
Recent KLOE ResultsRecent KLOE Results

Patrizia de Simone,  LNF/INFN
on behalf of the KLOE Collaboration

Les Rencontres de Physique, La Thuile, March 4 – 10, 2007



Overview of KLOE data
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data taking for KLOE experiment, years 2001-2005, now run completed

~ 2.5 fb-1 integrated @  √s=M(φ)



KLOE detector performance

CalorimeterCalorimeter Drift chamberDrift chamber

σE/E ≅ 5.7% /√E(GeV)

σt ≅ 54 ps /√E(GeV) ⊕ 50 ps
(relative time between clusters)

σγγ ~ 2 cm (π0 from KL → π+π−π0)

σp/p ≅ 0.4 % (tracks with θ > 45°)

σx
hit ≅ 150 µm (xy), 2 mm (z)

σx
vertex ~ 1 mm
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KKSS →→→→→→→→ ππππππππ++++++++ππππππππ−−−−−−−−

KKLL →→→→→→→→ 22ππππππππ00000000

KKLL taggedtagged
byby KKSS →→ ππ++ππ−− vertexvertex at IPat IP

4 × 105 tags/pb-1

εεεε ~ 70% (mainly geometrical)
KL angular resolution: ~ 1°

KL momentum resolution: ~ 1 MeV

Tagging of KL KS beams

εεεε ~ 30%  (mainly geometrical)
KS angular resolution: ~ 1° (0.3° in φ)
KS momentum resolution: ~ 1 MeV

KKLL ““crashcrash””
ββ=0.22 =0.22 (TOF)(TOF)

KKSS →→→→→→→→ ππππππππ−−−−−−−−ee++++++++νννννννν

3 × 105 tags/pb-1

KKSS taggedtagged
byby KKLL interaction in interaction in EmCEmC
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Recent KLOE results
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results from results from kaonkaon decays analyses published by KLOE in 2006decays analyses published by KLOE in 2006

� absolute BR’s  for 4 main KL channels and τL
� form factor slopes for KLe3 decays
� BR’s and charge asymmetry for KSe3
� precise measurement of Γ(π+π-(γ))/Γ(π0π0)
� absolute BR for K+ → µν(γ) decay
� absolute BR for KL → π+π-(γ) decay
� determination of CP, CPT parameters of K0

system via BSR and data from KLOE
� test of QM and CPT symmetry

PLB 632 (2006) 43
PLB 636 (2006) 166
PLB 636 (2006) 173
EPJ C48 (2006) 767
PLB 632 (2006) 76
PLB 638 (2006) 140
JHEP 122006011(2006)

PLB 642(2006)315

a couple of preliminary measurements have been announceda couple of preliminary measurements have been announced

� absolute BR’s K±
l3 decays, K± lifetime

analysis close to be completedanalysis close to be completed

� absolute BR’s K± → π±π0



CPT test: the Bell-Steinberger relation
KS KL observables can be used for the CPT test from unitarity

ΣΣΣΣΣΣΣΣff
(1 + (1 + ii tan tan φφφφφφφφSWSW) [Re ) [Re ε − ε − ε − ε − ε − ε − ε − ε − ii ImIm δδδδδδδδ]]  ======== AA*(*(KKS S →→→→→→→→ f f ) ) AA((KKL L →→→→→→→→ f f ))

ΓΓΓΓΓΓΓΓSS

11
======== ΣΣΣΣΣΣΣΣff ααααααααff
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after CPLEAR after CPLEAR measurementsmeasurements (2001)(2001) after KLOE after KLOE measurementsmeasurements (2006)(2006)

JHEP12(2006) 011

JHEP12(2006) 011



Preliminary results from KLOEPreliminary results from KLOE

BR (KS  → e+e-) 
BR (KS → γγ)
BR (KL → eπνγ)
KLµ3 form factor slope λ0
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Analysis of KAnalysis of KSS →→ ee++ee--
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event event preselectionpreselection ((1.32 fb1.32 fb--11 ))

• KS tagged by KL crash      
• 2 tracks from IP to EmC

to identify the signal we build a    
χ2-like variable  based on 

sum and difference of  (Tclu-ToF) 
of the 2 particles

E/p of both particles

transverse distance between 
track impact point and the closest 
cluster, for both particles further cuts on further cuts on 

• P* (π hypo) in the KS rest frame > 220 MeV
• Mmiss to reject residual π+π-π0 > 380 MeV

SM prediction is low but precise  BR(KS → e+e-) = 1.6×10-15 [Ecker, Pich 91]
leaving room for possible new physics effects to be detected 

KS → π+π- → µπ
KS → π+π-

φ → π+π-π0

KS → e+e-

MMinvinv((MeVMeV))

χχ2
2

MMinvinv is evaluated in is evaluated in ee++ee-- hypothesishypothesis



Analysis of KAnalysis of KSS →→ ee++ee--
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UL(µsig)  evaluated numerically with Bayesian approach, taking into 
account  background fluctuations [NIM 212 (1983) 319-322]

optimization of signal box on MC:  (492 < (492 < MMinvinv < 504) < 504) MeVMeV and and χχ22 < 20< 20
we find Nobs = 3 and µBKG = 7.1±3.6 from these  UL(µsig) = 4.3 @90% CL
without background subtraction  UL(µsig) = 6.68 @ 90% CL 

εsig = εpresel × εsignal box × αγ-rad = 0.785 × 0.888 × 0.8 = 0.558
εππ = 0.6 ,  Nππ = 148174688

UL(BR) = UL(µsig) × εsig

εππ BRππ

Nππ
×

� normalize signal counts to KS →ππ(γ) counts in the same data set

� αγ-rad acceptance of the radiated foton E*γ  <  6MeV

UL( BR(KUL( BR(KSS →→ ee++ee--((γγ)) ) = 2.1 )) ) = 2.1 ××1010--88 @ 90% CL@ 90% CL
KLOE preliminaryKLOE preliminary

CPLEAR: 1.4 

CPLEAR: 1.4 ×× 10 10 --77



Analysis of KAnalysis of KSS →→ γγγγ
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event event preselectionpreselection ((1.6 fb1.6 fb--11 ))

KS tagged by KL crash      
2 and only 2 γprompt with 

Eγ > 7MeV
cos(θγγ) > 0.95 

(Tγ-R/c) < 5σt

BR(KS → γγ)  is an important probe of  χPT [ Phys.Rev.D 49 (1994) 2346]

event selection event selection 

kinematic fit    
PKS(KLcrash) = PKS (γγ)

Mγγ = MKS

Tγ = R/c for both γ’s

QCAL veto

BR = Nγγ ×
εsig

ε2π0 ×
BR2π0

N2π0

εγγ= εpresel × εsel~ 0.83 × 0.63 ~ 0.50

ε2π0 = 0.65
χ2

• Data
_  MC

KS → γγ

� ε(QCAL veto) ~ 1 on signal apart from accidental losses



Analysis of KAnalysis of KSS →→ γγγγ
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count signal events fitting the 2D plot of Mγγ and θ *γγ in the KS cms with
MC shapes
KL→ γγ control sample selected to check the energy scale on data-MC

• Data
_  MC
signal
background

Mγγ (MeV)

cos(θ*γγ) Mγγ (MeV)

M2π (MeV)

• Data
_  MC2γ bckg

KS → 2π0 bckg

� signal and normalization samples free from KL → γγ bckg



Analysis of KAnalysis of KSS →→ γγγγ
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BR = (2.35 BR = (2.35 ±± 0.14) 0.14) ×× 1010--66
KLOE preliminaryKLOE preliminary

� 2.7 2.7 σσ from from NA48NA48 resultresult
�� 1.51.5 σσ in agreement with         in agreement with         
χχPTPT ΟΟ(p(p44)) predictionprediction



EEcluclu(MeV(MeV))

EE
cl
u

cl
u
-- EE

γγla
b

la
b
(( M

eV
M
eV

))
Analysis of KAnalysis of KLL →→ ππeeνγνγ
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inclusive selection (328 pbinclusive selection (328 pb--11 ))
•• KKLL tagged by Ktagged by KS  S  →→ ππ++ππ--

•• ((EEmissmiss--cPcPmissmiss) in different mass ) in different mass 
hypothesis to remove ~90% of hypothesis to remove ~90% of bckbck

•• ToFToF to separate to separate e/e/ππ (after PID       (after PID       
~ 0.7% contamination)~ 0.7% contamination)

�� 2 2 ×× 101066 KKe3e3

KKLLγγ vtxvtx --> comparing > comparing ToFToF KLKL

and the  and the  γγ--cluster time, it must cluster time, it must 
be inside a 8be inside a 8σ σ sphere centered sphere centered 
at the at the DCvtxDCvtx

cluster position to close the cluster position to close the 
kinematickinematic and evaluate and evaluate EEγγ -->>
pp22ν ν = 0 = (p= 0 = (pKK--ppππ--ppee--ppγγ))2

2

Ke3γ out of acc.
not radiative Ke3 
φ→ π+π-π0   

Kµ3
Signal         

measurement of the BR and of the contribution due to the Direct 
Emission term in the γ spectrum 

radiativeradiative sample selection sample selection 

• EEcluclu>> 25 25 MeVMeV to remove to remove accidentalsaccidentals
•• NN to remove                                  NN to remove                                  
KKµµ3    3    trained with trained with EmCEmC infosinfos
ππ++ππ--ππ0 0 trained with trained with kinematickinematic and and EmCEmC infosinfos

background reductionbackground reduction



• Data
_  MC

entries/2 MeV

MeV

Analysis of KAnalysis of KLL →→ ππeeνγνγ
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narrow window on narrow window on MMmissmiss

((EEmissmiss--cpcpmissmiss) in different masses ) in different masses 
hypothesishypothesis

tagging tagging γ γ with with EEcluclu >> 60 60 MeVMeV

same same γγ selection and selection and EEγγ
evaluation as done for the signal evaluation as done for the signal -->>
pp22γγ--tag tag = 0 = (p= 0 = (pKK--ppππ--ppee--ppγγ))2

2

�� to evaluate the Data/MC  to evaluate the Data/MC  γγ--efficiency efficiency 
correction as a function of correction as a function of EEγγ

�� to measure to measure KKLLγγ vtxvtx, and , and EEγγ resolutionsresolutions

control sample from Kcontrol sample from KLL →→ππ++ππ--ππ00

example  (example  (EEcluclu –– EEγγ))

we measure we measure ��

count signal and normalization events count signal and normalization events 
fitting  the 2D plot of E*fitting  the 2D plot of E*γγ and and θ θ **leplep--γγ with with 
the the MC shapesMC shapes

free parameters free parameters �� signal and signal and BKg1BKg1

BKBKg2g2 fixed (MC normalized to Data)fixed (MC normalized to Data)

BR(Ke3γ; E*γ > 30 MeV, θ*lep-γ > 200)

BR(Ke3(γ))
R =

E*γ (MeV)

θ*lep-γ (deg)

• Data
_ MC signal

BKg1  Ke3 ~ 37%
BKg2 π+π-π0 & Kµ3(γ) ~ 1.5%

entries/10 MeV

entries/10 deg



DEDE--γγ spectrum calculated in spectrum calculated in χχPTPT OO(p(p66))

Gasser et al.  (hepGasser et al.  (hep--ph/0412130)ph/0412130)

N
x
d

Γ
x
/d

E
* γ

Analysis of KAnalysis of KLL →→ ππeeνγνγ
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theory [Gasser et al.,Eur.Phys.J. 40C,2005]

fit on experimental results

R = (0.92 R = (0.92 ±± 0.020.02statstat ±± 0.020.02systsyst)%)%
KLOE preliminaryKLOE preliminary

statistical error will be soon improved by a factor 2 statistical error will be soon improved by a factor 2 
using the whole KLOE data setusing the whole KLOE data set

KLOE preliminaryKLOE preliminary

E*γ (MeV)
θ*

le
p-

γ(
d
eg

)

MC: DE contributionMC: DE contribution

fit of the DE contribution
(-43 ± 41)
[5042 IB events][5042 IB events]

UL( BRUL( BRDEDE) = 2.5) = 2.5××1010--55 @ 90% CL@ 90% CL



KLµ3 form factor slope λ0
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MeV

MeVmpE

MeVpE

missmiss

missmiss

10|)||,min(|

10),(
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21

23222

22

0

>

>−−

>+
−

δδ

ππ

ππ

π

KL tagged by KS → π+π-

preselection cuts :  veto on veto on ππ++ππ--

veto on veto on ππ++ππ--ππ0   0   

veto on Kveto on Ke3e3

)),(,),(( 21 missmissmissmiss peEpeE −=−= +−−+ πδπδ

background contamination reduced to ≅≅ 1.5%1.5% using NN trained with TOF 
measurements

it is relevant for Vus , to test e/µ universality with KLOE onlywith KLOE only

δ4(MeV) δ4(MeV)

δ 2
(M

eV
)

δ 3
(M

eV
)

4% contamination4% contamination
further cut on

δ3= Emiss(π+,µ-)-pmiss
δ4= Emiss(π-,µ+)-pmiss



KLµ3 form factor slope λ0
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π/µ separation at low energies is difficult �
f0 form factor slope by fitting the Eν distribution, combined fit with KLe3 

λλ00 = (15.6 = (15.6 ±± 1.81.8statstat ±± 1.91.9systsyst) ) ×× 1010--33
KLOE preliminaryKLOE preliminary

KTeV PRD 70(2004)PRD 70(2004) λ0 = (12.8± 1.8)×10-3 NA48 preliminarypreliminary λ0 = (9.1± 1.4)×10-3

ISTRA+ PLB 589(2004)PLB 589(2004) λ0 = (17.1± 2.2)×10-3

will reach 
will reach δλδλ

00//λλ00~ 5~ 5--10% with 2.5 fb

10% with 2.5 fb --11

correlation matrixcorrelation matrix
λ’+ λ’’+ λ0

1 -0.95      0.31
X          1        -0.41
X          X             1  

λ’+ = (25.6 ± 1.8) × 10-3

λ’’+ = (1.44 ± 0.79) × 10-3

[PLB 636 (2006) 166][PLB 636 (2006) 166]
●Data
― Fit

χχ22/ndf = 21/31/ndf = 21/31

ne
w 
!!

ne
w 
!!

residuals

Eν(MeV)

Eν(MeV)



VVususff++(0) & (0) & VVusus/V/Vudud from KLOEfrom KLOE
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Vus from semileptonic kaon decays
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Γ(K → πlν(γ)) = |Vus|
2 |f+

Kπ(0) |2 Sew  C
2
K I

l
K(λ’+, λ”+,λ0) (1 + δ

l
K)

G2
Fm5

K

128 π3

theoretical inputstheoretical inputs

� f+(0) form factor at zero momentum transfer � purely theoretical 
calculation, presently known @ 0.8 % level (χPT, lattice)

� δl
K e.m. and isospin-breaking corrections, presently known @ few ‰ level 

� SEW universal short distance electroweak correction (1.0232),       
CK = 1 (2-1/2) for K0 (K±) decays

experimental inputsexperimental inputs

� IlK(λ’+,λ”+,λ0)  phase space integral, λ’+,λ”+,λ0, denote the t-dependence 
of vector and scalar form factors

� ΓKl3(γ) semileptonic decay widths, evaluated from γ-inclusive BR’s and 
lifetimes

� mK appropriate kaon mass

KLOE is measuring all the relevant inputs: KLOE is measuring all the relevant inputs: BRBR’’s, lifetimes, ffs, lifetimes, ff’’ss



12.367(78) ns89.58(5) ps50.84(23) nsτ

0.03310(81)0.05047(92)7.046(91)×10-40.2699(15)0.4008(15)BR

K ± µ3K ± e3KS e3KL µ3KL e3

Vus f+(0) from KLOE results

• f+(0)=0.961(8)
Leutwyler and Roos Z.

[Phys. C25, 91, 1984]

• Vud=0.97377(27)
Marciano and Sirlin

[Phys.Rev.Lett.96 032002,2006]

From From unitarityunitarity

Vus×f+(0) = 0.2187(21)
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λλλλ′′′′+ + + + = 0.0256(18)= 0.0256(18)= 0.0256(18)= 0.0256(18)

λλλλ′′′′′′′′+ + + + = 0.0014(8)= 0.0014(8)= 0.0014(8)= 0.0014(8)

λλλλ0 0 0 0 =  0.0156(26)=  0.0156(26)=  0.0156(26)=  0.0156(26)

KL
O

E 
fin

al

KL
O

E 
fin

al

KLOE KLOE preliminarypreliminary

SlopesSlopes
KLO

E f
ina

l

KLO
E f

ina
l

KLOE KLOE preliminarypreliminary

<V<Vusus××ff++(0)>(0)> KLOE AV.KLOE AV. = 0.21582(58)= 0.21582(58)

us
in
g 
f

us
in
g 
f ++
(0
) 
= 
0
.9
6
1(
8
),
 

(0
) 
= 
0
.9
6
1(
8
),
 VV

udud
= 
0
.9
7
3
7
7
(2
7
) 

= 
0
.9
7
3
7
7
(2
7
) 

∆∆
= 
1 

= 
1 
––
VV
udud

22
–– VV

usus
22
= 
(

= 
( --
1313

±± 1
0
)

10
) ××
1010

-- 44

|Vus|f+(0)

Fla
via

Ne
t

Fla
via

Ne
t c

od
e

co
de

KK00 [G[GFF((µµ)/G)/GFF(e)](e)]2  2  =1.0065(98) =1.0065(98) 
cfrcfr with PDG04 1.047(14)with PDG04 1.047(14)

KK±± [G[GFF((µµ)/G)/GFF(e)](e)]2 2 =0.9843(251) =0.9843(251) 
cfrcfr with PDG04 1.004(16)with PDG04 1.004(16)

e/e/µµ universalityuniversality



Fit resultsFit results, 
no constraint  no constraint  
  χ χ 22/ndf = 0.35/1/ndf = 0.35/1
  P(P(χχ22) = 0.56) = 0.56

VVusus = 0.2239(= 0.2239(16)16)
VVudud = 0.97377(27)= 0.97377(27) ∆∆ =1=1––VVudud

22 ––VVusus
22=(1.6=(1.6±±1.2 )1.2 )××1010--33

Vus – Vud plane

VVusus/V/Vudud = 0.2286(= 0.2286(+27+27
--1515))

VVusus = 0.2246(20)= 0.2246(20)
Kl3 KLOE, using f+(0)=0.961(8)

VVudud = 0.97377(27)= 0.97377(27)
Marciano and Sirlin

Phys.Rev.Lett.96 032002,2006

InputsInputs
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get |Vus/Vud| from K,π → µν widths:
Γ (K → µν(γ))

Γ (π → µν(γ))

Vus

Vud

fK2

fπ
2

∝ ×
2

(Marciano PRL93 231803,2004)from the KLOE analysis of 175 pb-1

BR(KBR(K+ + →→ µµ++νν((γγ)) = 63.66(9)(15)%)) = 63.66(9)(15)%

from lattice [MILC Coll. 2006]
ffKK/f/fππ = 1.208(2)(= 1.208(2)(+7+7 --1414))

Fit results, Fit results, unitarityunitarity constraintconstraint
χχ22/ndf = 3.74/2, P(/ndf = 3.74/2, P(χχ22) = 0.15, ) = 0.15, VVusus = 0.2262(9), = 0.2262(9), VVudud = 0.97407(22)= 0.97407(22)

VVudud

VVusus

fit with fit with unitarityunitarity

fit fit 

VVudud

VVusus

VVusus //VVudud



Vusf+(0) from world data

<V<Vusus××ff++(0)>(0)> WORD AV.WORD AV. = 0.21686(49)= 0.21686(49)
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λλλλ′′′′+ + + + = 0.02492(83)= 0.02492(83)= 0.02492(83)= 0.02492(83)

λλλλ′′′′′′′′+ + + + = 0.00159(36)= 0.00159(36)= 0.00159(36)= 0.00159(36)

λλλλ0 0 0 0 =  0.01607(82)=  0.01607(82)=  0.01607(82)=  0.01607(82)

(KLOE, KTeV, NA48 
and Istra+ ave.)

SlopesSlopes
the FlaviaNetFlaviaNet KaonKaon WGWG performs fits to world data on the
BRs and lifetime for the KL, KS, K± with the constraint that 
the BRs sum to unity (presented at CKM(presented at CKM--Nagoya)Nagoya)

KLe3                                  0.21646(59)

KLµ3                                  0.21665(71)

KSe3                                0.21555(143)

K±e3                                0.21875(104)

K±µ3                                0.21817(125)

|Vus|f+(0)

not possible to fit to only new 
K± data (unlike for KL)

� only K±
l3 and K±

l3/ππ0 have 
been measured recently

� K±
l3 and ππ0 highly 

correlated in fit 

� new measurement of new measurement of ππππ00 is is 
crucialcrucial
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Conclusions 
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KLOE  has obtained new preliminary results onKLOE  has obtained new preliminary results on
BR (KS  → e+e-) 
BR (KS → γγ)
BR (KL → eπνγ)
KLµ3 form factor slope λ0

recent KLOE  measurements greatly improve knowledge of recent KLOE  measurements greatly improve knowledge of VVusus

the CKM matrix appears to be unitary within  ~ 1σ

Vus still only known to about 1%

forthcoming developmentsforthcoming developments
final results on K±

l3 branching ratios and K± lifetime
completion of the BR(K+ → π+π0) measurement

perspectives with 2.5 fbperspectives with 2.5 fb--11 of collected dataof collected data
more and better measurements of form-factor slopes (Ke3 and Kµ3)

improve KL and  K± lifetimes

fractional accuracy of < 1% on the BR for KS → πeν and for K±
ℓ3



What’s next ? KLOE2 
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A new scheme to increase DAΦNE luminosity by

a factor O(5) has been proposed by P.Raimondi

(crabbed waist collisions) – test in autumn 2007 

If successful a new round of measurements with an 
improved KLOE detector could start in 2009

The KLOE detector has proven to well face the challenge,The KLOE detector has proven to well face the challenge,
nevertheless nevertheless something can be improvedsomething can be improved::

add an inner trackerinner tracker
add a tagging systemtagging system for e+e- → e+e-γγ
increase the EMC readEMC read--out granularityout granularity

update / upgrade the data acquisitionthe data acquisition



What’s next ? KLOE2 
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� Time evolution of entangled kaon states, reach the sensitivity to the

Planck scale: tests of CPT-symmetry and quantum mechanics

� e−µ−µ−µ−µ universality (K → eν / K → µν) and the mass of the muon neutrino

� universality of the weak coupling to leptons and quarks, CKM matrix

unitarity

� rare KS decays (semileptonic charge asymmetry, KS → π+π−π0 ,                

KS → π0π0π0 )

� light mesons: structure of scalars (via γγ interaction), η and η’ physics

� σσσσ(e+e- → → → → hadrons), muon anomaly, evolution of αem

� baryon electromagnetic form factors, e+e- → pp, nn, ΛΛ

� … and more a new exciting challenge!a new exciting challenge!
who wants to join us is welcome !!!who wants to join us is welcome !!!



Spare slides



CPT test: the Bell-Steinberger relation

( ) ( )
( ) ( )00

00

KMKMM

KK

−=∆

Γ−Γ=∆Γ

KS KL observables can be used for the CPT test from unitarity

ΣΣΣΣΣΣΣΣff
(1 + (1 + ii tan tan φφφφφφφφSWSW) [Re ) [Re ε − ε − ε − ε − ε − ε − ε − ε − ii ImIm δδδδδδδδ]]  ======== AA*(*(KKS S →→→→→→→→ f f ) ) AA((KKL L →→→→→→→→ f f ))

ΓΓΓΓΓΓΓΓSS

11
======== ΣΣΣΣΣΣΣΣff ααααααααff

CPLEAR
Re ε = (164.9 ± 2.5)X10-5

Im δ = (2.4 ± 5.0)X10-5
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Assuming ∆Γ= 0, i.e. no CPT viol. in decay:
(-5.3 ×10-19 < ∆M < 6.3 ×10-19) GeV at 95% C.L.

Re εεεε = (159.6 ± 1.3) ×10-5

Im δδδδ = (0.4 ± 2.1) × 10-5
Re εεεε = (159.6 ± 1.3) ×10-5

Im δδδδ = (0.4 ± 2.1) × 10-5

JHEP12(2006) 011JHEP12(2006) 011

the main contribution to the 
uncertainty now comes from ηη+ + −−



φφ →→ KKSSKKLL →→ππ++ππ--ππ++ππ-- : test of quantum coherence: test of quantum coherence
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• Fit including ∆t resolution and 
efficiency effects + regeneration

• ΓS, ΓL  ∆m fixed from PDG

C.L. 95%at     098.0

007.0040.0018.0 SYSTSTAT

<

±±=

SL

SL

ζ

ζ

From CPLEAR data, Bertlmann et al. (PR D60 (1999) 114032) obtain :

16.013.0 ±=SLζ

STAT015.0±
with 2.5 fb-1 :

( ) ( ) ( ) ( ){ } cos12;,
2/

tmeeetI
t

SL

tt LSSL ∆∆⋅−⋅−+∝∆ ∆Γ+Γ−∆Γ−∆Γ−−+−+ ζππππ

edecoherenc    total    1

QM       0

→=

→=

SL

SL

ζ

ζ
Decoherence parameter:

KLOE result :
PLB 642(2006) 315



BkgBkg rejection cuts p*rejection cuts p*ππ

P. de Simone                        8/03/2007  – LaThuile



BkgBkg rejection cuts p*rejection cuts p*ππ
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Analysis of KAnalysis of KSS →→ γγγγ
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• KL→ γγ control sample selected to check the energy scale on data-MC



Analysis of KAnalysis of KLL →→ ππeeνγνγ
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12.367(78) ns89.58(5) ps50.84(23) nsτ

0.03310(81)0.05047(92)7.046(91)×10-40.2699(15)0.4008(15)BR

K ± µ3K ± e3KS e3KL µ3KL e3

Vus f+(0) from KLOE results

• f+(0)=0.961(8)
Leutwyler and Roos Z.

[Phys. C25, 91, 1984]

• Vud=0.97377(27)
Marciano and Sirlin

[Phys.Rev.Lett.96 032002,2006]

From From unitarityunitarity

Vus×f+(0) = 0.2187(21)
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KK0 0 [G[GFF((µµ)/G)/GFF(e)](e)]2 2 = 1.0065(98) = 1.0065(98) cfrcfr with PDG04 1.047(14)with PDG04 1.047(14)
KK±± [G[GFF((µµ)/G)/GFF(e)](e)]2 2 = 0.9843(251)  = 0.9843(251)  cfrcfr with PDG04 1.004(16)with PDG04 1.004(16)

e/e/µµ universalityuniversality

λλλλ′′′′+ + + + = 0.0256(18)= 0.0256(18)= 0.0256(18)= 0.0256(18)

λλλλ′′′′′′′′+ + + + = 0.0014(8)= 0.0014(8)= 0.0014(8)= 0.0014(8)

λλλλ0 0 0 0 =  0.0156(26)=  0.0156(26)=  0.0156(26)=  0.0156(26)

KL
O

E 
fin

al

KL
O

E 
fin

al

KLOE KLOE preliminarypreliminary

SlopesSlopesKLO
E f

ina
l

KLO
E f

ina
l

KLOE KLOE preliminarypreliminary

<V<Vusus××ff++(0)>(0)> KLOE AV.KLOE AV. = 0.21582(58)= 0.21582(58)
using fusing f++(0) = 0.961(8), (0) = 0.961(8), VVudud = 0.97377(27) = 0.97377(27) 

∆∆ = 1 = 1 –– VVudud
22 ––VVusus

22 = (= (--1313±±10)10)××1010--44

KLe3           0.21563(69)         0.32
KLµ3           0.21629(99)         0.46
KSe3           0.21537(144)       0.67
K+e3           0.21682(217)        1.00
K+µ3           0.21511(295)        1.37

Mode            |Vus|f+(0)          error %

Fla
via

Ne
t

Fla
via

Ne
t c

od
e

co
de



A WG for kaon physics
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Analysis of KS → πeν
number of signal counts by fitting 
data to a linear combination of MC 
spectra for signal and background 
(MC includes radiative processes )

Data
MC πeν
MC ππ

Nπeν = 23328 ± 255

−50 500
0
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600

700

−100−150

E
ve
nt
s/
M
eV

Emiss(πe) – cpmiss (MeV)

• Data

- MC  πeν

- MC  ππ

event selection event selection (410 pb(410 pb--11 ))

• KS tagged by KL crash
• two tracks from IP to EmC
• kinematic cuts to reject 
background from KS � ππ

• track-cluster association 
required 

e/π ID from TOF
identifies charge of final state

normalize signal counts to KS →ππ(γ) 
counts in the same data set           
(use PDG04 for BR(KS→ππ(γ)), 
dominated by KLOE measurement)
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KS → πeν – results

AS = (1.5 ± 9.6stat ± 2.9syst)×10-3

with 2.5 fb-1 KLOE can measure 
AS to 3×10-3

AASS = (1.5 = (1.5 ±± 9.69.6statstat ±± 2.92.9systsyst))××1010--33

with 2.5 fb-1 KLOE can measure 
AS to 3×10-3

compare to results for AL:
KTeV (3.322±0.058±0.047)×10-3

NA48   (3.317±0.070±0.072)×10-3

compare to results for AL:
KTeV (3.322±0.058±0.047)×10-3

NA48   (3.317±0.070±0.072)×10-3

BR(KS → π−e+ν) = (3.528 ± 0.057 ± 0.027) × 10-4

BR(KS → π+e-ν) = (3.517 ± 0.051 ± 0.029) × 10-4

BR(KBR(KSS →→→→→→→→ ππππππππeeνννννννν) = (7.046 ) = (7.046 ±±±±±±±± 0.077 0.077 ±±±±±±±± 0.049)0.049)××××××××1010--44

BR(BR(ππeeνν)) [KLOE ’02, Phys.Lett.B535, 17 pb-1]:(6.91 ± 0.34stat ± 0.15syst) 10-4

linear form factor slope   linear form factor slope   λλλλ+ = (33.9±4.1)××××10-3

compatible with the linear slope obtained from KL semileptonic decays            

[PLB 636(2006)]

[PLB 636(2006)]

unique to KLOEunique to KLOE
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Dominant KL branching ratios

Lesser of pmiss−−−−Emiss in πµπµπµπµ or µπµπµπµπ hyp. (MeV)

AbsoluteAbsolute BR BR measurementsmeasurements toto 0.50.5--1%1%

from 328 pb-1 data sample
KKLL taggedtagged byby KKSS →→ ππ++ππ−− ::
• 13×106 for the measurement
• 4×106 used to evaluate efficiencies

BRBR’’s s toto ππeeνν, , πµνπµν, and , and ππ++ππ−−ππ00::
• KL vertex reconstructed in DC
• PID using decay kinematics
• fit with MC spectra including radiative
processes

BR BR toto ππ00ππ00ππ00:
• photon vertex reconstructed by TOF 
using EmC (3 clusters)

• εrec = 99%, background < 1% 
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Dominant KL BRs and KL lifetime
using the constraint ∑BR(KL) = 1 we get

BR(KBR(KLL�� ππeeνν((γγ) ) )     = 0.4007 )     = 0.4007 ±± 0.00060.0006stat  stat  ±± 0.00140.0014systsyst

BR(KBR(KLL �� πµνπµν((γγ) ) )    = 0.2698 )    = 0.2698 ±± 0.00060.0006statstat ±± 0.00140.0014systsyst

BR(KBR(KLL�� 33ππ00)           = 0.1997 )           = 0.1997 ±± 0.00050.0005stat  stat  ±± 0.00190.0019systsyst

BR(KBR(KLL�� ππ++ππ−−ππ00((γγ) ) )  = 0.1263 )  = 0.1263 ±± 0.00050.0005statstat ±± 0.00110.0011systsyst

lifetime measurementlifetime measurement
ττ

LL
= 50.72= 50.72 ±± 0.170.17 ±± 0.330.33 nsns

L/βγβγβγβγc (ns)

6 - 24.8 ns
40 - 165 cm

0.37 λL

x
10

2
 E
ve
nt
s/
0
.3
 n
s

PPKK = 110 = 110 MeVMeV
excellent lever excellent lever 

arm for lifetime arm for lifetime 
measurementmeasurement

ττLL measurementmeasurement fromfrom KKLL →→ ππ00ππ00ππ00, , 400 pb400 pb--11

• require ≥ 3 γ’s
• ε (LK) ~ 99%, uniform in L
• σL(γγ) ~ 2.5 cm
• background ~ 1.3%
use KL →π+π-π0 for • EmC time scale

• γ vertex efficiency

[PLB 632 (2006)][PLB 632 (2006)]

lifetime measurementlifetime measurement [PLB 626 (2005)][PLB 626 (2005)]
ττLL = 50.92= 50.92 ±± 0.17 0.17 ±± 0.25 0.25 nsns

KLOE average�τL = 50.84 ± 0.23 ns ( Vosburg, ’72 τL = 51.54 ± 0.44 ns)KLOE averageKLOE average�ττLL = 50.84 = 50.84 ±± 0.23 0.23 nsns ( ( Vosburg, ’72 τL = 51.54 ± 0.44 ns)
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KLe3 form factor slopes
• 328 pb-1, 2 × 106 Ke3 decays

• PID by kinematic cuts + TOF ( ~ 0.7% final background contamination)
• separate measurement for each charge state (e+π−, π+e−) to check systematics
• momentum transfer t measured from π and KL momenta: σ(t/mπ 

2) ∼ 0.3

Phase space integralPhase space integral
Pole modelPole model versus Quadratic parameterizationQuadratic parameterization
• KLOE: 0.5 per mil difference
• KTeV:  6 per mil difference

[PLB
 6
3
6
(2
0
0
6
)]

[PLB
 6
3
6
(2
0
0
6
)]

2 2

P(P(χχ22) =89%) =89%

P(P(χχ22) =92%) =92%

P(P(χχ22) =92.4%) =92.4%
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t* (ns)

16-30 ns

Measurement of the K± lifetime
• two methods to measure τ± allow cross checks on the systematic error
• common to both methods

- tag events with Kµ2 decay
- kaon decay vertex in the DC

Measure the kaon decay length taking into account the 

energy loss: t* = ∑i Li/(βiγic)
• Efficiency and resolution functions measured on data

by means of  π0 vertex reconstruction (K → π0X)
• Fit of the t* distribution

11st st method:method: ττ±± from the K decay lengthfrom the K decay length

ττττττττ±±±±±±±±= = 12.36712.367 ±±±±±±±± 0.0440.044StatStat ±±±±±±±± 0.0650.065SystSyst nsns

KLOE preliminary

• Use K → π0X decays

• Use tag information to estimate the T0 i.e. the φ →K+K− time

• Measure the kaon proper time: t* = (tγ – Rγ/c –T0)γK using the γ clusters

• Lorentz factor γγγγK: slowly changing along the kaon path

22ndnd method:method: ττ±± from the K decay timefrom the K decay time
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Measurement of the BR (K+→µ+ν(γ))

P* [MeV]

Kµν region

MC includes 
radiative 
process

Entries  2176449• tag from K- → µ-ν
• 175 pb-1: 1/3 used for signal selection,
2/3 used as efficiency sample

• decay vertex in DC & fill the P* spectrum
• subtraction of π0 identified background
• count events in (225,400) MeV window
of the momentum distribution in K rest
frame (π hypothesis)

Signal selection

• selection efficiency measured on data
• radiated γ acceptance computed by MC

BR(K+→µ+ν(γ)) = 0.6366 ± 0.0009stat± 0.0015syst

[PLB 632 (2006)]

BR(KBR(K++→→µµ++νν((γγ)))) = 0.6366 = 0.6366 ±± 0.00090.0009statstat±± 0.00150.0015systsyst

[PLB 632 (2006)][PLB 632 (2006)]

• ΓΓΓΓ(K→µν→µν→µν→µν(γγγγ))/ΓΓΓΓ(π→µνπ→µνπ→µνπ→µν(γγγγ)) ∝∝∝∝ |Vus|
2/|Vud|2fK

2/fππππ
2

• From lattice calculations: fK /fππππ =1.198(3)(+16
−5)  

(MILC Coll. PoS (LAT 2005) 025,2005)

|Vus| / |Vud| =0.2294 ±±±± 0.0026|Vus| / |Vud| =0.2294 ±±±± 0.0026
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Measurement of the BR(K±
l3)

� 4 independent-tag samples: K+µµµµ2, K+ππππ2, K−−−−µµµµ2, and K−−−−ππππ2

keep under control the systematic effects due to the tag selection

� kinematical cuts to reject non-semileptonic decays, 

residual background is about 1.5% of the selected K±l3 sample

� constrained likelihood fit of  m2 data distributions from ToF measurements 

count the number of signal events

� selection efficiency from MC and correct for Data/MC differences

Ev/(14MeV)2

MeV2

perform the BR measurement on each tag sampleBR measurement on each tag sample,
separately normalizing to tag counts in the same data 
set, and average accounting for correlations:

BR(K±±±±
e3) =  

(5.047 ±±±± 0.019Stat ±±±± 0.039Syst-Stat ±±±± 0.081Sys)×10-2

BR(K±±±±
µµµµ3) = 

(3.310 ±±±± 0.016Stat ±±±± 0.045Syst-Stat ±±±± 0.065Sys)×10-2

BR(KBR(K±±±±±±±±
e3e3) =  ) =  

(5.047 (5.047 ±±±±±±±± 0.0190.019
StatStat ±±±±±±±± 0.0390.039

SystSyst--Stat Stat ±±±±±±±± 0.0810.081
SysSys))××1010--22

BR(KBR(K±±±±±±±±
µµµµµµµµ33) = ) = 

(3.310 (3.310 ±±±±±±±± 0.0160.016
StatStat ±±±±±±±± 0.0450.045

SystSyst--StatStat ±±±±±±±± 0.0650.065
SysSys))××1010--22

• fractional accuracy of 1.8%1.8% for Ke3Ke3, 2.4%2.4% for KKµµ33
• the error is dominated by the error on Data/MC efficiency      

correction and the systematics due to the signal selection efficiency is under evaluation

KLOE preliminary
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Kaon production
the φ decay at rest provides monochromatic and pure kaon beams

φφφφKS,K
+ KL,K

-σ(σ(σ(σ(e++++e−−−− →→→→ φ) φ) φ) φ) ≈≈≈≈ 3 µb

detection of a K+ (K-) guarantees the presence of a K- (K+) with known 
momentum and direction (the same for KsKL) ⇒ tagging 

pure pure kaonkaon beam obtained  beam obtained  ⇒⇒ normalization (normalization (NNtagtag) sample ) sample 

⇒⇒ allows precision measurements of absolute allows precision measurements of absolute BRsBRs

BR (BR (φ φ �� KK++KK--)  )  ≅≅ 4949%%
PPlablab(K(K±± )) = = 127 127 MeVMeV/c/c

λλλλλλλλ (K(K±±) ) ≅≅ 95 cm95 cm

BR (φ � KSKL) ≅ 34%
plab (KS,L) = 110 MeV/c
λλλλ (KS) = 0.6 cm   KS decays near interaction point
λλλλ (KL) = 340 cm Large detector to keep      
reasonable acceptance for KLdecays ~0.5 λλλλ (KL)
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The KLOE experiment
Be beam pipe (0.5 mm thick), 
r =10 cm (KS fiducial volume)
Instrumented permanent magnet
quadrupoles (32 PMT’s)

Drift chamber (4 m Ø × 3.3 m)
90% He + 10% IsoB, CF frame
12582 stereo sense wires

Electromagnetic calorimeter
Lead/scintillating fibers 
4880 PMT’s, cover 98% of the
solid angle

Superconducting coil 
B = 0.52 T  ( ∫ Bdl = 2 T·m) 
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Tagging of K+K- beams 

KK±± beam tagged from beam tagged from 

KK±± →→ ππ±±ππ00,  ,  µµ±±ν   ν   (85% of K(85% of K±± decays)decays)

≅≅ 1.5 1.5 ×× 10106 6 KK++KK-- evts/pbevts/pb--11

two-body decays identified as peaks in 
the momentum spectrum of secondary 
tracks in the kaon rest frame � P*(mπ)  

εεεεtag ≅≅≅≅ 36 % ⇒ ≅ 3.4 × 105  µν tags/pb-1

≅ 1.1 × 105 ππ0 tags/pb-1

pp**
ππππππππ(MeV(MeV))

Kinem. ID

180 200 220 240

1000

3000

2000

101022 Ev/0.5MeVEv/0.5MeV

•••• Data

— fit:
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First observation of KS → πµν

Measurement never done beforeMeasurement never done before
more difficult than KSe3

lower BR: expect 4×10-4

background events from                                      

KS → ππ, π → µν

same PIDs of the signal
event counting from the fit to                    
Emiss(πµ) − Pmiss distribution �

∼ 3% stat error
efficiency estimate from                                     
KLµ3 early decays 
and from MC + data control samples

Coming soon !!Coming soon !!
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KL → π+π−

signal selection:signal selection:
• KL beam tagged by KS → π+π−

• KL vertex reconstructed in DC
• PID using decay kinematics
• fit with MC spectra

normalization usingnormalization using KKLL →→ πµνπµν events events 
in the same data setin the same data set

BR(KBR(KLL →→ ππ++ππ−− )= (1.963 )= (1.963 ±±0.012 0.012 ±±0.017) 0.017) ××1010--33

� agreement with KTeV = (1.975 ±0.012) ×10-3

� confirms the discrepancy  with                                 

PDG04 = (2.080 ± 0.025) ×10-3

PLB  638(2006)140

PLB  638(2006)140

(MeV) )( 22

missmiss pE +ππ

data sample: 328 pbdata sample: 328 pb--11

using  BR(KS→ ππ) and τL from KLOE  and τS from PDG04

||||||||εε| = (2.216 | = (2.216 ±± 0.013) 0.013) ××1010--33 PDG04 |ε| = (2.280 ±0.013)×10-3

1.61.6σσ agreement with prediction from agreement with prediction from UnitarityUnitarity TriangleTriangle
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Ke2/Kµ2 

Extremely well known within SM     RRKK
SMSM = ( 2.472= ( 2.472±±±±±±±±0.001)x100.001)x10--55

Probe µ-e universality: non-universal terms from LFV sources in SUSY extensions

from NA48/2 RK
NA48 = ( 2.416±0.043stat±0.024syst)x10

-5

at KLOE the measurement is extremely challengingat KLOE the measurement is extremely challenging
i. good reconstruction eff. for signal
ii. trigger eff. ~ 1
iii. but difficult  PID due to huge Kµ2 background O(4x104)

a possible µ/e discrimination strategy can rely on

� decay kinematics  (good separation)

� TOF  (modest separation, also muons have β ~1)

� cluster shape in ECAL (could be fairly good, under study)

� dE/dx in the DC (could help , under study)
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