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𝑓±/𝑓00 (𝑅±00) from inclusive di-leptonic events

• We would like to measure 𝑅±/00 =
𝑓±

𝑓00 =
Γ(Υ 4𝑆 →𝐵+𝐵−)

Γ(Υ 4𝑆 →𝐵0 ത𝐵0)

• HFLAV world average: 𝑓±/𝑓00 = 1.054 ± 0.038

• We consider events where both 𝐵 mesons decay semi-leptonically

• Ratio 𝑅±00 can be determined from 𝑁𝑐ℎ𝑔/𝑁𝑢𝑛𝑚 or more reliably from 𝑁𝑂𝑆/𝑁𝑆𝑆

arXiv:2411.18639v1
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• Known theoretical signal distribution in respect to ∆𝑧 used to separate

signal/background:

𝑃𝐷𝐹 𝑢𝑛𝑚𝑖𝑥 ∝ 𝑒
−

Δ𝑡

𝜏
𝐵0 (1 + cos Δ𝑚𝑑Δ𝑡 )

𝑃𝐷𝐹 𝑚𝑖𝑥 ∝ 𝑒
−

Δ𝑡

𝜏
𝐵0 (1 − cos Δ𝑚𝑑Δ𝑡 )

𝑃𝐷𝐹 𝑐ℎ𝑔 ∝ 𝑒
−

Δ𝑡

𝜏
𝐵+
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• 𝐽/𝜓 approach:

• In 𝐽/𝜓 → 𝑙+𝑙− leptons share the same decay vertex

• Residuals Δ𝑧 = 𝑙1_𝑧 - 𝑙2_𝑧 are histogramed, fitted with 3 Gaussians, signal distributions are
convoluted with this resolution model

[hep-ex/0212033v3]
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Resolution function (Δt(gen) → Δz(rec))

https://arxiv.org/abs/hep-ex/0212033v3
https://arxiv.org/abs/hep-ex/0212033v3
https://arxiv.org/abs/hep-ex/0212033v3


• Accounting for the dependace on 𝚫𝒕(𝒈𝒆𝒏):
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• Performing a fit on ∆𝑧 𝑟𝑒𝑐 − ∆𝑡 𝑔𝑒𝑛 distributions in different ∆𝑡 𝑔𝑒𝑛 bins to 
construct a resolution with ∆𝑡 𝑔𝑒𝑛 dependent σ

• ∆𝑡 𝑔𝑒𝑛 times resolution is integrated over ∆𝑡 𝑔𝑒𝑛

𝐹 𝑥 = න
−∞

∞

𝑓 𝑥′ 𝑒
−

𝑥−𝑥′ 2

2 𝑘𝑥′+𝑛 2 𝑑𝑥′ 𝑥 = Δ𝑧(𝑟𝑒𝑐),  𝑥′ = Δ𝑡(𝑔𝑒𝑛)

11 million generated signal μμ events 
(~2 ab−1)



𝐵 → 𝐾+/𝜋+/𝐾𝑠
0𝜂 fit procedure 

• Measurement of branching fractions and partial rate asymmetries for:

• Fits determine sample composition (signal, feed-across                                                                          
ത𝑞𝑞 bkg, ത𝐵𝐵 bkg) using observables: 

• Shapes of distributions for different components are fixed from simulated data

→ 𝑀𝑏𝑐 = ( 𝑠/2)2−|𝒑𝑩
∗ |2

→ 𝛥𝐸 = 𝐸∗ − 𝑠/2

→ transformed continuum suppression classifier variable calculated using boosted
decision tree (BDT)
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Continuum background - Modified 𝑀𝑏𝑐

𝑲+ 𝝅+ 𝑲𝒔
𝟎

𝜼 → 𝜸𝜸

𝜼 → 𝟑𝝅



Continuum background - 𝛥𝐸

𝑲+ 𝝅+ 𝑲𝒔
𝟎

𝜼 → 𝜸𝜸

𝜼 → 𝟑𝝅



Signal - Modified 𝑀𝑏𝑐
𝑲+ 𝝅+ 𝑲𝒔

𝟎

𝜼 → 𝜸𝜸

𝜼 → 𝟑𝝅



Signal - 𝛥𝐸

𝜼 → 𝜸𝜸

𝜼 → 𝟑𝝅

𝑲+ 𝝅+
𝑲𝒔

𝟎



Continuum suppression using BDT

• Using 30 input variables – 𝑐𝑜𝑠𝑇𝐵𝑇𝑂, 𝑅2, 𝑡ℎ𝑟𝑢𝑠𝑡𝐵𝑚, thrustOm

• BDT output is transfored into                                              and the distributions are 
fitted (3D dimension of the fit)
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Plan

• Perform a fit on                                       to extract the shape

• Construct a 3D fitter to fit the 𝐵0 → 𝐾𝑆
0(𝜂 → 𝛾𝛾/3𝜋) and                                 

𝐵+ → 𝐾+/𝜋+(𝜂 → 𝛾𝛾/3𝜋) generic MC data samples and extract the 
branching fractions
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BELLE2-NOTE-PH-2024-015

Signal 𝑞 ത𝑞



Backup



Generic MC16ri and signal MC comparison 
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   𝑩 + →  𝑲 + 𝜼


   𝑩 + →  𝝅 + 𝜼
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