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Direct CP Violation in K; — #0[ T

» Direct CP violation: K — CP even state.
s Ky — m'v*and Ky — 72
» KQ — WOW*W*
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Other contributions to X; — 7T~

® |Indirect CP violation,
o K; —eK; — % 77
#® Interference

® New Kg results from
NA4S8.

® CP conserving decays.
Py KL . 7.‘.O,Y*,Y*
& Input from theory and
Ky — 70y
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Theoretical Predictions

#® CP Violating terms
s BR(K; — nlete™) ~ (174+10) x 1072
s BR(K;, — mutpu™) ~ (94+6) x 1071
# CP Conserving terms
s BR(K; — mleTe™) ~ 0.5 x 10712
s BR(K; — mutu~) ~5x 101
# Total
s BR(K; — nvi) ~ (2.6 £1.2) x 107!
s BR(K; — mlefe”) ~ (241 x 1071
s BR(K; — mutp™) ~ (1.5 £0.5) x 1071
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The KTeV Collaboration

U of Colorado U of W@sconsin

L /7’
O\ o \
U of Chicago,
L Fermilab, = A
. Elmhurst College‘?:ﬁ__._) )

U of Campinas, Sao Paulo

U of Arizona
® 14 institutions.

#® ~ 80 physicists.

Rare Kaon Decays from KTeV



The KTeV Detector

MUON FILTERS M MUON COUNTERS

LEAD WALL

Csl CRYSTAL CALORIMETER s

HODOSCOPES

DRIFT CHAMBER 4 BACK—ANTI

DRIFT CHAMBER 3 . \\\;“ e Exce”ent partiCle ID

MAGNET - TRD’S (£799)

o (sl calorimeter
o Planar TRDs

DRIFT CHAMBER 2

DRIFT CHAMBER 1

SPECTROMETER ANTI GOOd TraCki ng

HELIUM BAG

o Better than 100um
resolution

Clean beams.

RING VETOS

7

REGENERATOR (E832)
MASK-ANTI (E832)

Rare Kaon Decays from KTeV



KTeV Data Taking

Startup E837

® Rare decay data
(E799)

JOH‘F@D‘MO(‘ADF‘MOy‘JUH‘ Jul ‘Aug‘Sep‘Oct Nov Dec -. Three runnlng
E/99 F852 E/99 periods

o 1997 data:
2.7 x 101 K
\ \ \

Jan Feb Mar Apr‘MOy‘Jum‘ Jul "Aug Sep Oct Nov Dec deCays

o e ® 1999 data:
3.6 x 10" K,
decays.

JOH‘F@b‘MQF‘ApF‘MOy‘JUH‘ Jul ‘Aug‘Sep Oct Nov Dec
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KTeV Physics Program

E832 E799

CP Violation Re(€' /¢) Kp — w0t~
Charge Asymmetry K; — ntn ete”
¢+—,@+—7

New Phenomena A® K; — mle® ™

RV Search H dibaryon search
CKM Physics K, — w0y Kp — 111t
V.s Measurement K — 1Tl v
Kp — 1Tl vy
70 —ete ,eTeete~

Hyperon Decays
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K; — 7’vv Analysis

® Theoretical uncertainties ~ 1%.

® Theory: 3 x 10~ 11

® Search for large missing pr.
o 70— ete

® Two tracks, electron id, and one ~.
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Calorimeter Performance

MIPs, beam hole tracks

N

pion showers

electrons

—
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® Resolution.

o Energy: < 1% over
all energies of
interest.

Position: ~
1.8mm/1.0mm for
large/small
crystals.

® Rejection.

® F/pcut— 500:1
rejection.
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BR(K; — nlete™) < 5.9 x 1077 (1997 data)
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The K; — 7’ete” Decay

® Pros:
» Reconstruct total decay (cf K; — 7vp)

o Cons:
» Backgrounds from K; — eTe vy.
» Contributions from indirect and CP conserving
terms.
# Previous best limit: E799-I
s BR(K; — mlete )< 4.3 x 1077

#® New Physics — BR enhancement.
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KL%WO

» Two photons.
$® Backgrounds

0.0 .0
$ Kp—-mmpmy

ete” Analysis

® Two oppositely charged tracks + electron id.

® K — mev + Yace + Vrad

® Ky —ete vy
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TRD performance

ALUMINIZED MYLAR

WINDOW  —

RADIATOR

BUFFER
GAS VOLME
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X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X
X X X X X X X X X X X X X X X X X X X

~— 1.5mm
MINI-DRIFT

O ANODE
X CATHODE

—— pion tracks

! !
0.6

ﬂTRD

Better than 200:1 rejection
with 90% electron efficiency.




K — eTe vy Analysis

Exclude events with a
good mo.

Total: 1988 events

® Previous result: 58
events

Background: 77 + 3

Serious background to
Oete~

E\ L L L Il L L L 11' L B 1- i T L L
0O 001 002 003 004 005 0.06 007 008 009 0.1 1<L — T
2 2 -2
P2 (GeV?) x10

BF(K; — eTe ) = (6.31 & 0.14 - 0.42) x 107
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KL%WO

0.0 _0
Ky — mimpmy

« ° * . . * o.. ...‘. .o...
. . * [
/ \ ‘ \ ‘ \ ‘ \. "\ ‘ \ ‘ \
0.4 /0.425 0.45 0.475 0.5 0.525 0.55 0.575 0.6

M (GeV/c?)

eeyy

KL — TeV + Yace Vrad
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ete” Analysis

m~~ constrained to be

mo.
Box region used in
blind analysis.

# Rectangular
regions excluded
from bkg fits.

Ellipse — signal region.




VeTe~ Kinematic Variables

KL%W

Angle btwn p_4 - and ~ in vy CM.
Signal is uniform due to ©° spin.

Smallest angle between photon and
et in K1, CM.
Bkg angle small: bremsstrahluhng.
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K; — n'ete” Result

{

® One candidate event.

® Background Estimate:
» Ellipse: 0.99 +0.35
@ o Box:39+14
® Acceptance: Lower by
30% from 1997

A T # Higher accidental

0.475 0.48 0.485 0.49 0.495 0.5 0.505 0.51 0.515 Q.52

M., (Gev/c?) rates in 1999.

eeyy

0.13

e

0.128

0.126

BR(K; — mleTe™) < 3.5 x 1071? (1999) [Accepted by PRL]
BR(K; — 7% te™) < 2.8 x 1010 (1997+1999)
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K; — 7'u" 1~ Analysis

® Two oppositely charged tracks + p id.
» Two photons.
$® Backgrounds

® K; —>ata a0
® Ki — wuv + 2v9gce
® Kp—ptu vy
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K — pu" v~y Result

® First observation.

» Four events with
0.16 £ 0.08
background events.

o QED calculation:
(9.1+0.8) x 1077

® Dangerous background
to K — nutp.

L ‘ L L L ‘ .\ L ‘. ‘ L L L ‘ L L L ‘ L
0.46 0.48 0.5 0.52 0.54 ,
Mass GeV/c

UWyy Mass vs PZT

BR(K; — ptu~yy) = (104713 £0.7) x 1072 with m.., > 1 MeV/c?
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K; — 7’u" 1~ Kinematic Variables

Same definitions as

K; — nlete™

cos O,

o 70 spin — uniform
in signal.

@min

® Less effective in
this mode.

® 4 have less
radiation.
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K; — 7’u" 1~ Result

~N
S

®» MC and data agree.

Events / IMeV

®» Two events in signal
box.

o Expect0.87 £0.15
background events.

40% from

Ky — ptp~yy
Remaining from

MM N K; — ntn—x% and

1 ‘ 1 1 1 1 1 1 1 1
0.48 0.5 0.52 0.5 Ky —m nv.
M, (GeV)

BR(K; — mutpu~) < 3.8 x 10719 (90% C.L.)

~
S
T
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Current Status of X; — 7T~

K.—> oy K—nlee Kl—=>nu'u”

[ FermiLab E731
L ermilab E/99 |

KTeV 1 day
KleV/

BNL—845 z046 .
FermilLab E/99—| Fermilab E/99—

KTeV KTeVva7/
KTeV99 (SES)

Branching Fraction

ANNNNNNNNNNNY

T Standard Model

limits 90% C.L.
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Summary

Successful program of rare decay searches and
measurements.

KTeV improved upon BR(K; — 7vv) by two orders of
magnitude.

» New experiments: KOPIO, E391A

K; — mleTe™ approaching SM value.

» Possibility to search for new physics.

Ky — mutp™

s Full analysis of KTeV 1997+1999 data soon.

s Expected SES ~ 1 x 101"
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