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Asymmetric energy Flavor factories

n !+!- beams tuned at U(4S) resonance 10.6 GeV
n 50% decays: coherent production "#$"#
n Fully reconstruct one of the B’s 
n Tag the flavor of the other B

¨ Tag B flavor/charge (study CP Violation)
¨ Determine decay time by z0 of decay vertices (time 

dependence)
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First-generation Factories
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• Success culminated in 2008 Nobel prize in Physics
• Rich legacy left for next generation experiments
EPJ 



Motivation for another !+!-

Flavor Factory

n Precision CKM metrology � Standard Model (SM) candle 

n New CP violating phases � CP violation in " and # decays 

n Any imprint of new physics in FCNC transitions? � radiative and 

electroweak penguin decays

n How about charged Higgs boson? � study tree-level decay "�$%
or "� #(⋆)$%

n New physics in $ sector � search for lepton flavor violating (LFV) $-
decays 

n Can we probe dark matter? � hidden dark sector

Belle II @ SuperKEKB will address these and other 

questions with almost two orders of magnitude larger 

dataset than Belle+BABAR
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SuperKEKB
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Beams at KEKB 

Nanobeams at SuperKEKB

Interaction-point size: 6�0.06�150 μm3

Crossing angle 11 mrad
Beams at KEKB 



Nanobeam Scheme
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Luminosity vs Physics
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E. Kou et al. PTEP 2019(123C01)



Belle II Collaboration
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26 countries, 113 institutions, close to 1000 collaborators

IFJ 
Cracow



Belle II Detector
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Vertex Detector (VXD)
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2 layers of DEPFET active pixels
75 µm thick (currently 2 modules 
in L2 only)

4 layers of double-sided strip
sensors

Factor 2 or better impact 
parameter resolution in spite of 
the lowered Lorentz boost



Central Drift Chamber (CDC)
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Particle ID (Time of Propagation)
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How far have we gone? 
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Full Belle II detector: Mar 2019

Lpeak = 1.2x1034 cm-2 s-1

Lint = 10.57 fb-1



K/p Particle Identification
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BELLE2-NOTE-PL-2019-022 

Measured on a control sample 
D∗+ →D0[K−π+

s]π+ 



Track Impact Parameter 
Resolution
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Belle vs Belle II 
Factor 2 better

Impact parameter 
resolution: 14 µm



D0 Lifetime
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Result with a small dataset
tD0 = (370�40stat) fs
Accepted value 410 fs

BELLE2-NOTE-PL-2019-003

Good position 
resolution/alignment crucial!



J/Y Reconstruction
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BELLE2-NOTE-PL-2019-018 

Dilepton invariant mass

e+e- µ+µ-



Rediscovery of B Mesons
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BELLE2-NOTE-PL-2019-028
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Demonstration of 
Belle II’s B Physics 
Capabilities: 
Modes with neutrals, 
and K mesons are 
efficiently 
reconstructed along 
with all-charged final 
states containing 
kaons and pions.



Full Event Interpretation
Reconstruction (FEI)
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This machine-learning technique 
(BDT) brings higher 
reconstruction efficiency 

BELLE2-NOTE-PL-2019-009 

B+ tag B0 tag



First Belle II NP Search
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Limits on Z‘ → invisible
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arXiv:1912.11276
Submitted to PRL
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n The Belle II experiment is a powerful tool to find signs of new physics by 

precision measurement of huge statistics of heavy flavor decays

n From 2018, Belle II physics run has started

n First physics results: re-discovery of B meson, Z’, B mixing, 

n Full event interpretation

n From February 2020 beam operation restarts

n More info at student talks: 
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Summary

S. Bacher J. Kandra B. Knysh R. Manfredi
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Backup
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e+e- has advantages in… LHCb has advantages in…

CPV in B→fKS, h�KS,…
CPV in B→KSp0g

B→Knn, tn, D(*)tn

Inclusive b→sµµ, see
t→µg and other LFV
D0D0 mixing

CPV in B→J/yKS

Time dependent 
measurements of BS

Bc and bottomed baryons

Most of B decays not 
including n or g

B(s,d)→µµ

Complementary!!

Comparison with the LHCb
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