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3-body CPV
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Direct CPV: —
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Phase space-dependent CPV
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Dalitz analysis

p]_a ml
Consider a 3-body decay: P, M—Cjé Py, Mo
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What to remember:
dl' o< |[M|*dm?,dmi,

- Direct CPV manifests as

' local density asymmetries
; between conjugate Dalitz
°1i<gv?345 plots
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Dalitz analysis
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local density asymmetries
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Tests of CPV

N_N
1. Binned test statistic — *~ 4=y &

- Binning washes out asymmetry

2. Model the amplitude

- Extremely complicated

3. Unbinned test statistic

o Eg N Vi N ;i NN Vi 5 o o
— (¥ vJ _ () .. = Ce — _dij/Qg
T=> N(N—1)+Z§>:iN(N—1) ;NN’ Vij = Yldigi o) = e

1,7 >1
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Statistical distance

Input two statistical samples and output
scalar value.

Larger values = dissimilar distributions '
Smaller values = similar distributions 7.51

One example:
Wasserstein or Earth Mover’s distance (EMD)

1/q —2.5
Walé,€ :[{fff?}zzf” 7 ]

1=1 5=1
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EMD and CPV

Direct CPV manifests as local density asymmetries between conjugate Dalitz plots.

An exagerated example:
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EMD and CPV

Direct CPV manifests as local density asymmetries between conjugate Dalitz plots.

CPC W, = 0.03 CPV W, =0.20
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Performance as a statistic
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Visualization

dl(512,513) — dI'(s12, 513)

A ) ~ 7
cp(s12,513) dl'(512, $13) + dI'(s12, s13)
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Visualization
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Visualization
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Binned variation for large dataset:
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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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Direct CP violation in the Dalitz Plot

M(X — )
Neccesary condition for direct CPV: — 1
Y M(X = 77) 7
Requires at least two interferring amplitudes:
M(X = ) = me1et 4+ moe'?2e'?
M(X — 7)) = mpe P11  mye 192102
F(X) — F(X) _ —m11Mms Sin(¢1 — ¢2) Sil’l(51 — 52)
LX)+ T(X)  |m1]2+ |m2|? + 2mimg cos(p — ¢2) cos(d1 — d2)
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Unbinned tests for CPV

Energy Test: O(n?), tuned on o
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Two analyses: Low statistics (1000 event datasets) and large statistics (10° event datasets)
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EMD intuition
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