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KEKB and Belle

𝒔 ~ 𝟏𝟎. 𝟔 GeV

Peak luminosity: 2.11 × 1034cm−1s−1

Integrated luminosity (~980 fb-1 in total):

Υ(5S): 121 fb-1, Υ(4S): 711 fb-1, Υ(3S): 3 fb-1, 

Υ(2S): 25 fb-1, Υ(1S): 6 fb-1, continuum: 90 fb-1
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SuperKEKB and Belle II

Nano-beam design:

Beam squeezing: ×20 smaller

Target luminosity: KEKB×40 

• Achieved peak luminosity: 4.7×1034 cm-2s−1 

• Integrated luminosity: 427/fb [arXiv:2407.00965]

𝐬 ~ 10.58 GeV
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Belle II now has grown to ~1100 researchers 
(~600 authors) from 28 countries/regions

International Belle II collaboration
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𝐵 ത𝐵

Productions in Belle II Belle II Physics 

Wealth of new physics possibilities in different domains 

of HEP (weak, strong, electroweak interactions). Many 

opportunities for initiatives by young scientists.
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Keywords
(Partial) definition: an e+e− B factory operates at the intensity frontier to collect samples
of B mesons for precision measurements and searches for rare/forbidden decays, i.e.,
indirect searches for beyond-the-standard-model (BSM) physics with high luminosity

An important note: program is mostly complementary to that of LHCb and other hadron
experiments
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B Flavor tagging at Belle II

arXiv:2402.17260
Accepted by PRD

[Eur. Phys. J 82, 283 (2022)]
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CKM matrix: |Vcb| & |Vub|
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Semileptonic B decay: Vcb

New exclusive measurements from Babar 
with B→Dlv and Belle with B→D*lv using 
full differential information for the first 
time

• 𝑉𝑐𝑏 = 41.1 ± 1.2 × 10−3

[Babar arXiv:2311.15071]
• 𝑉𝑐𝑏 = 41.0 ± 0.7 × 10−3 

[Belle arXiv:2310.20286, to appear in PRL]

Compatible with inclusive – perhaps we 
are on the right path to resolve these 
tensions? 
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Simultaneous measurements of B0→π−ℓ+ν and B+→ρ0ℓ+ ν

11
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http://arxiv.org/abs/2407.17403
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Simultaneous measurements of B0→π−ℓ+ν and B+→ρ0ℓ+ ν
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Simultaneous measurements of B0→π−ℓ+ν and B+→ρ0ℓ+ ν
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Lepton-Flavor universality
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R(D*) using hadronic B tagging at Belle II
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R(D*) using hadronic B tagging at Belle II arXiv:2401.02840 
Preliminary
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➢ Inclusive ratio R(X) = B(B→Xτν)/B(B→Xℓν)

with τ leptonic decays

➢ Hadronic-tagging method with 189 fb−1

Hadronic tag pioneered by BaBar [PRL 92, 071802]; MVA version 

at Belle II [Comput. Softw. Big Sci. 3 (2019) 1, 6]

➢ Use missing-mass squared and B candidate momentum to extract 

signal

➢ Result agrees with SM prediction: R(X)SM = 0.223 ± 0.005

Measurement of R(X)
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Lepton Flavour Universality measurement in τ decays
arXiv:2405.14625 
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Lepton Flavour Universality measurement in τ decays arXiv:2405.14625 
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Lepton Flavour Violation (LFV) searches in τ decays
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? Update Belle II measurement of ℬ and 𝐴cp with 189 fb-1

? Improved analysis techniques

✓Better selections, GFlaT, reduction of systematic uncertainties

✓BDT photon selector, continuum suppression trained using off-

resonance data
✓4-D fit: 𝑀bc, Δ𝐸, continuum suppression BDT output, wrong B-

tag probability

? Compatible Direct CP precision with world average
✓Belle (499 fb-1) & BaBar (436 fb-1)

✓Very challenging measurement at LHCb

Direct CPV in 𝐵0→ 𝜋0𝜋0
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Electroweak Penguin and LFV @ Belle (II) experiment 
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Big Bang Theory Episode (FCNCs)

Sheldon,  what 
about FCNCs ?

So how do 
penguins  
(FCNCs) 
work ? 

FCNC’s are 
forbidden at 1st

order in the SM 

Examine the following b→s γ decay 

modes in the Belle II Phase 3 dataset.

  

B0 ® K *0g ® K +p -g

B+ ® K *+g ® K +p 0g

B+ ® K *+g ® K
S

0p +g

John Ellis, the CERN theorist who coined the 

name “Penguin” (a type of FCNC).
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Radiative penguin: B→ 𝛾𝐾∗
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Radiative penguin: B→ 𝛾𝐾∗
2D Mbc-∆E fit to extract 

Simultaneously yields of B and anti-B 

for self-tagged modes for ACP and Bpreliminary
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A b quark has charge -1/3, an s quark has charge -1/3 so this 

decay is a flavor changing neutral current (FCNC).

:  BSM without hadronic uncertainties

The B→K(*) 𝜈 ҧ𝜈 missing energy modes are accessible to 

Belle II (and Belle), but might be difficult at a hadron 

experiment. 

Signal: B→K ν ҧ𝜈
Tag mode: B→Dπ; D→Kπ
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a 3.5𝜎 excess or “evidence” signal: B→K ν ҧ𝜈

New Technique from Belle II 

with inclusive ROE

(Rest of the Event)  tagging. 

(X 10-20 𝜀 compared to FEI, 

but large bkgs).

Distributions for the signal-

enhanced region in the ITA 

(Inclusive tagged analysis)

PRD 109, 112006 (2024)

Now add on some ML/AI (boosted 

decision trees or BDTs) to help us 

tame the large backgrounds.

Fits in bins of BDT2 and q2 
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Consistency check with 
the lower sensitivity FEI 
hadronic tag.

Inclusive tagged 
analysis 

a 3.5𝜎 excess or “evidence” signal: B→K ν ҧ𝜈

PRD 109, 112006 (2024)
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Combination and comparison with other measurements

Significance of signal excess is 3.5 standard 

deviations. The signal is 2.7σ above the SM 

expectation.

Maybe third generation couplings b→ s 𝜏+𝜏− are 

enhanced

Program: In the future, Belle II should be able to measure B→K nu nubar,  K* nu nubar, q2 spectra 

and K* polarization.

PRD 109, 112006 (2024)
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Search for 𝙱𝟶→ 𝙺*𝟶τ+τ−
New! 
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Search for 𝙱𝟶→ 𝙺*𝟶τ+τ−
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Search for 𝙱𝟶→ 𝑲𝒔
𝟎τ±ℓ∓ at Belle and Belle II

➢ The BSM extensions predict that the decay rates for LFV 𝚋→ sτℓ 

decays are close to current experimental sensitivity

➢ Third-generation couplings + τ lepton mass → sensitivity to new 

physics 
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Search for 𝙱𝟶→ 𝑲𝒔
𝟎τ±ℓ∓ at Belle and Belle II
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Study of the rare decay B0 → γγ decay at Belle and Belle II

1 Yue-Long Shen et al. (2020), Journal of High Energy Physics, 169 (2020)
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Study of the rare decay B0 → γγ decay at Belle and Belle II
PRDL (accepted) 
arXiv:2405.19734
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Study of the rare decay B0 → γγ decay at Belle and Belle II
PRDL (accepted) 
arXiv:2405.19734
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Evidence of Pcs(4459) at Belle

preliminary
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X(3872) radiative decays at LHCb
• Radiative decays of X(3872) into the ψ(2S)γ

and J/ψγ provides an alternative way to probe

its nature

• The ratio of the partial radiative decay widths
into ψ(2S)γ and J/ψγ vary widely depending
on the different hypothesis for X(3872)

• large values of this ratio (>=1) are expected
for a conventional charmonium χc1(2P) state;
smaller values for pure DD∗-molecular
hypothesis (Rψγ ≪ 1)

• the mixture of a predominantly DD∗
molecular state and a compact component
cover a wide range of Rψγ

The significance of the X(3872)→ ψ(2S)γ signal is 4.8𝜎 and 6.0𝜎 for the 
Run 1 and Run 2

A strong argument in favour of a compact component in the X(3872) structure
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X(3872) radiative decays at Belle II

Background study 

Current available data set 

o Belle : 711 fb-1

o Belle II : 363 fb-1

Belle II reconstruction efficiency is 15-20% 

more than Belle II. 

o Thanks to the better tracking and 

reconstruction algorithm. 

Rough estimate suggest : 

➢~50 events for B+ →X(3872) K+ , 

X(3872) → J/ψγ

➢ ~ 24-34 events for B+ →X(3872) 

K+ , X(3872) → ψ(2S)γ  (using 

recent LHCb result) 
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Summary

• Belle II started operation in 2019, and the luminosity has achieved 
0.5 × 1035𝑐𝑚−2𝑠−1.

• After 18 months of LS1, SuperKEKB is resuming for the second data 
taking in Jan. 2024, with a goal of (1 − 2) × 1035𝑐𝑚−2𝑠−1.

• Belle II is getting more and more productive in publications, based on 
the excellent performance of the Belle II detector.

• R&D works for Belle II upgrade are on the way, and the CDR is under 
review by BPAC, going to be released soon.
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Search of D0 →hh′e+e− at Belle

BESIII PRD97(2019):072015, BABAR PRL122(2019):081802 

LHCb PRL 119(2017):181805
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D0 →hh′e+e− results at Belle
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