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Search for new physics (NP)

• Energy frontier: direct production of  
new particles - limited by beam energy 
(LHC - ATLAS, CMS)

• Intensity frontier: new virtual particles in 
loops/trees transitions, deviation from SM 
expectations (B factories, LHCb)
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Physics Motivations

Open issues in HEP, related to flavour

• Baryon asymmetry in cosmology:
new sources of  CPV

• Quark and lepton hierarchy (mass 
and flavour): GUTs (SUSY) ?

• Dark Matter: hidden dark sector ?

• Finite neutrino masses: (charged) 
lepton flavour violation (tau) ?

If  NP is found in direct searches it is reasonable 
to expect NP effects in B, D, τ decays 

SM supported by experimental evidence at high level of  precision, nonetheless tensions do exist

NP
SMSM
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• Electron-positron collider situated at KEK (Tsukuba, Japan), upgrade of  KEKB

• Construction completed

• e+e- (4 GeV + 7 GeV) → BB mainly at √scm=10.58 GeV (peak of  ϒ(4S) resonance) 

SuperKEKB

–

Belle II

4

ϒ(4S)

1010 BB pairs per year

Expected data sample @ full luminosity

assuming 100% running at each energy



From KEKB to SuperKEKB

Factor ~ 40-50 in the luminosity
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Nano-beam scheme firstly proposed by P. Raimondi for SuperB

L~8x1035 cm-2 s-1

- Radiation damage
- Occupancy in inner detectors 
- Fake hits and pile-upRadiative Bhabha

Touschek 

Beam-gas 2-photon-processes

Higher backgrounds

50 ab-1



From Belle to Belle II

Belle Upgrade:

- Extended VXD region (added pixel detector)

- Extended Drift Chamber region

- New ECL electronics (waveform sampling 
and fitting)

- New PID detector in the forward region

- High efficiency KLM detector (some 
RPCs layers substituted with scintillators            
to resist neutron background)
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• improved IP and secondary vertex resolution
• better K/π separation and flavor tagging
• machine background rejection
• higher KS, π0 and slow pions reconstruction efficiency

Impact parameter 
resolution
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Belle II schedule

21/06/17

Phase 1 (2016): beams, no collisions, cosmics
Phase 2 (2018): collisions, complete Belle II 
detector except for Vertex Detector
Phase 3 - Full physics (end 2018-2024): full 
Belle II detector

BEAST (Beam Exorcism for A STable 
experiment): commissioning detector 
(during Phase 1 and 2), aimed at studying 
beam induced backgrounds near the IP
- w/o collisions: Touschek, beam-gas
- w collisions: rad Bhabha, two photons 

(very low momentum e+e-)
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Important milestones in 2016/2017

• First beams circulating in 
SuperKEKB at end of  Feb 2016

• June 2016: 1 A current achieved

BGO crystals

Beam-gas and Touschek measurement

• First beam background 
measurements by BEAST 

• April 2017: Belle II roll-in  
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Physics program

21/06/17Further on Belle2 / LHCb projections in the backup

• CPV in B decays (B → J/ψK0, K0π0γ, Kπ)

• (Semi)leptonic B decays (B → D(*)lν, πlν, τν, µν)

• Rare B decays (B → K(*)νν, K(*)ll, Xsγ, Xsll, γγ)

• Charm physics (D → lν, mixing, CPV)

• LFV tau decays (τ → 3l, lγ)

• Dark Sector, Spectroscopy (also early physics)

Unitarity Triangle

projection @ 50 ab-1



10

Highlights physics measurement 
perspectives

21/06/17



• Collision energy scan and data collected 
mainly at Y(4S) peak (20-40 fb-1): study 
of  quarkonium transitions 

• Unique dataset at Y(6S) possibly - strong 
interaction studies

• Investigate exotic meson states 
(tetraquark, glueballs, hybrids)

Phase II physics:
quarkonium and dark sector
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• Dark photon: A’ ⟶ invisible + γ

• Challenging single photon triggers

Belle



• B→lν: helicity suppressed decays

• NP, e.g. charged Higgs, enhances the branching ratio

• B→τν
• evidence at Belle and BaBar (Belle most recent ~4.6 σ level, PRD 92 051102)

• Belle II analysis
• Observation at ~3 ab-1

• 5-6% uncertainty at 50 ab-1

• No EECL resolution degradation        
due to beam background

Golden modes with 5 ab-1: 
leptonic B decays
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Projections at 1, 5 and 50 ab-1

Extra energy in 
the calorimeter

Belle II Full 
Simulation study
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Golden modes with 5 ab-1:
semileptonic B decays

• B→D(*)τν
- Measurement of  R(*) =  
BR(B→D(*)τν) / BR(B→D(*)lν)

- Sensitive to charged Higgs bosons
- Measurements combination:
4.1 σ far from the SM (including
recent LHCb)

- Belle II @ 50 ab-1: 2-3% uncertainty

• B→Xulν
- Tension between inclusive and

exclusive |Vub| measurements

- Belle II @ 50 ab-1: ~3% (inclusive) /     
~1% (exclusiveπl ν) uncertainty

R(D) vs R(D*)

|Vub|

Most recent LHCb
measurement of  R(D*)

(LHCb-paper-2017-017 in preparation)

R(D*) average

Belle II Full Simulation study

B →πl ν projections



LFV and electroweak penguins

• LFV in tau decays is a clear test of  the SM: expected BR ~10-25 (NP predicts BR up to 10-8)

• τ decays studied at 
B-factories 

• precision improvement by 
2 orders of  magnitude
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NP contributions (BR x50):
- non standard Z-couplings (SUSY) 
- new missing energy sources (DM, extra dim.)

B → K(*)ll: test of  lepton universality

LHCb: 2÷2.5 σ 
deviation from SM

B → K(*)νν (BR ~10-6) not observed yet

Belle II Belle II Full 
Simulation study
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Conclusions

21/06/17

• In the SuperKEKB B factory e- and e+ collisions will reach the unprecedented
instantaneous luminosity of 8x1035cm-2s-1

• The upgraded Belle II detector will face the higher level of backgrounds with
improved tracking and PID

• The detector commissioning has started in 2016 (phase I, no collisions) with
first collisions expected in February 2018 (phase II, no VXD) and full physics
program at the end of 2018 (phase III, full detector)

• The physics program includes the CP violation, (semi)leptonic B decays, rare
B decays, LFV, charm physics, dark sector and spectroscopy

• With the full dataset of 50 ab-1 collected by 2024 Belle II will be able to shed
light on the physics beyond the Standard Model

• Belle II Physics Book to be published in 2017
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Thanks !



Backup
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• Among the technical challenges at Belle2, 
there are beam backgrounds

• In Belle/KEKB, unexpected backgrounds 
burnt a hole in the beam pipe and damaged 
inner detectors

• Especially dangerous at SuperKEKB:
– Temporary damage or faults in electronics
– Obscure physics processes
– Fake interesting physics signals
– Rejecting fake signals also lowers efficiency

• This is where BEAST comes in…

Touschek scattering

Beam-gas scattering

Synchroton radiation

Radiative Bhabha

39

BEAST commissioning detector
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BEAST Commissioning Detectors
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Belle II Physics Book
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Phase II
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Tracking without VXD

What can we do with phase II data ?
• Background studies
• Detector and trigger performance studies
• Simulation validation
• Exercising of  calibration and alignment procedures
• Reconstruction algorithm tuning
• Physics measurements



Belle II Detector
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Total number of  
hits per event in 
each subdetector



Belle II / LHCb
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Belle II  vs Belle
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From Belle to Belle II

• IP and secondary vertex resolution

• K/π separation and flavour tagging

• machine background rejection

• KS, π0 and slow pions reconstruction efficiency

Impact parameter 
resolution
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sig:

bkg:
Belle

Belle II

MC

Improvements:
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Physics processes cross sections at
Belle II
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Unique capabilities of
e+e- B factories - Belle II

1. Beam energy constraint and adjusted for different 
resonances ϒ(nS) 

2. Clean experimental environment, low track 
multiplicity and detector occupancy (w.r.t hadron collider)

- high B, D, K, tau reconstruction efficiency 
- open trigger ~99% efficient

1. Full reconstruction of  one B (Btag) constraints the 4-
momentum of  the other (Bsig)

- helpful in reconstruction of  channels with missing energy

1. Excellent EM calorimetry performances
- high reconstruction efficiency of  neutral final states too
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Early physics
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Physics prospects: Belle II vs LHCb
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