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'| Introduction. Why K. — 7"z~ ete~? CP-violation in this
decay

2 KTeV detector. Data taking and event selection. KTeV
sample of KL — ntn~ete” candidates. Observation of
CP violation.

3 Theoretical model used in MC simulations. Measurement
of several parameters for this model using maximum like-
lihood fit.

4 Measurement of CP-violation in K — "7~ ete~. Discus-
sion of resutls.
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cp violating asymmetry
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detector

Two K. beams: 20-200 GeV, peaked at ~50 GeV

Decay volume: Vacuum, 90-160 m from target

4 Drift Chambers: X, X',Y,Y’ views, ~100 um pos.res.

Magnet kick: 200 MeV (1997), 150 MeV (1999)

EM Calorimeter: 3100 Csl cryst., ~ 1 mm pos.res., <1% en.res.

ATRK Trigger: L1) >3 by trigger hodoscope, no escaping particles,
no muons; L2) >3 by DC hits, >2 clusters above 1 GeV in EMCAL,
>10 GeV in EMCAL; L3) >3 reconstructed tracks, good vertex

400M trigger recorded

ST

e




off-line selection

Select K. — "~ ete™ topology:

4 tracks with good vertex in decay region. Electrons iden-
tified as tracks with 0.95< E/p < 1.05. E is energy in EM
Calorimeter, p is momentum in the spectrometer.

Reject signal candidates

that are misreconstructed events or events that are diffi-
cult to simulate with Monte Carlo.

Reject background candidates

KL — ntn~ 7% with 7° — etey,

KL — ntn~y with external y — ete~
Two K| — meTv overlapped

=0 » Ar® with A — pr~ and 7° — etey
Ks— ntn ete



kaon F)z Transverse momentum squared of 4
T

tracks w.r.t. kaon line of flight (from target
center to vertex)

Signal is well separated in P% from
backgrounds with missing partcles

DATA events at
iy earlier stage of
- A analysis
100.45 0.5 0.55
n'we’e INVARIANT MASS [ GeV/c? ]
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Under K. — "z~ ° assumption, it is longitudinal
momentum squared of kaon in reference frame where
longitudinal momentum of 7z~ pair is zero

-
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Very effective
variable to
suppress

KL —xtn n)
background

DATA events are
at earlier stage of
analysis, it is
mostly

KL —atr 3



final event sample

There are 5241 events within 0.492—-0.504 GeV/c? mass range.
Estimated background is 185+14 events

To measure CP-violating asymmetry, Obvious
acceptance calculations are required asymmetry in
” i signal region
= i .
Z [ Lo G i Background has
T 102 i '#.;.. m sin(9)cos(9)<0 no asymmetry
N ’ﬁ A
f " KTeV sample of
# KL —ntn ete
10 I “l' 14 candidates.
T' Events with
T positive and
1 negative singcosp
g | | | | | ‘ are plotted
0.48 0.49 0.5 0.51 0.52 separately.

n*nwe’e’ INVARIANT MASS [ GeV/c? |



Main features of K| — n"7n—ete~ Monte Carlo
simulations

kaon simulation:

Generation at the BeO target.
Propagation along the beamline to the decay point.

kaon decay into appropriate final state:

Four amplitudes: Brem, DE(M1), DE(E1), Charge Radius.
Radiative corrections by PHOTOS package.

tracing through the detector:

GEANT-based parameterization of scattering, secondary parti-
cle generation, showering.

Detector responce simulation and digitization of the signals.
Accidental activity by real random snapshots of the detector.

The MC simulations of the detector responce were verified in

DATA/MC comparisons for high statistics mode K| — w7~ 1)



mairix element

Inner Bremsstrahlung: ggr = |1N4_|€(®0MK)+®+-)
M1 direct emission: gm1 = i|gwz|€ (M=)

E1 direct emission: g1 = — ”351”9 18P

Charge radius amplitude: gcr = |gCR]ei50(MM)

0o and o, are phases of s- and p-wave nwr scattering. We used recent
fits from G.Colangelo et al, Nucl. Phys. B603, 125 (2001)

|gm1| is energy dependent:

a/a
(M2 +MZ)+2ME;

M1 = Om1 |1

Parameters gm1, a1/a, ‘gEﬂ‘ and |gcr| were measured using KTeV
sample of K. — ntn~e"e™ decays



likelihood function

We used maximum likelihood method for measurement of

parameters o = {§m1, a1/, ||§51| |gcrl}

Log-likelihood function, most general form,

N A(B)
InZ(a) = ilen [fpsA(ﬁ)drdga d[S’

B = {Meg Mz, ¢,c09,+,C0Pe; } are five independent kinematic

variables for matrix element; A(f) is the acceptance function;

%%“) is the differential decay rate

We used MC sample of 1.4 million events generated at
oo = {Gm = 1.2,8 /a8 = —1.73, {4 = 0.0,|gcr| = 0.16}.
Log-likelihood function, more practical form,

In.Z ZI dF ﬁla ) N| I\Ichc?rr(ﬁJ,a)/dB

(Bj; o) /dp




fit uncertainties

Source ldcr| | |9e1l/|Om1| |@1/@2 | Om1
MC statistics 0.001 0.001 0.002 |0.001
Choice of ag 0.001 0.001 0.005 0.02
DATA/MC disagr. 10.021 |0.018 0.022 |0.041
Background 0.01 0.008 0.022 0.05
Radiative Corr. 0.0 0.0 0.0 0.0
In+—| uncertainty | 0.002 |0.0002 0.0001 0.01
@, _ uncertainty |0.0002|0.0005 0.0003 | 0.002
0p,1 uncertainty | 0.001 |0.0003 0.001 0.004
Total Syst. Error |0.023 |0.020 0.032 |0.07
Total Stat. Error |0.017 |0.028 0.022 |0.12




Om1 results

Om1 = 1.11+0.12(stat) + 0.07(syst)

Good agreement with previous measurements
(all based on K| — ntnr—ete)

KTeV
——  PRL 84,408(2000)

- NA48
EPJ C30,33(2003) Previous KTeV
measurement is
KTeV based on a
e .
—— This Result subsample of this
result but the method
| | | | | | | is different
0.5 1 1.5 2 2.5

gm1



a1 /a, results

a1/ap = —0.744+ 0.022(stat) + 0.032(sysy)

KTeV (nree)
= PRL 84,408(2000)

KTeV (nmy)
—8—  pRL8e,761(2001)

NA48 (nree)
i EPJ C30,33(2003)

KTeV
i This Result

. | . | .
-1 -0.8 -0.6 -0.4
al/a2 [ GeV?]

Good agreement with
previous measurements

Previous KTeV (rred
measurement is based
on a subsample of this
result but the method is
different



'gcr| results

|gcr| = 0.163+ 0.017(stat) +0.023(syst)

H.Foeth et al,

PL B30,276(1969) =
F.Dydak et al,
NP B172,253(1976) =
W.R.Molzon et al,
—i— PRL 41, 1213(1978)
NA48
—i— EPJ C30,33(2003)
KTeV
—- This Result
| ! |
-0.1 0 0.1

K® CHARGE RADIUS [fm?]

gcrl = —3(RZ)MZ
(RZ) is KU charge
radius

Previous published
measurements of (RZ)
are based on kaon
regeneration on free
electrons.

NA48 and KTeV
measurements are
based on

KL —ntnete

KTeV result:
(RZ) = —0.077+0.014 fn?



'0e1|/|gm1 | results

CP-violating E1 direct emission amplitude is

%1 _ .04 (90%CL )
OMm1|

This is a first attempt for direct measurement of this amplitude in
K. —=rntnete



data/mc comparison

Monte Carlo simulation of K| — 7zt 7~ ete~ events with newly
determined parameters of the model

Invariant mass of 7t 7~ ete” for sample of 5241 signal
candidates (DATA) superimposed on MC simulations.
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e"e” invariant mass
for DATA and Monte
Carlo events. The
events are required to
have Mge> 2 MeV/c?
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with external
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0 Angle between 7"
z © DATA and ete~ system in
E ntn~ rest frame for
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200 Carlo events
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cp-violation results

Asymmetry after acceptance corrections:

A =137+ 1.4(stat) £ 1.5(syst)| %]

Systematics:

Source [%0]
DATA/MC disagr. |0.71
Background 0.3
In+—_| uncertainty | 0.16
&, _ uncertainty |0.11
dp,1 uncertainty 0.33
|ge1| uncertainty | 0.33
|gcr| uncertainty | 0.34
Om1, & /a errors | 0.34
Total Syst. Error | 1.46

The result is in very good agreement
with previously published

measurements

- KTeV

PRL 84,408(2000)
NA48

i EPJ C30,33(2003)
KTeV

—i— This Result
| . | .
10 20 30

Asymmetry [ % ]



conclusions

Entire KTeV data set is analyzed. We selected 5241 K|, — n"n ete”
candidates with estimated background of 185414 events

We obtained several parameters for various decay amplitudes from
this data sample:

Gm1 = 1.1140.12(staf) +0.07(sys?
a1/a = —0.744+ 0.022(stal) + 0.032(sys}
ge1//|gm1| < 0.04 (90%CL)

|0cr| = 0.163+0.017(stap + 0.023(sysd
KO charge radius is —0.077+0.014 fn?

Using these parameters, we measured CP-violating asymmetry
integrated over phase space:

A = 1374+ 1.4(stat) + 1.5(sys|[%]



