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Dalitz Plot Analysis - Theory

Consider a 3-body decay:
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What to remember:
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Direct CP violation in the Dalitz Plot

M(X = --+)

Neccesary condition for direct CPV: — __
Y M(X = 77)
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Requires at least two interferring amplitudes:

M(X = ) = myei®1ei 4 myeidecide Direct CPV manifests as
local density asymmetries
between conjugate Dalitz
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Unbinned tests for CPV

Energy Test: O(n?), tuned on o
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The Optimal Transport Problem

Can you define how similar two distributions are?

40 20 Bxample: Two 2D gaussians: Wassers tein Dist = 100.568
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One option:

Wasserstein or Earth Mover’s distance (EMD)
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O(n3), tunning on q can be done but not
required
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Wasserstein-inspired statistic

Implement the EMD on three-body-decay Dalitz plots as a measure of CPV
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Two analyses: Low statistics (1000 event datasets) and large statistics (10° event datasets)
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Visualization

dl (512, 513) — dI(s12, $13)
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Visualization

Binned variation for large dataset:
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Counts

Windowed-Wasserstein statistic
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Conclusion

The Wasserstein distance can be used as a

robust, model independent, unbinned test
of CP violation.

* Future directions:
- Time dependent CPV
- Flavor violation
- Is there a better test?

- Model independent way of classifying
CPV resonances
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