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THE SIMULTANEOUS K; AND Kg BEAMS
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RunningConditions

1998-1999 2000 2001

Proton Momenum [GeV/c] 450 400 400
SPSCycleTime [s] 14.4 14.4 16.8s
Spill Length(E ective) [S] 2.4(1.7) 3.2(2.2) 5.2(3.6)
Duty Cycle 0.17 0.22 0.31
K. Beamintensity [( 10'9) ppp] 1.5 1.0 2.4

K s Beamintensity [( 10)) ppp] 30 10 1¢ 5.0

No drift chambers

-—_1999

— 2007

0 1 2 3 4 3

Time within burst [8)
Good K p Events / 100 ms



NAA48 detectors

Muon veto sytem
Hadmon calorimete:

Ligquid krypton ca o imeter
r



Magnetic Spectrometer
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[Liquid Krypton Calorimeter |

e uasi-homogeneons
detector: 10 m® lkr
(Xu = 4.7 EIII)

e 13212 cells

— Granularity 2% 2em?

— Depth 1.25 m
(= 27 Xo)

e Frojective geometry
pointing to decay
region (= 114 m up-
strcam)

e Accordion geometry
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Neutral Reconstruction
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Neutral Kaons

Productionin StrangenesKigenstatesDecyg in CP Eigenstates

Kq!

K1 6!

K% = PKai + JKai); (S = +1)
1,
KO = P50Ka jKa) (S= 1)
CPj i=+] i CPj i=| i
andK ! (alloved)

andK, 6! (not allonved)



But CP NOT Consered

About 1%of the time, a\ K ," !

Indirectly?
.0 r ...
Kl = P——5(iKai + jKi)
'Koi—p—l (jKqi + jKoai)
JRr = m] 1 JK2
jj= (228 002 10°
Directly?

(K" F)8 (KO! F)

(K 2 9=(Kgt %9
(KPP * )=(K3gt )

61



Direct CP Violation

fromK % canhavel = Oor 2

Two Amplitudes:Ap and A,

3 d
U
3 u.c.t 2 through decay
K 2 Z.Y penguin diagrams
u -.T- ' parmetet
d d

De ne ratio of CP-violating/ CP-conservingmplitudes:

AKL! 7 ) _ 0
AKs! + )
AKL! 29 - 90

A(Kg! o070 %

?(direct CP violationparameter) p5lm %2 €(2 0

Theoreticapredictionsfew10 4 j%j 2 103
Experimenmal obserable:

(K 2 9=(Kgt °9
(K2 * )=(Kgt )

R =1 6Re( L)



AnalysisPhilosopy and Approad

All e ects cancel to rst order

MeasureR in (5 GeV-wide)energybins

Weigh K lifetime

Apply chargeddeadtimefractionto all data
Weigh K ux

Tagparern andcorrectfor misidemi cation
|dertify decg channelsand subtractbadkgrounds
Correctfor non-linearitieand energyscale
Computeresidualacceptancdi erences

Evaluateresidualdi erencesn accidetal rates



Event statistics
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Systematicchecks

Preciseevaluation of systematicsto 10 4 level is

essemal

R stability against cut variations

CgL11.5cm
CgL7cm
DM, L4s
DM, L 2s

p§2 L 3.0x10™ |

p©2 L 1.5x10™
c’L17.1
c®L9.9
tL3.8tg
tL29tg
tagging window =+ 2.5ns
tagging window *1.5ns
accept QX dead time
accept MBX dead time
reject DCH-ovfl + 234 ns
reject DCH-ovfl + 350 ns
no extra clustersin p'p’
no Ks/Kl intensity weighting
gradius G20 cm
track radius G20 cm
mom. asym. L 0.2
no mom. asym. cut
ingoing tracks
outgoing tracks
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2001Result(in EnergyBins)

R = 099181 0:.00147¢tat) 0:.00110%yst)



NA48 Results

1997 Re(%)=[185 45(stat) 5:8(syst)] 104
98/99 Re(%)=[150 ZL7(stat) 21(syst)] 104
Re(*=) = |

137 27(stat) 1:5(syst)] 104

AVERAGE Re( &)= [14:7 2:2] 10 4

Note: small correlation betweensystematic uncertainties accoured for in weighted average



Summaryof Measuremdas



Chiral PerturbationTheory

Low energy(scale 4 F 1.2 GeV)e ective eld theory:
Perturbative expansiongn mometum and mass

Chiral symmetrybroken: SU(3). SU@R)k! SU3)y
) Eight pseudoscaldBoldstonebosony ; ;K)

Bosonmasss 0 [(soft) explicit breaking]

Higher order bosonicloops diverge,but compensatedoy courter-termswith
(empiricallydetermined)e ective couplings

Ought to descrile kaondecgs: eg.,K.s! ¢ ,Kpg!



O(p?) = 0 for both

No courer-termsrequiredfor either: O(p*) predictionsunanbiguougo better
than 5%

PDG:

BR(K2! )= (25 04) 10°
BR(K2! ©° )= (1:68 010) 10°



kg1 O

O(p*) missedoth the obsered branting fraction,(1:68 0:10) 10 °,
andewertswithm < 0:2GeV

—<+-DATA

N.of events

300 I [ Background

— Expectation
X?/n.d.f = 31.1/30

200

100 -

™ I
0. 100. 200. 300. 400.
m,, [MeV/c]

O(p®) terms(includingvectormesorextiange)predict :

BR(K?! % )=15 10°% a, = 07

ay, extractedfrom m distribution, determine<CP-conservingumplitudein
K. ! Oete



K21 O Analysis

NormalizationchannelK 2! © 9 collectedvith sametrigger

{ jmi2 m o < 3MeVandjmzs m o) > 25MeV
{ Transersemomertum of lowestenergyunpairedphoton> 40 MeV
{ Subtractremnarns with tailsof K2! 9 9 distribution

Reject3 ° badkground(from missecbr mergedshavers):

{ Shaver width

12
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| | | | e,
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{ Maximum vertexpositionfrom ead possibleconbination
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Subtractpile-upusingCOG sidebands



K21 0 Results

2500candidates
2 1000
4 +-DATA
@)
5 [] Background %&
< — Expectation
750 -
500 -
Control + Control
250 |- Region Region
MJJ.— ‘ e
125. 130. 135. 140. 145.

m,, [MeV/c]

a, = 046 003@ctat) 0.03@yst) 0.02theo) (seeplot)
) BR(K_'! Ogte e ¢ = (47 22) 10 13
) BR(K ! 9 )=[L36 0:03@tat) 0:03@yst) 0:03norm)] 10°

[Note: KTeV nds a, = 072 008) non-negligiblecortribution to
BR(KL! %'e)cp ¢c,andBR(K.! 9 )= (1:68 0:10) 10 9



N. of events
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K&

Year2000data: single beams, no drift chambers
Normalize to K2! 00

Irreducible background: K?!

N(KP! )
N(K2!T )

1:5in decg volume

Knowledge of this ratio limited by 3% K| BR uncertainty:
(277 008) 10°
) Impro ve K. BR measurement relativ eto K2! 000
[BR(KZ! ©09 1]

Collect v e datasamples:

{ far target: , 30
{ near target: , 29,30
Count 3 ®events) N(K?! )

) N(KQ! )= N(@KO!' ) NEKO! )



Far-targetdata
Restrictdecg volumeto that of K 0!

Determinehadronicand other chargedbadkgroundsrom hadroniccalorimeter
and chargedhodoscop hits asa functionof COG distribution

10 4 = e ggcandidates
i 3p°
I background
i ——  bkg. model
10°
signal control
region region

it

10

0 1 2 3 4 5 6 7 8 9 10
COG (cm)

) Badkground= (0:6 0:3)%
[ BR(Ks! )= (09 04)%
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KQ! Analysis

RejectbrokenK ! 9 Oewerts:  1m< Zyenex < Smwrt collimatorexit

C \
1600 ggcandidates
i Ks5 ggMC
1400 - K5 ggMC
i K5 2p° MC
1200 -
1000 B signal
I region *
800
600
400
200 |
’\ﬁf‘\”‘\”‘pmﬁ‘\“\“
-200 0 200 400 600 800 1000
Lyertex (cm)

2 9 bakground= (0:8 0:2)%



Rejecthadronicbakground(no tracking): no in-time HAC clusterand cut on
LKr clusterwidth

it
W*M T

o9 1 11 12 13 14 15 16 17
shower width (cell units)

Rejectaccidetals: t < 5nsandsubtractextrapolatedhigh P; eerts

0
gty (ns)

Hadronicand accidetal bakground= (0:8 0:3)%



RejectDalitz decgs(analyzingnagneb {on forfar-targetdata), °! e'e :
pair failsto separateor onee too soft; correctvia simulation (e ect twiceas
largefor normalizationchannel)
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‘ | ‘ | | ‘ | | ‘ | | ‘ | |
0 20 40 60 , .80 100
e e distance (cm)

BR(K _ . :
BRKE ) = HL5 0:3)%



K21 Result
Roughly20,00K g ! ewerts

Non- badkground 2:5%



K21 Correctionsand Uncertairies

Hadronichakgroundsandaccidetals| 21 0:7%
BrokenKg! 00 21 0:4%
HadronicBadkground(far-target) 09 04%
Dalitz Decy 1.5 03%

2cuton °masses 0:3%
Triggere ciency 0:1%
BR(Kg! ©°9 0:9%
TOTAL 1.8 1.4%
StatisticalUncertainy (data) 2:0%
StatisticalUncertainty (MC) 0:6%

BR(K! )=[278 O0:.06(6tat) 0:02M C stat) 0:04@yst)]

Compatiblewith previousresults
Di ers by 30%from O(p*) prediction)

largeO(p°®) conribution?

10 ©



K21 O

Dominatedby pionpoleof KQ! 9 O restricttoz m2 =mZ 02

Theoreticalprediction: BR(K2 ! 9 ) = 38 108 (Edker, Pich, De
Rafael,1987)

No PDG limit

199%ighintensity Ks run: 3 10 K5 decgs



K21 O Analysis
Badkgrounds
BrokenKs! © 9+ accidetal
2.1 0.1 ewerts (sidebandextrapolation)
Mismeasured® massfromKg! 0 0
0:1 0O1ewert (simulation)
Ks! ° Gair Ks! 3°
< 0:1ewert (sinulation)
Kt 0O
0.1lewert (irreducible but calculable)

TOTAL BACKGROUND: 2.1 0:2 ewerts
FOUND IN DATA: 2 events

PRELIMINAR Y LIMIT:
BR(Ks! © )< 44 107 at90%CL



Summaryand Conclusions

Final measuremerof direct CP violation: PhysicsLettersB 544(2002)97-112

2001:Re(%) = [137 27(stat) 1:5(syst)] 104
Average:Re(%)=[147 22] 104
World Average:Re(%) = [167 23] 104

K01 O - physicsLettersB536(2002)229-240

a,= 046 003@ctat) 0.03@yst) 0:.02theo)
) BR(K.! © )=[L1:36 0:03@tat) 0:036yst) 0:03(norm)] 10°
) BR(K_'! Oet e e ¢ = (47 22) 10 13

K21 : PhysicsLettersB551(2003)7

(k)= 281 0016tat) 0:026yst] 10
b

K21 . PhysicsLettersB 551(2003)7

BR(K! ) =[278 O0.06(@tat) 0:02MM C stat) 0:04cyst)] 10 °©
Kg! O

BR(Ks! 9 )< 44 10 7at90%CL (preliminary)
2002:Highintensity K s and neutralhyperonrunning;data beinganalyzed
{ K21 Ye'e
[KQI O+

{ Hyperonsemileptonicecgs: jV,sj
{ Radiative hyperondecgs: asymmetrieand newmodes

2003:Chargedkaon program



