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These resultswere presented at DPF 2002, Williamsburg Virginia, May 24
- 28, 2002. For more details look at individual talks on www.dpf20002.org

e CPviolationin K; — wtn ete™ from full 1997 and 1999 data sets.

e Measurement of branching fraction and form factor in the decay K; —
_|_

e'e vy
e Measurement of K — eTe” pu* ™ from full 1997 and 1999 data sets
e Measurementsof 7° — ete ete”

e Search for the lepton number violating decay K, — =°uTe.
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TheDecay K;, — nTnete™

Work by Sasha Golossanov, University of Virginia

This decay was first seen by KTeV in 1998, and branching
fraction measured from 2% of the data.

Current branching fraction from entire 1997 data set is (still
preliminary, submitted for publication soon):

(3.63£0.11 £0.14) x 10~ 7.

K1 — mTn~ete™ showsanew indirect CP violating effect as
an asymmetry in a T-odd angular variable.

These asymmetry results from the 1997 run have been published
In A.Alavi-Harati et.al. Physical Review Letters 84, 408 (2000).

We are continuing to analyse other physics that may be extracted
from this decay



CP-odd and T-odd angle ¢
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Theoretical Model (Sehgal and Wanninger)
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DPF2002, Alexander Golossanov, University of Virginia

Total raw data

3.2. Observation of the Asymmetry

After reconstruction (described on the previous slide) we can already
see the K;, — 7"n~e*e™ signal and observe the asymmetry!
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Total 1997 and 1999 Data Set

3.6. The Final Event Sample

K; — ntnete

w5 Red — events with sing - cos¢ > 0

: Blue — events with sing - cos¢ < 0
1000 *
800 -
600 Entire KTeV Data Set 5056 £ 71 events after subtracting

- ~ 185 background events

] in the signal region defined as
400 - 0.492 GeV/c?* < Myree < 0.504 GeV/c?

Mostly K; — "7~ r% background
200 - with no asymmetry
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5. The Summary

All Results are Preliminary !

e Identified 5056 + 71 Ky, — n"7 e'e events.
e Reported New Preliminary Measurements
e CP Violating Asymmetry in the ¢ angular variable.
x A= (13.3 £ 1.4(stat) + 1.0(syst)) %
e Vector Form Factor Parameters

* o =—0.75+0.03(stat) + 0.02(syst)
* gz, = 1.10 £+ 0.10(stat) & 0.06(syst)

e These results are in agreement with the previously published measurements and theo-
retical predictions.

e Plans and Future Prospectives:

e Measure new value for the Branching Ratio
e Fit for the parameter gcg related to the K° Charge Radius
o Attempt to fit for the parameter g, to search for CP Violating £, direct emission.
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M easurements of thedecay K; — eTe™ v

Work of Jason Ladue, University of Colorado

Motivation

The form factor from K; — ete™~ can be
used to calculate the “long-distance” contri-
bution to the K; — upTup~ decay. The in-
teresting ‘short-distance” weak contribution,
which is sensitive to V;; can then be obtained
by subtracting the long-distance contribution
from the total rate for K; — ptpu—.

The decay K; — ete~~ proceeds through K; —
~v*~, where the virtual photon converts inter-
nally into an ete~ pair (also called a Dalitz
decay).




Theory

The form factor function depends on photon
g° = M€2+€_ in a complex way. The simplest
model involves a simple linear approximation,

f) =1+ B
r = U
M%L

A more complex model proposed by Bergstrom,
Masso, and Singer (BMS) uses a vector-meson
dominance model to express the form factor as
a function of a parameter a .

2 _ 1 2.5(XK* .
f(q 70) - 1_q2/MpQ _I_ 1—q2/M12(*

4 1 1 1 _ 2 1
3 1-¢?/My  91-¢?/MZ 91-¢2/M;

_ 1 2.5@17*
f(2,0) = =518 T =031
41 1 B > )
3~ 1-0.418z ~ 9(1-0.405z) _ 9(1—0.238%)
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Track Separation at Chamber 1
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K; — eTe ~ Branching Ratio

Best published result: NA48
BR(K| — ete ) =
[10.64+0.2(stat) £0.2(sys) £0.4(extsys)] x 10~°

K, — eTe ~y events observed (Ng;,): 93383
Ky, — 97979 events observed (Nyorm):

K, — eTe vy Acceptance (eg;,): 0.03422(4)
Ky, — 797979 Acceptance (enorm):

BR(KL_>6+6_'7) — Nsig . ENorm
BR(KL—HToﬂ'Oﬂ'%) NNorm €Sig

Flux: (2.69 + 0.08) x 1011
BR(K; — ete ) = [10.13+0.04(stat)] x10~°

15



Statistical Uncertainty 0.36%

Internal Systematic Uncertainty
Drift Chamber Inefficiencies 0.37%
Vary Cuts 0.33%
Energy Slope 0.23%
Energy Resolution 0.14%
Background 0.08%
Upstream Material 0.07%
Track Position Resolution 0.04%
Form Factor Uncertainty 0.03%
O(a3) Radiative Corrections 0.03%

Total Internal Systematic 0.57%

External Systematic Uncertainty 2.84%

BR(K; — eTe™v) =

[10.13 + 0.04(stat) £+ 0.06(sys)
+0.29(ext sys)] x 1076

M(K;—ete ) . (w9 —~y) —
F(m%—ete—) T (Kp—v7)

1.426+0.006(stat)+0.009(sys)+0.028(ext sys)
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*/dof = 22.0 /24
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v2 Method:
ap+ = —0.192 + 0.011(stat)

Systematic Uncertainty

Vary Cuts 0.0052

Energy Slope 0.0045

Drift Chamber Inefficiencies 0.0036
Upstream Material 0.0030

O(a3) Radiative Corrections 0.0030
Trigger Verification 0.0011

Track Position Resolution 0.0008
Energy Resolution 0.0003

Total 0.0089

o+ = —0.192 + 0.011(stat) & 0.009(sys)
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o, Measurements to date

The BMS form factor parameter ay+ as deter-
mined from the most recent experiments. Dif-
ference between this result and NA48 result is
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Measurementsof K; — eTe utu™

work of Jason Hamm, University of Arizona

Latest Proposal for K;v*~* Form Factor:

D’Ambrosio, Isidori, Portolés
Phys. Lett. B 423, 385 (1998)

2 92 q% q%
f(Q1aQQ)=1+Oé q%—m2+ 2 _ 2

p 2 p

a2 q3
_I_
’ (@% “2) (& —mz)>

e General long—distance parameterization compatible

with chiral expansion to O(p°)
o Coefficients a, B can be tied directly to p

KTeV measurements of «a:

K, — ptu~ —1.54+0.10 (2001)

Kr —s eTe ete™ —1.1+0.6 (2001)

To date, no measurement of 3



Current Status of K; — ete putu~ at KTeV

e First observation by E799 — [: 1 event

BR = (2.915/) x 1079

o KTeV, 1997 run: 43 events

BR = (2.62 + 0.404¢¢ = 0.174y5) X 1077

e [Trigger optimization, detector upgrades
increased signal acceptance ~ 25% for
1999 run

e New combined (1997 + 1999) BR to be
presented here



Signal After All Cuts
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After all cuts, 133 events remain, with a background of:

pTu~y conversions 0.68 +0.01
K,3 double decays 0.08 = 0.01
nTn~ 7% punchthroughs/decays 0.06 + 0.03
Total 0.82 +£ 0.04




These numbers lead to a branching ratio of:

B(K; —ete ptu) =
(2.6140.2344444-0.184y5¢) x 10~

e [Total KTeV sample has tripled in size

e Systematic error dominated by uncertainty
on K — mtx~x% branching ratio

e Branching ratio consistent with VMD
prediction of 2.34 x 102

e Prediction of (1.3 4+ 0.2) x 1072 seems to
be ruled out



Number of events

No CP—violating effects evident in angular
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Search For LFV K — eteTpTpuT
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e Identical cuts to K;, — ete utu~

e New 90% C.L. limit on branching ratio:

B(K;, — etetuTuT) < 4.12 x 10~11

e factor of 3 improvement over previous (KTeV) limit



DIP Form Factor Fit for o and 3
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e MC overlays in M¢., M,,, for o« = 8 = 0 shown above

e Evidence of a non—trivial form factor

e Fits for « and 3 are in progress. ..



M easurementsof 70 — ete—ete™

work by Patrick Toae, University of Colorado

The Double—Dalitz Decay:

€1
qd1 eil_
70
— G,ul/)\a
g2 €n
+
€2

Gw/)\a ~ Fps €uvio + Fs [g,u,)\gl/d - g,Uﬂgl/)\]

e Final State angular distribution sensitive to
Scalar/Pseudoscalar coupling

e Form Factor affects Distribution of ee Masses:

F (Q%aQ%) =Fo-f (Q%aQ%)
where
a

F(@ 8) =1+ 175 (i +B) +0(¢24)

s



Previous Measurement:

N. P. Samios, et al, Phys. Rev. 126, 1844
(1962). Based on 146 Events :

B(m9 = ete—ete)
B(m9 = v7)

= (3.18 £ 0.30) x 107°

Fiio L Plhatagrapk ol & typical doubds intemal converdia

a_r,\, 1+ a(cos2¢ + C'sin 2¢)

09

¢ ~ Angle b/w ee planes

—0.12 +0.15

o
C 0.77 = 0.53



Combined Result:

DD 2D
o7 10,506 52,446
99 17,448 | 79,640
Combo | 27,954 | 132,086
or:
B(n0 = etTe~eTe™)
= 0.2277 £ 0.0024
B(n0 — etev)2
99:
B(m9 = ete ete)
= 0.2233 £ 0.0019
B(n0 — ete—v)2
Combined:

B(r9 = etTeeTe™)

B(n0 — ete)2

= 0.2252 = 0.0015
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Combined Result:

Old 97 Preliminary Result:

B(n0 = eTe—ete)

B(n0 T )2 = 0.228 + 0.003 £ 0.006
™ —eTe vy

B(n9 = ete~eTe)

— (3.31+0.04+0.22)x107°
B(m0 — v7v) ( )

New Combined Preliminary Result:

B(m0 = eTe ete)
B(w0 — etTe—v)2

= 0.225240.00154+0.0059

B(n0 = eTe ete)

= (3.274 £ 0.022 £ 0.197)x10~°
B(m% — )

14



Conclusions:

e Branching Ratio:

B(n%—4e) __
B(n0—eer)2 0.2252 +0.0015 + 0.0074

— Agrees with expectations

— Radiative Corrections are now available

— Systematic error can be reduced with
further work

e Form Factor:
— Radiative Corrections are a larger effect

— Corrections will be included soon

e ¢ Distribution:

— Tree—Level MC predicts general features
of ¢ distribution in Data

— No indication of CP violation

22



Search for Lepton Number Violating Decay K, — n0u*e™

Work of Angela Bellavance, Rice University

Example (K, — m%uFe¥) MC Event

KTEV Event Display 1o

/usr/ksera/data14/bellavan/P
IOME dat

Run Number: 8384
Spill Number: 8

Event Number: 12 -
Trigger Mask: 40 05 _

All Slices

Track and Cluster Info
HCC cluster count: 3

ID Xcsi Ycsi PorE
T1:-0.2210-0.1117 -20.18 I EEises
L4 20213501160 039 00- ‘{?\\Eéii
T2: 0.4148 0.2025 +24.48 -

C2: 0.4138 02936 24.70
C1: 0.3625 0.0281 1458
C3: 0.0723-04986 6.37

Vertex: 2 tracks, 2 clusters
X
0.1352 0.0252 143.230

Mass=0.5684 (assuming pions)
Chisq=2.46 Pt2v=0.000007

05 -

- Cluster

- Track

m(O

- 10.00 GeV
- 1.00 GeV
- 0.10 GeV
- 0.01 GeV

Main Backgrounds:
Kp — nmta— 7% (K3pi)
K — m'1%eTr, (Ked)
K; — nteTr, (Ke3)



K3pi Background

normalization data, 5x107° times flux,
muon ID cuts removed)
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Ke4 Background
) (MC, 23 times flux, all cuts)
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Ke3 Background
, (MC, 0.3 times flux, M, cut removed)
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97 Search Data

—2
x 10
0.25

\\\x K3pi area
0.225 % Ke4 area

% Ke3 area

0.2

0.175

0.125
0.1 R
0.075
0.05

"N .

O L
0.4 0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6

M ey

19 events total 22.0£8.2 expected
3 “K3pi” events 2.51+0.5 expected
3 “Ked” events 9.4+1.1 expected
13 “Ke3” events 10.1£8.1 expected

From MC: 0.61£0.56 evts. expected in box
From data: 0.53+0.14 evts. expected in box



99 Search Data

—2
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13 events total 22.3+5.7 expected
~3 “K3pi” events 8.04+3.8 expected
~3 “Ked” events 4.84+0.6 expected
~7 “Ke3d” events 9.3+4.1 expected

MC(Ke3+Ke4): 0.494+0.22 expected in box
data(Ke3)+MC(Ked4): 0.484+0.14 exp. in box



...but distribution is not consistant with signal!

% of signal MC beyond data event:
(farther from Mg or larger p3 )

97 event #1 : 43.4% in Mg, 2.5% in p?
97 event #2 : 23.8% in Mg, 2.4% in p7

99 event #1 : 1.1% in Mg, 5.8% in p?
99 event #2 : 1.8% in My, 3.8% in p?
99 event #3 : 0.7% in Mg, 3.3% in p?

e These data events are not currently explained
by our background estimation techniques, but we
believe them to be background.

e We are continuing to explore background
scenarios within the signal box.

e To be conservative, we are currently quoting an
upper limit which treats the data events as signal.



Branching Ratio Limits

e 97 data only

BR(Kr — n9u*eT(97)) < 4.40 x 10719
(90%C'L, Preliminary)

e 99 data only
BR(K;, — mu*e¥(99)) < 5.33 x 10710
(90%C'L, Preliminary)

e 97 and 99 data combined

Using Baysean Probability Density Functions
(PDF's)

BR(Ky, — n°* e (97499)) < 3.31x 107"
(90%C L, Preliminary)



Summary

o K; — mrn~ete, 5056 eventsin full sample, CP violating
asymmetry measured to be (13.3 + 1.1 4+ 1.0)%.

o K; — ete ry, from 93,000 events branching fraction is
(10.13 £ 0.04 4 0.06 4 0.29) x 10~°. Form factor fit gives
ax = —0.192 £ 0.011 £ 0.009.

e K — eTe utu~ 133 events in full sample, yielding
branching fraction of (2.61+0.234-0.18) x 10~. Form factor
fitsin progress. Limiton K, — eTeTuTuT of 4.12 x 10711,

o ™ — eTe"ete™ 28,000 eventsinfull sample, yield branching
fraction of (3.274+0.0224+0.197) x 10> withrespect to® —
~vv. Detalled angular analysis requres radiative corrections
which are just now available.

e Search for K; — 7%uFeT. Intotal sample expect about 1.1
background in signal box, observe 5 events. However these are
not distributed like datashould be. Conservative upper limit for
branching fractionis 3.31 x 10~1°.



