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Outline

 Introduction

What we can see in Belle II

SuperKEKB and Belle II

On-going Physics Run (Phase III)

Conclusion
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Belle II Experiment

B Factory experiment at world’s highest 
luminosity e-e+ collider, SuperKEKB in Japan.

Precise measurements in clean environment
Search for rare/forbidden decay

Compare with SM prediction precisely

Rich physics programs
 Measure B, D and τ decays
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Belle II Collaboration

~1000 members, 26 countries
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Ways to find new physics

Energy frontier

Directly produce heavy 
particles coming from 
new physics

ATLAS, CMS

Luminosity frontier

Precisely measure 
many processes which 
can be affected by new 
physics in loop.

Belle II, LHCb
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Belle II and LHCb

LHCb

 pp collisions

 Powerful: B mesons can 
be produced quickly

Belle II 

 ee collisions

 Clean: Less background. 
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What we can see in Belle II

Reveal new physics at high mass scales, even beyond 
the direct reach of the LHC

Belle II will access a large number of new observables 
to test for new physics in flavor transitions in the 
quark and lepton sectors.
CP violating phases in the quark sector?

multiple Higgs bosons?

 lepton flavor violation beyond the SM?

…
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Previous B factory experiments

 The B factories Belle 
and BaBar (1999 to 
2010) recorded over 
1.5 ab-1 of data. 

 Both experiments 
provided the 
experimental 
confirmation that led 
to the 2008 Nobel 
prize.
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Data Accumulation

KEKB
peak lumi

Belle
integrated lumi
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Data Accumulation

KEKB
peak lumi

Belle
integrated lumi

3 years
5 ab-1

8 years
50 ab-1
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CKM unitarity triangle

Belle II measures all 
the angles and sides.







b→ u 
transition

B0-B0 mixing

b→ c transition

by Wolfenstein 
parametrization

𝑩𝟎 → 𝝅𝝅, 𝝆𝝅, 𝝆𝝆

𝑩± → 𝑫𝟎𝑲±
𝑩𝟎 → 𝑱/𝝍 𝑲𝟎
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Time dependent CP

We have to measure time dependence (i.e. t≠0) to see 
the mixing contribution.

(1) Decay (2) Decay with mixing

Vtd
*

Vtd
*KS or KL

KS or KL
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Time dependent CP

z measurement

CP side
(B to fCP)

Tag side
(the other B)

Br. is 10-4~10-6.

Belle result

𝑩𝟎ഥ𝑩𝟎
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Current CKM Matrix

We can find the area the triangle apex which is compatible with all the 
measurements. Kobayashi-Maskawa theory is OK at this precision.

Belle and BaBar
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Prospects of CKM matrix

Belle II projection
@ 50 ab-1

Current world average
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CP Asymmetry beyond KM

 CP asymmetry in 𝑏 → 𝑠 ҧ𝑠𝑠
 B → 𝜙𝐾𝑠 , 𝜂′𝐾𝑠, 𝐾𝑠𝐾𝑠𝐾𝑠

Uncertainty from theory is a few %.

 New physics may affect in Penguin 
loop.

 Belle II will measure more precise to 
new physics region.

Total error of 𝐬𝐢𝐧𝟐𝝓𝟏 − 𝒔𝒊𝒏𝟐𝝓𝟏
eff
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Charged Higgs

 Many new physics predicts charged 

Higgs.

 𝐵 → 𝜏𝜈, 𝐵 → 𝐷𝜏𝜈 is good tool to 

probe new physics.

 Charged Higgs affects the branching 

fraction of these decays in tree level.

 Because of large masses the 

difference b/w NP and SM is large. 

𝐵 → 𝜏𝜈:  (1 − 𝑀𝐵
2 tan 𝛽2 /𝑀𝐻

2)2
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Full Reconstruction

 Full reconstruction in tag side is essential to measure the decay 
with large missing energy.

 One of the advantages of e+e- collider experiment

20

𝑩 → 𝝉𝝂 signal side: 

only e is 
reconstructed

Tag side: B- is fully 
reconstructed by 
using hadronic mode
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Charged Higgs |Prospects

 Statistics limits the accuracies.

 The study of the MSSM Higgs through this decay modes is only possible 
with the statistical power of SuperKEKB.

5σ discovery 
region 
(50ab-1)

5σ discovery 
region 
(5ab-1)

Belle Belle

𝑩 → 𝑫𝝉𝝂𝑩 → 𝝉𝝂
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R(D(*))=

Br.

Br.

( )

( )

Lepton Universality

 The discrepancy b/w SM and 
measurement is 3.1 s

 SM prediction is very solid.

 We can confirm the excess with 
~5 ab-1 data.

22
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Lepton Universality in loop

23

2.5σ from SM

stat

LHCb-PAPER-2019-009 22 March 2019

syst

2.1-2.5σ from SM
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Flavor Violation in Charged Lepton Sector

 SM does not have any mechanism to change flavor in lepton sector. 

 Direct evidence of NP

 Sensitive to wide-range of models.

 Model-independent, important to synergy with other measurements to specify 
possible models.

MEG II Belle II, LHCb

𝜏 → 𝑒𝑒𝑒

Mu3e

Belle II
LHCb 24
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τLFV Golden Channels
 τ→μγ

 Many NP predicts the largest 
branching fraction in τLFV
modes.

 τ→3μ

 Sensitive to Higgs mediated 
model, Double-charged Higgs

 Clean channel. Sensitivity goes 
up proportional to statistics. 

Little Higgs w/ 
T-parity

MSSM (dipole) MSSM (Higgs)

0.4 … 2.3 ~1×10-3 0.06 … 0.1

25

MC

𝑀𝜇𝜇𝜇 (GeV/c2)𝑀𝜇𝛾 (GeV/c2)

MC

As example

JHEP (2007)013
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τLFV Golden Channels
 τ→μγ

 Many NP predicts the largest 
branching fraction in τLFV
modes.

 τ→3μ

 Sensitive to Higgs mediated 
model, Double-charged Higgs

 Clean channel. Sensitivity goes 
up proportional to statistics. 

Little Higgs w/ 
T-parity

MSSM (dipole) MSSM (Higgs)

0.4 … 2.3 ~1×10-3 0.06 … 0.1

26

As example

With several ab-1

data we will update 
the search!
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Tau LFV in Belle II

 Belle II is not only B factory but also tau factory. 

 Measuring tau flavor violating decay is one of important topics in Belle II.

 Clean environment of Belle II is good to see such a low-multiplicity events. 

We’ll cover many tau LFV 
decays down to 10-9 level.
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SuperKEKB and Belle II
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SuperKEKB target
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Luminosity

Nano-beam scheme
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Nano-beam scheme

Collide longer and thinner bunches with large 
crossing angle. 
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SuperKEKB Specs
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Belle to Belle II

Higher luminosity causes
 Higher event rate 
 Higher background 

Detector should be upgraded to 
have same or better performance 
in the SuperKEKB environment.
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Belle II Detector
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Vertex Detector
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Pixel Detector & Silicon Vertex detector

 Pixel Detector 
(PXD)
 New detector 

in Belle II.

Silicon Vertex 
detector 
(SVD)
Larger outer 

radius to 
cover
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Central Drift Chamber

• Reconstruct tracks 
and momentum

• Particle ID with dE/dx
38



B
e
ll
e
 I

I 
R
e
s
u
lt
s
 a

n
d
 P

ro
s
p
e
c
ts

CDC in Belle II

Smaller cell 

 reduce hit rate on one cell 
against increase background.

Larger outer radius

Better momentum resolution

Upgrade DAQ to reduce 
dead time
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Time Of Propagation (TOP) counter

• Particle ID in Barrel
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Aerogel Ring Imaging Cherenkov (ARICH) counter

• Particle ID in End-cap
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K/ ID by measuring 
difference of path length.

 16 modules arranged 
around the interaction 
point

 Backward side: 
expansion prism, PMTs 
and readout

 Forward side: spherical 
mirror

Time Of Propagation (TOP) counter
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K/ ID with Cherenkov 
imaging

 Silica Aerogel radiator
 n = 1.045-1.055

 Hybrid Avalanche Photo 
Detectors
 420 units, 144 

channels each, 5 mm 
pixelated

 Gain = 7・105

 QE > 28%

Aerogel Ring Imaging Cherenkov (ARICH) counter
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Electromagnetic Calorimeter
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Electromagnetic Calorimeter

 CsI(Tl) crystals 
 16.1 X0 (30 cm)
 Reuse

 New electronics 2 MHz waveform 
sampling for the barrel part
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KL and Muon Separation
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KL and Muon Separation

Barrel: Belle RPCs reused
 Two inner layers replaced 

by scintillator strips (BKG)
 Scintillator strips with WLS 

fibers
 Hamamatsu SiPM S10362

Endcap:
 RPCs replaced with 

polystyrene scintillators
 99% geometrical 

acceptance. σ ~ 1ns
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Belle II status

 Phase 1: SuperKEKB commissioning without final focusing and without 
Belle II detector. (January - June 2016)

 Phase 2: Collision data taking with final focusing. Belle II with no final 
vertex detector. (April - July 2018. Recorded ~500 pb−1 at Y(4S))

 Phase 3: Collision data taking with full Belle II detector. STARTED 
MARCH 2019.
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Nano-beam

Nano-beam scheme works successfully.
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Nano-beam

Nano-beam scheme works successfully.

Final target 0.3 mm

World record
σ = 400nm 
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Belle II first event (April 2018)
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Track Reconstruction

Charged particle are successfully reconstructed by 
Belle II trackers, CDC and partial VXD.
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Particle Identification

Particles are identified by CDC, TOP, and ARICH
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Particle Identification

Particles are identified by CDC, TOP, and ARICH
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Particle Identification

Particles are identified by CDC, TOP, and ARICH

𝝓 → 𝑲+𝑲−

𝑲𝒔 → 𝝅+𝝅−
No PID
 selection

No PID
K selection

No PID
 selection

No PID
K selection
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Particle Identification

Particles are identified by CDC, TOP, and ARICH

𝝓 → 𝑲+𝑲− resonstruction 56
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Photon Reconstruction

Photon is 
reconstructed 
with several 
modes.
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Event Shape

BB events are 
spherical shape.

Obtained data 
contains rich BB 
samples.

Collider energy is 
well-tuned at the BB 
resonance 4S.
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B Reconstruction

We successfully reconstructed B events.
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B Reconstruction
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Tau

 Tau mass measurement with 3x1 prong
 Obtained data is understood well.
 Need more statics for cLFV search. MC study is on-going for coming data.

𝜏 → 3𝜋𝜈
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Phase III

Physics run with 
ALL detectors.

Accelerator 
tuning is also 
on-going.
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Continuous injection

Beam lifetime is 
several minutes at 
designed luminosity.
Continuous injection 

is necessary.

Normal
injection 

(May 6th)
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Continuous injection

Beam lifetime is 
several minutes at 
designed luminosity.
Continuous injection 

is necessary.

65



B
e
ll
e
 I

I 
R
e
s
u
lt
s
 a

n
d
 P

ro
s
p
e
c
ts

Going further

We are increasing 
beam current and 
number of bunch.

 Further beam 
squeezing will be 
performed from 
this autumn.

Final target 0.3 mm
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Integrated Luminosity

We are accumulating data.

Phase III Goal:
~10fb-1 in June.
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Data Accumulation

KEKB
peak lumi

Belle
integrated lumi

3 years
5 ab-1

8 years
50 ab-1
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Summary

 Belle II experiment at SuperKEKB aims at reveal new physics to perform 
precise measurements of heavy flavor decays.

 We succeed in operating the Belle II detectors and SuperKEKB.

 Belle II detector performance was confirmed with several decay channels.

 Further work in SuperKEKB is underway to reach the target luminosity step-
by-step.

 Physics run with the full detector is running.

 Soon we’ll have many exciting physics result!
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Back up
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R(D(*))=

Br.

Br.

( )

( )

Lepton universality

 The discrepancy b/w SM 
and measurement was 
~4s

->3.1s :Updated in 2019
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Prospects

What we can see near future (several fb-1 level),
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