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mmK K = 497.574 = 497.574 ± 0.0050.005statstat ± 0.0200.020 systsyst MeVMeV
The KLOE experiment measures:The KLOE experiment measures:

Kaon Physics at the Kaon Physics at the Φ Φ -- factory  DAfactory  DAΦΦNE NE 
KK (1020)ee →→−+ φ

Ø very clean environment

Ø pure KSKL and K+K- beams                               
almost monochromatic   (Pφ ≈ 13 MeV/c )

Ø kaon momentum precisely known                  
thanks to kinematics enclosure of the event
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PPK0K0 ≈≈ 110 110 MeVMeV/c/c

PPKK±± ≈≈ 125 125 MeVMeV/c/c

CMD-2   NA48   KLOE

497.9
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Neutral kaon mass (MeV/c2)

δβδβKK=0.004    =0.004    

δδWDAΦΦNE== 11 MeVMeV
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The The taggingtagging

Neutral kaons are produced in a pure 
quantum state (JPC=1--) : 

(contamination from KSKS,KLKL < 10-9)

detection of a Kdetection of a KS S (K(KLL) ) guaranteesguarantees the the 
presencepresence of a Kof a KLL(K(KSS) ) with known with known 
momentummomentum and direction and direction 

KL à π0π0

KS  àπ+π−

σp = 1.8 

MeV/cσp = 1.8 

MeV/c

PPKKSS (MeV/c)(MeV/c)

LS
00 KKKK →→Ö

KSPPP
rrr

−= ΦKL

measured run by run 
with σp ≈ 2.5 MeV/c
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KLOE Integrated LuminosityKLOE Integrated Luminosity

1. 5x101. 5x106 6 KK++KK−−// pbpb--111. 5x101. 5x106 6 KK++KK−−// pbpb--11

101066 KKLLKKSS // pbpb--11101066 KKLLKKSS // pbpb--11

∼ 240 240 pbpb−−1 1 up to now and  cleaner situation due cleaner situation due 
toto machine background reduction of  a factor 2machine background reduction of  a factor 2machine background reduction of  a factor 2machine background reduction of  a factor 2÷÷÷÷3333

2002200220022002

pbpb--11

1999199919991999

(20 pb20 pb--1 1 èè 7.5 x 107.5 x 10
77 φφ)   

published results

published results

2000200020002000

(190 pb
190 pb--1 1 èè 5.7 x 105.7 x 10

88 φφ) 

analysis in progress

analysis in progress

2001200120012001

∼∼ 300300 pbpb−−11 at run endat run end

L @ peak (2001)=  L @ peak (2001)=  5 5 ·· 10 10 31 31 (cm−2 s−1)L @ peak (2001)=  L @ peak (2001)=  5 5 ·· 10 10 31 31 (cm−2 s−1)
Ø L  @ peak (2002)= L  @ peak (2002)= 7 7 ·· 10 10 31 31 (cm−2 s−1)Ø L  @ peak (2002)= L  @ peak (2002)= 7 7 ·· 10 10 31 31 (cm−2 s−1)
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6 m6 m

7 m7 m

• Lead/scintillating fiber
• 98% coverage of solid angle
• 88 modules (barrel + end-caps)
• 4880 PMTs (two side read-out)

• Lead/scintillating fiber
• 98% coverage of solid angle
• 88 modules (barrel + end-caps)
• 4880 PMTs (two side read-out)

The KLOE detectorThe KLOE detector

•4 m diameter × 3.3 m length
•90% helium, 10% isobutane
•12582/52140 sense/tot  wires
•All-stereo geometry

•4 m diameter × 3.3 m length
•90% helium, 10% isobutane
•12582/52140 sense/tot  wires
•All-stereo geometry

ElectromagneticElectromagneticElectromagneticElectromagnetic CalorimeterCalorimeterCalorimeterCalorimeter
Drift ChamberDrift ChamberDrift ChamberDrift Chamber

σσr r φφ = 150 = 150 µµm  m  σσzz = 2 mm   = 2 mm   
σσVV = 3 mm = 3 mm σσp p //pp = 0.4 %= 0.4 %

σσr r φφ = 150 = 150 µµm  m  σσzz = 2 mm   = 2 mm   
σσVV = 3 mm = 3 mm σσp p //pp = 0.4 %= 0.4 %

σσE E //EE ==5.4% /5.4% /

σσtt = 54 ps54 ps /

σσE E //EE ==5.4% /5.4% /

σσtt = 54 ps54 ps /

E(GeV)E(GeV)

E(GeV)E(GeV)

⊕ 50 ps50 ps(cal)

λλSS = 0.6  cm    = 0.6  cm    
λλL L = 340 cm   = 340 cm   
λλ±± =   95  cm=   95  cm

λλSS = 0.6  cm    = 0.6  cm    
λλL L = 340 cm   = 340 cm   
λλ±± =   95  cm=   95  cm
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VVusus from Kfrom Ke3e3 decaysdecays

The observable is:The observable is:The observable is:The observable is: )0(+fVus )0(+fVus

provided by the theoryprovided by the theory

( ) KlKBR τ3 ( ) ( ) 
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measuringmeasuring measuring qmeasuring q22 evolution of evolution of 
the form factor:the form factor:

Γ(KL → πe ν) = Γ (KS → πe ν) =2 Γ (K ±→ π0e ±ν)

Ignoring phase space and form factor differences:

But:But:

0.06)%(3.66)0ÃÃ)/(20ÃÃ(22 ±=++−+×

SU(2) (SU(2) (and SU(3)F ) ) 
symmetry breaking effectsymmetry breaking effect
SU(2) (SU(2) (and SU(3)F ) ) 
symmetry breaking effectsymmetry breaking effect
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Experimental status of KExperimental status of Ke3 e3 decaysdecays
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0.22%0.22% 0. 86%0. 86%0. 59%0. 59%KK±±
e3e3

VVusus= 0.2196 = 0.2196 ±± 0.0.00260026

To extract Vus from the experimental 
observable we need:

² SU(2) and SU(3)F symmetry 
breaking corrections 

² radiative corrections

Both K Both K ±  ±  and Kand K00 must be measuredmust be measuredBoth K Both K ±  ±  and Kand K00 must be measuredmust be measured

∆Vus/Vus = 1.18% (PDG ’02)
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Measuring VMeasuring Vus us at KLOEat KLOE

KLOE can improve the accuracyimprove the accuracy in the knowledge of Γ(e3) measuring:

Ø both charged and neutralboth charged and neutral kaons kaons absolute BR’sabsolute BR’s with the same detectorsame detector

Ø directly the directly the kaon partial decay widthkaon partial decay width

Traditional method:Traditional method:

• measurement of  ΓΓ = 1/= 1/ττ

• measurement of  BR(e3)BR(e3)

Γ(e3)(e3) = BR(e3) x BR(e3) x ΓΓ
22
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KLOE :KLOE :

• by the tag count the number of K  produced , NNKLKL

• count the number NNe3e3 of semileptonic decays in 
the decay region 

Γ(e3)(e3) = ((∆∆NNe3e3 //∆∆t)/Nt)/NKLKL

Γ Γ is a correction & is a correction & δτ/τ δτ/τ 
dependence reduced by a dependence reduced by a 
factor factor ≈≈ 55
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Tag

With 200 pb-1 :

⇒ TAGTAG
0ππµν εε ≈

Ø From MC: %55≈TAG
µνε

Ø Tagging is provided by K→µν, K→ππ0 decays 
selected using only Drift Chamber information.

Ø can be estimated directly 
from Data using the redundant 
calorimetric  information (Nγ=0).

TAG
µνε

Charged kaonsCharged kaons

%1.0
1

≈∝
∆

µνε
ε

NTAG

TAG

(BR~85%)
PPtracktrack in K ref. framein K ref. frame
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661 100.6   100.4pb2000
3

×+×⇒≈ −
±
eK

N

ü Vertex in DC

ü π0 in EMC

ü Tag on one side

ü ToF selection

KK±±
e3    e3    signal selectionsignal selection

17 pb-1

17 pb-1

Preliminary
Preliminary

200 pb200 pb--11 (2001 run) ≈≈300 pb300 pb--11 (2002 run)
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p(MeV)

KKl3l3 (signal)

K→µ+ν

K→π+π0π0

K→π+π0

Track Track ++ Vertex fitVertex fit

Eγ(MeV)

ππ0 clustercluster

K→π+π0

K→π+π0π0

KKl3l3 (signal)

KK±±
e3    e3    signal efficiencysignal efficiency

Most of the efficiencies can be evaluated directly from data using control 
samples ⇒ method used for  ΓΓ(K(KS S →→ ππ++π π −− ((γγ)))/)/ΓΓ(K(KS S →→ ππ00ππ00)) Phys. Lett. B 538 (2002), 21
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With 200 pb-1 :

Ø From MC: %70≈−+
TAG

ππ
ε

Ø KL Tagging is provided by Ks→π+π- decays selected using 
only Drift Chamber information.

Ø can be estimated directly 
from data using a sample with KL  
interacting in EMC (KL - crash) and 
requiring 2 tracks

Neutral kaonsNeutral kaons

TAG
−+ππ

ε

%1.0~
1

≈∝
∆

−+ππ
ε
ε

NTAG

TAG
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KK00
e3    e3    signal selectionsignal selection

6614 109   106pb1030
3

×+×⇒×≈ −

eK
N

200 pb200 pb--11 (2001 run) ≈≈300 pb300 pb--11 (2002 run)

ü Vertex in DC fiducial 
volume

ü Tag on one side

ü ToF selection

ü Invariant mass cut 

Ø Procedure already used 
for KKSS àà ππ±± ee±± νν : EEMISSMISS -- ppMISSMISS

Phys. Lett. B 535 (2002), 37

Phys. Lett. B 535 (2002), 37

BR(KBR(KSS àà ππ±± ee±± νν ) = (6.79 (6.79 ±± 0.330.33statstat ±± 0.160.16systsyst)x10)x10--44

627 ± 30 evts

KLOE 2000 data:

(∼∼1.5x 101.5x 1044 KKSS àà ππ±± ee±± νν )
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Measuring Measuring λλ++

KK00
e3e3

syststat 0022.00012.00245.0 ±±=+λ (CPLEAR)

KK±±
e3e3

syststat 002.00015.00293.0 ±±=+λ

syststat 0015.00017.00278.0 ±±=+λ (KEK-E246)

(ISTRA+)

100 kevts

130 kevts   

365 kevts 

6 Mevts6 Mevts @@KLOE (200 pb

KLOE (200 pb--11 ))

0.4 Mevts0.4 Mevts @@KLOE (200 pb

KLOE (200 pb--11 ))

KLOE KLOE can improve the actual measurements
of λλ++ using both KK00

e3  e3  and KK±±
e3  e3  decays 

σstat ≈ O(10-4)

σstat ≈ O(10-3)
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Conclusions and OutlookConclusions and Outlook

v Good experimental resolution

v KLOE has the capability of measuring absolute absolute BR’sBR’s both for
neutral and charged kaons and the unique feature of measuring
directly the partial decay width directly the partial decay width ΓΓ(K(Kl3l3))

v stat (500 pb-1) ≈ 0.07%  

v syst : to be determined butbut most of them are evaluated with data        
⇒ improvements increasing the statistics of the control sample  O(0.07%)

v Next experimental improvement on ∆Vus from Kl3 BRBR’’ss and Γ(Γ(e3e3)) and 
λλ++ (we will do better than the accuracy on the theoretical correction)
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DADAΦΦNENE parametersparameters

DEAR

50 m

Design parameters

• Beam energy : 510 MeV

• Max number of bunches : 120

• Bunch spacing : 2.7 ns

• Bunch current : 40 mA

• Single bunch luminosity : 4·1030 cm−2 s−1

L = 5 ·1032 cm−2 s−1
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b » 0.8
t» 9 ns

b = 1
t» 7 ns

e

ππ

BR( KBR( KS S →→ ππ±± e e ±± νν))

v KL-crash.and.charged vertex at IP (r<8cm , |z|<10cm) 
.and.2 tracks with associated EmC clusters
v invariant mass of the tracks in π hp  Mππ < 490 MeV/c2

(against background from KS → π+π−)
v π/e identification using time-of-flight
v Emiss - |pmiss|

SelectionSelection

Dδt (π,e) =[t1
CLU - t2

CLU] – [L1  /c β(π) –L2  /c β(e)] 

v |Dδt (π, π)| > 1.5 ns to reject   KS → π+π−

v Cuts on Dδt (π, e)  and Dδt(e, π) 

ππ/ee identification using timeidentification using time--ofof--flightflight

MotivationsMotivations
• if (CPT).and.(∆S.eq. ∆Q) then

BR( KS → π± e ± ν) = = BR( KL → π± e ± ν)x ΓL/ ΓS

only one measurement (CMD-2 1999): (7.2 ± 1.4)x10-4
from PDG values  == (6.704 ± 0.071)x10-4
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Efficiency evaluationEfficiency evaluation

2000

Fit to Fit to EEmissmiss--PPmissmiss spectrumspectrum using MC 
spectra for signal and π+π− background

Normalization to KNormalization to KS S →→ ππ++ππ−− decaysdecays

Vertex reconstruction, fiducial cuts and MVertex reconstruction, fiducial cuts and Mππππ
efficiencyefficiency from MC but also from data  KL → πeν
near I.P. (high-purity sample (> 99.7 %), by 
kinematic cuts) and KS → ποπο to scale MC
Tracking efficiencyTracking efficiency for MC and data from KS → π+π−

SingleSingle--particle particle tt0 0 , track, track--cluster, and trigger cluster, and trigger 
efficiencies from dataefficiencies from data using KL → πe ν near 
origin and KS → π+π− but also φ→π+π−π0 .
MC efficiency scaled accordingly

Time of flight ID efficiencyTime of flight ID efficiency from KL® πeν
decays near origin and KS → π+π

Overall selection efficiency:Overall selection efficiency:

(20.8(20.8±± 0.4)%0.4)%

üü

üü

üü
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BR( KBR( KS S →→ ππ±± e e ±± ν ν ))

2.0Tracking + vertex efficiency

0.6Tag eff 

0.9Cluster, t0 , trigger
0.8TOF selection eff

5.9Total

4.9Statistics
%Main contributions to the total error

CPT and ∆S=∆Q predicts: Γ(KSà π± e± ν ) = Γ(KLà π± e± ν )

and then: BR(KSà π± e± ν ) = BR(KLà π± e± ν ) x (ΓL/ΓS)
Using PDGUsing PDG::

BR(KBR(KSS àà ππ±± ee±± νν ) = ( 6.704 ( 6.704 ± 0.071 ) x 100.071 ) x 10--44

CPT and ∆S=∆Q predicts: Γ(KSà π± e± ν ) = Γ(KLà π± e± ν )

and then: BR(KSà π± e± ν ) = BR(KLà π± e± ν ) x (ΓL/ΓS)
Using PDGUsing PDG::

BR(KBR(KSS àà ππ±± ee±± νν ) = ( 6.704 ( 6.704 ± 0.071 ) x 100.071 ) x 10--44

lower with the 

lower with the 

2001 data !!
2001 data !!

KLOE 2000 data, (6.79 KLOE 2000 data, (6.79 ±± 0.330.33statstat ±± 0.160.16systsyst)x10)x10--4      4      627 ± 30 evts

CMDCMD--2 1999,        (7.2   2 1999,        (7.2   ±± 1.4)x101.4)x10--44 75 ± 13 evts 

ResultResult
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KKSS taggingtagging using time of flight identification
of KL interacting in the EmC  (“KL-crash”) 
selected as a calorimeter cluster with:

§Eclus > 200 MeV
§ | cos(θclus)| < 0.7
§ 0.195 ≤ β* ≤ 0.2475

(β∗ = KL velocity in the φ rest frame)

KKSS taggingtagging using time of flight identification
of KL interacting in the EmC  (“KL-crash”) 
selected as a calorimeter cluster with:

§Eclus > 200 MeV
§ | cos(θclus)| < 0.7
§ 0.195 ≤ β* ≤ 0.2475

(β∗ = KL velocity in the φ rest frame)

β∗ after correction for different pion
velocities and trigger latency

KKS  S  analysisanalysis at KLOEat KLOE

β∗ ∼ 0.218

KKLL--crashcrash

KKS S → π+ π -2000 data analysis = 5.4x106 KL crash 
2001 data on tape ~ 6 x107 KL crash 

üü KKSS momentummomentum from KL cluster position 

üü easier determinationeasier determination of trigger of trigger efficiencyefficiency
40% of times , KL-crash triggers by itself 

üü reliesrelies on the on the measurementmeasurement of of ββ∗∗ slightly 
dependent on KS decay

δβ=0.004 ⇒ δWDAΦNE= 1 MeV
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vKL-crash.and.2 tracks from IP reaching EMC(*)

v 120 < Ptrack < 300 MeV/c .and. 30o < θ < 150o

(*) acceptance depending on the photon energy E*
γ

fully inclusive measurement  fully inclusive measurement  ⇒⇒ no  no  γγ required in EMCrequired in EMC

ΓΓ(K(KS S →→ ππ++π π −− ((γγ)))/)/ΓΓ(K(KS S →→ ππ00ππ00))

KKS S →→ ππ ++ ππ -- ((γγ) selection) selection

EEγγ

coscosθθγγ

MotivationsMotivations
• first step towards Re(ε′/ε)    
• extraction of  Isospin 0 and 2  
amplitudes and phases from consistent
treatment of soft γ in KS → π+π −(γ)

ΓΓ(K(KS S →→ ππ++π π −− ((γγ)))/)/ΓΓ(K(KS S →→ ππ00ππ00))

PPtrack   track   (MeV/c)(MeV/c)

MCMC -- signalsignal
DATADATA

εππ(γ)(E*
γ ) from MC folded to theoretical γ spectrum

vKL-crash .and. ≥ 3 neutral “prompt” clusters: 
|tCLUS-RCLUS/c| < 5σt .and. 

ECLUS > 20 MeV .and.
cosθ <0.9

KKS S →→ ππ00ππ0  0  selectionselection

acceptance and E cuts correction from MC

ΓΓ(K(KS S →→ ππ++π π −− ((γγ)))/)/ΓΓ(K(KS S →→ ππ00ππ00))
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Efficiency evaluationEfficiency evaluation

• tt00 and trigger efficiency and trigger efficiency using data:           
KS  ®π0  π0 from KL ® π +π −π0 –tagged 
sample (t0-independent), KS →π0π0 with 2 
trigger sectors fired by KL-crash

εε0000 ((tt00 and and trigtrig)) = = (99.86(99.86 ± 0.04)0.04)%%

• photon detection efficiencyphoton detection efficiency from data 
using φ → π+ π−π0 events. The overall 
selection efficiency (mostly acceptance):

εε0000 = (90.1 = (90.1 ± 0.2)%0.2)%

• singlesingle--particle tparticle t00 and trigger efficienciesand trigger efficiencies
using data: KS  ® π+π − from KL ® π +π −π0 –
tagged sample (t0-independent), φ ® π +π −π0

and KS  ®π+π − with 2 trigger sectors fired by 
KL-crash plugged into MC

ε ε + + −− (t(t00 and and trigtrig)) = = (97.9(97.9 ± 0.03) 0.03) %%

KKS S →→ ππ ++ ππ -- ((γγ) ) 
• singlesingle--track reconstruction efficiencytrack reconstruction efficiency
from KS  ® π + π − data, used to scale MC

εε+ + −− ((selsel and and recrec)) = = (57.6(57.6 ± 0.2) 0.2) %%

KKS S →→ ππ00ππ0  0  

ppT T (MeV/c)(MeV/c)θ(θ(degreesdegrees))
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ΓΓ(K(KS S →→ ππ++π π −− ((γγ)))/)/ΓΓ(K(KS S →→ ππ00ππ00))

KLOE 2000 data      2.236 KLOE 2000 data      2.236 ±± 0.0030.003statstat ±± 0.0150.015systsyst
PDG 2000 averagePDG 2000 average 2.197 ± 0.026 (without clear indication of  E*

γ )

Statistical error Statistical error (%) 0.140.14

0.20photon counting
0.23trigger and t0

0.26tracking
0.680.68Overall systematic errorOverall systematic error

0.55KS® π0π0/KS ® π+π− tag

%Contribution to systematic error

Phys. Lett. B 538 (2002), 21

N.B.N.B. efficiencies estimated using data efficiencies estimated using data 
control samples (statistically limited)control samples (statistically limited)
Goal = reach 0.1% systematic uncertainty Goal = reach 0.1% systematic uncertainty 
[< 2[< 2··1010--44 on Re(eon Re(e′′/e)] +photon spectrum/e)] +photon spectrum


