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What we have Problems What we want

Standard Model to describe

microscopic world

make predictions

→ so far confirmed in 

experiments

• gravity not included

• dark matter?

• matter – anti-matter 

asymmetry

New Physics beyond Standard 

Model

What do we have and what do we want?
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SuperKEKB and the Belle II Experiment
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Belle II detector measures 

properties of final state particles
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Experiment vs Standard Model

➢ want to compare experimentally measured parameter with theory prediction
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Experiment vs Standard Model

➢ want to compare experimentally measured parameter with theory prediction

Experiment:

branching fraction: ℬ =
𝑁 ത𝐵0→𝐾∗−𝜋+ +𝑁(𝐵0→𝐾∗+𝜋−)

𝑁 total ത𝐵0 +𝑁(total 𝐵0)

direct CP-violation: 𝒜𝐶𝑃 =
𝑁 ത𝐵0→𝐾∗−𝜋+ −𝑁(𝐵0→𝐾∗+𝜋−)

𝑁 ത𝐵0→𝐾∗−𝜋+ +𝑁(𝐵0→𝐾∗+𝜋−)
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Theory:

limited precision on prediction of ℬ and 𝒜𝐶𝑃 for single decay modes, as many Feynman diagrams 

contribute

adapted from Belle II Physics Book: https://arxiv.org/pdf/1808.10567
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𝐼𝐾∗𝜋 = 𝒜
𝐾∗+𝜋−
𝐶𝑃 +𝒜

𝐾∗0𝜋+
𝐶𝑃 ℬ(𝐾∗0𝜋+)

ℬ(𝐾∗+𝜋−)

𝜏𝐵0

𝜏𝐵+
− 2ℬ

𝐾∗+𝜋0
𝐶𝑃 ℬ 𝐾∗+𝜋0

ℬ 𝐾∗+𝜋−

𝜏𝐵0

𝜏𝐵+
− 2𝒜

𝐾∗0𝜋0
𝐶𝑃 ℬ 𝐾∗0𝜋0

ℬ 𝐾∗+𝜋−
≈ 0± 𝑂(few%)

adapted from Belle II Physics Book: https://arxiv.org/pdf/1808.10567
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• 𝐾∗ resonances are no stable particles, but they decay further to kaons and pions
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What we “see” is the intensity

Intensity (of 𝐵0 → 𝐾+𝜋−𝜋0) 

ℐ = 𝐴 2 = ෍
𝑎

𝐴𝑎

2

= ෍
𝑎

𝑟𝑎 ∙ 𝑒
𝑖∙𝜑𝑎 ∙ ψ𝑎

2

6/11



What we “see” is the intensity

Intensity (of 𝐵0 → 𝐾+𝜋−𝜋0) 

ℐ = 𝐴 2 = ෍
𝑎

𝐴𝑎

2

= ෍
𝑎

𝑟𝑎 ∙ 𝑒
𝑖∙𝜑𝑎 ∙ ψ𝑎

2

“Dalitz plot”

• ℐ / 𝐴 / ψ𝑎 is only a function of two variables

• 𝑚2(𝐾+𝜋−) vs. 𝑚2 𝜋−𝜋0 : Dalitz plot
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• ℐ / 𝐴 / ψ𝑎 is only a function of two variables

• 𝑚2(𝐾+𝜋−) vs. 𝑚2 𝜋−𝜋0 : Dalitz plot

• “real” Dalitz plot mostly empty

• resonances appear as “bands”

“Dalitz plot”
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What we actually observe

• pure physics: 𝐴 2 𝐵0 𝐾+

𝜋−
𝜋0
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What we actually observe

• pure physics: 𝐴 2

• acceptance/efficiency

• resolution

𝐵0 𝐾+

𝜋−
𝜋0+

+

resolution
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Backgrounds of 𝐵0 → 𝐾+𝜋−𝜋0

• 𝐵ത𝐵: random combinations of 𝐵ത𝐵 decays, e.g. 𝐵+ → ഥ𝐷0 𝐾+𝜋− 𝜌+ 𝜋0𝜋+

𝐸𝑒+𝑒− =
𝑏
ത𝑏
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Backgrounds of 𝐵0 → 𝐾+𝜋−𝜋0
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• exploit topological differences to train machine learning algorithm (GBDT)
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• fit projections in data look good

• central values of analysis were not unblinded, as I haven‘t gone through review

Fit on Belle II Data

(𝑚2 𝐾+𝜋− ) (𝑚2 𝜋−𝜋0 )
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“Results”

• achieve precision on par with BaBar analysis despite using ~14% smaller dataset

• developed first Dalitz plot analysis within Belle II
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𝐼𝐾∗𝜋 = 𝐴𝐾∗+𝜋−
𝐶𝑃 + 𝐴𝐾∗0𝜋+

𝐶𝑃 𝐵(𝐾∗0𝜋+)

𝐵(𝐾∗+𝜋−)

𝜏𝐵0

𝜏𝐵+
−2𝐴𝐾∗+𝜋0

𝐶𝑃 𝐵 𝐾∗+𝜋0

𝐵 𝐾∗+𝜋−

𝜏𝐵0

𝜏𝐵+
− 2𝐴𝐾∗0𝜋0

𝐶𝑃 𝐵 𝐾∗0𝜋0

𝐵 𝐾∗+𝜋−
≈ 0 ± 𝑂(few%)

• developed 𝐵0 → 𝐾+𝜋−𝜋0 Dalitz plot analysis to provide two inputs for isospin sum rule

• other two channels in 𝐵+ → 𝐾0𝜋+𝜋0 (fellow PhD student)

• we target the first measurement of the 𝐾∗𝜋 isospin sum

Summary & Outlook
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Backup



Systematic Uncertainties 1



Systematic Uncertainties 2



Systematic Uncertainties 3



The Square Dalitz Plot

➢ events are spread out

➢ phase space occupies a square

• events are clustered at edges

• Dalitz plot has ‘triangularish’ shape

Square Dalitz plot


