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1. Outline

1 Introduction. Motivation for K; — w™m eTe~. CP violation [ CPV ]
in this decay. Other physics.

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

3 Selection of K; — wT™m—eTe~ candidates. KTeV Monte Carlo simula-
tion. Residual background level estimation.

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

5 Measurement of CPVin K; — wtw~eTe™ . Summary of results. Com-
parison to previously published measurements.
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o. K;j — wTw eTe~ was first seen by KTeV at Fermilab

KTeV published branching fraction with 45 events (one day of running!)
1998 B=(3.24+0.72)x107 7.
Decay observation was confirmed at KEK with total sample of 14 events.

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

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

Toda Presenting the recent measurements of CPV and other physical observ-
y 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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K ~* et K o+
L B n L by B
T Y C
nt et

Direct Emissi -
Internal Bremsstrahlung [ IB ] irect Emission [ DE ]
Indirect CPV M1— CP Conserving

CP-even CP-0dd
CP-even

Even smaller

Sehgal et al
Small, only few % published in
1992 — 2000
K° Charge Radius [ CR ]
CP Conserving
CP-odd

E1 — Indirect CPV
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4. Five independent variables describe decay kinematics

Ky,

in mn rest frame

Angle ¢ plays important role.
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5. Decay rate in terms of five independent variables

dl' = pdMrdMeedcosOrdcosOcdd

where yu (Myry, Mee, c0SOr, cOSO¢c, @) iS
Kj; — mTn~eTe  matrix element

dF o 2 o 2
% =I'1stnocosd + I'ocos“p + I'gsin“¢

I'o ~ IB, CP-even

I's ~ M1 DE, CP-odd
I'y ~ Interference of amplitudes with opposite CP
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6. Interference of CP-even and CP-odd amplitudes gives CPV

¢ LT 1singcosd + T'acos?p + IT'ssinp, T'1#£0 = CPV

+ +
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Asymmetry A — /2 3 /2
2T T
T
_ Lsingcos¢>0 ; Lsingcosgp<0 _, I'y is measurement of CPV
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7. Asymmetry A is indirect CPV originatingin K; — 7

K; — ntn™ = ny_~2-1073
discovery of CPV
K; — ntn~ = CPV is encrypted in

oblique ~-polarization
hard to measure

Ky - nrn ~* ~* > eTe = CPV A ~ 14%
measurement of
~-polarization
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8. Possibility of additional CPV effect: E1 DE

" 1. Direct emission of E1-~
Kr Tt suppressed by
v e~ but if observed
ot = indirect CPV

2. Experiments show

K; — ntn— v = M1 is large
Kg — mTn~ v = E1l is very small {M < 5%}

g1

Why?
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9. Kaon charge structure can be measured from FF

0 -
_ K'=sd <r§{0> = %J r2p (V)dV < 0

was measured before

FF gcr ~ <"“§(—o>

= alternative measurement
can not measure sign

<r§{0> is related to ms—my
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10. KTeV collaboration: ~ 70 people from 14 institutions

E799-11 = rare kaon decays

Two related experiments: oo, = Re(e'/e)

= University of Arizona = Fermilab

= UCLA ® Osaka University

= University of California, San Diego = Rice University

~ 2 Universidade Estadual de Campinas Rutgers University

= University of Chicago Universidade de Sao Paulo

o

University of Colorado University of Virginia

Elmhurst College University of Wisconsin
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11.

magnetic field
was changed in '99

Startup
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