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Results and Predictions
Å The standard model predicts all leptons have 

the same coupling (𝑔ℓ=𝑒,𝜇,𝜏) to electroweak 

bosons (𝑊±,𝑍0)

Å HFLAV average tension of 3.3𝜎 

Å OUR GOAL: Increase precision of 𝑅(𝐷∗) 
measurement with inclusive tagging  to further 
test lepton flavor universality…

Removes most 

systematic 

uncertainties



First lepton flavor universality (LFU) results from Belle II!

Shifts difference (exceeding) standard model (SM) predictions from 

3.2𝜎 to 3.3𝜎

Kazuki Kojima

2023 Lepton Photon Conference

Standard Model (SM) predictions:

𝑅𝐷 =0.298±0.004
𝑅𝐷∗ =0.254±0.005

Belle II Results
HFLAV

https://indico.cern.ch/event/1114856/contributions/5423684/attachments/2685890/4660084/2023-07-04_LP2023_KojimaFinalVer_main.pdf
https://indico.cern.ch/event/1114856/contributions/5423684/attachments/2685890/4660084/2023-07-04_LP2023_KojimaFinalVer_main.pdf
https://hflav.web.cern.ch/content/semileptonic-b-decays


ÅWith good ROE, exploit Belle II high resolution tracking, 

impact parameter, and small beam spot

Å Exact topology of tag side is not important, but simple 

masks placed to ensure “good” 𝐵𝑡𝑎𝑔 

Å Apply lepton veto to ROE to ensure there is no missing 

energy on the tag side → increase signal fit resolution

Å ADVANTAGE: Maximize sensitivity by 

increasing signal efficiency

Å DISADVANTAGE: Yields 

lower purity compared to 

FEI tagging
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Inclusive Tagging Method FEI Thomas Keck

https://link.springer.com/chapter/10.1007/978-3-319-98249-6_4
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Inclusive Tagging Method FEI Thomas Keck

Lepton veto applied to ensure no 

missing information due to 

neutrinos is present on the tag 

side

https://link.springer.com/chapter/10.1007/978-3-319-98249-6_4


Signal Reconstruction

Simultaneously 

reconstruct signal and 

normalization modes.
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Analysis Procedure



Signal Reconstruction

Simultaneously 

reconstruct signal and 

normalization modes.

Rest Of Event

Select only good 𝐵𝑡𝑎𝑔 

candidates via minimizing 

𝑀𝑏𝑐𝑅𝑂𝐸 and Δ𝐸𝑅𝑂𝐸 widths

Lepton Veto

Ensure no missing mass for 

better resolution of signal fit 
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Background Suppression

Application of XGBoost MVA 

with signal classification:

𝐵→ 𝐷0→𝐾𝜋𝜏→𝑒𝜈ҧ𝜈𝜈

Analysis Procedure



Signal Reconstruction

Simultaneously 

reconstruct signal and 

normalization modes.

Rest Of Event

Select only good 𝐵𝑡𝑎𝑔 

candidates via minimizing 

𝑀𝑏𝑐𝑅𝑂𝐸 and Δ𝐸𝑅𝑂𝐸 widths

Lepton Veto

Ensure no missing mass for 

better resolution of signal fit 

Signal Fit

Employ RooFit to 

complete KDE template 

construction and MLE of 

composite model
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Background Suppression

Application of XGBoost MVA 

with signal classification:

𝐵→ 𝐷0→𝐾𝜋𝜏→𝑒𝜈ҧ𝜈𝜈

Analysis Procedure
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With inclusive tagging we get 

efficiency of 𝒪(10%)

With hadronic and semi-

leptonic tagging, the 

efficiency is 𝒪(≤0.5%)

Signal Efficiency

𝐵±→(𝐷0→𝐾𝜋)ℓ±ν
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MC Truth



Kernel Density Estimation
Å Non-parametric method of constructing a continuous PDF based on dataset

Å Each data point is assigned a multi-dimensional kernel (Gaussian)

Kernel

Generated 

PDFHistogram PDF

High density of 

data within bin

High density of 

kernels (1 per data 

point)

Wikipedia
Kernel density 

estimation (KDE)

https://en.wikipedia.org/wiki/Kernel_density_estimation


Kernel Density Estimation
Å Non-parametric method of constructing a continuous PDF based on dataset

Å Each data point is assigned a multi-dimensional kernel (Gaussian)

Å User defines bandwidth (# datapoints associated with kernel) which controls the tradeoff between 

smoothness and fine-scale fluctuations

ADVANTAGE: Avoid bias of binning associated with a histogram (binned) PDF → increase sensitivity

DISADVANTAGE: Unbinned fit requires extended 

processing time

𝑩→ 𝑫𝟎→𝑲𝝅𝝉𝝂 Template

Bandwidth = 2
Any smaller leads to overfitting (PDF fits each data point 
and microscopic fluctuations present)
Any larger leads to underfitting (greatly worsen 𝜒2/𝑛𝑑𝑓 
and unable to extract macroscopic properties, ie amplitude)
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Å A test of lepton flavor universality via a precision measurement on 𝑅𝐷∗  →deviation from the SM 

prediction could be signs of new physics!

Å Inclusive tagging permits high efficiency → increased sensitivity

Å Simultaneous reconstruction of signal and normalization modes

ÅMost errors cancel out in 𝑅𝐷∗  as we are taking the ratio

Å KDE is employed to construct signal templates

Concluding Remarks



Backup Slides

Tia Crane – UHM – 2023 Belle II Summer School



MetaData

Tia Crane – UHM – 2023 Belle II Summer School

Reconstruction Release: light-2303-iriomote

MC15ri_b Samples



Standard lists with 

recommended 

corrections

Signal Selection

https://questions.belle2.org/question/14402/stde-and-stdmu-release-6-iriomote-implementation/
https://questions.belle2.org/question/14402/stde-and-stdmu-release-6-iriomote-implementation/


Tia Crane – UHM – 2023 Belle II Summer School

Signal Definition
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Signal Efficiency

𝐵→ 𝐷∗0−→𝐾𝜋ℓ𝜈



Tia Crane – UHM – 2023 Belle II Summer School

Signal Efficiency

𝐵→ 𝐷∗+−→𝐾𝜋ℓ𝜈



Efficiency 

(SigProb>0.7)

Figure of Merit: 
𝑺

𝑺+𝑩

Candidates 

Before

Candidates 

After

Relative Sample Signal 0.7343 3.2958

Fake D 0.1158 56.2299

Fake B 0.3347 57.3869

qqbar 0.0772 1.9459

TOTAL 965644 414869

Mean # 

Candidates 

Before

# Candidates 

Before

Mean # 

Candidates After

# Candidates 

After

TOTAL 1.005 414869 1.003 414256

MVA Background Suppression

Best Candidate Selection
Tia Crane – UHM – 2023 Belle II Summer School

MVA and BCS Statistics



Test Data:MVA Output



Independent Data (w/o Signal MC):Train Data:

MVA Output



Tia Crane – UHM – 2023 Belle II Summer School

Maximum FOM: 𝑀𝑉𝐴 𝑂𝑢𝑡𝑝𝑢𝑡>0.7

MVA Output



Number of 

B- cases

Number of 

B+ cases
Total cases 

(B- and B+)

Cumulative 

cases

Tia Crane – UHM – 2023 Belle II Summer School

Dominant Generated Signals
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𝐵→ 𝐷0→𝐾𝜋𝑒𝜈 Train-Test 
Template

USED IN PRESENTATION:

50% of signal samples for PDF 

construction, 50% for 

composite fit and validation
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𝐵→ 𝐷0→𝐾𝜋𝜏𝜈 Train-Test 
Template
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𝐵→ 𝐷∗→𝐾𝜋𝑒𝜈 Train-Test 
Template
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𝐵→ 𝐷∗→𝐾𝜋𝜏𝜈 Train-Test 
Template
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𝐵→ 𝐷0→𝐾𝜋𝑒𝜈 Template
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𝐵→ 𝐷0→𝐾𝜋𝜏𝜈 Template
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𝐵→ 𝐷∗→𝐾𝜋𝑒𝜈 Template
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𝐵→ 𝐷∗→𝐾𝜋𝜏𝜈 Template
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𝐵→ 𝐷∗∗−→𝐾𝜋ℓ𝜈 Template
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Fake D Template



Tia Crane – UHM – 2023 Belle II Summer School

Fake B Template



Tia Crane – UHM – 2023 Belle II Summer School

𝑞ത𝑞 Template



A test of lepton flavor universality…
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𝑺𝒖𝒎𝒎𝒆𝒓 𝟐𝟎𝟏𝟖:𝟑.𝟔𝟐𝝈
 𝑅𝐷 =2.3𝜎, 
 𝑅𝐷∗ =3.0𝜎

Removes most 

systematic 

uncertainties

Previous 𝑅(𝐷∗) Results
HFLAV

https://hflav.web.cern.ch/content/semileptonic-b-decays
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