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1.1 Introduction16

1.1.1 Particle physics after B factories17

and LHC run I18

The physics goals of Belle II, as a next generation19

flavour factory, are to search for new physics (NP)20

in the flavour sector at the precision frontier, and21

to further reveal the nature of QCD in describing22

matter. The SuperKEKB facility is designed to23

collide electrons and positrons at centre-of-mass24

energies in the regions of the Υ resonances. Most25

of the data will be collected at the Υ (4S) reso-26

nance, which is just above threshold for B-meson27

pair production where no fragmentation particles28

are produced. The accelerator is designed with29

asymmetric beam energies to provide a boost to30

the centre-of-mass system and thereby allow for31

time-dependent charge-parity (CP ) symmetry vi-32

olation measurements. The boost is slightly less33

than that at KEKB, which is advantageous for34

analyses with neutrinos in the final state that re-35

quire good detector hermeticity. SuperKEKB has36

a design luminosity of 8× 10
35

cm
−2

s
−1

, about 4037

times larger that of KEKB. This luminosity will38

produce a total of 5 × 10
10 b, c and τ pairs over39

a period of 8 years. The first data taking run for40

physics analyses is anticipated to begin in 2017.41

The Standard Model (SM) is, at the current42

level of experimental precision and at the energies43

reached so far, is the best tested theory. Despite its44

tremendous success in describing the fundamental45

particles and their interactions, excluding gravity,46

it does not provide answers to many fundamental47

questions. The SM does not explain why there48

should be only three generations of elementary49

fermions and why there is an observed hierarchy50

in the fermion masses. The origin of mass of fun-51

damental particles is explained within the SM by52

spontaneous electroweak symmetry breaking, re-53

sulting in the Higgs boson. However, the Higgs54

boson does not account for neutrino masses. It55

is also not yet clear whether there is a only sin-56

gle SM Higgs boson or whether there may be a57

more elaborate Higgs sector with other Higgs-like58

particle as in supersymmetry or other NP models.59

At the cosmological scale, there is the unresolved60

problem with the matter-antimatter asymmetry in61

the universe. While the violation of CP symmetry62

(CPV) is a necessary condition for the evolution of63

a matter-dominated universe, the observed CPV64

within the quark sector that originates from the65

complex phase of the Cabibbo-Kobayashi-Maskawa66

(CKM) matrix is many orders of magnitude too67

small to explain the dominance of matter in the68

universe. Hence, there must exist undiscovered69

sources of the CP asymmetry. Furthermore, the70

elements of the CKM matrix exhibit a roughly71

diagonal hierarchy, even though the SM does not72

require this. This may indicate the presence of a73

new mechanism, such as a flavour symmetry, that74

exists unbroken at a higher energy scale. Consid-75

ering the open questions that in the SM remain76

unanswered, it is fair to conclude that the present77

theory is an extremely successful but phenomeno-78

logical description of subatomic processes at the79

energy scales up to O(1 TeV). Many New Physics80

(NP) scenarios have been proposed to explain these81
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• This chapter will be used by Belle II collaboration at various 
occasions. 

• The message has to be crystal clear and attractive/aggressive !!  

Golden mode, Roadmap, 
Milestone ...



What is the message?Table 1.3: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab−1

and 50 ab−1 of Belle II data. The observables are categorised according to B2TiP working group. The

current results from Belle, or from BaBar where relevant (denoted with a †) are also given. Items marked

with a ‡ are estimates based on similar measurements. Errors given in % represent relative errors. Note

that these extrapolations are frequently updated due to new input from the B-factories.

Observables Belle Belle II

(2014) 5 ab−1 50 ab−1

WG1 |Vcb| incl. 41.6 · 10−3(1 ± 1.8%) [?] 1.2%

|Vcb| excl. 37.5 · 10−3(1 ± 3.0%ex. ± 2.7%th.) [?] 1.8% 1.4%

|Vub| incl. 4.47 · 10−3(1 ± 6.0%ex. ± 2.5%th.) [?] 3.4% 3.0%

|Vub| excl. (had. tag.) 3.52 · 10−3(1 ± 9.5%) [?] 4.4% 2.3%

B(B → τν) [10−6] 96(1 ± 27%) [?] 10% 5%

B(B → µν) [10−6] < 1.7 [?] 20% 7%

R(B → Dτν) 0.440(1 ± 16.5%) [?]† 5.2% 3.4%

R(B → D∗τν)† 0.332(1 ± 9.0%) [?]† 2.9% 2.1%

WG2 B(B → K∗+νν) [10−6] < 40 [?] < 15 20%

B(B → K+νν) [10−6] < 55 [?] < 21 30%

ACP (B → Xs,dγ) [10−2] 2.2 ± 4.0 ± 0.8 [?] 1 0.5

S(B → K0
Sπ0γ) −0.10 ± 0.31 ± 0.07[?] 0.11 0.035

S(B → ργ) −0.83 ± 0.65 ± 0.18 [?] 0.23 0.07

C7/C9 (B → Xs��) ∼20% [?] 10% 5%

B(Bs → γγ) [10−6] < 8.7 [?] 0.3 −
B(Bs → ττ) [10−3] − < 2 [?]‡ −

WG3 sin 2β 0.667 ± 0.023 ± 0.012 [?] 0.012 0.008

α [◦] 85 ± 4 (Belle+BaBar) [?] 2 1

S(B → φK0) 0.90
+0.09
−0.19 [?] 0.053 0.018

S(B → η�K0) 0.68 ± 0.07 ± 0.03 [?] 0.028 0.011

S(B → K0
SK0

SK0
S) 0.30 ± 0.32 ± 0.08 [?] 0.100 0.033

WG4 γ [◦] 68 ± 14 [?] 6 1.5

WG5 A(B → K0π0) −0.05 ± 0.14 ± 0.05 [?] 0.07 0.04

WG6 B(Ds → µν) 5.31 · 10−3(1 ± 5.3% ± 3.8%) [?] 2.9% 0.9%

B(Ds → τν) 5.70 · 10−3(1 ± 3.7% ± 5.4%) [?] 3.5% 3.6%

B(D0 → γγ) [10−6] < 1.5 [?] 30% 25%

ACP (D0 → π0π0) [10−2] −0.03 ± 0.64 ± 0.10 [?] 0.29 0.09

ACP (D0 → K0
Sπ0) [10−2] −0.21 ± 0.16 ± 0.09 [?] 0.08 0.03

x(D0 → K0
Sπ+π−) [10−2] 0.56 ± 0.19 ± 0.07

0.13 [?] 0.14 0.11

y(D0 → K0
Sπ+π−) [10−2] 0.30 ± 0.15 ± 0.05

0.08 [?] 0.08 0.05

|q/p|(D0 → K0
Sπ+π−) 0.90 ± 0.16

0.15 ±
0.08
0.06 [?] 0.10 0.07

WG7 τ → µγ [10−9] < 45 [?] < 14.7 < 4.7

τ → eγ [10−9] < 120 [?] < 39 < 12

τ → µµµ [10−9] < 21.0 [?] < 3.0 < 0.3
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1.4 Golden channel

To be updated

✓We asked each WG to provide 5 Golden channels. 

✓ Clarifying the scientific priority from WG’s point of  view 

✓ A few impact plots to exhibit the power of  Belle II



What is the message???



Evidence for direct CP 
violation in B  K+ π−

Evidence for B  τ ν

Observation of  b  dγ

Observation of B  K(*)ll 

Observation of CP 
violation in the B meson 
system

Observation of mixing-induced
CP violation in B   ϕKs, η’Ks etc.

Discovery 
of X(3872)

Evidence for D0 mixing

Observation of direct CP 
violation in B  ρ+ ρ−

Legacy of Babar/Belle
Many 2-3σ seen, disappeared, unclear etc... 

Belle II will tell us 
what they are !! 

Confirmation of g-2 
~3σ deviation



Evidence for direct CP 
violation in B  K+ π−

Evidence for B  τ ν

Observation of  b  dγ

Observation of B  K(*)ll 

Observation of CP 
violation in the B meson 
system

Observation of mixing-induced
CP violation in B   ϕKs, η’Ks etc.

Discovery 
of X(3872)

Evidence for D0 mixing

Observation of direct CP 
violation in B  ρ+ ρ−

What is the roadmap for Belle II
Many 2-3σ seen, disappeared, unclear etc... 

Belle II will tell us 
what they are !! 

Confirmation of g-2 
~3σ deviation
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S(B → K0
Sπ0γ) −0.10 ± 0.31 ± 0.07[?] 0.11 0.035

S(B → ργ) −0.83 ± 0.65 ± 0.18 [?] 0.23 0.07

C7/C9 (B → Xs��) ∼20% [?] 10% 5%

B(Bs → γγ) [10−6] < 8.7 [?] 0.3 −
B(Bs → ττ) [10−3] − < 2 [?]‡ −

WG3 sin 2β 0.667 ± 0.023 ± 0.012 [?] 0.012 0.008

α [◦] 85 ± 4 (Belle+BaBar) [?] 2 1

S(B → φK0) 0.90
+0.09
−0.19 [?] 0.053 0.018

S(B → η�K0) 0.68 ± 0.07 ± 0.03 [?] 0.028 0.011

S(B → K0
SK0

SK0
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B(Ds → τν) 5.70 · 10−3(1 ± 3.7% ± 5.4%) [?] 3.5% 3.6%
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|q/p|(D0 → K0
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1.4 Golden channel

To be updated

✓We asked each WG to provide 5 Golden channels. 

✓ Clarifying the scientific priority from WG’s point of  view 

✓ A few impact plots to exhibit the power of  Belle II

For some Golden channels, we will see results quickly (e.g. 
@10 ab-1), while some will take much longer.  

As a matter of  fact, some channels even don’t have results 
from Belle.

It is important to provide Roadmap for Belle II.

See Roadmap session on Thursday



Roadmap
• Golden channel (th): channels with theoretical uncertainties well under 

control

• Key channels (th): measurements which can provide the key to solve 
some theoretical question

• Milestone channel (ex): measurements which are useful to test the 
detector performance (to be done at early time)

• Existing anomaly channel (th/ex): as it says... 

• New opportunity channel (th/ex): measurements which have never been 
done at Babar/Belle

• Big channel  (th/ex): measurements which can make sense only after 
many channels are collected (hadronic decay, inclusive decay...)


