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1. Outline

1 Introduction. Motivation for KL → π+π−e+e−. CP violation [ CPV ]
in this decay. Other physics.

2 KTeV Experiment. Data acquisition and basic decay reconstruction. Ob-
servation of CPV .

3 Selection of KL → π+π−e+e− candidates. KTeV Monte Carlo simula-
tion. Residual background level estimation.

4
Phenomenological model used in KTeV MC. Measurement of decay form
factors within this model. Implications for charge structure of neutral
kaon and additional CPV effect.

5 Measurement of CPV in KL → π+π−e+e− . Summary of results. Com-
parison to previously published measurements.
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2. KL → π+π−e+e− was first seen by KTeV at Fermilab

1998

KTeV published branching fraction with 45 events (one day of running!)

B=(3.2 ± 0.72)×10−7 .

Decay observation was confirmed at KEK with total sample of 14 events.

2000 KTeV published CPV measurement in this decay based on 1856 events
using fraction (40%) of its data.

2003 NA48 at CERN confirmed KTeV measurements with total sample of 1162
events.

Today Presenting the recent measurements of CPV and other physical observ-
ables extracted from the total KTeV data sample of 5241 candidates.
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3. Amplitude has two major contributions: IB and M1 DE
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4. Five independent variables describe decay kinematics
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5. Decay rate in terms of five independent variables

dΓ = µdMππdMeedcosθπdcosθedφ

where µ (Mππ, Mee, cosθπ, cosθe, φ) is
KL → π+π−e+e− matrix element

dΓ

dφ
=Γ1sinφcosφ + Γ2cos2φ + Γ3sin2φ

Γ2 ∼ IB, CP-even
Γ3 ∼ M1 DE, CP-odd

Γ1 ∼ Interference of amplitudes with opposite CP
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6. Interference of CP-even and CP-odd amplitudes gives CPV

dΓ
dφ =Γ1sinφcosφ + Γ2cos2φ + Γ3sin2φ, Γ1 6=0 ⇒ CPV
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Γ ∼ Γ1 is measurement of CPV
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7. Asymmetry A is indirect CPV originating in KL → π+π−

KL → π+π− ⇒ η+− ∼ 2 · 10−3

discovery of CPV

KL → π+π−γ ⇒ CPV is encrypted in
oblique γ-polarization

hard to measure

KL → π+π−γ∗, γ∗ → e+e− ⇒ CPV A ∼ 14%
measurement of
γ-polarization
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8. Possibility of additional CPV effect: E1 DE
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9. Kaon charge structure can be measured from FF
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10. KTeV collaboration: ∼ 70 people from 14 institutions

Two related experiments:
E799-II ⇒ rare kaon decays
E832 ⇒ Re

(
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11. KTeV detector and runs
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