⌫⌧ .
We use RooStats [31] and HistFactory [32] to fit our

model to binned data using extended maximum likeli-
hoods that are functions of the branching-fraction ratio
B`↵/B`⌫̄⌫ , and of N`⌫̄⌫ and Nb.
The leading systematic uncertainties originate from

the corrections to the lepton-identification e�ciency and
particle misidentification rate, based on comparison of
calibration samples in data and simulated events. These
corrections depend on momentum and polar angle; their
typical ranges are summarized in Table II. The resulting
uncertainties are asymmetric and strongly depend on x`;
their ranges and averaged values over the standard-model
yields are also reported in the same table. The contri-
bution from lepton-identification e�ciency partially can-
cels in the ratio between signal and normalization chan-
nels; while the contribution from particle misidentifica-
tion rates does not, as it only a↵ects other background
sources.

Table II: Typical ranges for corrections to the lepton-
identification e�ciencies and misidentification rates, together
with ranges for their respective uncertainties and their aver-
age values.

Corr. range Uncert. range Average uncert.

Electron id. 0.84 � 1.06 0.9% � 12.6% +5.3%,�2.9%

Muon id. 0.63 � 1.02 1.3% � 32.8% +11.7%,�1.6%

Electron mis-id. 0.6 � 6.0 4.3% � 34.6% +17.6%,�14.7%

Muon mis-id. 0.3 � 1.5 1.4% � 37.0% +18.0%,�18.2%

Uncertainties from the trigger and ⇡0 reconstruction
e�ciency corrections are also taken into account. Trigger
uncertainties range in 0.1% � 4% for the electron chan-
nel and in 0.2%� 1.5% for the muon channel, depending
on x`. Neutral pion reconstruction e�ciency is evaluated
from studies on independent samples to be 0.914±0.020.
Each of these systematic uncertainties is included in the
likelihood as an additional shape-correlated nuisance pa-
rameter that is assumed to follow a Gaussian distribu-
tion. Other sources of uncertainty from track reconstruc-
tion e�ciency, beam-energy determination, relative re-
construction e�ciency, and momentum-scale correction
have negligible impact on the results.
Inspection of events in the signal region shows that

asymmetrical uncertainties yield unreliable results. We
therefore revise our definitions and symmetrize their dis-
tributions using their greater variation in each bin.

arXiv:2212.03634v1 
⌧ ! `↵(` = e, µ)

Upper Limit at 95% CL

B(τ− → e−α)/B(τ− → e−ν̄eνµ) B(τ− → µ−α)/B(τ− → e−ν̄eνµ)

Belle II (1.1 − 9.7) × 10−3 (0.7 − 12.2) × 10−3

(62.8/fb)
ARGUS (6 − 36) × 10−3 (3 − 34) × 10−3

(0.5/fb)

no significant excess observed → set world leading limits 
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https://arxiv.org/pdf/2207.06307.pdf

tau physics

• Tau LFV searches (1~50/ab)
• unambiguous signatures of new physics
• τ→μγ, 3-leptons and many modes > 40
• Unique to Belle II, leading every modes
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dark sector prospect
• Study of dark sector is active at Belle II

• dark matter may interact with SM particles through several portal interaction
• vector portal (dark photon A’, Z’), pseudo-scalar portal (axion-like particles)

• Belle II can search region of 100 MeV - a few GeV
• trigger is a key; single photon trigger, single track(muon) trigger

• challenging due to higher background

• thanks to upgrade of TRG and DAQ system at Belle II, search for dark sector is very 
active and wide-ranging program
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ALP ! �� dark photon

visible invisible
PRL 125 2020 161806



summary

• At KEK, chronicle of ee collider
• TRISTAN → KEKB → SuperKEKB

• SuperKEKB has achieved 4.7x1034, new world record
• super B factory now

• Belle II has started to produce new results
• we expect a new, exciting era of discoveries, looking for 

new physics beyond the Standard Model
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