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The beauty of B physics
• The power of indirect searches

• GIM mechanism (1970): charm presence invoked from the suppression of K0® µµ before the 
discovery of J/y (1974)

• Kobayashi-Maskawa (1973): 3 generation quark mixing needed to explain CP violation in neutral 
kaon decays

• Top mass limit >50 GeV infered from B0-B0 mixing (1987) before actual top discovery top (1995)
• Because of the large b-quark mass, loop and rare B decays offer a rich potential for 

indirect searches of New Physics (NP)
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SuperKEKB and Belle II
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The SuperKEKB machine
• Asymmetric e+e- collider optimized for 

luminosity
• On-threshold production of BB (10.58 GeV)
• Aims at an integrated luminosity of 50/ab

(about 50 times the B factory data 
samples)

• This is achieved by a x20 times smaller by* 
(nano-beam scheme) and x1.5 times 
higher beam currents compared to KEKB
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The Belle II
detector
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Belle II luminosity status
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• SuperKEKB/Belle II have 
been operating since 2019 
including the COVID-19 
pandemic period
• Instantenous luminosity 

record:
2.957 x 1034/cm2/s
(May 18, 2021)
• Total recorded: 162.27/fb 

(May 24, 2021)



Luminosity prospects

• Long shutdown from 
Summer 2022
• For PXD layer 2 installation 

and TOP PMT replacement
• Belle II luminosity will 

reach to about the Belle 
data sample (711/fb)

• Long shutdown 2026
• For IR upgrade

(QCS final focussing 
magnets upgrade)

• About 15/ab recorded by 
2026

• Ultimate luminosity goal 
is 50/ab by ~2030
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Belle II physics covered in this talk

• B+® K+ nn with inclusive tagging
® Cyrille Praz “Search for rare electroweak decay B+ -> K+nn in early Belle II dataset”

(DM VI, May 26)

• Towards R(K) in Belle II
® Soumen Halder “Results and Prospects of Radiative and Electroweak Penguin 

Decays at Belle (II)” (Higgs III, May 26)

• Measurements of the CKM angles
® Chiara La Licata “The re-discovery of the decays for the CP violation measurements 

at Belle II” (Flavor II, May 24)
® Sebastiano Raiz “Charmless B decays at Belle II” (Flavor I, May 24)
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Search for B+® K+nn
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Theory B+® K+nnbar

• Electroweak penguin and box diagram contributions
• SM branching fraction: (4.6 +/- 0.5) x 10-6 (arXiv:1409.4557)
• Not observed yet, best upper limit (BaBar) <1.6 x 10-5
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Belle II inclusive tag
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Boosted Decision Trees (BDTs)



Belle II inclusive tag (2)
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Belle II preliminary result
• Signal extracted using a binned ML fit to on- and 

off-resonance data with 175 nuisance parameters
• Preliminary 90% CL upper limit:

4.1 x 10-5

• Submitted to Phys. Rev. Lett. (arXiv:2104.12624)
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R(K) and R(K*)
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Searching for New Physics in b ® sl+l-
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R(K) and R(K*) – testing lepton universality
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LHCb measurement of RK
[LHCb-PAPER-2021-004]
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R(K) prospects at Belle II
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R(K) Belle II vs. LHCb
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50/ab would 
correspond to
~1000 times more
data in this plot

different



Angular analysis B ® K*µµ
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longitudinal K* 
polarization

CP-averaged rate



Angular analysis of B ® K*µ+µ-
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Belle II prospects for the angular analysis

• LHCb sees the largest 
tension in the muon channel 
(e channel is SM-like)
• At 2.8/ab the Belle II 

uncertainty in P’5 (both e & 
mu) will be comparable to 
LHCb 3/fb (mu only)  
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CKM angles
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Probing the CKM unitarity triangle
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B ® Xln

CPV in B ®pp, rr, rp

CPV in B ® J/yKs
B-/+® D(*)K(*)-/+



Time-dependent CPV in B ® J/y Ks

• Three  “ingredients”
• Reconstructed decay
• Time measurement Dt
• Flavour tag

• Challenge
• Reduced boost of 

SuperKEKB leads to Dz 
200 µm ® 130 µm

25



First Belle II sin 2f1 measurement
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First measurement of B ® J/y KL
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BELLE2-CONF-PH-2021-009



Rediscovery of B ®h’K

• Penguin-dominated mode
• Time-dependent CPV is expected to be 

sensitive to NP in the penguin loop
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BELLE2-CONF-PH-2021-009
arXiv:2104.06224 [hep-ex]

https://arxiv.org/abs/2104.06224


Towards a/f1
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BELLE2-CONF-PH-2021-007 BELLE2-CONF-PH-2021-006
arXiv:2105.04111 [hep-ex]

https://arxiv.org/abs/2105.04111


Towards a/f1 (2)
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Summary

• The SuperKEKB machine and the Belle II detector have successfully started 
data taking in 2019
• Peak luminosity: 2.957 x 1034/cm2/s, Integrated:  162.27/fb (May 24, 2021)
• Operation continues despite the COVID-19 pandemic

• Early Belle II physics
• While the first publications are dominated by dark matter physics, competitive B 

physics results start to emerge
• 90% C.L. upper limit on B+® K+ nn at 4.1 x 10-5 (submitted to PRL)
• Belle II can also confirm the LHCb anomalies in R(K) and P’5 but more integrated 

luminosity will be needed
• Preparing for another round of tests of CKM unitarity

• Stay tuned
• When reaching the Belle I luminosity by about summer 2022 Belle II will be even 

more competitive in the field of B, charm and tau physics
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backup
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Tagging techniques for Y(4S) events
• Tagging provides:
• Background suppression
• Information on Bsig

(4-momentum)
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PURITY

EFFICIENCY

Untagged
•No requirement on Btag
•High efficiency,
low purity

Semileptonic tag
•Btag® D*ln
•Efficiency  ~O(0.2%)

Hadronic tag
•Btag® hadrons
•Efficiency  ~O(0.1%)


