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Outlook

KLOE results that I will discuss in some detail

VusVus extractionextraction from complete set of observables: BR’s, τ’s, λ’s
allows the most precise test of unitarity of the CKM matrix
precise knowledge of weak coupling constant as test of NP models

LF violation testsLF violation tests from VUS(Ke3)/VUS(Kµ3) and from Γ(Ke2)/Γ(Kµ2)
NP with LFV can give % effects wrt SM prediction for Kl2 decays

two new analyses for  two new analyses for  σ σ ((ee++ee-- →→ ππππ))
fundamental input to SM evaluation of the muon anomaly aµ

light meson spectroscopylight meson spectroscopy
study of the nature of the f0(980) and a0(980) in ππγ and ηπ0γ final states

I will also touch on

rare Krare KS  S  decaysdecays
CPT invariance test via the Bell Steinberger relation  CPT invariance test via the Bell Steinberger relation  
Quantum Mechanics testQuantum Mechanics test
η η and and ηη’’ mesons decaysmesons decays
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DaΦne: the frascati φ factory
LLLLdesign = 5×1032 cm-2 s-1
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e+e- collider @ √√√√s = 1019.4 MeV
separate e+, e- rings to minimize
beam-beam interactions
crossing angle: 12.5 mrad (2001/02)   
15 mrad (2004/05)  
time between collision 2.7 ns
injection during data-taking 

DaDaφφnene performances in 2004/05performances in 2004/05

≅ 105  e+ + e- bunches

I-peak~ 2.4 A,    I+peak~ 1.5 A

LL peakpeak = 1.4 = 1.4 ×× 10103232 cmcm--22 ss--11

Lavg month ≅ 200 pb-1



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

the KK pairs in the final state have the same quantum numbers as
the φ, i.e., they are produced in a pure JPC = 1– – state

φφφφKS,K
+ KL,K

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

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

K+K-
BR ≅ 49%
plab = 127 MeV/c
λλλλ± = 95 cm

KLKS
BR ≅ 34% ;  plab = 110 MeV/c
λλλλS = 0.6 cm   KS decays near interaction point
λλλλL = 340 cm Large detector to keep      
reasonable acceptance for KLdecays (~0.5 λλλλL)

P. de Simone                       10/30/2007  – SLAC seminar       3

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

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



The KLOE experiment
Be beam pipeBe beam pipe (0.5 mm thick), 
r =10 cm (KS fiducial volume)
Instrumented permanent magnetInstrumented permanent magnet
quadrupolesquadrupoles (32 PMT’s)

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

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

Superconducting coilSuperconducting coil
B = 0.52 T  ( ∫ Bdl = 2 T·m) 
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KLOE detector performance

CalorimeterCalorimeter Drift chamberDrift chamber

σE/E ≅ 5.7% /√E(GeV)

σt ≅ 57 ps /√E(GeV)⊕140 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 ~ 3 mm
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The KLOE data sample

P. de Simone                       10/30/2007  – SLAC seminar       6

LL i
ntin
t/
 m
on
th
 (
pb

/ 
m
on
th
 (
pb

-- 11
))

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

20012001--5 5 ~2.5 fb-1 integrated @ √s=M(φ), yielding ~2.5 x 109 KSKL
and ~ 3.6 x 109 K+K- pairs

20062006 4-pt energy scan around φ peak + 225 pb-1 off peak data, √s=1GeV



Kaon Physics
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VVususff++(0) & (0) & VVusus/V/Vudud @ KLOE@ KLOE
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in SM, universality of weak coupling dictates

GGCKMCKM
22= (|V= (|Vudud||

22 + + |V|Vusus||
22)) GG22

F F (from (from µ µ lifetime) = (glifetime) = (gww/M/Mww))
22 [Vub negligible]

we can test for possible breaking of the conditions

CKM CKM unitarityunitarity (|V(|Vudud||
22 + + |V|Vusus||

22)) = 1                = 1                UniversalityUniversality GGCKMCKM
22 = (|V= (|Vudud||

22 + + |V|Vusus||
22)) GG22

F F 

Interest for Vus meaurement with kaons
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GGCKMCKM = 1.16XX(= 1.16XX(0404) x10) x10--55 GeVGeV--22 � VVusus at 0.5%at 0.5% makes CKM unitarity test with kaons
competitive to Electro-Weak precision test [ [ GGe.we.w..= 1.1655(12)x10= 1.1655(12)x10--55 GeVGeV--22]]

reference value Greference value GFF = 1.166371(6)x10= 1.166371(6)x10--55 GeVGeV--22 (from (from µµ lifetime)lifetime)



Vus from semileptonic kaon decays

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

768 π3

theoretical inputstheoretical inputs
� f+(0) form factor at zero momentum transfer � purely theoretical calculation,
recent result from UKQCD/RBC  f+(0) = 0.961(5) in agreement with Leutwyler and Roos
f+(0) = 0.961(8) 

� δlK=(∆K
SU(2)+∆l

K
em) e.m. and I-breaking corr., presently known @ few ‰ level 

� SEW universal short distance electroweak corr. Sew= 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
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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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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
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• 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 and ToF measurements

• residual bkg reduced to 0.5% using NN trained on E/p and cluster shape
• 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 0.5 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%

(correlations  between (correlations  between λλ++’’ and and λλ++’’’’ = = -- 95 %)95 %)
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Ke3 slopes comparison

slopes fromslopes from

significance of  significance of  λλ’’’’++ > 4> 4σσ

good  agreement with the pole good  agreement with the pole parametrizationparametrization as expected from as expected from dispertiondispertion
relations  (Stern et al., relations  (Stern et al., PichPich et al.) et al.) 
P. de Simone                       10/30/2007  – SLAC seminar       17



0 20 40 60 80 100 120 140 160 180 200

-0.04

-0.02

0

0.02

0.04

Fit
Data-Fit

0 20 40 60 80 100 120 140 160 180

80000

60000

40000

20000

200
0

 (MeV)νE

Fit
Data

Events

KLµ3 form factor slope λ0

δδ22(MeV)(MeV)

δδ 11
(M

eV
)

(M
eV
)

KL tagged by KS → π+π-

background rejection of ππ++ππ--, ππ++ππ--ππ00 and KKe3    e3    
from kinematics

background contamination reduced to  1.5%1.5%
using TOF measurements & NN trained on E/p 
and cluster shape

� cut on
δ1 = Emiss(π+,µ-)-pmiss
δ2 = Emiss(π-,µ+)-pmiss

π/µ ID with ToF is difficult at low energies
λλ00 slope by fitting the Eslope by fitting the Eν ν distribution,  and distribution,  and 
combined fit with Kcombined fit with KLLe3 results for e3 results for λλ’’++ and and λλ’’’’++

15.4 ± 2.1 1.5 ± 0.825.6 ± 1.8

λ0 × 103λ″+ × 103λ′+ × 103

KLOE preliminary  arXiv:0710.4470KLOE preliminary  arXiv:0710.4470

(correlations between λ0’ and λ0’’ = - 99.96%)
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Kl3 slopes comparison

e3 e3 –– µµ3 averages from3 averages from
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Kµ3 – beyond quadratic parametrization (I)

the Callan-Treiman relation fixes the value of                             at t=∆Kπ= mK
2-mπ

2)0()(
~

)( 00 += ftftf

where ∆CT = -3.5 x 10-3
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because of the strong correlation between λ0’ and λ0’’ , use of the linear rather than the
quadratic parametrization gives  λλ00 ~ ~ λλ00’’ + 3.5 + 3.5 λλ00’’’’
to clarify this � is necessary a ff parametrization with t and t2 terms butbut one parameterone parameter

recent parametrization from Stern & coll.Stern & coll. (PLB638 (PLB638 --2006)2006) allows such constraint to be 
exploited � a dispersion relation for lnf0(t) is subtracted at t=0 and t=∆Kπ, giving

~

such that                           , G(t) is derived from Kπ scattering data

as suggested bySternStern & coll.& coll. a good approximation is given by  

f0(t) = 1+λ0
t

m2

t

m2

2
λ02 +  0.000416

2
+

t

m2

3
λ03+ 3x0.000416λ0 + 0.0000272

6
+

~

similar  parametrization is obtained for f+(t) 
~



Kµ3 – beyond quadratic parametrization (II)

ff
KK /f/f

ππ
= 1.18

9
(7
)   H

P
= 1.18

9
(7
)   H

P -- U
K
Q
C
D
  0

7
U
K
Q
C
D
  0

7
ff++(0) = 0.961(5)   RBC/UKQCD  07(0) = 0.961(5)   RBC/UKQCD  07

KLOE value  fKLOE value  f++(0) = 0.964(23)  in (0) = 0.964(23)  in 
good agreement with lattice good agreement with lattice 
calculationscalculations
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we evaluate               fitting the 
Kµ3 data with the    dispersive  
relation

giving                         = 1.23(3)= 1.23(3)

from Kfrom Kµµ3 and Ke3 data, we find3 and Ke3 data, we find

λλ++ = (25.7 = (25.7 ±± 0.6) x 100.6) x 10--3     3     

λλ00 = (14.0  = (14.0  ±± 2.1) x 102.1) x 10--3 3 

ρρ((λλ++,,λλ00) = ) = --0.260.26

χχ22/ndof = 2.6/3/ndof = 2.6/3

KLOE preliminary  arXiv:0710.4470KLOE preliminary  arXiv:0710.4470



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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ΚΚΚΚΚΚΚΚ−−−−−−−−

µµµµµµµµ−−−−−−−−

ΚΚΚΚΚΚΚΚ++++++++

ee++

γγγγγγγγ

γγγγγγγγ

Measurement of the BR(K±l3): the method
4 independent-tag samples: K+µ2, K+π2, K-µ2, and K-π2

kkeep under control the systematic effects due to the tag selectioeep under control the systematic effects due to the tag selectionn

selection efficiency from MC and correct for Data/MC differences

2-tracks vertex in the
fiducial volume (40 cm ≤ ρxy ≤ 150 cm)

reject two-body decays by

cutting on P*(mπ) ≤ 192 MeV
π0 search ⇒
2 neutral clusters in EmC, with
TOF matching the K decay vertex
obtain charged secondary mass  ml 

2 

spectrum from TOF measurement

tdecayK = tl -Ll /(βlc) = 〈tγ-Lγ/c〉

ml
2 = pl

2 × [c(tl – tγ)/Ll)
2 –1]

selectionselection
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Kππ0π0

Kππ0

K nucl.int.

Kµ3Ke3

E
v/
(1
4
 M
eV

E
v/
(1
4
 M
eV

22
))

BR(K±l3): signal and background 
K→ ππ0π0 with a π0 

undergoing a Dalitz decay,   
give a ml

2 under the Ke3 peak 
⇒ reject with a cut on  
(Emiss – Pmiss) < 90 MeV

K → ππ0 with an early decay  
π → µν, give a ml

2 under the 
Kµ3 peak  ⇒ rejected 
evaluating the missing 
momentum of the secondary 
track in the pion rest frame 
(P*sec > 90MeV)

the residual background the residual background 
is is ≅≅ 1.5% of the selected 1.5% of the selected 
KK±±

l3l3 sample, and has the sample, and has the 
mmππ

22 signaturesignature
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MeVMeV22

� fractional accuracy of   1.1%1.1% for KKe3e3 1.2%1.2% for KKµµ33

� the error is dominated by the error on Data/MC efficiency correction

signal count from a constrained likelihood 
fit to the ml

2 spectrum using a linear 
combination of  signal and background 
shapes from MC  

Absolute BR’s for K±l3

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

BR(K±
e3)   =  (4.965 ± 0.038Stat ± 0.037Syst)×10-2

BR(K±
µ3)   =  (3.233 ± 0.029Stat ± 0.026Syst)×10-2

Rµe =  0.6511 ± 0.046Stat  ± 0.073Syst

BR(KBR(K±±
e3e3)   =  (4.965 )   =  (4.965 ±± 0.0380.038StatStat ±± 0.0370.037SystSyst))××1010--22

BR(KBR(K±±
µµ33)   =  (3.233 )   =  (3.233 ±± 0.0290.029StatStat ±± 0.0260.026SystSyst))××1010--22

RRµµee =  0.6511 =  0.6511 ±± 0.0460.046Stat  Stat  ±± 0.0730.073SystSyst
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ArXiv:0707.2532ArXiv:0707.2532



Measurement of the K± lifetime

two methods to measuretwo methods to measure ττ±± allow cross checks on the systematic errorallow cross checks on the systematic error
common to both methods  common to both methods  � tag events with Ktag events with Kµµ22 decay,  Kdecay,  K±± vtxvtx in the DCin the DC

� poor consistency of PDG average  with  measurements spread

• 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)

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

Kµν tag

µ

K

K
vtx

LiKµν tag

µ

K

K
vtx

Li

• use K → π0X decays

• use tag information to estimate the T0

• measure t* = (tγ – Rγ/c –T0)γK using the γ clusters

• lorentz factor γγγγK: slowly changing along the K± path

22ndnd method:method: ττ±± from the K decay timefrom the K decay time

Kµν tag

µµµµ

K

K

vtx

tµµµµ

t0
rγ2

rγ1
tγ2

tγ1

µ,π,e

Kµν tag

µµµµ

K

K

vtx

tµµµµ

t0
rγ2

rγ1
tγ2

tγ1

µ,π,e

Kµν tag

µµµµ

K

K

vtx

tµµµµ

t0
rγ2

rγ1
tγ2

tγ1

µ,π,e
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K± lifetime : results
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*
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fit to t* distribution from decay timefit to t* distribution from decay time

fit coverage: 13-42 ns (2.3 τ ±)
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fit to t* distribution from decay lengthfit to t* distribution from decay length

fit coverage: 16-30 ns (1.1 τ ±) 

fit performed folding resolution and efficiency functions 

ττ±± = 12.367(44)(65) ns= 12.367(44)(65) ns ττ±± = 12.391(49)(25) ns= 12.391(49)(25) ns

combined result (combined result (ρρ == 0.34):0.34): ττ±± = 12.384(48) ns = 12.384(48) ns 
KLO

E p
reli

min
ary

KLO
E p

reli
min

ary
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∆∆∆∆SU(2)
theo = 2.36(22)%

f+(0) = 0.961(5) RBC/UKQCD,07RBC/UKQCD,07
Vud = 0.97372(26) PRL96 032002,06PRL96 032002,06

Vus f+(0) from KLOE results
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BR(KBR(Kl3l3) ) ’’s, s, ττ(K(KLL) and ) and ττ(K(K±±) from KLOE) from KLOE, ττ(K(KSS) from PDG and) from PDG and ffff’’s from dispersive relationss from dispersive relations

1 1 ––VVudud
22--VVusus

22 = 154(79)x10= 154(79)x10--55



Vus/Vud from BR (K+→µ+ν(γ))

(Marciano PRL93 231803,2004)(Marciano PRL93 231803,2004)

1 1 xx αα(C(CKK –– CCππ))

inputs from theoryinputs from theory

fK/fπ = 1.189(7)      HP/UKQCD, 07
arXiv:0706.1726

CK, Cπ radiative inclusive 
electroweak corrections

1 1 xx αα((CCKK –– CCππ ) = 0.9930(35)) = 0.9930(35)

inputs from experimentinputs from experiment

Γ(Kµ2(γ)) rates with well determined  
treatment of radiative

Γ(Kπ2(γ)) decays 
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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)]

|Vus|/|Vud| = 0.2321 ± 0.0013|V|Vusus|/|V|/|Vudud| = 0.2321 | = 0.2321 ±± 0.00130.0013
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ffKK/f/fππ = 1.189(7) from UKQCD  = 1.189(7) from UKQCD  ’’0707



Vus – Vud plane

ff++(0) = 0.961(5) from UKQCD/RBC  (0) = 0.961(5) from UKQCD/RBC  ’’0707
||VusVus| = 0.2243(13) from KLOE K| = 0.2243(13) from KLOE Kl3l3
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VVudud = 0.97372(26) from PRL96 032002,06= 0.97372(26) from PRL96 032002,06



Measurement of the BR(K+→π+π0)
� needed to perform a global fit to K± BR’s
� only Kl3 and Kl3/Kπ2 measured recently
� available measurement dates back to ’72 (no radiative corrections)

PDG fit ‘06      BR(K±→π±π0) = (20,92 ± 0.12)%    ∆BR/BR = 5,7x10-3

CHIANG ’72   BR(K±→π±π0) = (21,18 ± 0.28)% ∆BR/BR = 1,3x10-3

this decaythis decay enters in the normalization of  BR(Kenters in the normalization of  BR(K±±l3) by NA48, ISTRA+, E865l3) by NA48, ISTRA+, E865

normalization sample Ntag given by K-→ µ−ν tag 

fit the distribution of the momentum of the charged decay 
particle in the kaon rest frame assuming the pion mass (p*)

the selection efficiency is only related to DC reconstruction 
⇒ global efficiency εTRK+VTX

measured on data by means of π0 vertex reconstruction (K → π0X)
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Measurement of the BR(K+→π+π0)
� signal count from the fit the p* distribution with three contributions

� µνµν peakpeak from DATA control sample

selected using calorimetric 

information only
� ππππ00 peakpeak from DATA control sample
selected using calorimetric 
information only 

� 33--body decaysbody decays from MC
� normalize to the number of tags
� correct for the selection efficiency p*(MeV/c)

ev/bin Nππ(fit) = 818347 ± 1912
Ntag = 12113686

BR(KBR(K++ →→ ππ++ππ00((γγ) = (20.658 ) = (20.658 ±± 0.0650.065statstat±± 0.0900.090systsyst)%)%

--1.3% respect to PDG 06          1.3% respect to PDG 06          σσrelrel ~ 0.5%~ 0.5%

KLOE preliminaryKLOE preliminary

ArXiv: 0707.4631
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Measurement of the BR(K+→π+π0)

impact of the new measurement wrt PDG 06 fit value on the BR(K±l3) 
measurements normalized to Kπ2 decays and
comparison with absolute BR(K±l3) measurements from KLOE

BR(KBR(Kµµ33))BR(KBR(Ke3e3))
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Vusf+(0) from world data
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 

ff++(0) = 0.961(5) from UKQCD/RBC  (0) = 0.961(5) from UKQCD/RBC  ’’0707
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Vus – Vud plane
ff++(0) = 0.961(5) from UKQCD/RBC  (0) = 0.961(5) from UKQCD/RBC  ’’0707
||VVusus| = 0.22535(116) from K| = 0.22535(116) from Kl3           l3           

fit results, no constraintfit results, no constraint

fit results, fit results, unitarityunitarity constraintconstraint

agreement with agreement with unitarityunitarity 11σσ

ffKK/f/fππ = 1.189(7) from UKQCD  = 1.189(7) from UKQCD  ’’0707
||VVusus/V/Vudud| = 0.2321(13) from K| = 0.2321(13) from Kl2          l2          
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Unitarity test of CKM: GF universality
comparison between weak couplings from K decays (GCKM) and from τµ (GF) 

GF
2 ≡ GCKM

2 = (|Vud|2 + |Vus|2) GF
2

GF = 1.166371(6) x 10-5  GeV-2

GCKM = 1.16581(39) x 10-5  GeV-2

18 ⊕ 20
Vus Vudag

re
em

en
t 
w
it
h
in
  
~
 1
.4

ag
re
em

en
t 
w
it
h
in
  
~
 1
.4

σσ

constraints on NP models, e.g. SO(10) Zχ boson [Marciano] 

++GGFF = G= GCKMCKM [1[1--.007 x 8/3 x ln(.007 x 8/3 x ln(MMZZχχ/M/MWW)/()/(MMZZχχ
22/M/MWW

22--1)]1)]

implies  MZχ> 1.4 TeV @ 95% CL

P. de Simone                       10/30/2007  – SLAC seminar       37



Kµ2:  sensitivity to charged Higgs
helicity suppressed decays can be sensitive to H+ exchange,  Γ(K → µν) 

M = K,π

[[HouHou, , IsidoriIsidori, , 
ParadisiParadisi]]

KL
O
E

excluded
@95% CL

BaBarBaBar
BelleBelle

ta
n

ta
n ββ

charged Higgs mass (GeV)charged Higgs mass (GeV)

SM prediction, SM prediction, Vus from Kl3 decays,
Vud from β-decays and πµ2 

sizable effects in sizable effects in ΓΓ(K (K →→ µνµν) only) only

BR(K+ → µν(γ)) = 0.6353(77)

MeasurementMeasurement

KLOE  KLOE  BR(K+ → µν(γ)) = 0.6366(17)

compare sensitivity with  B → τν
(BaBar Belle average)
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LF violation testLF violation test @  KLOE@  KLOE
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Lepton universality from Kl3
for  KL and K± we evaluate

using only KLOE results we get an accuracy of  ~ 0.004~ 0.004

compare with

by averaging, we can test equality of weak coupling for e and µ @ 2x10-3
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Lepton universality from RK = Ke2/Kµ2

extremely well known within SM     RRKK
SMSM = ( 2.477 = ( 2.477 ±±±±±±±± 0.001)x100.001)x10--55

in MSSM, LFV could give up to % deviations [[MasieroMasiero, , ParadisiParadisi, , PetronzioPetronzio] ] 

NP dominated by contribution ofNP dominated by contribution of eeννττ

with effective coupling with effective coupling 

1% effect (1% effect (∆∆RR
31 31 ~ 5x10~ 5x10--44, , tantanββ ~ 40, ~ 40, mmHH++~ 500 ~ 500 GeVGeV) not unnatural) not unnatural

present accuracy on Rpresent accuracy on RKK @ 6% (PDG06) @ 6% (PDG06) �� new precise measurements @ < 1%new precise measurements @ < 1%
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Searching for Ke2 @KLOE (I)
BR(Ke2)BR(Ke2)≈≈2x102x10--55,  expect 4x10,  expect 4x1044 events in KLOE data sample (2.3 fbevents in KLOE data sample (2.3 fb--11))

perfom direct search for Ke2 without tag � gain x 4 of statistic
search for a vertex inside the Fiducial Volume  (40 < ρxy < 150) cm
cuts on track quality for Kcuts on track quality for K±± and secondary tracks, cuts on and secondary tracks, cuts on vtxvtx qualityquality

kaon momentum is measured with 1% resolution
close kinematics � we get Mlep

M2
lep(MeV)2

B/S(B/S(--3000.<M3000.<M22
leplep<3000.) <3000.) ≈≈ 10.10.
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Searching for Ke2 @KLOE (II)

PID exploits the granularity of KLOE EmC � shower profile along the 
particle path

variables used:  EE22
RMSRMS = = ΣΣi=1..Ni=1..N(E(i)(E(i)--<E>)<E>)22/N,  E/P,  cluster shape/N,  E/P,  cluster shape

signal efficiency  0.647(6)
background rejection ~ 300

B/S(B/S(--3000.<M3000.<M22
leplep<3000.) <3000.) ≈≈ 2.2.
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Ke2 signal event counting
Ke2 event counts: likelihood fit of Mlep vs ERMS
input: MC shapes for Ke2(γ) and background
fit parameters: # of Ke2 and background, get 8090get 8090±±160 observed evts160 observed evts

MM22
leplep (MeV(MeV22))

DataData

Fit regionFit region

EERMSRMS (MeV)(MeV)

-4000 -2000 0 2000 4000
0

400

800

0
40

800

1200

80 120

400

MM22
leplep (MeV(MeV22))

EERMSRMS (MeV)(MeV)

●● DataData

°° MC MC FitFit
-- MC bkgMC bkg

correct for ratio of Ke2 and Kµ2 trigger and vtx efficiencies, and for PID Ke2
efficiency
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RK = Ke2/Kµ2  preliminary result

KLOE preliminary result with 2.7% uncertaintyKLOE preliminary result with 2.7% uncertainty

RRKK = 2.55(5)(5) x 10= 2.55(5)(5) x 10--55

ta
n

ta
n ββ

MMH+H+ (GeV)(GeV)

sensitivity shown as  95% C.L. excluded 95% C.L. excluded 
regionsregions in the tanβ – MH+ plane, for fixed 
values of the 1-3 slepton-mass matrix 
element, ∆13 = 10

-3,0.5x10-3,10-4
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Search for rare KSearch for rare KSS decays  @  KLOEdecays  @  KLOE

the KL crash Tag provides a pure KS beam  
BR(eBR(e++ee-- →→ KKSSKKSS+K+KLLKKLL)/)/BR(eBR(e++ee-- →→ φφ →→ KKSSKKLL) ~ 10) ~ 10--1010

contamination due to fake Tags due to other φ decays or cosmics at
few % level    easily recognized in the easily recognized in the ββ--E planeE plane

the first KLOE analysis on KS rare decays has been 
the search for KS → 3π0 carried out with 450 pb-1

BR(KBR(KS S →→ 33ππ00) < 1.2 x 10) < 1.2 x 10--77 @ 90% C.L.@ 90% C.L. PLB 619(2005)61PLB 619(2005)61

I will discuss two recent KLOE analysis

BR (KS  → γγ)               finalfinal
BR (KS → e+e-)       preliminarypreliminary
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Analysis of KAnalysis of KSS →→ γγγγ

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
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Analysis of KAnalysis of KSS →→ γγγγ

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) � signal and normalization samples 
free from KL → γγ bckg

� signal shape cross checked with     
KS → π+π-, KL→ γγ

χχ22/Ndof = 1.2/Ndof = 1.2

NNsigsig = 600.3 = 600.3 ±± 34.834.8
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KKSS →→ γγγγ : result: result

� 2.9 2.9 σσ from from NA48NA48 resultresult
�� NA48 NA48 implied the existence implied the existence 
of sizableof sizable ΟΟ(p(p66)) countertermcounterterm
in in χχPTPT
�� our result makes this our result makes this 
contribution negligiblecontribution negligible

BR = (2.27 BR = (2.27 ±± 0.130.13statstat
+0.03+0.03

--0.040.04) ) ×× 1010--66
KLOE  finalKLOE  final

arXiv:0707.3933
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Analysis of KAnalysis of KSS →→ ee++ee--

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

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

MCMC
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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



Analysis of KAnalysis of KSS →→ ee++ee--

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 photon 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
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CPT test: the Bell-Steinberger relation

( ) ( )
( ) ( )00

00

KMKMM

KK

−=∆

Γ−Γ=∆Γ

measurements of Kmeasurements of KS S KKLL observables used for observables used for the CPT test from the CPT test from unitarityunitarity

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 ))
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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

with  BR(KBR(Kss→→ 33ππ00) ) < 1.2< 1.2××1010--7 7 @ 90% C.L.@ 90% C.L.
[KLOE, PLB 619 (2005)] the main contribution 
to the uncertainty now comes from η+ −R
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φ → KSKL →π+π-π+π- : test of quantum coherence

fit including ∆t resolution and 
efficiency  effects + regeneration

ΓS, ΓL  ∆m fixed from PDG

PLB 642(2006) 315PLB 642(2006) 315

( ) ( ) ( ){ }cos12 2/
eee

t

SL

tt LSSL

tm ∆∆⋅−⋅−+∝
∆Γ+Γ−∆Γ−∆Γ− ζ( );,I t∆−+−+ ππππ

decoherencedecoherence parameterparameter

edecoherenctotal1

QM0

→=

→=

SL

SL

ζ

ζ
380 pb-1

χχ22/dof = 29.7/32/dof = 29.7/32

KKLL regenerationregeneration
on the beam pipeon the beam pipe

No No silmultaneoussilmultaneous decaysdecays

ζζSLSL = 0.018 = 0.018 ±± 0.0400.040statstat ±± 0.0070.007systsyst

with 2.5 fpwith 2.5 fp--11 �� ±± 0.015 stat0.015 stat

CPLEAR : CPLEAR : ζζSLSL = 0.4 = 0.4 ±± 0.70.7

BELLE : BELLE : ζζSLSL = 0.029 = 0.029 ±± 0.0570.057
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The The hadronichadronic cross section cross section @ KLOE@ KLOE
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aaµ  µ  :SM prediction :SM prediction vsvs experimentexperiment
measurement from  E821 @ BNLE821 @ BNL aµ = (gµ-2)/2 = 116 592 080(63) x 10-11 

theorytheory : aµ = aµ
QED + aµ

weak + aµ
had

aµ
QED = 116 584 718.11(16) x10-11

aµ
weak = 154(1)had(2)MH,Mt,3loop  x10-11

aµ
had ≈ 7000x10-11

JegerlehnerJegerlehner hephep--ph/0703125ph/0703125

the the hadronichadronic contribution gives the largest theory errorcontribution gives the largest theory error

� the low-energy contribution to aµ
had cannot be obtained  from p-QCD

� we measure σ(e+e- → hadrons) and use dispersion integral

PRL
 92 

(200
4) 1

618
02

PRL
 92 

(200
4) 1

618
02

� σ(e+e- → hadrons) is dominated below 1 GeV by e+e-→π+π-

� and the ππ contribution to aµ
had is ~ 66%

K(sK(s
) ) ~
1/s~1/
s

so far, estimates ofso far, estimates of ππππ contribution to contribution to aaµµ
hadhad fromfrom

� measuring σ(e+e- → π+π-) vs √s  at an e+e- collider
(CMD2 and SND @ VEPPCMD2 and SND @ VEPP--2M2M, 0.61 < √s < 0.96 GeV, ~1% rel. uncertainty)

� using the spectral function from τ± → π±π0ντ (ALEPH, CESR data, BelleALEPH, CESR data, Belle)

� at fixed √s  e+e- collider using ISR ISR �� KLOE @ DAKLOE @ DAΦΦNENE
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From From ππγππγ to to σσππππ (method of (method of radiativeradiative return)return)

exploit ISR to extractexploit ISR to extract σσ(e(e++ee-- →→ ππ++ππ--) for) for MMππππ

from 2mfrom 2mπ π →→ √√ss
watch out for FSR: rate ~ same order as ISR signal
include radiative corrections taking into account  

vacuum polarization

precise knowledge of the radiator function H(M ππ 
2)

H(M ππ
2) includes radiative effects and kinematical cuts

QED MC calculation (PHOKHARA, (PHOKHARA, KarlsuheKarlsuhe theory group, Kuhn et al.) theory group, Kuhn et al.) 

cla
im
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on
: 0
.5%

cla
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ec
isi
on
: 0
.5%
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KLOE is its own luminosity monitorKLOE is its own luminosity monitor
∫L dt from large-angle bhabha events  5555°° << θθ

ee
< 125< 12500 ∫L dt = (Nobs – Nbkg)/σeff

effective cross section from theory prediction + detector simulation

BABAYAGA generator, σeff = 428.0(3) nb [Calame et al. NP B758 (2006)][Calame et al. NP B758 (2006)]

total systematic on luminosity   0.10% total systematic on luminosity   0.10% theotheo ⊕⊕ 0.32% exp = 0.34% 0.32% exp = 0.34% EP
J C
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Measurement of Measurement of σσππγππγ @ small @ small γγ anglesangles

select signal with a smallsmall--θθ photonphoton
to enhance ISR: dσISR/dΩ ∼ 1/sin2θ

two highhigh--θθ tracks from a vertex close to IP

compute photon momentum, 
without explicitwithout explicit γγ detectiondetection
pγ = pe++ pe− − pπ+− pπ−

� have no access to events with 
Mππ< 600 MeV

� relative contribution of FSRFSR
below the % level 

� reduce background from                 
ππ++ππ--ππ0 0 to to ≤≤ 10%10%

residual background fromresidual background from ππ++ππ−−ππ00, , ee ++ee--γγ, , µµ++µµ−−γγ subtracted using MC shapessubtracted using MC shapes
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σσππγππγ @ small @ small γγ angles : analysisangles : analysis

reject background using

1) kinematics: the Mtrk variable

to remove πππ and µµγ evts

2) PID from connected clusters
(TOF + shape of energy deposit)

to remove e+e-γ evts

to get σ(ππγ) in Mππ bins
� evaluate & subtract residual bkg

� correct for angular acceptance

� correct for selection efficiency

� unfold for exp. resolution on Mππ

� normalize to luminosity
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σσππγππγ @ small @ small γγ angles : resultangles : result
update of published analysis of 2001 dataupdate of published analysis of 2001 data [PLB 606(2005)][PLB 606(2005)]

analysis of 2002 dataanalysis of 2002 data
� trigger efficiency improved
� new generator BABAYAGA@NLO theory error from 0.5% to 0.1%

aaµµ in the range 0.35in the range 0.35--0.95 GeV0.95 GeV22 (10(10--1111 units)units)

2001 2001 aaµµ(0.35,0.95) = 3887(8)(0.35,0.95) = 3887(8)statstat(49)(49)systsyst

2001 update2001 update aaµµ(0.35,0.95) = 3844(8)(0.35,0.95) = 3844(8)statstat(49)(49)systsyst

20022002 aaµµ(0.35,0.95) = 3863(6)(0.35,0.95) = 3863(6)statstat(39)(39)systsyst
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1)1) discrepancy of e+e- vs τ data is confirmed

2)2) difference of exp and SM is > 3σ

aaµµ(exp(exp) ) –– aaµµ(theory(theory)) = 287(91)10= 287(91)10--1111
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MeasurementMeasurement σσππγππγ @ large @ large γγ angles angles 

region close to threshold not accessible in SA analysis, but  20% of but  20% of aaµµ
hadhad comes

from region MMππππ < 600 < 600 MeVMeV
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signal statistics is lower 
background from φ→ π+π-π0 is larger
contribution of FSR is not negligible negligible 

anymoreanymore
irreducibileirreducibile background from φ →f0(980)γ

but but ……

explicitly requires γγ detection           
with EEγγ > 50 > 50 MeVMeV in angular region     
5050°° << θθγγ  < 130< 130°° + two hightwo high--θθ trackstracks
from a vertex close to IP

�� allows allows kinematickinematic closureclosure

LA analysisLA analysis



σσππγππγ @ large @ large γγ angles : resultangles : result

0.1
MMππππ

22(GeV(GeV22))

200

0

400

600

800

1000

1200

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

σσππππ ((nbnb))

KLOE preliminaryKLOE preliminary

background frombackground from µµγµµγ andand ππππππ well simulated by MCwell simulated by MC

irreducible bkg fromirreducible bkg from φ φ →→ ff00γ γ →→ ππγππγ

and FSRand FSR are the dominating uncertaintyare the dominating uncertainty
use models for f0 decays and results from 

dedicated KLOE analyses of f0γ → π0π0γ, π+π-γ
the accuracy of the generator used to obtain 

FSR corrections is critical  (PHOKHARA)(PHOKHARA)
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~ 40% of bck from π+π-π0 is 
rejected by kinematic closure

further cut on angle between pmiss
and detected γ

which is peaked at 00 for signal evts

background rejectionbackground rejection



σσππγππγ @ large @ large γγ angles : resultangles : result

compare results from LA and SA in the range 0.5—0.85 GeV2

from LA analysis   aaµµ(0.50(0.50——0.85) =  2525(6)0.85) =  2525(6)
statstat(51)(51)

systsyst 60% of syst from f60% of syst from f00
from SA analysis aaµµ(0.50(0.50——0.85) =  2554(4)0.85) =  2554(4)

statstat(25)(25)
systsyst

(10-11 units)
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Light meson spectroscopy Light meson spectroscopy @  KLOE@  KLOE

P. de Simone                       10/30/2007  – SLAC seminar       63



Scalar mesons physics

450 pb450 pb--11 from 2001from 2001--2002 data 2002 data →→ ~ 500k events for each mode~ 500k events for each mode

large and partly unknown contributions from continuum, sizable interference

both BR(φ→Sγ) and mass spectra are sensitive to scalar structure

analyses of φ → Sγ decays:  ππ++ππ−−γγ, , ππ00ππ00γ , ηπγ , ηπ00γγ final statesfinal states

fit parametersfit parameters MS, gSππ,gSKK

[Achasov, Ivanchenko NPB315(1989), Achasov, Gubin PRD56(1997)][Achasov, Ivanchenko NPB315(1989), Achasov, Gubin PRD56(1997)]

fit parametersfit parameters MS, gSππ, gSKK, gSφγ

[Isidori, Maiani, Nicolaci, Pacetti JHEP 05(2006)][Isidori, Maiani, Nicolaci, Pacetti JHEP 05(2006)]

compare two fit modelscompare two fit models
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The f0(980) → π+π- final state 

2 tracks with θ >450

Pmiss matching γ direction θγ > 450

e+e-γ evts rejection on EmC basis
µ+µ-γ and π+π-π0 suppressed with 

kinematical cuts

event selectionevent selection

first evidence for ffirst evidence for f00 contribution in contribution in 
mass spectrummass spectrum
destructively interfering with FSRdestructively interfering with FSR

the interference term between 
ISR and FSR is ODD under 
exchange of π+with π−

AFB =
Nπ+(θ < 900) – Nπ+(θ > 900)

Nπ+(θ < 900) + Nπ+(θ > 900)

first evidence for ffirst evidence for f00 contribution also from Acontribution also from A
FBFB

P. de Simone                       10/30/2007  – SLAC seminar       65

1500

MMππππ(MeV(MeV))

920 960880 1000

— FSRFSR--ISR interferenceISR interference

−0.16

−0.32

−0.24

AFB

2000

2500

3000
— FSR, ISR contributionsFSR, ISR contributions

NNππππ /MeV/MeV

MMππππ(MeV(MeV))

f0(980) regionf0(980) region



event selection

5 photons from the 
interaction point
1° kinematic fit with  

4-momentum conservation
2° kinematic fit also 

with constraints on π0 

masses

The f0(980) → π0π0 final state 

DalitzDalitz plot analysis to extract all possible contributionsplot analysis to extract all possible contributions

e+e- → ωπ0 interferes with φ-mediated production → dedicated analysis
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f0(980) → π+π-/π0π0 : results 

Parameter uncertaintiesParameter uncertainties
π+π−γ dominated by exp.

π0π0γ KLKL dominated by σ(500) 

and ππ scattering inputs 

π0π0γ NSNS dominated by fit 

instability

KaonKaon LoopLoop ππ00ππ00 :  σ(500) needed to describe the data
ππ++ππ-- :  not sensitive to σ(500)

No StructureNo Structure both channelsboth channels :  only f0(980) sufficient to describe the data

always  ggf0KKf0KK
22 >> ggf0f0ππππ

22 except No StructureNo Structure fit of π0π0γ
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BR(BR(φφ→→ SSγγ →→ ππ00ππ00γγ) = 1.07(7)10) = 1.07(7)10--44 BR(BR(φφ→→ SSγγ →→ ππ++ππ−−γγ) = 2.25(15)10) = 2.25(15)10--44

PLB 634:(2006) 148PLB 634:(2006) 148EPJ  C49:(2007) 473EPJ  C49:(2007) 473



The a0(980) → ηπ0 final state 

o data
+ bckg. (MC)

MMηπηπ(MeV(MeV))

2 tracks + 5 γ’s from IP with θγ > 210

kinematic fit  ( 4 - momentum conservation
best pairing to π0 and η )

4.5x103  events from 414 pb-1

small background ~15% from final states  
e+e- →ωπ0 → (π+π-π0)π0

KLKS → 2 tracks + 2,3π0

BR(BR(φφ →→ ηπηπ00γγ) = (7.19 ) = (7.19 ±± 0.170.17statstat±± 0.240.24systsyst) x 10) x 10--55

ηη →→ ππ++ππ−−ππ00 final statefinal state

5 γ’s from IP with θγ > 210

kinematic fit  ( 4 - momentum conservation
best γ pairing to π0 and η )

3x104  events from 414 pb-1

large background ~55% from final states  
with 5 or 7 γ’s

BR(BR(φφ →→ ηπηπ00γγ) = (6.92 ) = (6.92 ±± 0.100.10statstat±± 0.200.20systsyst) x 10) x 10--55

ηη →→ γγγγ final statefinal state
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MMηπηπ(MeV(MeV))
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ηηηη – ηηηη’ mixing
ηηηη- ηηηη’ system studied measuring the ratio R = BR(φ φ φ φ →→→→ ηηηη’ γγγγ)/BR(φ φ φ φ →→→→ η η η η γγγγ)

R can be related to the pseudoscalar mixing angle in the flavor basis and to the 
ηηηη’ gluonic content

signal topology  ⇒
1.1.1.1. φ φ φ φ → ηηηη’ γγγγ, ηηηη’ → ππππ+ππππ-ηηηη, ηηηη → ππππ0ππππ0ππππ0

2.2.2.2. φ φ φ φ → ηηηη’ γγγγ, ηηηη’ → ππππ0ππππ0ηηηη, ηηηη → ππππ+ππππ-ππππ0
ππππ+ππππ-7γγγγ final state 

the systematic error is dominated 
by the knowledge of the 
intermediate BR’s

R = (4.77 R = (4.77 ±± 0.090.09statstat ±± 0.190.19systsyst))××1010--33

BR(BR(φφ →→ ηη’’ γγ) = (6.20 ) = (6.20 ±± 0.110.11statstat ±± 0.250.25systsyst))××1010--55

BR(BR(φφ →→ηγηγ) from PDG) from PDG

PLB 648:267PLB 648:267--273(2007)273(2007)

in the quark-flavor basis mixing

EPJ C7 (1999) 271, PLB 503 (2001) 271EPJ C7 (1999) 271, PLB 503 (2001) 271
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φ φ →→ ηγηγ
ηη →→ 33ππ00



ηηηη’ gluonium content

bound gluon states, gluonium, could mix in the η’

gluonium content means Z ≠ 0 that implies (X2 + Y2)< 1

Γ(φ  Γ(φ  →→ ηη''γ) γ) // Γ(φ  Γ(φ  →→ ηγ)ηγ)

allowingallowing forfor gluoniumgluonium in the in the ηη’’, a , a fitfit

toto ourour resultresult R R togethertogether withwith otherother

measurementsmeasurements yieldsyields

ϕϕpp = (39.7 = (39.7 ±± 0.7)0.7)00

ZZ2 2 = 0.14 = 0.14 ±± 0.040.04

PLB 648:267PLB 648:267--273(2007)273(2007)

χχ22//NdofNdof = 1.42/2= 1.42/2

P(P(χχ22) = 0.97) = 0.97
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Dalitz plot asymmetries in η → π0π+π-

ALR =
N1 – N2

N1 + N2

N1+ N3 – N2+N4

N1+ N3 + N2+N4

AQ =
N1+ N3 + N5 – N2+N4+N6

N1+ N3 + N5 + N2+N4+N6

AS =
charge

asymmetries

NNeventsevents =  1.377 =  1.377 MevtsMevts (450 pb(450 pb--11)  )  AALRLR = ( 0.09 = ( 0.09 ±± 0.10(0.10(statstat) ) +0+0.09.09 --00.14.14 ((systsyst)) )) xx 1010--22

AAQ Q = (= (--00.05.05 ±± 0.10(0.10(statstat) ) +0+0.03.03 --00.05.05 ((systsyst)) )) xx 1010--22

AASS = ( 0.08 = ( 0.08 ±± 0.10 (0.10 (statstat) ) +0+0.08.08 --00.13.13 ((systsyst)) )) xx 1010--22

KLOE  finalKLOE  final

all asymmetries consistent with zero at 10-3 level

CC--invarianceinvariance OKOK
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the the DalitzDalitz plot of this plot of this 
33--body decay is body decay is 
described by two described by two 
kinematickinematic variables, variables, 
defined in terms of defined in terms of 
the kinetic energies of the kinetic energies of 
the the ππ’’ss in the in the η η rest rest 
frameframe

ArXiv:0707.2355ArXiv:0707.2355



Conclusions 
KaonKaon physicsphysics
comprehensive set of observables from K decays: BR’s, τ’s, λ‘s
present  accuracy on |VUS|f+(0) is < 0.3 % using only KLOE results
lepton universality test from Kl3 decays satisfied at < 0.5%
sensitivity to NP  effects from Kµ2/πµ2
RK measured @ 3%

HadronicHadronic physicsphysics
hadronic cross section

discrepancydiscrepancy of eof e++ee-- vsvs τ τ data data isis confirmedconfirmed
aaµµ((expexp) ) –– aaµµ((theotheo) > 3) > 3σ σ importantimportant constraintsconstraints on CMSSM on CMSSM ArXivArXiv:0707.3447:0707.3447

light meson spectroscopy
ff0 0 and aand a0 0 parameters evaluated from a large data sampleparameters evaluated from a large data sample

η  η  gluoniumgluonium contentcontent studiedstudied
CC--invarianceinvariance studiedstudied in the in the ηη→→ ππ++ππ--ππ00 channelchannel
mostmost precise precise η η mass mass measurementmeasurement ((I I hadhad notnot time time toto mentionmention itit !) !) ArXivArXiv:0707.4616:0707.4616

Much more to come from  about x5 stat on tape !!Much more to come from  about x5 stat on tape !!
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Spare slides



What’s next ? KLOE2 
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
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What’s next ? KLOE2 
� 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 !!!
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A WG for kaon physics
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KL BR’s comparison
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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)140PLB  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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RK: perspectives toward 1% error
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Kaon physics : future plans
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σσππγππγ @ small @ small γγ angles : analysisangles : analysis

to get σ(ππγ) in Mππ bins
� evaluate & subtract residual bkg

� correct for angular acceptance

� correct for selection efficiency

� unfold for exp. resolution on Mππ

� normalize to luminosity
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σσππγππγ @ small @ small γγ angles : resultangles : result
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was  0.6% in previous analysiswas  0.6% in previous analysis

was  1.3% in previous analysiswas  1.3% in previous analysis



σσππγππγ @ large @ large γγ angles : angles : asimmetryasimmetry
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Comparison between Comparison between ee++ee-- and and ττ datadata
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Scalar and pseudoscalar mesons
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MMππππ
2 2 (GeV(GeV22))
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πγπγ
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eV
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event selection

5 photons from the interaction point
1° kinematic fit with 4-momentum conservation
2° kinematic fit also with constraints on π0 masses

The f0(980) → π0π0 final state 

DalitzDalitz plot analysis to extract all possible contributionsplot analysis to extract all possible contributions

line shape for non-ω-mediated final state shows resonant behavior

e+e- → ωπ0 interferes with φ-mediated production → dedicated analysis
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The a0(980) → ηπ0 fit results 

KLOE P
relimin

ary  

KLOE P
relimin

ary  Ar
XivArXiv 0

707.46
09

0707.4
609
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in agreement with PDG06in agreement with PDG06

sizable sizable ss quark contentquark content



η mass measurement
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e+e- → φ → ωπ0
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Search for φ → K0K0γ
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σ(e+e- → had): future plans
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Scalar, pseudoscalar : future plans
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Kµ3 – beyond quadratic parametrization

the Callan-Treiman relation fixes the value of                             at t=∆Kπ= mK
2-mπ

2)0()(
~

)( 00 += ftftf

recent parametrization from Stern & Stern & 
coll.coll. (PLB638 (PLB638 --2006)2006) takes into account 
such constraint � we evaluate               
fitting the Kµ3 data with the    
dispersive  relation

giving                         = 1.23(3)= 1.23(3)

from Kµ3 and Ke3 data, we find

where ∆CT = -3.5 x 10-3

ff
KK /f/f

ππ
= 1.18

9
(7
)   H

P
= 1.18

9
(7
)   H

P -- U
K
Q
C
D
  0

7
U
K
Q
C
D
  0

7

ff++(0) = 0.961(5)   RBC/UKQCD  07(0) = 0.961(5)   RBC/UKQCD  07

KLOE value  fKLOE value  f++(0) = 0.964(23)  in good (0) = 0.964(23)  in good 
agreement with lattice calculationsagreement with lattice calculations

λλ++ = (25.7 = (25.7 ±± 0.6) x 100.6) x 10--3     3     ρρ((λλ++,,λλ00) = ) = --0.260.26

λλ00 = (14.0  = (14.0  ±± 2.1) x 102.1) x 10--3 3 χχ22/ndof = 2.6/3/ndof = 2.6/3
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