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What we have achieved at Belle/KEKB

B-factory:
Belle (> 1 ab-1) and BaBar (~550 fb-1)
Fruitful works with 1.25 × 109 𝐵  𝐵

What if we have ~50 ab-1 data

Belle: highest luminosity, intensity frontier 
targeted CP-violation using a huge number of B meson pairs
operated from 1999 to 2010

Super B-factory
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Results available by summer 2001:
CP violation on the B system is established
following the first measurements of the
CKM parameter sin2β by BaBar and Belle

from CKM fitter group

2001                   2015

Belle, BaBar, LHCb, …

HFCPV-2016 Shanghai 4



Why do we need Belle II/Super-KEKB

Search for new physics
• One approach is the precision/intensity frontier
• The mass reach for new particle/process effects

can be as high as ~100 TeV if the couplings 
are enhanced

• Suppressed flavor physics reactions
deviation from SM predictions

• CKM, precisely 
• QCD exotics (XYZ)
• Dark matter searched…

All of them need more data!
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What is Belle II/SuperKEKB

KEKB   → SuperKEKBHFCPV-2016 Shanghai 6



Nano-beam scheme to increase luminosity

𝐿𝑝𝑒𝑎𝑘 = 8 × 1035cm−2𝑠−1,  40 × KEKB

Next intensity frontier
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SuperKEKB commissioning detector

Beam Exorcism for A Stable ExperimenT II
(BEAST II)

measure and characterize beam backgrounds
independent detectors

• Expected Beam background: 40 times than Belle
• Beam-gas interactions (current, vacuum level)
• Synchrotron radiation
• Touschek effect (current,inverse beam size)
• Fake hit
• radiative Bhabha scattering (luminosity)

……
BEAST background in the LER vs time

shows the backgrounds decreasing 
as vacuum scrubbing proceeds

Works well!
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electron  
(7GeV)

positron 
(4GeV)

𝑲𝑳 and 𝝁 detector:
Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (end-
caps)

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

Central Drift Chamber:
He(50%):C2H6(50%), Small cells, 
long lever arm,  fast electronics

EM Calorimeter:
CsI(Tl), waveform sampling (barrel)
Pure CsI + waveform sampling (end-
caps)

Vertex Detector:
2 layers DEPFET + 4 layers 
DSSD

Beryllium beam pipe
2cm diameter,
QCSR andQCSL

Belle II Detector
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Important improvements in detector 
performance from Belle to Belle II

• Smaller beam pipe radius
• Innermost PXD layer sit closer to IP (r=1.4 cm)
• Significantly improve the resolution along Z direction

• Larger tracker SVD and CDC
• Increase 𝐾𝑆 efficiency, excellent momentum resolution, dE/dx…
• Better flavor tagging

• TOP and ARICH
• Better 𝐾/𝜋 separation covering whole range momentum in Barrel and Endcap region

• ECL and KLM
• Improvement in ECL and KLM to compensate larger beam background

• Improved trigger and DAQ
• 30 kHz , >1 M/event
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Vertex detector Pixel detector (PXD) and
silicon vertex detector (SVD)
Precise measurement of the
primary and secondary
vertices of short lived 
particles

PXD:
2 layers of DEPFET pixels
Very thin (50𝜇𝑚) pixel sensor
Inner layer close to IP
Excellent resolution 

SVD:
4 layer of DSSD detectors
Excellent timing resolution (2-3 ns)
Large outer radius (6.05 -> 14 cm)
Covers full BelleII angular acceptance

under production

HFCPV-2016 Shanghai 11



Central drift chamber (CDC)

• Extended outer radius
• Smaller drift cell
• better momentum reconstruction
• better dE/dx measurement
• 3D trigger information

Just installed in Oct. 2016
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Time of Propagation (TOP)
Cherenkov detector,  quartz radiator
Cherenkov ring imaging with precision
time measurement.

Installation completed on May 11, 2016.

𝐾/𝜋 different 𝜃𝐶, different path,
different time of propagation

Cherenkov photons emitted in quartz radiator,
total internal reflection, focused by a mirror,
detected by a fast position sensitive PMT

Particle ID (barrel)
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Particle ID (forward End-cap)
• Aerogel proximity focusing RICH (ARICH)
• In the front-end endcap region
• Measure the angle 𝜃𝐶
• Good separation (>4𝜎) for 𝐾/𝜋 in (-0.5-4.0 GeV)
• One sector has been instrumented.
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First ring 
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ray.
Aug 10.



EM calorimeter (ECL)
Belle II and Belle ECL trigger
efficiency (simulation)

Reuse barrel crystals from Belle (new electronics)
refurbished endcap crystals (CsI(TI)-> CsI)

• Detect photon with precision measurement
• Identify electrons
• Help detect 𝐾𝐿 together with KLM
• Used to trigger

Barrel ECL already installed.
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𝑲𝑳 and 𝝁 detector (KLM)
Alternating layers of iron plates and detector components
Iron plates:

• 𝐾𝐿 shower hadronically
• Flux return for magnet

replaced endcap and inner-most barrel RPCs with scintillators

Barrel (endcap) installed in 2013 (2014).
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Physics prospects

Rich physics:
precision CKM,
new source of CP violation
Lepton flavor vioiation
Dark sector,
Bottomonium and charmonium spectroscopy
QCD exotics

Expected uncertainties on several selected flavor observables
with an integrated luminosity of 5 ab-1 and 50 ab-1
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Belle II advantages

• Very clean sample of 𝑩 𝑩 pairs
• High reconstruction efficiency

charged tracks
neutrals (𝜋0𝜂…)

• High flavor-tagging efficiency
Belle II ~34% vs. LHCb ~3%

• Measure 𝑲𝑺 and 𝑲𝑳 , important to most time dependent
CPV measurements

• Full reconstruction one B to tag the flavor of the other B,
determine momentum…

• Clean and excellent useful for analyses with missing particle.
• Also large sample of 𝝉

rare decays
LFV search
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Search for new CP violation sources

Most theories involving NP include additional CP violation sources
maybe large deviation from SM predictions for B meson decays

Search for new sources by comparing mixing-induced CP asymmetries in penguin transitions
with tree-dominated modes
time dependent CPV in 𝑏 → 𝑠 decays, 𝐵 → 𝜙𝐾0, 𝜂′𝐾0……

NP from rare or precise measurements.
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Direct CPV in Charm

Belle II contribution will be in channels with neutrals final state
Most measurements will be dominated by sysmetatics
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Lepton flavor violation

Belle II improves over 100 times than Belle 

𝝉 → 𝝁𝜸 𝝉 → 𝝁𝝁𝝁

SM+heavy Maj 𝜈𝑅
(PRD66,034008)

10−9 10−10

Non-universal 𝑍′
(PLB547,252)

10−9 10−8

SUSY SO(10) (PRD 
68,033012)

10−8 10−10

mSUGRA+seesaw
(PRD66,115013)

10−7 10−9

SUSY Higgs (PLB 
566,217)

10−10 10−7
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Schedule and plans

K. AKAI, SuperKEKB schedule for phase 2, Oct. 17, 2016 @B2GM

Phase I:
successfully completed

Phase II:
preparing
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Detectors, almost installed
KLM,ECL,TOP,ARICH,CDC
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Chinese group
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Members (up to Oct. 26)
IHEP (10)
Beihang U. (9)
USTC (4)
Peking U. (3)

Contributions (up to now):
Belle2link (IHEP)
Computing (Beihang U.)
Trigger  (IHEP)



Summary
• The phase I is successful completed. 
• Now moving to phase II, testing all the detectors.
• Commissioning without Vertex detector in Nov. 2017
• Full Belle II operation: 2018
• Physics studies ……

Rich physics topics.
Now MC simulations, tools developments.

Everything goes smoothly up to now.
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Thanks for your attention.

Welcome comments and suggestions!


